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ABSTRACT 

 

Production of vigorous seedlings and transplanting at proper age is a primary feature to get 

good paddy yield. Due to the shrinkage of world water resources rice cultivation is in shift 

from flooded to aerobic condition. This shift may alter the soil condition that can cause the 

problem of boron and zinc uptake, which leads toward reduction in final yield.  Two field 

experiments were conducted during 2008 and 2009 growing seasons at Agronomic Research 

Farm, University of Agriculture, Faisalabad (31
0
-25’N,73

0
-09’E), Pakistan. The first one 

studied the seeding densities, nitrogen fertilization rate and seedling age in the rice nursery 

that is used for transplanting. Such treatments were evaluated in term of seedling vigor, plant 

growth, yield and yield attributes. The study revealed that fertilized seedlings older than 10 

days and grown with low seeding density at nursery-bed, significantly improved seedling 

vigor. Maximum paddy yield (3.7 t/ha) was observed with transplanting youngest seedlings 

(10-days older) but transplanting of 20-days older fertilized seedlings grown at low seeding 

densities resulted in almost similar yield (3.6 t/ha) with younger. Older seedlings leads to 

reduced yield and the lowest yield (2 t/ha) was observed after transplanting unfertilized 40-

days older seedlings grown at high seeding density. The best benefit cost ratio (BCR) was 

observed with S1 (1.59) followed by S2 (1.40) while in nursery management, fertilized 

seedlings grown with low seeding density found the highest BCR (1.53) in year 2008. The 

second experiment investigated the nutrition effect of boron and zinc in different rice 

cultures. Boron and zinc are supplementary nutrients were used as basal fertilizers in the rice 

fields that had different water management. Results showed that the rice crop significantly 

reduced yield (42 %) and impair quality when it was subjected to grow in aerobic condition 

without nutrients application. However, nutrients application in crop grown with periodic 

flooding and drying improved yield (4.81 t/ha) and quality as compared with aerobic culture 

(2.89 t/ha) and performed as good as the normal flooded rice. Maximum paddy yield (5.02 

t/ha) was recorded in flooded rice with the combined application of boron and zinc which 

was statistically similar with treatment of periodic flooding and drying. In addition to this the 

best BCR was achieved with field under periodic flooding and drying  (1.89) followed by 

flooded rice (1.75) and the minimum BCR (1.39) was found in aerobic rice culture . Fertilizer 

application revealed that maximum BCR (2.05) was recorded with micronutrients application 

as compared to control during 2008. These findings sustenance the young seedling 

components of System of Rice Intensification and illustrate that making a minor additional 

investment in raising a healthy and vigorous seedling in nursery seed-bed, farmers can 

harvest a reasonable yield benefits. Results also demonstrated that introduction of aerobic 

rice cultivation for fine rice can increase the deficiency problem of micronutrients (B & Zn) 

in calcareous soils. 
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CHAPTER-1                                          

INTRODUCTION 

Rice (Oryza sativa L.) is the primary food crop for more than half of world 

population and ranks second among cereals in Pakistan. Represents 6.4% of value added in 

agriculture and 1.4% of GDP in Pakistan. It is grown on an area of 2.88 million hectares and 

total production in the country is 6.88 million tons with an average yield of 2.39 t ha
-1

 

(Anonymous. 2009-10). 

 

Although rice in Pakistan is grown on large area but its yield is far below the levels 

attained in other rice producing countries in spite of having high yielding varieties. There are 

several reasons behind this but one of the most important reasons is that the nursery is not 

managed properly to get vigorous seedlings for uniform stand and better seedling 

establishment. Padalia (1980) and Lal and Roy, (1996) explicated that seedlings are directly 

related with performance of transplanted rice Among different constituents of nursery 

management, adequate nutrition with better seeding densities to nursery and at appropriate 

seedling age is an important factor to get vigorous stand after transplanting (Lal & Roy, 

1996). Seedlings characteristics before and after transplanting in main field fluctuates with 

the age and rate of seedlings (Himeda, 1994 and Sasaki, 2004). Seedling‘s shoot and root 

characteristics amended with the application of fertilizer in the nursery (Singh et al., 1998; 

Singh et al., 2005; Raju et al., 2001; Hoshikawa & Ishi, 1974). Yield and yield components 

of rice crop exaggerated negatively by using higher seed rate at nursery level while it was 

increased when nursery was grown with less seed rate (Sing et al., 1987).  Panda et al., 

(1991) and TeKrony and Egli, (1991) reported  higher productive tillers and yield per unit 

area after transplanting healthy and vigorous seedlings grown with application of adequate 

nitrogen at nursery-bed which might be due to the decrease in mortality rate after 

transplanting in main field. 

Age of seedling at transplanting is also an imperative contributor toward better 

performance of rice which mainly depends on water, labor, herbicides and other inputs. 

Farmers transplant seedlings at different ages but most often at 25 to 50 days older in 
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lowland rice (De Datta, 1981; Wagh et al., 1988; Singh & Singh, 1999).  Observations from 

different researchers, however, were relatively conflicting but tended to transplant the 

seedlings as younger as 20 days. Many researchers reported that grain yield increased by 

transplanting younger seedlings of 25 days (Wagh et al., 1988; Mandal et al., 1984; Singh & 

Sing, 1998; Rao & Raju, 1987; Ashraf et al., 1999; Nandini & Singh, 2000; Thanunathan & 

Sivasubramanian, 2002). On one hand some studies exposed that grain yield was not affected 

by transplanting  seedlings aged 30 – 60 days (Chandra & Manna, 1988), whereas, on the 

other hand 45 days older seedlings gave higher yield as compared with other seedlings aged 

at 30, 60 and 75 days (Khatun et al.,2002). Some credited the significantly higher yield and 

yield components of rice after transplanting younger seedlings as compared to older 

seedlings (NARC, 2004). Kewat et al., (2002) reported that grain yield decreases after 

transplanting younger seedlings (14 days) which might be due to the higher mortality rate as 

compared with older seedlings (28 days). According to Reddy and Reddy, (1992) 

transplanting of 30 days old seedlings gave more grain yield than 45 and 60 days old 

seedlings. Recent studies on System of Rice Intensification (SRI) also showed that yield and 

components of yield might be increased by transplanting seedlings as younger as 14 days as 

compared with older seedlings 21-23 days (Makarim et al., 2002). The clear guidelines about 

seedling age are lacking in previous literature as it‘s not clearly identified. SRI reports to 

transplant younger seedlings not older than 15 days while main guidelines still advice 

transplanting 20 - 25 days old seedlings grown at 4000 seeds m
-2 

(De Datta, 1981; Mandal et 

al., 1984). Use of high seed rate at nursery-bed for avoiding weeds emergence is a common 

farmer practice which may affect the seedling vigor.  Few researchers have studied the 

synergistic influence of seedbed management on the characteristics of younger/ older 

seedlings and its consequent impact to plant growth and yield after transplanting in main 

field.  

Rice production also is in transition from traditional high water consuming system to 

a promising new system of ―aerobic rice‖ because of water shortage and it also saves cost of 

raising nursery, transportation and transplanting of seedlings. In case of aerobic rice, 

cultivars are grown under dry land condition just like other cereals such as wheat with or 

without supplemental irrigation. This change in cultivation can change the nutrient uptake 

due to which the high yield could not be realized because of the insufficiency of some 
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micronutrients such as boron and zinc. Plant grown in aerobic field took less zinc than plants 

grown in flooded fields (Gao et al., 2006). It is closely related to the understanding of lower 

absorption of zinc and boron, which reduces crop quality and quantity. Numerous studies 

have shown that zinc deficiency is a serious nutritional problem of rainfed crops and has 

been recognized as widespread and important nutritional problem worldwide rice cultivation 

(IRRI, 2000). They also concluded that zinc is essential for several biochemical processes in 

the rice plant, such as the synthesis of cytochrome and nucleotides, auxin metabolism, 

chlorophyll content, enzyme activation and membrane integrity. 

Stimulatory effects of boron may be associated with increased availability of sugars, 

increased enzyme activity and respiration, which preferred a better growth of pollen that 

leads to improved performance of rice grains (Garge et al., 1979). Plants respond to 

decreasing boron supply in soil solutions by slowing down or ceasing growth, limiting cell 

enlargement and cell division in the growing zone of root tips. In the case of severe boron 

deficiency, the root cap, quiescent Centre and protoderm of root tips disappear and root 

growth ceases, leading to the death of root tips. Inhibited leaf expansion by low boron also 

indirectly decreases the photosynthetic ability of plants (Bernie and Longbin, 1997). Thus 

two field experiments were designed to achieve the following objectives.  

1) To investigate the effect of seedling age on growth and yield of rice. 

2) To study the effect of seedlings grown with and without nitrogen in nursery on the 

performance of rice.  

3) To assess the effect of seedlings raised at variable seeding densities on the allometry and          

yield of rice. 

 4) To evaluate the effect of various rice cultures on boron and zinc uptake. 

 5) To determine the effect of boron and zinc on the yield and quality of fine rice. 
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CHAPTER-2 

                              REVIEW OF LITERATURE 

Review of various imperative experiments on seedling age, nursery management and 

application of boron & zinc in rice directed in various parts of the word under diverse climate 

and soil environments is described as follows.  

2.1 Seedling age   

Seedling age is the integral part of transplanted rice and many experiments are 

conducted to find the appropriate seedling age worldwide. Study showed that yield and 

components of yield increased by transplanting seedlings as younger as 14-days as compared 

with older seedlings 21-23 days (Makarim et al., 2002). Nursery was sown for testing 

different methods of sowing and transplanted at 7-21 days after sowing to evaluate its effect 

on grain yield and plant traits contributes toward its high performance. Grain yield and plant 

traits were improved by growing crop with younger seedlings and in some cases resulted as 

higher difference upto 1 t/ha between seedling age of 7 & 21 days (Pasuquin et al., 2008). 

Mishra and Salakhe, (2008) studied the effect of seedling age in rice crop and found seedling 

age as an important factor which effected (number of tillers, plant height and dry matter 

accumulation) and even plant root‘s length & weight density.  Furthermore, Khakwani et al. 

(2005) added that the older seedlings could not perform well as compared to younger 

seedlings in all physiological and morphological aspects. A study on System of Rice 

Intensification (SRI) showed that transplanting of younger seedlings (14 days) resulted in 

improved performance as compared with older seedlings (Thiyagarajan et al., 2002). 

McHugh (2002) conducted experiment in Madagascar and observed the high performance of 

8-15 days older seedlings transplanted at 25 hills
-2

. Experiment indicate that growth pattern 

of seedlings was effected due to its longer stay at nursery-bed as the competition among 

seedlings was increased (Mandal et al., 1984). Reddy and Reddy (1992) conducted field 

experiment in year 1987-88 with Warangal rice as an experimental material. He got higher 

yield after transplanting of 30 days older seedlings as compared with 45 or 60 days older 

seedlings. Mohapatra (1991) added that transplanting of 30 days older seedlings yielded 4.05 
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t ha
-1

 while older seedlings (45 and 60 days) recorded lower yield (3.81 & 3.37), 

respectively.  Koshta et al (1987) used 20, 28 and 36 days older seedlings for his 

experimental unit and observed the higher yield (4.2 t ha
-1

) after transplanting 20-days older 

seedlings. Moreover, Patel et al (1987) acquired higher yield after transplanting older 

seedlings with early sowing while younger seedlings performed well in late sowing. Tsai and 

LAl (1987) studied seedlings at 3 or 5 leaf stages for panicle production and observed better 

panicle development in case of younger seedlings which resulted in higher spikelet‘s panicle
-

1
. He further observed lower grain fertility in younger seedlings as compared with older 

seedlings at early panicle development stage but was high at harvest. Das et al (1988) 

conducted experiment to corroborate the different seedling ages for rice crop and used 2, 3, 4 

and 5 weeks older seedlings for his study purpose. He transplanted seedlings at 2.5 hill
-2

 

seedling densities and observed that four weeks older seedlings yielded significantly higher 

than other. Wagh et al (1988) observed that transplanting of younger seedlings (25-days 

older) stemmed in enhanced kernel yield as compared with 35 & 45 days older seedlings. 

Field trial was conducted by Joseph et al (1989) during 1986-87 in Sri Lanka on seedling age 

in rice crop. They acquired lower yield after transplanting older seedlings in both the years. 

They further added that transplanting of older seedlings (35-days) decreased yield (33%) in 

wet season of 1986 and 41% in dry season as compared with younger seedlings (21 days). 

Ashraf and Mahmood (1989) studied rice cultivars Basmati-370, Basmati-385 at different 

seedling age of 30, 45 and 60 days. They presented that both the cultivars (Basmati-370, 

Basmati-385) diminished yield after transplanting 45 and 60 days older seedlings. Decrease 

in yield was due to the decline in tillers hill
-1

 and spikelets per panicle. Singh and Singh 

(1992) conducted field experiment in Uttar Pradesh and perceived grain yield (1.99, 2.14, 

2.17 and 1.57 t ha
-1

) after transplanting 30, 40, 50 and 60 days older seedlings, respectively. 

Contrary to this Manna and Siddique (1990) expounded that seedling age had no significant 

effect on number of tillers and panicle in BR-11 & Nizersail. Highest grain yield was 

documented in 45 days older BR-23 seedlings while 60-days older seedlings of BR-11, BR-

22 and Nizersail did not behave significantly. Kamdi et al (1991) reported reduction in 1000-

grain weight with transplanting older seedlings. 

In contrary to this, some scientist commented in favor of transplanting of older 

seedlings as compared with younger seedlings. Amina et al. (2002) obtained highest grain 
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yield after transplanting 45-days older seedlings. Another study showed that grain yield, 

panicle length and straw yield was found to be highest in four weeks older seedlings but 

lowest results were recorded with two weeks old seedlings (Faruk et al., 2009). Crop 

transplanted with 45-days older seedlings performed well as compared with 30, 60 and 75 

days older seedlings (Khatun et al., 2002).  Study on transplanted rice showed that paddy 

yield was decreased significantly after transplanting younger seedlings due to its higher 

mortality rate in main field while transplanting of older seedlings resulted in better 

performance (Kewat, et al., 2002). Another scientist Paul (1994) raised seedlings at nursery-

bed and then transplanted after 30, 40, 50 or 60 days on 5
th

 or 20
th

 july, 4
th

 or 19
th

 August or 

second September. He observed in his two year experiment that seedling age at transplanting 

did not Showed a significant effect on rice yield. He further explained that grain yield 

improved with delay in sowing up to 20
th

 July but decreased afterward. Gill and sahi (1987) 

used rice cultivar (PR. 106) for his study and considered 30, 45 and 60 days older seedlings. 

He observed increasing trend in TDM, spikelets fertility, 1000-grain weight and grain yield 

after transplanting older seedlings (60-days) as compared with younger seedlings. Seedling 

age was also studied by Chandra and Manna (1988). They transplanted 30 & 60 days older 

seedlings with 20, 25, 33 and 44 hills m
-2

 during 1983-84 growing season. They exposed that 

yield was not affected significantly with different seedling age while the seedling density 33 

hills m
-2

 resulted in improved grain yield.  

2.2 Nursery Management  

Nursery is the integral part of the transplanted rice which contributes directly in the 

performance of rice in main field. Nursery can be managed by using proper seed rate and 

fertilizer in order to get the healthier seedlings for transplanting. Transplanting of healthy and 

vigorous seedlings raised at nursery-bed can ultimately have positive impact on paddy yield. 

Previous studies indicated that the longer reside of seedlings in the nursery may have effect 

on seedling growth pattern in response to high seedling competition (Mandal et al., 1984). 

Rajendran et al. (2004) reported elevated seedling vigor with regard to seedling dry weight 

and seed germination rate due to the progress of an improved mat nursery by using greatly 

fertile medium , at low seed rate (2000–4000 seeds m
−2

) and the transplanting of 14-day-old 

seedlings in contrast to the conventional wet-bed nursery. Panda et al. (1991) studied the 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T6M-4R05V70-1&_user=3415627&_coverDate=01%2F02%2F2008&_rdoc=1&_fmt=full&_orig=search&_cdi=5034&_sort=d&_docanchor=&view=c&_acct=C000060496&_version=1&_urlVersion=0&_userid=3415627&md5=b54d587840b01d480d83f79b1a684f92#bib17
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effect of overhead flooding at early growth stages of rice crop transplanted with seedlings 

grown with or without application of nitrogen at Cuttack, India. They reported that vigorous 

and healthy seedlings are obtained by applying nitrogen in nursery. Such seedlings were 

taller with well-developed root system and green leaves as compared to unfertilized 

seedlings. They added that crop transplanted with fertilized seedlings tolerated flooding 

revenge due to its healthy growth which resulted in enhanced tillers production and less 

mortality rate. Singh et al (2005) studied the effect of different levels of fertility in nursery 

and consequently its impact on rice yield at Kashmir during 2001-02. They elucidated that 

application of 200 N + 100P2O5 + 50 K2O kg/ha in nursery resulted in improved yield and 

yield components (grain panicle
-1

, panicle m
-2

, and straw yield). They further added that 

seedlings growth was significantly increased by increasing fertility level in nursery. Some 

other studies (Maskina et al., 1985 and Singh, 1999) also revealed that within increase of 

fertility level in nursery, grain yield were also improved significantly. Lal and Roy (1996) 

concluded that rice plants transplanting with seedlings grown at low seeding density 

(50kg/1000 m
-2

) resulted in improved yield and yield attributes as compared with plants 

grown with seedlings raised with high seeding density at nursery-bed. They further explained 

that yield and yield attributes were improved with transplanting fertilized seedlings as 

compared with un-fertilized seedlings. Farooq et al (2007) experiential that vigorous 

seedlings obtained with seed priming performed better after transplanting and resulted in 

improved growth, yield and quality of fine rice as compared with conventional soaking. 

Reddy (2004) explained that uneven crop stand and less plant population are important yield 

limiting factor in transplanted rice caused by poor nursery seedlings.  Further Sasaki, (2004) 

stated that characteristics of shoot and root of rice plant, before and after transplanting 

fluctuate with seedling age, growing environment and seedling numbers. Mishra and 

Salokhe, (2008) premeditated seedlings at different densities and with or without fertilizer 

application in nursery and reported the poor shoot and root growth in older seedlings grown 

without fertilizer. Pasuquin et al (2008) evaluated seedling 7 – 21 days older grown in 

different nursery types (seedling tray, dapog, mat nursery and traditional wet-bed seeding) 

for rice. They observed improved seedling vigor (higher plant dry weight, specific leaf area 

and nitrogen contents) where nursery was grown in dapog or wet method. Raju et al (2001) 

conducted field experiment during 1995-96 on clay loam soil of Andhra Pradesh and 
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evaluated the effect of some weeds as a green manure in rice nurseries. Seedling vigor 

(height, leaves, biomass, root number, root length and growth rate) was greatly improved by 

nursery fertilization irrespective to source. Rose et al (2003) conducted two glasshouse 

experiments to explore the importance of seedling vigor for transplanted rice. They tested 

seedling vigor with treatments of short term submergence (0, 1 and 2 days/week) in first 

experiment while in second experiment they used treatments as leaf clipping or root pruning 

and water stress. They concluded that rice yield is greatly dependent on seedling vigor which 

can be affected with fertilization or un-fertilization treatments at nursery-bed. Some other 

studies have also discussed the benefits of nutrients application in nursery and its consequent 

role in increasing rice yield (Ros, 1998; Ros et al., 1997). Experiment was conducted by 

Shalaby et al (1969) and they instituted higher yield after transplanting fertilized seedlings 

grown at nursery-bed. TeKrony and Egli (1991) conducted experiments on different field 

crops and observed seedling vigor as an important contributor toward yield. Another study 

has suggested some important character (viability, uniformity, tallness and thick stem) 

associated with seedling vigor (Mastsuo and Hoshikawa, 1993). Singh (1999) conducted 

experiment to study the nitrogen fertilization in rainfed lowland rice nursery and he used 

different sources of nitrogen (Farm yard manure, decomposed Gliricidia leaves, urea & 

diammnium phosphate) at 60 and 120 kg N/ha. He found that application of 120 kg N/ha in 

nursery resulted in improved grain yield and yield attributes (productive tillers/ m
-2

, panicle 

weight) after transplanting due to the superiority in seedling quality. Field study was done 

during 1981-82 at Kaul to find out the best suited seed rate in nursery and number of 

seedlings/hill in transplanted rice. Treatments were (20, 40, 60 and 80 g/m
-2

) and number of 

hills/m
-2

 (1, 2 and 3). Yield and yield attributes were increased after transplanted seedlings 

grown at lower seed rate (20, 40 g/m
-2

) as compared with high seeding density (Singh et al., 

1987). Om et al (1997) conducted field study on hybrid rice (PMS 2A/IR 31802) to study the 

effect of different levels of nitrogen fertilization and seed rate in nursery. Plant height, 

productive tillers, panicle weight, dry matter and grain yield was significantly higher by 

using low seed rate (20g/m
-2

) and similar behavior was also found by increasing nitrogen 

from 0-150 kg/ha. Raju and Gangwar (2004) executed a field trial during wet season of 2000-

01 for the assessment of different potassium-rich weeds as a green manure in rice nursery. 

They observed the improvement in seedling parameters (biomass, vigor index and growth 
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rate) after fertilization to nursery. Highest grain yield was found after transplanting seedlings 

grown with the application of P. stratiotes green manure and with complete inorganic 

fertilization at nursery-bed.  

2.3 System of Rice Intensification 

Rice production consumes large quantities of irrigation water, up to about 90% of the 

total water for all crops (Bhuiyan 1992). However, fresh water for irrigation is becoming 

scarce because of increasing competition from urban, industrial, and environmental demands 

(Guerra et al. 1998; Bouman and Tuong 2001; Tuong and Bouman 2003). It is estimated that 

by the year 2025, the world‘s farmers should be producing about 60% more rice than at 

present to meet the food demands of the expected world population at that time (Fageria 

2007). 

Irrigated rice production is the largest consumer of water in the agricultural sector, 

and its sustainability is threatened by increasing water shortages. Such water scarcity 

necessitates the development of alternative-irrigated rice systems that require less water than 

traditional-flooded rice (Bouman et al. 2005). A water-saving rice cultivation method known 

as the System of Rice Intensification (SRI) has been introduced from Madagascar (Laulaniee 

1993). The System of Rice Intensification (SRI) is reported to offer an opportunity for 

reducing water demand accompanied by yield enhancement of rice (Satyanarayana et al. 

2007; Uphoff 2007). With SRI, rice productivity is reportedly increased by simultaneously 

modifying several agronomic and water management practices in rice cultivation (Stoop et 

al. 2002). Its changes in standard management practices include: transplanting very young 

seedlings at the 2–3 leaf stage; having just one seedling per hill with wider spacing in a 

square pattern rather than in rows; maintaining non-flooded soil conditions during the 

vegetative stage and very shallow irrigation after flowering; soil-aerating mechanical hand 

weeding; and application of large quantities of organic manure (Uphoff et al. 2002). SRI 

alters the environment for growing rice with no standing water during the vegetative growth 

period, and only a thin layer of water on the field (1–2 cm) from panicle initiation until 10–

15 days before harvest. These practices are likely to influence nutrient availability and forms, 

such as promoting populations of aerobic phosphorus- solubilizing microbes and providing 
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more nitrogen in nitrate (NO3) form rather than as ammonium (NH4) when soil is kept 

aerobic rather than reduced (Kronzucker et al. 1999; Krouk et al. 2010).  

SRI practices are reported to increase the yields of irrigated rice by 25–50% or even 

more (Thakur et al. 2010; Zhao et al. 2010; Sinha and Talati 2007; Senthilkumar et al. 2008) 

while reducing water requirements (Chapagain and Yamaji 2010; Zhao et al. 2010; 

Satyanarayana et al. 2007). Another study favour SRI and showed the increased in number of 

tillers and yield as compared with flooded rice (Ceesay et al., 2006; Kabir and Upoff, 2007; 

Sato and Upoff, 2007; Sinha and Talati, 2007). Many other reports showed that transplanting 

of younger seedlings favors the plant growth and have many positive impacts (Horie et al., 

2005; Yamamoto et al., 1995). In contrast of this some researcher reported that tiller 

potential of the plants is significantly reduced under drained soil condition due to leaching of 

nitrogen, resulting in reduced uptake by the plants (Aulakh and Singh, 1996; Sah and 

Mikkelsen, 1983). Study showed that there is no effect on plant uptake of nitrogen either 

grown in flooded or non-flooded condition but Mn uptake can be significantly reduced under 

non flooded soil condition (Tao, 2004).  

The SRI is becoming popular in Asia at present. As far as the need for increasing rice 

extent and yields are concerned, there is a need for continuation of further research to save 

water and develop other technological interventions beyond what is practiced in SRI. 

2.4 Importance of zinc application 

Zinc is essential nutrient not only for plants but also for humans (Barak and Helmke, 

1993 and Buyckx, 1993). It acts as a co factor in almost 300 enzymes and involved in many 

plant physiological process. Broadley et al. (2007) reported that zinc is a component of many 

types of plant protein.  Brown et al (1993) and Fageria et al (2002) added that zinc is 

involved in starch formation, carbohydrate & protein metabolism, membrane integrity and 

seed maturation. Zinc is very important in human nutrition and its deficiency can cause 

dermatitis, impair immune functions and growth retardation (Welch, 1993). It‘s an emerging 

deficient nutrient in almost many cereals which are being cultivated on different soils (Nube 

and Voortman, 2006). But every crop has its own nutrient requirement which can even exist 

within species (Furlani et al., 2005). Deficiency of zinc in human can cause many problems 
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like hampers of mental and psychomotors development, disturbance in immune system, 

tiredness and stunted growth (West and Verhoe, 2002 and Traore, 2006). 

Zinc as a deficient nutrient 

Study on annual crops showed that zinc deficiency is one of the major constraints in 

various parts of the world (Cakmak, 2002). Deficiency of zinc nutrient is common all over 

the world including the area under rice crop in India (Karak et al., 2006) and in China (Gao 

et al., 2006). Overall comparison of zinc deficient soils throughout the world Showed that 

30% soil is zinc-deficient and it occur in almost 49 countries (Alloway, 2004). Zinc 

deficiency is a major threat for crop production, not only in developing countries but also in 

developed countries like USA, China and Australia. Consumption of foods with low zinc 

contents is one of the major causes of using zinc deficient cereals all over the world 

especially in developing countries (Graham and Welch, 1996 and Hambidge, 2000). Crop 

production and quality is desperately affecting with emerging deficient micronutrients (B & 

Zn) all over the world (Rashid and Ryan, 2004 and Rafique et al., 2008). A study of White 

and Zasoski (1999) pointed out the 8 M ha and 10 M ha Zn-deficient agricultural area as in 

Western Australia and in Turkey, respectively. In China Zinc-deficient soil is mostly found 

in north and middle of china which contributed about one third of the agricultural area (Liu, 

1996).  Sillanpaa (1982) conducted a study on micronutrients status throughout the world 

including developing or developed countries and found low soil zinc status in almost all the 

countries.   

Zinc deficiency is associated with many soils and environmental factors which affects 

its availability to crop. The major factors which are responsible for zinc deficiency: alkaline 

calcareous soil, sandy texture, low organic matter, high pH, use of high analysis NPK 

fertilizer, high yielding genotypes etc (Cakmak, 1998; Anonymous, 1998; Tandon, 1995; 

Mortvedt et al., 1991). 

Zinc deficiency was first time found in 1969 when scientists explored its role for 

―hadda‖ decease of rice (Yoshida and Tanaka, 1969). Alkaline and calcareous are the 

dominant soils in Pakistan which are more prone to Zn-deficiency because availability of 

zinc is inherently low in these soils (Tinker and Lauchli, 1984). In Pakistan soils are 
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calcareous in nature with low organic matter and due to intensive cultivation deficiency of 

micronutrients are increasing day by day especially zinc and boron (Rafique et al., 2006, 

2008). Salinity is another problem for low available nutrients due to high salt stress in arid 

and semi-arid regions. Kausar et al (1976) noticed that about 86% soils of the country are 

deficient in zinc contents. Furthermore, Alloway (2008) explained that 50-60% agricultural 

soils are Zn-deficient in Indo-gangetic plains. Khattak and Perven (1986) analysed soil 

samples from NWFP and explained that 23% samples were zinc deficient. Further research 

on zinc status of Pakistani soil shows that a big portion of agriculture soil is zinc deficient 

which goes up to about 70 % (Hamid and Ahmad, 2001). Zinc deficiency is not only a 

problem for rice crop; its deficiency is widespread for many other crops like maize, cotton 

and fruit plants etc (Chaudry et al., 1977; Anonymous, 1998 and Rashid, 2006). In rice crop 

zinc deficiency resulted in decreased plant growth which ultimately have negative effect on 

paddy yield (Rashid and Fox, 1992). 

Zinc and rice growth 

Zinc is emerging deficient micronutrient which in turn affects the growing crops. 

Rice is not only grown as a second staple food in Pakistan but has a great important all over 

the world.  Application of balanced nutrients (micro + macro) contributes toward good yield. 

Zinc is also an essential component of human food which can be improved by its proper and 

timely application. Improved root uptake potential after flowering is the effective way of 

increasing grain-zinc contents in rice as compared with Zn remobilization from leaves (Jiang 

et al., 2007).  Two years study was conducted at Research Institute D. I. Khan to explore the 

role of zinc applied as direct, residual and commutative in rice and wheat. Different levels of 

zinc ranging from 0 to 10 kg/ha were applied in wheat cultivar Naseer-2000 and rice cultivar 

IRRI-6 in zinc deficient soil. Results exhibited that wheat and rice resulted in significant 

improved yield with direct application of zinc (5-10kg/ha). Direct, residual and cumulative 

effect lead to improved yield attributes but the efficacy of cumulative effect was higher as 

compared with direct and residual effect (Khan et al., 2009). Sahrawat et al. (2008) 

conducted field experiments during 2003-2004 to study the effect of different nutrients 

application (Zn, B and S) on sorghum and maize in semi-arid zone of India. Application of 

all these nutrients with basal dose of N and P resulted in increased N, S and Zn contents in 
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both the crops. Another comprehensive study was conducted during 2002-2004 focusing on 

yield response of maize, castor, groundnut and mung to application of Sulphur, Zinc and 

Boron. Results publicized that yield was improved in all crops when application of all these 

nutrients were done with nitrogen and phosphorus (Rego et al., 2007). Plants vary with 

nutrients use efficiency which also depends on the uptake efficiency or availability of 

respective nutrient. Jungk (1991) stated that Zinc is present in very low concentration in soil 

and mostly transported to plants by diffusion or root interception. Zinc is absorbed by plants 

of Graminaceous species in different forms like in complex with non-protein amino acid or in 

ionic form Zn
2+

 (Halverson and Linsay, 1977; Taghavi et al., 1984 and Welch, 1993). Due to 

membrane polarization active transport of zinc occur as electrochemical gradient (Kochian, 

1993). Further experiments were conducted on zinc application in rice to explore its essential 

requirement in different physiological process. Rehman (1988) studied different levels (0, 

2.5, 5, 7.5 and 10 kg/ha) of zinc with NPK application in rice. He observed uppermost grain 

yield with the combined application of NPK and zinc as compared with control. Rehmatullah 

et al. (1988) analyzed soil as well as plants sample of major rice growing areas of Punjab and 

reported the severe deficiency of zinc. He further explained that rice cultivars (Basmati-370 

and IRRI) were deficient in zinc contents (25% and 50%), respectively. Gurmani et al. 

(1988) conducted field study in Dera Ismail Khan on rice crop with different levels of zinc 

(0, 2.5, 5, 7.5, 10 and 12.5 kg/ha) in the form of zinc sulphate. Higher levels of zinc 

application (10 and 12.5 kg/ha) resulted in improved kernel yield and economic return. 

Chhibba et al. (1989) conducted study in Indian Punjab on zinc deficient soil by using 

different zinc sources (ZnSO4, ZnO and Zn frits). He applied 0, 5 or 10 kg Zn/ha before 

transplanting in cv. Java and its residual effect was evaluated on wheat. They perceived that 

rice yield was increased with zinc application irrespective to source. Yield of succeeding 

crop was also higher in zinc treated plots as compared with control. Residual effect of 

application of zinc in rice on succeeding wheat crop was further studied by Javed (1989) and 

he claimed the significant increase in soil zinc concentration. Total soil nitrogen and 

available phosphorus was not affected significantly with zinc application but it improved the 

zinc status of soil up to its sufficient level for next crop. Hossain et al. (2001) conducted field 

experiment and studied the effect of boron, zinc and molybdenum on growth, yield and 

nutrient uptake by rice (BRRI-Dhan-30). They observed the highest grain yield in treatment 
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where all three nutrients were applied. A field experiment was conducted on rice cultivar 

(BRRI-Dhan-30) supplied with chemical (S, B and Zn) and organic fertilizer (poultry 

manure). Yield and yield attributes were significantly increased with the combined 

application of S, B, Zn and NPK (Uddin et al., 2002). Zia et al., (1996) conducted 

experiment in rice-wheat cropping system and reported the higher yield in rice crop with 

residual effect of zinc applied at 10kg/ha as compared with 5kg/ha. Sakal et al. (1989) 

directed experiment on calcareous sandy loam soil on five rice cultivars (susceptible and 

tolerant). They applied different levels of zinc (0, 5 and 10 ppm) as zinc sulphate and 

observed the severe zinc deficiency in cv. Sita, Pura 2-21 and intermediate in cv. Rajendra 

Dhal and Ranta. Difference in zinc uptake among susceptible and tolerant was much higher 

in soil with applied zinc than zinc deficient soil. Bansal et al. (1990) conducted a 

comprehensive study on 32 locations of Indian Punjab to determine the critical level of zinc 

deficiency for wheat cultivar WL-265. He experiential that grain yield was significantly 

improved at a soil application level of 5.6kg/ha in zinc deficient soil. Ghani et al. (1990) 

applied different doses of zinc to rice cv. J.P. 5 to determine the effective one. He observed 

the improved straw as well as grain yield with application of 7.5kg Zn/ha. He also pragmatic 

the increasing trend in number of productive tillers/m
-2

, kernels/panicle, 1000-grain weight 

with zinc application up to 5kg/ha. Higher net return was found with most effective dose of 

zinc (7.5kg). Hung et al. (1990) studied the different levels of zinc application as ZnSO4 to 

rice cultivar J-104 on non-glayed dark plastic soil. He concluded that zinc application level 

of 20 kg/ha resulted in improved panicle bearing tillers, grains/panicle and kernel yield while 

the 1000-grain weight was found to be unaffected. Sriamachandraes and Mathan (1990) 

conducted field trial focusing on root behavior affected with different zinc sources under 

submerged condition. They observed that root length was increased with zinc application 

after transplanting while it was decreased significantly without fertilization. Indulkar and 

Malewar (1991) conducted field study by using two levels of FYM and zinc in rice cv. PENI. 

They observed that application of different synthetic zinc sources resulted in improved grain 

yield as compared with organic sources. Application of FYM significantly improved yield as 

compared with control. Chick pea as a succeeding crop also got great benefit with zinc 

application. Coutinho et al. (1992) conducted greenhouse trial by using different zinc doses 

from 0 to 6ppm. They observed that application of zinc not only resulted in increased yield 
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but also improved the organic matter status of the soil. Karim et al. (1992) conducted field 

research to observe the soil zinc status of different locations in Bangladesh. They reported 

that about 19% area is facing the problem of zinc deficiencies. They further observed the 

significant increase in yield with zinc fertilization. Salam and Subramanian (1993) observed 

that zinc application not only resulted in increased grain yield but it also played a significant 

role in improving root growth. Sakal et al. (1993) conducted field experiment to study the 

response of rice to different zinc doses and application dates on zinc deficient calcareous soil. 

Grain yield was improved with zinc application on both the location which might be due the 

more zinc uptake. Sur and Li (1993) studied the application of micronutrients (boron and 

zinc) in rice and concluded that paddy yield was significantly increased with the combined 

application of boron and zinc which gave highest economic return. Swarp et al. (1993) 

conducted field study on different zinc deficient location in India. Rice genotype cv. Joya 

resulted in improved grain and straw yield with zinc application irrespective to Fe 

application. Crop showed highest response to zinc when Fe was applied at its highest rate. In 

another study high yielding rice cultivars IR-28 and Kiran resulted in increased grain yield at 

50 and 75 kg ZnSO4/ha. Grain quality was not affected significantly but higher contents of P 

& Zn was observed while the grain Ca contents were decreased. Phosphorus and Zinc 

contents were decreased while contents of Ca & Mg were decreased in rice straw (Tomar et 

al., 1994). Kausar et al. (2001) studies rice cultivars Basmati-370, Basmati-385 and DM-25 

with zinc fertilization in different pot and field experiments. Positive response of Basmati-

370 and Basmati-385 was observed with zinc application while the cultivar DM-25 behaved 

negatively with applied zinc. 

2.5 Factors controlling zinc availability  

In soil, zinc may be available in soil solution, exchange site of soil minerals, free ion 

(Zn
+2

), bound with organic matter or attached with organic and inorganic ligands and 

occluded in oxides or hydroxides of Al, Fe, and Mn. All these forms of zinc are affected with 

soil physical or chemical properties. Only the free ion zinc or Zn-ligand complex are 

available directly to plants. Guadalix and Pardo (1995) explained that regulation of zinc 

concentration in the soil is strongly influenced by soil properties like pH, organic matter and 

redox potential etc which induces zinc adsorption-sorption reaction in soil. These factors are 
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also expected to change due to shift in cultivation from flooded to aerobic condition which 

may affect the crop performance due to change in zinc availability to plant roots. A previous 

study also showed the significance of above described factors in zinc availability described 

as follows.  

 Organic matter 

Organic matter is very important for growing crops which plays a key role for zinc 

solubility and availability (Harter, 1991 and Barrow, 1993). Zinc uptake by plants can be 

enhanced by improving organic matter of the soil (Ozkutlu et al., 2006). Many scientists 

studied the role of organic matter by using different sources and observed positive correlation 

between organic sources and zinc availability (Arnesen and Singh, 1998 & Tarkalson et al., 

1998). Badry et al. (1982) applied FYM in in highly reclaimed soil and observed the 

increment in available soil zinc other than soil organic matter status. Tisdale et al (1993) 

explained the different reactions of organic matter with zinc like immobilization with high 

molecular organic substance, mobilization with short chain fatty acid or making insoluble 

salts. Zinc can be retained in organic matter due to its weak acid functional group (Shuman, 

1980 and Kabata-Pendias and Pendias, 1984). Maskina and Randhawa (1983) studied the 

application of micronutrients in pots and observed that plant dry matter was increased with 

the combined application of zinc and organic matter as compared with inorganic zinc 

sulphate alone. Zinc application with organic matter resulted in improved plant zinc contents 

as compared with alone application of zinc sulphate. Soil organic matter also improves the 

availability of metal ions by making soluble complex (Amanullah, 2006). Pendias (1986) 

reported that the accumulation and transportation of micronutrients in soil improve with 

organic matter application. Due to the high cropping intensity availability of micronutrients 

in soil are decreasing which also reduced the micronutrients in human diet. Use of organic 

chelate fertilizer (natural or synthetic) are commonly using in developed countries to 

overcome its deficiencies problems (Sadiq and Hussain, 1993 and Perez-Sanz et al., 2002) 

Soil pH 

Seberry et al. (1980) observed that rice grain yield significantly decreased with 

increase in pH of the soil. They further elaborated that strong positive relationship was 
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observed between yield and soil zinc contents. Significantly lower yield was observed by 

growing crops in soil that did not receive supplementary zinc. Increasing soil pH 6.7-8.0 

resulted in significant reduction in DTPA-extractable Zn.  Zinc availability is greatly 

dependent on soil pH as Wear (1956) explained that over 90% variations in zinc availability 

to crop plants occur due to difference in soil pH. Widespread zinc deficiency problems in 

Indo-Gangetic plain are mostly due to the high soil pH in Pakistan and India (Qadir, 2002). 

Gupta et al. (1980) studied the different soil profiles and found negative relationship between 

available Zn, Cu and Mn and soil pH staus. Zinc precipitation is mostly occur at higher pH 

while at lower pH adsorption is dominant which effects its availability to growing crops 

(Gupta et al., 1987). Zinc availability to crop is also decreased at neutral pH due to its 

adsorption in hydrolyzed form which might be the main reason of its deficiency in alkaline 

soils (Jaffery and Uren, 1983). A further study on zinc availability explains that in alkaline 

soils, zinc is strongly adsorbed on surface of silicate clays and oxides (Lindsay, 1978, Jeffery 

and Uren 1983 and Harter, 1983). Havlin and Soltanpour (1981) reported decrease in 

extractable zinc with increase in pH of soil. They further explained that activity of zinc 

reduced 100 times with increase in one unit of pH from 6.2 to 7.2. Moreover, another study 

explained in this context that about 100 fold zinc availability decreased with increase in one 

unit of pH (Lindsay, 1991).  

Calcareousness 

Zinc deficiency is more pronounced in calcareous soil throughout the world including 

Pakistan (Rashid and Rayan, 2004) because of CaCO3 provide the space for the adsorption of 

metal ions (Papadopoulos and Rowell, 1989; Zachara et al., 1991). Imtiaz et al (2006) 

observed more bounded zinc as compared with acidic soils. Moreover, calcareous soil has 

about 50 times less diffusion coefficient as compared with acidic soil and liming of acidic 

soils decreased diffusion coefficient of zinc similar to calcareous soils (Morghan and 

Mascagni, 1991). Bajwa (1984) studied the clay mineralogy of collected soil samples from 

problem or non-problem soil which was correlated with available zinc. Zinc was 

incorporated in the crystal lattice of semodite and sauconite while other clay minerals 

(chlorite, vermiculite, kaolinite, hallosite and hydrous mica) appeared to be not related with 

zinc deficiency. 
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Salt affected soils 

Problem of Zinc deficiency is also common in salt effected soil. Tinker and lauchli 

(1984) explained that zinc deficiency problems in salt effected soils are associated with 

competition of salt cations. Salt effected soil increased the uptake of Cd which ultimate 

decreased the uptake of zinc as there is antagonistic relationship between these two cations 

(Jalil et al., 1994). Zinc application in crops grown under salt affected soils can improve the 

growth of the plant due to reduced uptake of toxic ions which might be due the regulation of 

influx or efflux of Na within cell membrane (Aktas et al., 2006; AbdEl-Hady, 2007).  

Furthermore, zinc plays a significant role in detoxification of reactive oxygen caused by salt 

stress (Cakmak and Marschner, 1993). Rashid (1983) studied different levels of copper, zinc, 

sodicity and salinity by using soil which was artificially salinized or sodicated. He explained 

that zinc concentration was increased with increase in salinity level. He further added that 

after 65-days zinc concentration in shoot was improved with increasing levels of zinc under 

non-saline condition which might be due to its higher uptake. More Cd uptake in plants 

growing in salt effected soils might be due to the formation of CdCl
-2

 which can easily up 

taken by plants (Khoshgoftar et al., 2004). Singh and Abrol (1984) studied rice cultivar Java 

with application of different levels of zinc sulphate (0, 10, 20, 40, 80, 100 and 120 kg/ha) in 

soil with texture (54% sand, silt 26%, clay 20%), CaCl2 3.7%, ECe 4.08 dSm-1, ESP 9.4, pH 

10.45 and DTPA zinc 0.44 ppm. They observed the improved growth and grain-zinc contents 

in zinc treated plots (10kg/ha) as compared with control. Other higher levels of zinc seemed 

in decreased yield as compared with 10kg/ha. Sharma et al. (1988) evaluated the response of 

rice and wheat to N, P, Zn during 1980-1982 in sodic soil. Different combinations of N, P 

and Zinc were applied. They reported the superiority of the combined application of N, P and 

Zinc as compared with other treatments during 1980 while it was found to be statistically 

similar in second year. They further explained that both crops respond positively to applied 

zinc at 10kg/ha as compared with other treatments. Further study to explore the role of zinc 

& Cu in the presence of NPK was conducted on wet land rice. Yield and yield attributes were 

significantly increases by applying Zinc and Cu alone or in combination with NPK (Qadir et 

al., 1988). Application of zinc was also studied in maize grown on saline condition. Results 

showed that growth was improved with application of micronutrients under saline condition 

as compared with normal soil culture (Kaur et al., 1989). Further pot experiment was 
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conducted to determine the efficacy of different methods of zinc application. Zinc was 

applied in soil, by dipping nursery seedlings in zinc solution and with foliar spray in 

Cultivars (Tolerant NIAB-6 and sensitive IRRI-1561). Zinc application irrespective to 

method of application resulted in improved number of tillers, shoot fresh & dry weight while 

the concentration of P, Cl, Na was decreased (Rehman, 1999). Iqbal et al (2000) used 

different zinc levels (1, 10, 100 and 1000 nM ZnSO4) in his pot experiment focusing on 

salinity tolerance of two rice cultivars i.e. BG 402-4 (salt sensitive) and KS-282 (salt 

tolerance). They reported the improved concentration of Zn, P and K in rice shoot grown 

under saline condition while Na and Cl were decreased.  

2.6 Importance of boron application 

Boron as an essential nutrient 

Boron is essential nutrient which is confirmed initially in 1923 (Loomis and Drust, 

1992). Boron is constituent of plant cells and present in cytosole, vacuoles and apoplasam etc 

(Dannel et al., 2002). Matoh (1993) reported that boron exist in cell as water soluble or 

insoluble form. Some evidence showed that boron is not only essential for plants but also for 

number of marine species, diatoms and cyanobacteria (Marschner, 1995 and Brown et al., 

2002). Animals (trout, frogs and zebrafish) also depend on boron requirement (Fort et al., 

1998). In human boron deficiency resulted in many disorder like irregular bone development, 

increase in calcium excretion and reduced growth etc (Devirian et al., 2003). 

Most of the plants require boron and show different deficiency symptoms while 

growing in low boron medium (Gupta, 1993). Plants show deficiency symptoms at vegetative 

or reproductive stage. Reduced growth of shoot and root tips, malformation of fruit setting, 

male sterility and reduced number of flowers are some of the boron deficiency symptoms 

(Dell and Huang, 1997). Marchner (1995) reported a long list of different roles of boron in 

plants like RNA metabolism, IAA metabolism, cell wall synthesis, sugar transport, 

carbohydrate metabolism, lignification, cell division and cell wall functions etc. In animals 

boron also involves in many metabolic processes like mineral metabolism, energy regulation 

and activity of numerous enzymes (Devirian et al., 2003).  
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Deficiency of boron 

Boron is essential nutrient for plants and its availability is limited in many countries 

like USA, China, Japan and Brazil. Boron deficiency is prevailing in these regions due to 

leach down of boric acid from soil solution because of high rainfall (Shorrocks, 1997 and 

Yan et al., 2006). Boron deficiency is mostly occurring in limed or alkalized soils (Cook and 

Miller, 1939). Contrary to this, boron is present at toxic level in some parts of the world like 

south Australia, turkey, Morocco, Syria, Jordan, Iraq, Chile and California. In these regions 

underground water is rich in boron and due to high evaporation it reaches on top soil to 

create a toxic level which ultimate effect the crop growth (Yau et al., 1995). Boron toxicity is 

also occurring in Pakistan (Sillanppa, 1982) and in Australia (Cartwright et al., 1984). Boron 

toxicity is due to the accumulation of salts on soil and usually present in saline and sodic 

soils (Hutchison and Viets, 1969). 

Mostly soil in Pakistan is alkalined and with high pH. Due to intensive cropping 

deficiency of some micronutrients is common in many regions of the country. Previous 

researchers showed that boron deficiency is widespread in Pakistan which is affecting crop 

yield (Sillanpaa, 1990; Rashid and Raffique, 1992). In cotton belt deficiency of boron occurs 

on 50% (Rashid and Raffique, 1997) while in rice area it contributes upto 15-45% (Tahir et 

al., 1990). Availability of boron decreases with increase in pH from 7 so the calcareous and 

alkaline soils are expected in boron deficient (Wang et al., 2001 and Berger, 1949). Higher 

availability of boron to plants can increase the root/shoot boron contents (Nable et al., 1990 

and Akram et al., 2006). Stigma, style and ovary mostly contain higher concentration of 

boron and in pollen it occurs at about 0.7 mg/kg dry weight (Vasil, 1987).  

Number of environmental factors like temperature, soil water condition, light and 

humidity influence the boron availability to plants (Morghan and Mascagni, 1991 and 

Shorrocks, 1997). Dry weather is also a one of cause of boron deficiency in several crops 

(Noppakoonwong et al., 1997; Xue et al., 1998). Further studies on boron availability 

showed that it dampened with soil drying (Fleming, 1980, Huang et al., 1997).  
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Requirement of boron for rice growth 

Boron is emerging deficient nutrient in rice tract which is affecting crop impressively. 

Rashid et al. (2004) perceived the effect of boron on rice cultivars Super Basmati, Basmati-

385 and KS-282 and reported 14-25% increase in paddy yield as compared with control. 

They further added that yield increment in crop was due to the reducing sterility and 

improved number of productive tillers in boron treated fields. Rice plants grown in boron 

deficient soil exhibited uneven growth. Rice crop behaved positively with optimum boron 

dose at 0.75kg/ha (Rashid et al., 2004). Chaudhry et al (1977) conducted a field study to 

observe the response of two rice genotypes Basmati-370 and IR-6 to boron fertilization 

grown in major rice growing area of Punjab. They added that Paddy yield was increased 

(14%) with application of boron as compared with control. Ambak and Tandoano, (1991) 

also observed in his experiment that boron deficiency resulted in sterile spikelets.  Further 

studies on boron fertilization explained that paddy yield consistently increased with boron 

application (Rashid et al., 2002, Rakshit et al., 2002, PARC, 2002, Tandon et al., 1999 and 

Ali et al., 1996). Field study focusing on impact of micronutrients on growth, yield and 

nutrients uptake was carried out on rice cultivar BRRI Dhan-30. Micronutrients (Zn, B and 

Mo) were applied alone or in combination with each other. Paddy yield was significantly 

higher in treatment having all three nutrients while the application of B/Zn alone also 

resulted in improved yield (Hossain, et al., 2001). Another field study with application of 

different nutrients (S, B and Zn) supplied by inorganic fertilizer or poultry manure was 

conducted on rice cv. BRRI Dhan-30. Fertilizer NPK was applied with 20kg S/ha from 

gypsum, 2kg Zn/ha from zinc oxide and 1kg B/ha from borax in different treatments 

combination. All Nutrients resulted in improved plant height, tillers/m
-2

, grains/panicle, 

1000-grain weight and straw yield. Significantly higher yield was recorded in treatment 

having B, Zn and S supplied with NPK from inorganic fertilizer as compared with all other 

treatment combinations (Uddin, et al., 2002). Contrary to this, boron deficiency resulted 

greater decrease in straw yield (20%) as compared with paddy yield (18%) (Rerkasem and 

Jamjod, 1997). Savithri et al. (1999) reported that the rice is not facing the problem of boron 

deficiency but they further explained that it may be the problem in calcareous soil, sodic or in 

highly permeable soils.  
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Boron and rice quality  

Boron application in rice crop not only played a positive role in paddy yield but in 

many instance the grain quality was improved. Experiment was conducted on Japonica rice at 

Zhejiang University during 2006. Foliar application of Fe in association with boron was done 

to examine the Fe biofertilization and quality of rice kernel. Concentration of Fe, B and Zinc 

increased significantly in rice grain with combined foliar application. Nutritional quality was 

also further improved by increasing protein contents, 16 essential amino acid (30.9% and 

37.0%), respectively (Jin et al., 2008). Inadequate boron fertilization in rice may deteriorate 

the quality of produce which will decrease the market price (Rashid et al., 2004). Nutritional 

quality of rice can be improved with soil or foliar boron fertilization (Rengel et al., 1999 and 

Cakmak, 2002). Three year study was conducted at National agriculture research Centre in 

rice growing area of Punjab province. Application of boron resulted in improved grain yield 

as well as cooking quality traits (reduced stickiness, reduced bursting upon cooking and 

increased elongation after cooking). Kernel milling recovery and head rice recovery was also 

increased with boron application (Rashid et al., 2004). Study focusing on nutritionals 

functions of boron in rice was evaluated in solution and soil culture. Three rice genotypes 

(KS-282, BG-402-4 and IR-28) having variance salinity tolerance were evaluated to explore 

the ameliorative nutritional features of boron. All growth parameters (tillering capacity, 

root/shoot length and root/shoot weight) were improved with external boron application @ 

200-400ng m L
-1

 in existence or deficiency of NaCl salinity. Paddy and straw yield was 

improved with boron application as compared with control (Mehmood et al., 2009). Dunn et 

al., (2005) conducted experiment in Missouri, USA to explore the role of boron in rice. They 

observed positive relation of boron applied with paddy yield. Boron nutrition not only 

important in rice but it also gave valuable results in other crops. Field experiment was 

conducted in semi-arid zone of India during 2003-04 focusing the grain/straw quality of 

maize and sorghum affected with S, B and Zn fertilization. They observed that application of 

these nutrients with nitrogen and phosphorus resulted in improved grain N, S and Zn contents 

in maize and sorghum (Sahrawat et al., 2008). Pot experiment was conducted to investigate 

the foliar application of different levels (0, 10 and 20 ppm) of boron under varying water 

regimes on taxodium distichum. All growth parameters like total sugar contents, carotenoids 

and chlorophyll contents were tended to increase at highest (20 ppm) boron application level 
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(Mazhar et al., 2006). Positive yield response of Maize, castor, groundnut and mungbean 

with application of S, B and Zn was recorded after three seasons (2002-04) field study. Yield 

response was wider with combined application of sulphur, boron and zinc with N & P (Rego 

et al., 2007). Significantly the increasing trend in growth and yield was observed with boron 

application (Li and Ling, 1997 and Shabaan et al., 2001). Foliar application of boron also 

resulted in enhanced nutrients concentration like K, Fe, Zn and Mn in wheat crop (Shabaan et 

al., 2001).   

Boron fertilization in rice crop is highly cost effective as appreciable yield can be 

gain with little boron dosage (0.75kg B/ha). With quality concern boron use also resulted in 

improved kernel quality which can provide high market price (Rashid et al., 2004).  Hussain 

and Yasin (2004) studied the boron fertilization in wheat crop and observed 13% yield 

increase over control by using 1kg B/ha. Furthermore they also recorded about 16% increase 

in rice yield over control with same level of boron fertilization. Rashid et al. (2002) reported 

5-26% increase in paddy yield with boron fertilization over control. Ali et al. (1996) 

observed the highest paddy yield with boron application (2kg/ha) and was 19% higher over 

control. Hussain and Yasin, (2004) conducted field study to evaluate the residual effect of 

zinc and boron in rice-wheat cropping system. They observed highest yield with combined 

application of boron and zinc (2kg & 5kg/ha), respectively, while the lowest yield was found 

in control.   

2.7Aerobic rice 

Water saving rice cultivation particularly the aerobic rice has become a particular 

focus of attention (Tuong et al., 2005; Haryanto et al., 2008). In aerobic rice culture, 

cultivars are grown on unpuddled aerobic soil just like the other many crops. Many studies 

are carried out recently for aerobic rice cultivation with main focus of water use efficiency 

(Bouman et al., 2006; Matsunami et al., 2009; Matsuo and Mochizuki, 2009). In aerobic rice 

developed varieties that are high-yielding, input-responsive, and adapted to mild or medium 

water stress are grown under non-saturated soil conditions (Bouman et al., 2005; Bouman et 

al., 2006; Yang et al., 2005).  

Field experiments were carried out in northern China which showed that yield of 5–6 

t ha
−1

 with little water inputs of only 500–900mm have been achieved in aerobic rice culture 
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(Yang et al., 2005; Bouman et al., 2006; Xue et al., 2008). In Japan grain yield of over 10 t 

ha
−1

 was achieved in aerobic rice culture (Kato et al., 2009). Grain yield of 11.4 t ha
−1

 was 

achieved in aerobic culture by Takanari, a lowland-adapted high-yielding variety, and the 

average yield of four varieties under aerobic culture was similar to or even higher than that 

achieved with flooded culture (Kato et al., 2009). In temperate China, yields of up to 5.7 t ha
-

1
 have been reported with aerobic rice on a sandy soil (Bouman et al., 2006), whereas on-

farm yields ranged from 4.5 to 6.5 t ha
-1

 (Wang et al., 2002). In the Philippines, Peng et al. 

(2006) and Bouman et al. (2005) reported yields of up to 6 t ha
-1

 in aerobic rice culture. 

However, the aerobic rice production system may be less sustainable than flooded soil 

conditions, especially when aerobic rice is grown in sequence for several years.  

In contrast to this studies showed that in the tropics, occasional yield failures of 

aerobic rice have been observed (Vermeulen, 2007; George et al., 2002). The background of 

these yield failures is not fully understood but the failures could be related to ‗‗soil 

sickness‘‘, potentially the combined effect of allelopathy, nutrient depletion, buildup of soil-

borne pests and diseases, and soil structural degradation (Ventura and Watanabe, 1978). 

Autotoxicity was assumed in the case of strong yield decline in continuous upland rice 

cropping in Brazil (Fageria and Baligar, 2003). In a long-term aerobic rice experiment at 

IRRI, yields of (transplanted) aerobic rice gradually declined over time as compared to a 

continuously flooded control (Peng et al., 2006). In Brazil, yield declined after 2 years of 

consecutive upland cultivation and rice yields after 5 years of monoculture were only 1.2 t 

ha
-1

 compared with 4.3 t ha
-1

 after 3 years of soybean (Fageria and Baligar, 2003). For 

continuously grown upland rice in the Philippines, yield reductions of 30–60% as well as 

yield failures (Ventura and Watanabe, 1978; Ventura et al., 1984) and rapid yield loss in 

repeated cropping of aerobic rice (George et al., 2002) were reported. Such a yield decline 

may be associated with autotoxicity (allelopathy), as assumed for Brazil (Fageria and 

Baligar, 2003). 

Mostly soil in Pakistan is alkalined and with high pH. Due to intensive cropping 

deficiency of some micronutrients (boron & zinc) is common in many regions of the country. 

Rice crop is also dependent on the availability of these nutrients. Rice is cultivated by direct 

seeding and transplanting. Transplanting is the famous method of rice cultivation all over the 

world. It requires lot off water inputs to maintain flooding condition after transplanting to 
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physiological maturity. Water resources are shrinking day by day which forced the farmers to 

grow rice with less water. Lot off water saving technologies are under study like aerobic rice 

(Bouman et al. 2005), Saturated soil culture (Borell et al., 1997), Alternative wetting drying 

(Li, 2001; Tabbal et al., 2002), Ground cover system (Lin et al., 2002), System of rice 

intensification (Stoop, 2002). It is hypnotized that shifting cultivation from conventional to 

water saving techniques may increase the deficiency problem of boron and zinc for rice crop. 
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CHAPTER-3 

                               MATERIALS AND METHODS 

3.1 SITE AND SOIL 

The proposed field study was conducted at Agronomic Research Farm, Department of 

Agronomy, University of Agriculture, Faisalabad (31
0
-25‘N, 73

o
-09‘E) Pakistan, during rice 

growing season 2008 and 2009. District Faisalabad is situated in Punjab province (Pakistan), 

elevated at 150 m above sea level with flat alluvial plain made by river Ravi and Chenab. 

Faisalabad has extreme climate and area under this district is exceptionally favorable for 

canal irrigation.  April is the starting month of summer season which ends in October while 

the winter season starts from November and continue till March. May, June and July are the 

hottest months while December, January and February are coldest month.  

3.2 Soil Analysis 

Samples were collected with soil Auger up to a depth of 30-cm before crop sowing 

and were analyzed for physico-chemical properties during both the cropping seasons (2008 & 

2009). Table-3.1 depicted the physico-chemical analysis of the experimental soil which 

indicates that soil was Sandy clay loam.  

Mechanical Analysis 

Bouyoucos hydrometer method was used for determining the percentage of sand, silt 

and clay and one percent sodium hexametaphosphate was used as a dispersing agent in this 

analysis. Soil texture (sandy clay loam) was determined by hydrometer method (Gee and 

Bauder, 1982). 

Chemical Analysis 

Chemical analysis of the experimental soil was done for determining various soil 

chemical properties by using method as described by champan and Pratt (1961). Plant 

available Zn in the soil was determined with atomic absorption spectrophotometer by 
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extraction with 0.005 M DTPA (Lindsay and Norvell, 1978) and B determination was done 

by the azomethine-H method (Bingham, 1982).  

Table-3.1 showed that pH of soil was near to 8 in both the years (2008-09). Organic 

matter (%) ranges from 0.82 to 0.74 and was higher in year 2008 as compared with 2009. 

Total nitrogen (%) varies from 0.049 to 0.051, available phosphorus (ppm) from 6.21 to 6.5, 

potassium (ppm) from 189 to192, zinc (ppm) from 0.62 to 0.67 and boron (ppm) from 0.37 to 

0.39 in both of the growing seasons (2008-09), respectively.  

Table-3.1: Physical and chemical analysis of experimental soil 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Determination 2008 2009 

a) Physical   

Sand (%) 51.16 51.2 

Silt (%) 22.83 22.6 

Clay (%) 26.57 26.6 

Textural class Sandy clay loam 

 

b) Chemical analysis   

pH 7.9 8.0 

Total Soluble salts (%) 0.21 0.22 

Organic matter (%) 0.81 0.74 

Total nitrogen (%) 0.049 0.051 

Available phosphorus 

(ppm) 6.21 6.5 

Potassium (ppm) 189 192 

DTPA Zn (ppm) 0.62 0.67 

Dilute HCL ext. B (ppm) 0.37 0.39 
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3.3 Treatment and layout of experiments 

Two field experiments were conducted during the years 2008 and 2009. The 

experiments were laid out in randomized complete block design with split plot arrangement 

using three replications, having a net plot size of 2.20 m × 4 m. 

Experiment-1    

Influence of nursery seeding density, nitrogen and seedling age on the allometry and 

economic yield of fine rice (Oryza sativa L.). 

Treatments  

A. Seedling Age (Main plot) 

S1: 10 days 

S2: 20 days 

S2: 30 days 

S2: 40 days 

B. Nursery Management (Sub plot) 

D1 N0: high seeding density (4 kg Marla
-1

) without nitrogen 

D1 N1: high seeding density (4 kg Marla
-1

) with nitrogen (550 g Marla
-1

) 

D2 N0: low seeding density (1 kg Marla
-1

) without nitrogen 

D2 N1: low seeding density (1 kg Marla
-1

) with nitrogen (550 g Marla
-1

) 

Crop husbandry 

The rice variety ―Super Basmati‖ was used for nursery raising by wet method. Good 

quality seed treated with fungicide was bought from rice research institute Kala Shah Kaku, 

Lahore for both cropping seasons. Seed was placed in the form of small heap under gunny 

bags and water was sprinkled on gunny bags for about 48 hours. Then sprouted seed was 

broadcasted at nursery bed in first week of June by using high seed rate (D1) of 4 kg and low 

seed rate (D2) 1 kg marla
-1

 and with recommended nitrogen (N1) and without nitrogen (N0) 
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application. Nursery treatments regarding seeding densities and nitrogen were applied 

randomly in different plots by using randomized complete block design with factorial 

arrangements having three replications. Seedlings were uprooted carefully to avoid root 

damage from respective nursery beds and transplanted at 10 (S1), 20 (S2), 30 (S3) and 40 days 

(S4) after germination corresponding to 15 June, 25 June, 5 July and 15 July.  Two seedlings 

per hill were planted in puddled soil by keeping row to row and plant to plant distance of 22 

cm. Nitrogen at the rate of 140 kg ha
-1

, phosphorus 80 kg ha
-1 

and potassium 60 kg ha
-1

 and 

10 kg Zn ha
-1

 was applied in the form of urea, diammonium phosphate, sulphate of potash 

and zinc sulphate (ZnSo4 35%) respectively. Whole of P, K, Zn and 1/3 of nitrogen was 

incorporated into the soil at the time of seed bed preparation while remaining was top dressed 

in 2 equal splits at the time of booting and anthesis. 

Irrigation water at the time of transplanting was maintained at 3-4 cm depth. One 

week after transplanting a constant water depth of 5-6 cm was maintained to field 

continuously flooded. Irrigation was stopped before one week of harvesting when the sign of 

physiological maturity appeared. For weed control Butachlore@800 ml ha
-1

 were applied 

after seven days of transplanting in standing water (Reddy 2004). Carbofuran was 

broadcasted @25kg ha-1 at 55 days after transplanting to protect the plant from borers and 

leaf folders. Harvesting was done manually at harvest maturity and approximately seed 

moisture contents 23% and threshing was done separately for each plot. 
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Experiment: 2  

Exploring the role of boron and zinc on the phenology and economic yield of rice (Oryza 

sativa L.) in different rice cultures. 

Treatments  

A.  Rice cultures (Main plot) 

T1: Aerobic rice (direct seeded) 

           T2: Flooded rice (will be kept flooded throughout the season) 

            T3: Flooding for two weeks after transplanting and will be maintained at field capacity up to 

panicle initiation and again will be kept flooded starting from panicle initiation up to 

physiological maturity. 

B. Fertilizer (Boron/Zinc) (Sub plot) 

 F0: No application 

            F1: Basal application of Boron (borax @3kg per acre) 

            F2. Basal application of Zinc (5kg per acre 33%) 

            F3: Basal application of Boron + Zinc 

Crop husbandry 

Nursery was raised in 3
rd

 week of June with recommended seed rate and aerobic rice 

sowing was done at the same date using seed rate 75 kg per hectare with 20 cm apart rows by 

using hand drill. Basal application of boron and zinc alone and in combination was done at 

recommended rate. Manual transplanting was done by keeping row to row and plant to plant 

distance of 22cm. Nitrogen at the rate of 140 kg ha
-1

, phosphorus 80 kg ha
-1 

and potassium 60 

kg ha
-1 

was applied in the form of urea, diammonium phosphate and sulphate of potash, 

respectively. Whole of P and K and 1/3 of N was incorporated into the soil at the time of seed 

bed preparation while remaining N was top dressed in 2 equal splits at the time of booting 

and anthesis. Measured amount of water was applied as per treatments for different rice 

cultures. In transplanted rice, irrigation water at the time of transplanting was maintained at 

3-4 cm depth and one week after transplanting a constant water depth of 5-6 cm was 

maintained to maintain field continuously flooded. Irrigation was stopped before one week of 
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harvesting when the sign of physiological maturity appeared. For weed control, manual as 

well as chemical practices were performed. Pre-emergence herbicide (Penoxolan @75ml/ha) 

was used in aerobic rice for controlling weeds. In transplanted rice Butachlore@800 ml ha
-1

 

were applied after seven days of transplanting in standing water (Reddy 2004). Carbofuran 

was broadcasted @25kg ha
-1

 at 55 days after transplanting to protect the plant from borers 

and leaf folders. Harvesting was done manually at harvest maturity and approximately seed 

moisture contents 23% and threshing was done separately for each plot. 

3.4 Metrological data recorded during rice growing seasons 

The meteorological data for the growing period of the crop were collected from the 

Department of Crop Physiology, Agronomic Research Institute Faisalabad, Pakistan. 

Meteorological data showed (Fig. a, b, c) that the year 2008 was cooler and rainy while the 

year 2009 was hot and dry.  
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(a) 

 

(b) 

 

(c) 

 

Fig-3.1: Weather data for temperature (a), relative humidity (b) and rainfall (c) during 

growing seasons 2008 and 2009 
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3.5 Calculation of amount of water applied 

Measured amount of water was applied by using cut throat flume (90 cm x 20cm). 

Following formulae was used for calculating the time of application for required amount of 

water. 

 

 

Where T represents application time (hours), A for field area (m
-2

), D shows the depth of 

irrigation (m) and Q signed for flow rate (m
3
/sec)     

3.6 OBSERVATIONS 

For seedling‘s characteristics, nursery plant population was calculated within 

different treatments up to its constant level. After completion of emergence, five plants were 

uprooted carefully without root damage from each nursery plot (3 samples) randomly at 10, 

20, 30 and 40 days after emergence and data regarding seedling shoot/root was recorded. 

Shoots were separated from the roots and then shoot/root length was measured manually with 

the help of ruler. Root and shoot fresh weight was also recorded for different samples. 

Seedling‘s shoots/roots samples were air dried and then oven dried (70 C
0
 for 48 h) for 

recording dry weight. 

After transplanting in main field sampling was done in one half of each plot while the 

remaining half of the plot was allocated for final harvest data. In transplanted rice four plants 

were harvested from each plot for recording growth data fortnightly. Row of 30cm was cut 

out from the base of the plants for getting samples from aerobic rice. Sample was weighed 

for fresh weight and then subsample was taken for dry weight. Fresh samples were air dried 

and then placed in oven for 48h at 70C
0
 for recording dry weight and then total dry matter 

was calculated for whole sample. Sub sample of 10gram green leaf was also taken for 

recording leaf area by using Li-Cor 3100 leaf area meter. Data of dry matter and leaf area 

was used for recording other growth parameters which are as follows. 
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3.6.1 Phonological parameters 

Leaf area index 

Following equation was used for calculating leaf area index (Hunt, 1978). 

 

Leaf area duration (days) 

Formula of Hunt (1978) was used for calculating leaf area duration (LAD). 

 

 

LAI1 & LAI2 represent the leaf area index at time T1 and T2, respectively. At final harvest 

cumulative LAD was calculated by summing all values of LAD calculated at different 

harvest. 

LAD= LAD1+LAD2+LAD3………..LADn 

Crop growth rate (g m
-2

d
-1

) 

After 15 days interval crop growth rate (CGR) was calculated by using following 

formula (Hunt, 1978). 

 

W1 & W2 represent the total dry weights at time T1 & T2, respectively and then mean CGR 

was calculated between first and last harvest. 

Net Assimilation rate (g m
-2

 d
-1

) 

Net assimilation rate is the ratio of total dry matter (TDM) and leaf area duration 

(LAD) (Hunt, 1978). 
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Measurement of chlorophyll contents (mg/g fw) 

  Chlorophyll contents were measured at different stages of the rice crop (seedling, 

tillering, panicle initiation and maturity) to understand the growth behavior of the crop by 

using the procedure of Yoshida et al., 1976. Leaf samples were collected at respective stage 

and were weighed separately. Leaf sample of 0.05 g was measured on digital scale balance 

and was grinded in mortar by using 80% acetone.  After dissolving all green portion of leaf 

final volume of 5ml was made with acetone (80%). The absorbance of chlorophyll solution 

was recorded at 645 and 663 wavelengths with a spectrophotometer. Chlorophyll content 

(expressed as mg/g fw of a sample) was estimated as follows: 

 

 

 

3.6.2 YIELD ATTRIBUTES  

Number of tillers 

Number of tillers was counted in area 100 x 100 cm in each plot and then after 

harvesting tillers were again counted for confirmation. Productive tillers were estimated by 

counting the number of marked panicles (m
-2

). 

Plant height 

Twenty plants were randomly selected from every plot and then plant height was 

recorded with meter rod from the base of the plant to the leaf tip. Averaged was worked out 

afterward. 
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Number of kernels per panicle 

Twenty panicles of primary tillers were randomly collected from each plot and saved 

in paper bags for data recording. Kernels were separated from each panicle and were counted 

separately. Average of twenty panicles was worked out afterward. 

1000-kernel weight (g) 

Data regarding 1000-kernel weight was recorded on digital balance from each plot in 

all replications. 

Paddy yield (t/ha) 

Area of 100 x 100 cm was harvested from each plot and threshed manually.  Kernels 

(m
-2

) were air dried up to 14 percent moisture contents and then weighed for kernel yield. 

Paddy yield (m
-2

) was then expressed to ton/ hectare afterwards.   

Straw yield (t/ha) 

Straw yield was estimated from area of 100 x100 cm after sun drying upto one week 

from each plot and then expressed in ton per hectare. 

 

Harvest index (%) 

Harvest index is the ratio of grain yield to biological yield (above ground biomass) 

and expressed in percentage. 

 

3.6.3 Quality parameters 

Ten primary panicles were randomly selected from each plot for recording sterile 

kernels, opaque kernels, abortive kernels and normal kernels. Common electric lamp with 

flexible stand was used for light source. Panicles were positioned in front of light so that light 

may pass through it and kernels were separated according to different developmental stages.  
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Sterile kernels, opaque kernels, abortive kernels & normal kernels were counted for each 

treatment and average was then expressed in percentage. 

Sterile kernels  

Unfertilized or unfilled spikelets are called sterile kernels which can be easily 

distinguishable from other kernels. 

Opaque kernels 

Kernels which attain full size but not translucent are called opaque kernels. These 

kernels do not allow light to pass through them due to the chalky structure. These kernels did 

not get normal size and were bigger than abortive kernels as they stopped growth at lateral 

developmental stages. 

Abortive kernels 

Those kernels in which fertilization takes place but the growth was stopped at initial 

developmental stage are known as abortive kernels. These kernels also did not allow light to 

pass through in due to their dull structure. 

Normal kernels 

These are the kernels which are fully matured and allow light to pass through them. 

These were clear and without any chalky spot. Normal kernels were estimated by deducting 

all other abnormal kernels from total kernels. 

Kernel amylose contents 

Kernels were milled and grinded for the determination of amylose contents. Procedure of 

Juliano (1971) was followed for estimation of kernel amylose contents. Intensity of blue color 

was read at 620 nm wavelength in spectrophotometer. 

Kernel protein contents 

For kernel protein contents, Firstly nitrogen contents were determined in micro kjeldahl 

digestion method which was converted in protein contents by multiplying with facto of 5.9 

(Jacobs 1958). 
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3.7 Determination of total boron 

Samples (plant or grain) were analyzed for boron determination by dry ashing 

(Chapman and Pratt, 1961) and then colorimetrically by Azomethione-H (Bingham, 1982). 

Dry ashing 

One gram oven dried and grounded sample (plant/grain) was taken in porcelain 

crucibles. Crucibles then placed in muffle furnace with slowly raising temperature to 550 C
0
. 

After attaining required temperature (550 C
0
) ashing was continued up to 6 hours. After 

cooling the furnace crucibles were removed and made wet with 5 drops of DI water plus 

10ml 0.36N sulfuric acid. Ash was stirred with plastic rod and filtered in 50-ml 

polypropylene volumetric flask through Whatman No. 1 filter paper. Final volume was made 

with DI water. This filtrate was used colorimetrically for boron determination by 

azomethine-H solution.   

3.8 Estimation of Zinc contents 

Sub sample of finally grounded sample (plant/grain) was digested in mixture of HNO3 & 

HCLO4 (Jackson, 1973). Digest was used for estimation of zinc contents in plants as well as in 

grain by using atomic absorption spectrophotometer. 

3.9 Statistical Analysis 

Data collected were analyzed statistically by employing the Fisher‘s analysis of 

variance function of MSTAT statistical computer package and significance of treatment 

means were tested using least significant difference (LSD) test at 5% probability level (Steel 

et al. 1997). 
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CHAPTER-4 

                                    REULTS AND DISCUSSION 

Exp-1: Influence of nursery seeding density, nitrogen and seedling age on 

the allometry and economic yield of fine rice (Oryza sativa L.). 

4.1 Nursery Parameters 

4.1.1 Nursery plant population (m
-2

) 

Optimum plant population in nursery is imperative for seedling vigor. Table-4.1 data 

showed that seeding density significantly affected the number of seedlings emerged per unit 

area. Comparison of mean values showed that D1 resulted in highest seedlings (1172) as 

compared with D2 (385.33) while application of nitrogen had non-significant effect on 

seedlings emergence. Similar the significant interaction showed that the D1N0 (1174.67) & 

D1N1 (1169.33) produced more seedlings irrespective to nitrogen application as compared 

with other treatment combinations. 

Table-4.1: Nursery plant population (m
-2

) as affected by seeding density and nitrogen  

Plant population (m
-2

) 

Nitrogen Seeding Density  

 D1 D2 Mean 

N0 1174.67a 386.67b 780.67A 

N1 1169.33a 384.00b 776.67A 

Mean 1172.00A 385.33B  

 LSD 0.05 Seeding Density: 34.94, LSD 0.05 Nitrogen: 34.9 and LSD 0.05 Interaction: 49.41(D1) 

High seeding density, (D2) Low seeding density, (N1) with application of nitrogen fertilizer 

(N0) without application of nitrogen fertilizer  
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4.1.2 Characteristics of 10-days older seedlings 

Data pertaining to shoot characteristics is presented in Table-4.2 which showed that 

treatments did not differ significantly for shoot growth of 10-days older seedlings. Shoot 

length, shoot fresh weight and shoot dry weight was statistically similar in all the treatments. 

Average shoots length (12.89cm), seedlings fresh weight (0.86g) and seedlings dry weight 

(0.21g) was recorded at this stage. 

Similarly in case of root growth which was also not affected significantly with 

treatments (Table-4.3). Average root length (3.5cm), seedlings root fresh weight (0.43g) and 

seedlings root dry weight (0.20g) was recorded with 10-days older seedlings. 

4.1.3 Characteristics of 20-days older seedlings  

Treatments had significant effect on seedlings shoot length at this stage. Comparison 

of mean values showed that fertilized seedlings were taller (21.62) as compared with 

unfertilized seedlings (17.84). Seeding density not effected significantly for shoot length. 

Significant interaction showed that D2N1 produced taller seedlings (23.08) which were 

similar with D1N1 (20.16).Minimum shoot length was found with D1N0 (17.19) which were 

similar with D2N0 & D1N1 (Table-4.4) 

Comparison of mean values for nitrogen application showed that N1 produced highest 

shoot fresh weight (2.14) as compared with N0 (1.68). As regarding seeding densities, 

treatment D2 resulted in improved shoot fresh weight (2.19) as compared with D1 (1.64). 

Interaction among seeding densities and nitrogen was also found to be significant. Highest 

shoot fresh weight was recorded with D2N1 (2.43) combination while D1N0 resulted in lowest 

value (1.42). Almost similar trend was recorded for shoot dry weight (Table-4.4). 

Comparison of mean values for root length showed that N0 increased root length 

(6.57) as compared with N1 (5.11) while seeding density did not affected significantly. 

Significant interaction Showed that D2N0 increased root length (6.97) and resulted in similar 

with D1N0 (6.17) which was further similar with the rest of treatments (Table-4.5). 

Root fresh and dry weight also differed significantly with different treatments.  

Comparison of mean values for root fresh weight showed that N1 improved root fresh weight 
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(1.74) as compared with N0 (1.35) while seeding densities did not differ significantly. 

Significant interaction showed that maximum root fresh weight was recorded with D2N1 

(1.75) which was similar with D1N1 (1.73) & D2N1 (1.65) while D1N0 resulted in minimum 

value (1.04). Similar trend was observed for root dry weight (Table-4.5). 

Table-4.2: Seedling (10-days older) shoots characteristics as affected by nursery seeding 

density and nitrogen  

Shoot length 

(cm) 

Shoot fresh weight 

5 seedlings (g) 

Shoot dry weight 

5 seedlings (g) 

 Seeding Density  Seeding Density  Seeding 

Density 

 

Nitrogen D1 D2 Mean D1 D2 Mean D1 D2 Mean 

N0 12.71
N.S

 12.64 12.68
N.S

 0.85
 N.S

 0.82 0.84
 N.S

 0.20
 N.S

 0.17 0.19
 N.S

 

N1 13.07 13.12 13.09 0.85 0.91 0.88 0.20 0.26 0.23 

Mean 12.89
N.S

 12.88  0.85
 N.S

 0.87  0.20
 N.S

 0.22  

 

Table-4.3: Seedling (10-days older) root characteristics as affected by nursery seeding 

density and nitrogen  

Root length 

(cm) 

Root fresh weight 

5 seedlings (g) 

Root dry weight 

5 seedlings (g) 

Nitrogen Seeding Density  Seeding Density  Seeding Density  

 D1 D2 Mean D1 D2 Mean D1 D2 Mean 

N0 3.37
 N.S

 3.49 3.43
 N.S

 0.44
 N.S

 0.44 0.44
 N.S

 0.21
 N.S

 0.21 0.21
 N.S

 

N1 3.63 3.50 3.57 0.44 0.38 0.41 0.21 0.15 0.18 

Mean 3.50
 N.S

 3.50  0.44
 N.S

 0.41  0.21
 N.S

 0.18  

 

N.S = non-significant, (D1) High seeding density, (D2) Low seeding density, (N1) with 

application of nitrogen fertilizer (N0) without application of nitrogen fertilizer  
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Table-4.4: Seedling (20-days older) shoots characteristics as affected by nursery seeding 

density and nitrogen  

Shoot length 

(cm) 

Shoot fresh weight 

5 seedlings (g) 

Shoot dry weight 

5 seedlings (g) 

 Seeding Density  Seeding Density  Seeding Density  

Nitrogen D1 D2 Mean D1 D2 Mean D1 D2 Mean 

N0 17.19b 18.49b 17.84B 1.42c 1.95b 1.68B 0.57c 0.81b 0.69B 

N1 20.16ab 23.08a 21.62A 1.85bc 2.43a 2.14A 0.77b 1.01a 0.89A 

Mean 18.67A 20.79A  1.64B 2.19A  0.67B 0.91A  

LSD0.05 seeding density: 2.27      LSD0.05 seeding density: 0.31       LSD0.05 seeding density: 0.13 

LSD0.05 Nitrogen: 2.27                    LSD0.05 Nitrogen: 0.31                    LSD0.05 Nitrogen: 0.13 

LSD0.05 Interaction: 3.22     LSD0.05 Interaction: 0.44                  LSD0.05 Interaction: 0.19 

Table-:4.5 Seedling (20-days older) root characteristics as affected by nursery seeding 

density and nitrogen  

Root length 

(cm) 

Root fresh weight 

5 seedlings (g) 

Root dry weight 

5 seedlings (g) 

 Seeding Density  Seeding Density  Seeding Density  

Nitrogen D1 D2 Mean D1 D2 Mean D1 D2 Mean 

N0 6.17ab 6.97a 6.57A 1.04b 1.65a 1.35B 0.48b 0.75a 0.62B 

N1 4.87b 5.35b 5.11B 1.73a 1.75a 1.74A 0.79a 0.80a 0.79A 

Mean 5.52A 6.16A  1.38A 1.70A  0.63A 0.78A  

LSD0.05 seeding density: 1.11        LSD0.05 seeding density: 33    LSD0.05 seeding density: 0.16  

LSD0.05 Nitrogen: 1.11                       LSD0.05 Nitrogen: 0.33                   LSD0.05 Nitrogen: 0.16 

LSD0.05 Interaction: 1.57       LSD0.05 Interaction: 0.47                LSD0.05 Interaction: 0.23 

(D1) High seeding density, (D2) Low seeding density, (N1) with application of nitrogen 

fertilizer (N0) without application of nitrogen fertilizer  
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4.1.4 Characteristics of 30-days older seedlings  

Comparison of mean values showed that N1 recorded longer shoot (27.07) as 

compared with N0 (21.91). As regarding seeding densities, the maximum shoot length was 

recorded with D2 (26.41) while D1 resulted in minimum shoot length (22.57). Interaction 

among nitrogen and seeding density was also found to be significant. Longer shoot was 

recorded with D2N1 (29.00) combination while the shorter shoot was found with D1N0 

(20.00) (Table-4.6).  

All treatments had significant effect on shoot fresh weight. Comparison of mean 

values showed that highest shoot fresh weight was recorded with fertilized seedlings (N1) as 

compared with unfertilized seedlings (N0)). As regarding seeding densities, shoot fresh 

weight was higher with D2 (5.56) as compared with D1 (4.07). Significant interaction among 

nitrogen and seeding densities recorded maximum value with D2N1 (6.18). Minimum value 

for shoot length was recorded with D1N0 (3.43) combination while other treatments behave 

similarly with each other. Almost similar results were found for shoot dry weight (Table-4.6). 

Root length was differed significantly for the different treatments. Comparison of 

mean values showed that roots were longer with unfertilized seedlings (N0) as compared with 

fertilized seedlings (N1). As regarding seeding densities, root length was not effected 

significantly while the interaction was found to be significant. Root length was maximum 

with D2N0 combination which was similar with D1N0 which was further similar with the rest 

of the treatments (Table-4.7) 

Root fresh and dry weight was affected significantly with the treatments. Comparison 

of mean values showed that N1 recorded higher root fresh weight (2.82) as compared with N0 

(2.29). As regarding seeding densities, maximum root fresh weight was recorded with D2 

(2.83) as compared with D1 (2.29). Interaction was also found to be significant which 

Showed that D2N1 recorded higher root fresh weight (3.0) while it was similar with D2N0 

(2.65) & D1N1 (2.64). Treatment combination D1N0 significantly reduced root fresh weight 

and resulted in minimum value (1.93). As regarding root dry weight, the effect of seeding 

densities was found to be non-significant while almost similar trend was recorded for other 

treatments as in root fresh weight (Table-4.7). 
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Table-4.6: Seedling (30-days older) shoots characteristics as affected by nursery seeding 

density and nitrogen  

Shoot length 

(cm) 

Shoot fresh weight 

5 seedlings (g) 

Shoot dry weight 

5 seedlings (g) 

Nitrogen Seeding Density  Seeding Density  Seeding Density  

 D1 D2 Mean D1 D2 Mean D1 D2 Mean 

N0 20.00c 23.81b 21.91B 3.43c 4.94b 4.19B 1.44c 2.08b 1.76B 

N1 25.15b 29.00a 27.07A 4.70b 6.18a 5.44A 1.97b 2.60a 2.29A 

Mean 22.57B 26.41A  4.07B 5.56A  1.71B 2.34A  

LSD0.05 seeding density: 2.36      LSD0.05 seeding density: 0.84 LSD0.05 seeding density: 0.35 

LSD0.05 Nitrogen: 2.36                    LSD0.05 Nitrogen: 0.84                 LSD0.05 Nitrogen: 0.35 

LSD0.05 Interaction: 3.34     LSD0.05 Interaction: 1.19              LSD0.05 Interaction: 0.51                            

Table-4.7: Seedling root (30-days older) characteristics as affected by nursery seeding 

density and nitrogen  

Root length 

(cm) 

Root fresh weight 

5 seedlings (g) 

Root dry weight 

5 seedlings (g) 

 Seeding Density  Seeding Density  Seeding Density  

Nitrogen D1 D2 Mean D1 D2 Mean D1 D2 Mean 

N0 10.49ab 11.29a 10.89A 1.93b 2.65a 2.29B 0.97b 1.18ab 1.08B 

N1 9.19b 9.67b 9.43B 2.64a 3.00a 2.82A 1.21ab 1.36a 1.29A 

Mean 9.84A 10.48A  2.29B 2.83A  1.09A 1.27A  

LSD0.05 seeding density: 1.11    LSD0.05 seeding density: 0.46    LSD0.05 seeding density: 0.19 

LSD0.05 Nitrogen:  1.11                  LSD0.05 Nitrogen: 0.46                    LSD0.05 Nitrogen: 0.19 

LSD0.05 Interaction: 1.57   LSD0.05 Interaction: 0.64                 LSD0.05 Interaction: 0.27                           

(D1) High seeding density, (D2) Low seeding density, (N1) with application of nitrogen 

fertilizer (N0) without application of nitrogen fertilizer  
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4.1.5 Characteristics of 40-dyas older seedlings 

Treatments had significant effect on shoot length of 40-days older seedlings. 

Comparison of mean values showed that N1 recorded longer shoot (35.03) as compared with 

N0 (28.47). As regarding seeding densities, longer shoots were found with D2 (34.20) as 

compared with D1 (29.30). Significant interaction among treatments showed that treatment 

D2N1 produced longer shoot (36.79) which was similar with D1N1 (33.27). Shorter shoots 

were found with D1N0 (25.33) combination while other combinations behaved similarly with 

each other (Table-4.8). 

Shoot fresh weight was also differed significantly with different treatments. Mean 

values comparison showed that the maximum fresh weight was recorded at N1 (10.43) as 

compared with N0 (7.33). Low seeding density (D2) resulted in improved shoot fresh weight 

(10.29) while minimum value (7.43) was found with high density (D1). Interactive effect 

showed that treatment combination D2N1 improved shoot fresh weight and resulted with 

maximum value (11.91) while minimum value was recorded with D1N0 (6.0) combination. 

Other two treatment combinations behave similarly with each other. Similar trend was 

recorded for shoot dry weight (Table-4.8).   

Root length was differed significantly with the different treatments. Seeding density 

had no significant effect on root length while it was increased with nitrogen missing 

treatment (N0) as compared the treatment where application of nitrogen was done (N1). 

Interaction among different treatments was also found to be significant. Longer roots were 

recorded with D2N0 (15.06) that was similar with D1N0 (14.26) & D2N1 (13.44) which was 

further similar with D1N1 (12.94) (Table-4.9).  

Data showed that root fresh and dry weight was also affected significantly with 

treatments (Table-4.9).  Comparison of mean values showed that seeding densities treatments 

appear in similar behavior with each other while the treatment N1 resulted in increased root 

fresh weight (5.09) as compared with N0 (4.0). Interactive effect showed that treatment 

combination of D2N1 significantly enhanced root fresh weight (5.67) and resulted in similar 



46 
 

with D1N1 (4.51) & D2N0 (4.44) while D1N0 (3.55) reduced root fresh weight. Similar trend 

was observed for root dry weight (Table-4.9). 

Table-4.8: Seedling shoots (40-days older) characteristics as affected by nursery seeding 

density and nitrogen  

Shoot length 

(cm) 

Shoot fresh weight 

5 seedlings (g) 

Shoot dry weight 

5 seedlings (g) 

 Seeding Density  Seeding Density  Seeding Density  

Nitrogen D1 D2 Mean D1 D2 Mean D1 D2 Mean 

N0 25.33c 31.60b 28.47B 6.00c 8.67b 7.33B 3.02c 4.50b 3.76B 

N1 33.27ab 36.79a 35.03A 8.94b 11.91a 10.43A 4.66b 6.31a 5.48A 

Mean 29.30B 34.20A  7.47B 10.29A  3.84B 5.41A  

LSD0.05 seeding density: 2.49      LSD0.05 seeding density: 1.54   LSD0.05 seeding density: 0.86  

LSD0.05 Nitrogen: 2.49                           LSD0.05 Nitrogen: 1.54                    LSD0.05 Nitrogen: 0.86 

LSD0.05 Interaction: 3.52            LSD0.05 Interaction: 2.18                 LSD0.05 Interaction: 0.22                             

Table-4.9: Seedling (40-days older) root characteristics as affected by nursery seeding 

density and nitrogen  

Root length 

(cm) 

Root fresh weight 

5 seedlings (g) 

Root dry weight 

5 seedlings (g) 

Nitrogen Seeding Density  Seeding Density  Seeding Density  

 D1 D2 Mean D1 D2 Mean D1 D2 Mean 

N0 14.26ab 15.06a 14.66A 3.55b 4.45ab 4.00B 1.34b 1.76ab 1.55B 

N1 12.94b 13.44ab 13.19B 4.51ab 5.67a 5.09A 1.79ab 2.37a 2.08A 

Mean 13.60A 14.25A  4.03A 5.06A  1.56A 2.07A  

LSD0.05 seeding density: 1.28      LSD0.05 seeding density: 1.1   LSD0.05 seeding density: 0.50 

LSD0.05 Nitrogen: 1.28                      LSD0.05 Nitrogen: 1.1                    LSD0.05 Nitrogen: 0.50 

LSD0.05 Interaction: 1.80                  LSD0.05 Interaction: 1.53              LSD0.05 Interaction: 0.71      

(D1) High seeding density, (D2) Low seeding density, (N1) with application of nitrogen 

fertilizer (N0) without application of nitrogen fertilizer  
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4.2 DISCUSSION 

Transplanting is the prominent method of rice cultivation all over the world which is 

directly related with seedlings grown at nursery-bed. Seedling growth at nursery-bed is 

enormously dependent on its soil growing environment which affects its vigor. Adequate 

nutrition and grown with proper seed rate is the paramount management practice to produce 

vigorous seedlings. Growing nursery with high seed rate is common farmer practice as it has 

some benefits; easy uprooting and less weeds germination. They also don‘t care about the use 

of fertilizer at nursery-bed as they think it‘s wastage of sources. This study exhibited the 

importance of fertilizer and seed rate in nursery seed-bed. Results showed that use of extra 

seed rate at nursery-bed documented greater seedlings emergence, which upsurge the 

competition among seedlings as compared with low seeding density. Seedling vigor was 

evaluated by measuring different seedling shoot and root characteristics (shoot length, root 

length, shoot fresh weight/shoot dry weight and root fresh/dry weight) at different ages. 

Study revealed that 10-days older seedlings were least effected by nursery treatments. All 

seedlings characteristics regarding shoot/root were not affected significantly with high/low 

seed rate and with/without nitrogen application. This might be due to less competition among 

seedlings at early stage. However, seedling growth fluctuates with soil nutrient status and 

with seeding densities at later stages. That is why significant interaction was found among 

different treatments with older seedlings.  

At 20-days older seedlings the effect of nursery treatments was significant which 

showed that fertilized seedlings grown with low seeding densities increased its vigor. Rice 

seedlings from fertilized nursery were vigorous. These seedlings were taller having green 

leaves with improved rooting system as compared with unfertilized seedlings. We recorded 

improved seedlings shoot/root characteristics in fertilized seedlings grown with low seeding 

densities. Shoot length, shoot fresh/dry weight was higher in fertilized seedlings as compared 

with root growth which might be due to easily availability of nutrients. Unfertilized seedlings 

grown with high seeding densities significantly reduced shoot fresh and dry weight. Root 

length was increased in unfertilized seedlings which might be due to more allocation of 

photosynthats towards roots for search of nutrients within soil. Root fresh/dry weight was 
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increased in fertilized seedlings as compared with unfertilized seedlings. In general seedlings 

grown at low seeding densities and with fertilization resulted in improved vigor. Results are 

supported by some other researcher who explained that the seedling length, dry weight, root 

number, root length and seedling growth increased significantly by increasing the fertility 

levels in nursery (Singh et al., 1998; Singh et al., 2005; Raju et al., 2001; Hoshikawa & Ishi, 

1974).  

Effect of treatments increased within longer stay of seedlings at nursery-bed. At 30-

days older seedlings, seedling vigor reduced with the same order in treatments with high seed 

rate and without fertilization while in greater amount than younger. Fertilized seedlings were 

taller and with greenish leaves, having well developed root system. In unfertilized seedlings 

roots got preference for translocation of dry matter as compared to shoots. That is why the 

longer roots were observed within unfertilized seedlings but it decreases overall root 

fresh/dry weight. Similar results were found by other researchers (Rose et al., 2003, Singh et 

al., 2005 and Panda et al., 1991). 

Effect of nursery treatments were more pronounced at 40-days older seedlings as 

compared with younger seedlings. Unfertilized seedlings grown with high/low seed rate were 

very weak and shorter with brownish leaves due to higher seedling competition and nutrient 

stress. Root length was higher in unfertilized seedlings while root fresh/dry weight was 

increased with fertilization due to more seminal/lateral roots. Results were in line with 

findings of Mishra and Salokhe, (2008) who studied seedlings at different densities and with 

or without fertilizer application in nursery and reported the poor shoot and root growth in 

older seedlings grown without fertilizer. Pasuquin et al (2008) observed improved seedling 

vigor (higher plant dry weight, specific leaf area and nitrogen contents) where nursery was 

grown in method with fertilizer application (dapog method). Results showed that use of high 

seed rate at nursery-bed, evidently decreases the seedling vigor. Similarly the fertilization in 

nursery is also a rewarding practice in enhancing the seedling vigor.  
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4.3 Crop Growth Analysis 

4.3.1 Leaf Area Index (LAI) (m
-2

) 

Leaf area index is the efficiency of photosynthetic process. Periodic data of leaf area 

index is presented in Fig 4.1 and 4.2 for two years. Leaf area index was progressively 

increased in all treatments up to the end of grand growth period in both the years of 

experimentation (2008 and 2009). Data for maximum leaf area index exposed that S1 

produced significantly uppermost (7.30) leaf area index followed by S2 (5.9) while the 

slightest value was recorded in S4 (3.8). As regarding nursery management, comparison of 

means exhibited that in 2008, maximum leaf area index was recorded in D2N1 (6.2) followed 

by D2N0 (5.4), D1N1 (5.4) while the minimum value was found in D1N0 (4.9).  

It is evident from the data (Table-4.6) that combined effect of seedling age with 

nursery management was also found to be significant. In 2008, maximum leaf area index was 

recorded in S1D2N1 (7.6) which was at par with (S1D2N0, S1D1N1) having values 7.3, 7.2, 

respectively followed by S1D1N0 (7.1) which was further at par with (S1D2N0, S1D1N1, 

S2D2N1) and the minimum (2.9) leaf area index was recorded in S4D1N0. Leaf area index was 

low in 2009 due to the harsh weather conditions but similar trend was observed (Table-4.6). 
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(a) 

 

 

 

(b) 

 

 

Fig. 4.1: LAI effected with seedling age (a) and nursery management (b) during 2008 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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(a) 

 

 

 

(b) 

 

Fig. 4.2: LAI effected with seedling age (a) and nursery management (b) during 2009 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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4.3.2 Leaf Area Duration (LAD) (days) 

Table (4.7) data represented the effect of treatments on cumulative leaf area duration 

in 2008 and 2009. Younger seedlings significantly enhanced leaf area duration over older 

seedlings. Comparison of mean values showed that in 2008, maximum cumulative leaf area 

duration (175.5) was recorded with transplanting younger seedlings (S1) followed by S2 

(143.7) and the minimum value (92.2) was found with transplanting of older seedlings (S4). 

Nursery management difference in LAD was also significant in both years (2008 and 2009). 

In 2008, maximum cumulative leaf area duration (149.2) was recorded with transplanting 

fertile seedlings grown in low seeding density (D2N1) and the minimum value (119.1) was 

recorded with transplanting of seedlings grown in high seed rate and without fertilizer 

application (D1N0). 

Interaction between seedling age and nursery management affecting LAD was 

significant in both the years. In 2008, transplanting of younger seedling (10-day) produced 

significantly higher LAD as compared with older seedlings. Maximum LAD (178.3) was 

produced by S1D2N1 which was at par with S1D2N0 (176.7), S1D1N1 (175.3) and S1D1N0 

(171.6) followed by S2D2N1 (165.3) which was further at par with S1D1N0 and S1D1N1 while 

the minimum value (71.41) was found in S4D1N0. All treatment combination at S1 produced 

higher LAD as compared with other treatments.  

4.3.3 Crop Growth Rate (CGR) (days) 

Data presented in table-4.8 explained that the treatments differed significantly for 

average crop growth rate in both the years of experimentation. Comparison of mean values 

showed that transplanting of younger seedlings resulted in improved crop growth rate as 

compared with older seedlings. Seedlings transplanted at age of 10-days significantly 

enhanced CGR with a maximum value of (20.7) while the minimum (7.7) CGR was found 

after transplanting older seedlings (40-days) during 2008. As regarding nursery management, 

in 2008, the maximum average CGR (16.6) was recorded with transplanting fertile seedlings 

grown with low seeding density and the minimum (9.88) value was found with transplanting 

seedlings raised with high seeding density and without fertilizer application. Significant 

interaction among seedling age and nursery management resulted in maximum crop growth 
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rate in S1D2N1 (23.0) during 2008 which was at par with S1D1N1 which was further at par 

with S1D2N0, S1D1N0 and S2D2N1. Crop growth rate was significantly reduced by 

transplanting older seedlings grown with high seeding density and without fertilizer 

application as the minimum value was recorded in S4D1N0 (2.14) during 2008. Almost 

similar trend for CGR was found in second year (2009). 

4.3.4 Total dry matter accumulation (TDM) (g m
-2

) 

Dry matter production increased steadily and reached its maximum value at final 

harvest. Comparison of mean values presented in table-4.4 showed that all treatments had 

significant influence on total dry matter production. Seedlings transplanted at younger age 

(S1) resulted in maximum TDM (1526.7g) followed by 20-days older seedlings (1103.8g) 

while the seedlings transplanted at the age of 40-days gave minimum (566.8g) and at par 

TDM with S3 (752.9g). Similarly, nursery management had also differed significantly among 

treatments. Rice crop grown with seedlings raised by using low seeding density and with 

fertilizer application (D2N1) produced significantly higher TDM (1224.3g) while the 

minimum TDM (754.4g) was produced in crop grown with transplanting of unfertilized 

seedlings raised at high seeding density (D1N0). 

Significant interaction among nursery management and seedling age gave higher 

value with S1D2N1 (1666.7g) which was at par with S1D1N1 (1556.7g) which was further at 

par with S1D2N0, S1D1N0 and S2D2N1 treatment combinations. Minimum TDM (200g) was 

recorded in older seedlings (S4) raised with high seeding density and without fertilizer 

(S4D1N0) application. Almost similar trend was observed in second year of experimentation 

(2009) (Table-4.9) 

4.3.5 Net Assimilation Rate (NAR) (g m
-2

 day
-1

) 

  Net assimilation rate is the physiological potential for converting the total dry matter 

into yield. Table-4.10 data showed that seedlings transplanted at younger stage (10-days) 

gave higher net assimilation rate (8.7) followed by crop grown with transplanting of 20-days 

older seedlings (7.7) during 2008. Whereas, the crop transplanted with older seedlings (30-

days, 40-days) resulted in similar net assimilation rate (6.2 and 5.9), respectively. During 
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2009, the maximum NAR was given by S1 (8.25) which was at par with S2 and the minimum 

value was found in S4 similar to preceding year. 

As regarding nursery treatments, crop transplanted with fertilized seedlings grown in 

low seeding densities (D2N1) resulted in increased net assimilation rate (8.1) which was at 

par with D1N1 (7.5) which was further at par with D2N0 and the crop transplanted with 

unfertilized seedlings grown with high seeding densities produced minimum net assimilation 

rate (5.7). Similarly, the significant interaction between the seedling age and nursery 

management resulted in higher net assimilation rate (9.3) by S1D2N1 which was similar with 

(S1D2N0, S1D1N1, S1D1N0 and S2D2N1) but significantly higher than remaining treatments 

combinations. Almost similar trend was observed in second year (2009) for net assimilation 

rate. 

Table-4.10: Maximum Leaf Area Index (m
-2

) as affected by nursery seeding density, 

nitrogen and seedling age in transplanted fine rice during 2008 and 2009. 

2008  

N.M. 
Seedling age 

S1 S2 S3 S4 Mean 

D1N0 7.1b 5.2d 4.3fg 2.9i 4.9C 

D1N1 7.2ab 5.8c 4.7e 3.8gh 5.4B 

D2N0 7.3ab 5.7c 4.7e 3.8h 5.4B 

D2N1 7.6a 6.9b 5.9c 4.5ef 6.2A 

Mean 7.3A 5.9B 4.9C 3.8D  

2009 

D1N0 5.0b 3.6de 2.1h 2.0h 3.2C 

D1N1 5.1ab 4.0c 3.3f 2.7g 3.8B 

D2N0 5.2ab 3.9cd 3.3ef 2.7g 3.8B 

D2N1 5.4a 4.8b 4.0c 3.2f 4.4A 

Mean 5.2C 4.1C 3.2C 2.7C  

 

LSD0.05 (seedling age) 2008=0.82; LSD0.05 (nursery management) 2008=0.23; LSD0.05 

(seedling age x nursery management) 2008=0.44; LSD0.05 (seedling age) 2009=0.87; LSD0.05 

(nursery management) 2009=0.17; LSD0.05 (seedling age x nursery management) 2009=0.34 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.11: Leaf Area Duration (days) as affected by nursery seeding density, nitrogen 

and seedling age in transplanted fine rice during 2008 and 2009. 

2008  

N.M. 
Seedling age 

S1 S2 S3 S4 Mean 

D1N0 171.6ab 128.9d 104.6f 71.4h 119.1C 

D1N1 175.3ab 140.6c 115.3e 93.8g 131.3B 

D2N0 176.7a 139.9c 115.9e 93.3g 131.5B 

D2N1 178.3a 165.3b 143.0c 110.2ef 149.2A 

Mean 175.5A 143.7B 119.7C 92.2D  

2009 

D1N0 129.8b 98.2c 64.4e 50.1f 85.6C 

D1N1 134.1ab 107.4c 85.5d 69.2e 99.1B 

D2N0 133.3ab 106.8c 86.1d 68.7e 98.7B 

D2N1 141.3a 126.7b 107.2c 84.3d 114.8A 

Mean 134.6A 109.8B 85.8C 68.0D  

LSD0.05 (seedling age) 2008=19.26; LSD0.05 (nursery management) 2008=5.13; LSD0.05 

(seedling age x nursery management) 2008=10.27; LSD0.05 (seedling age) 2009=16.33; 

LSD0.05 (nursery management) 2008=4.65; LSD0.05 (seedling age x nursery management) 

2008=9.3 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.12: Crop Growth Rate (g m
-2

 d
-1

) as affected by nursery seeding density, 

nitrogen and seedling age in transplanted fine rice during 2008 and 2009. 

2008 

N.M.                 Seedling age 

S1 S2 S3 S4 Mean 

D1N0 19.3b 11.0efg 7.1h 2.1i 9.9C 

D1N1 21.2ab 15.3c 9.4fgh 8.5gh 13.6B 

D2N0 19.4b 14.6cd 9.5fgh 8.3gh 13.0B 

D2N1 23.0a 18.8b 13.0cde 11.7def 16.6A 

Mean 20.7A 14.9B 9.8C 7.7C  

2009 

D1N0 16.3b 7.8ef 5.0h 2.4i 7.9C 

D1N1 16.8b 11.4c 7.1fg 4.5h 9.9B 

D2N0 16.8ab 11.7c 7.5ef 5.7gh 10.4B 

D2N1 18.4a 15.6b 10.4cd 8.9de 13.3A 

Mean 17.1A 11.6B 7.5C 5.4C  

LSD0.05 (seedling age) 2008=2.59; LSD0.05 (nursery management) 2008=1.57; LSD0.05 

(seedling age x nursery management) 2008=3.13; LSD0.05 (seedling age) 2009=2.32; LSD0.05 

(nursery management) 2008=0.79; LSD0.05 (seedling age x nursery management) 2008=1.57 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.13: Total Dry Matter (g/m
-2

)
 
as affected by nursery seeding density, nitrogen 

and seedling age in transplanted fine rice during 2008 and 2009. 

2008 

N.M. Seedling age 

S1 S2 S3 S4 Mean 

D1N0 1433.3b 817.7de 566.7f 200.0g 754.4C 

D1N1 1556.7ab 1118.7c 728.3ef 620.7f 1006.1B 

D2N0 1450.0b 1075.5c 733.3ef 602.4f 965.3B 

D2N1 1666.7a 1403.3b 983.3cd 844.1de 1224.3A 

Mean 1526.7A 1103.8B 752.9C 566.8D  

2009 

D1N0 1023.7b 528.7d 344.5e 150.0f 511.7C 

D1N1 1054.3ab 750.3c 475.7d 298.2e 644.6B 

D2N0 1054.9ab 756.7c 495.5d 372.6e 669.9B 

D2N1 1139.7a 966.7b 670.6c 563.7d 835.2A 

Mean 1068.1A 750.6B 496.6C 346.1D  

LSD 0.05 (seedling age) 2008=180.13; LSD 0.05 (nursery management) 2008=96.43; LSD 

0.05 (seedling age x nursery management) 2008=192.86; LSD 0.05 (seedling age) 

2009=134.60; LSD 0.05 (nursery management) 2009=45.40; LSD 0.05 (seedling age x 

nursery management) 2009=90.81 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.14: Net Assimilation Rate (g m
-2

 d
-1

) as affected by nursery seeding density, 

nitrogen and seedling age in transplanted fine rice during 2008 and 2009. 

 

2008 

N.M.                 Seedling age 

S1 S2 S3 S4 Mean 

D1N0 8.3ab 6.4efg 5.3g 2.7h 5.7C 

D1N1 8.9ab 8.0bc 6.3efg 6.6def 7.5AB 

D2N0 8.2ab 7.9bcd 6.2fg 6.5efg 7.2B 

D2N1 9.3a 8.5ab 6.8cdef 7.6bcde 8.1A 

Mean 8.7A 7.7B 6.2C 5.9C  

2009 

D1N0 7.8a 5.4ef 5.1fg 2.8h 5.3C 

D1N1 7.8a 7.1abc 5.4ef 4.2g 6.1B 

D2N0 7.8a 7.3ab 5.6def 5.4ef 6.5B 

D2N1 8.0a 7.7a 6.1cde 6.6bcd 7.1A 

Mean 7.9A 6.9AB 5.5BC 4.7C  

LSD0.05 (seedling age) 2008=0.82; LSD0.05 (nursery management) 2008=0.64; LSD0.05 

(seedling age x nursery management) 2008=1.29; LSD0.05 (seedling age) 2009=1.51; LSD0.05 

(nursery management) 2009=0.51; LSD0.05 (seedling age x nursery management) 2009=1.03. 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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(a) 

 

(b) 

 

 

 

Fig. 4.3: Relationship between paddy yield and LAD during 2008 (a) and 2009 (b) 
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Fig. 4.4: Relationship between TDM and LAD during 2008 (a) and 2009 (b) 

 

 

 



61 
 

(a) 

 

(b) 

 

 

Fig. 4.5: Relationship between paddy yield and TDM during 2008 (a) and 2009 (b) 
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4.4 DISCUSSION 

Rice crop transplanted with younger seedlings enhanced growth rate (LAI, LAD, 

CGR, TDM, NAR) as compared with older seedlings. This might be due to the less root 

damage during uprooting of younger seedlings, as root length was less and of easily 

establishment in the main field after transplanting. It is confirmed from seedlings 

characteristics data that root length was higher in case of older seedlings which were 

intermingled with each other‘s especially in high seeding densities and exhibits more 

transplanting shock due to more root damage. Recently Mishra and Salokha in 2008 reported 

that seedling age is an important factor affecting the growth of rice crop. Benefits of younger 

seedlings are also discussed in favor of my research results (Horie et al., 2005: 

Randriamiharisoa and Uphoff, 2002). Younger seedlings also showed less transplanting 

shock as compared with older seedlings which gave an accelerate start to rice crop. 

Transplanting of older seedlings revealed a higher transplanting shock due to its root damage 

during uprooting from nursery-bed, as root length was more which increased transplanting 

shock consequently decreased growth process.  Recent study by Pasuquin et al., (2008) 

reported the similar results with transplanting of younger and older seedlings. They further 

added that shoot dry weight was higher after transplanting younger seedlings which was 

maintained in whole crop growth and even larger difference was recorded at later stage. 

Relatively higher leaf area index and other growth parameters were improved with 

transplanting younger seedlings which ultimately contributed towards higher paddy yield and 

its contributing factors during both the planting seasons. Higher growth rate in 2008 could be 

credited to greater biological unevenness that caused in altered leaf shape, leaf numbers etc. 

Singh (1994) observed an increasing behavior in yield with the increase in LAI and NAR.  

Increasing seedling vigor grown with low seeding densities and fertilizer application 

improved the growth pattern of rice crop in both the growing seasons. Increase in growth rate 

might be due to the better seedling vigor. Seedling vigor was expressed in shoot/root length 

and shoot/root fresh or dry weight etc which was greatly dependent on growing condition at 

nursery bed. Seedlings grown with high seeding density and without fertilizer application 

decreased vigor due to high seedling competition which ultimately gave a weaker start to 

crop. Root length was also more in unfertilized seedlings at later stages which gave a more 
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root damage during uprooting. Transplanting shock was higher in older seedlings grown with 

high seed rate due the more root damage, as the separation of seedlings for transplanting in 

main field caused maximum root damage. Our results are in line with the explanations of 

some previous studies (Singh et al., 2005; Lal and Roy, 1996; Panda et al., 1991) who 

reported that seedlings grown with low seed rate and with fertilizer application increased 

vigor which showed a better stand in main field after transplanting and ultimately affected 

growth and yield of rice crop. Seedling may also be associated with increase in nitrogen 

contents of fertile nursery which performed paramount after transplanting. Pasuquin et al., 

2008; Singh et al., 2005 and Ros et al., (2003) also explained that nutrient status of seedlings 

was improved by applying fertilizer at nursery-bed which contributed in seedling vigor. 

Transplanting of young seedlings (10-days older) resulted in improved growth pattern 

of rice irrespective to nursery treatments while this effect was significant after transplanting 

older seedlings. This might be due to the little effect of treatments at this stage as there was 

no seedling competition and all seedlings (10-days older) uprooted from different seed-bed 

performed similar after transplanting. Older seedlings than 10-days showed significant 

interaction with nursery management. Fertilized seedlings grown with low seeding densities 

improved growth rate due to increasing vigor as compared to the seedling grown without 

fertilizer application or with high seeding densities. Our results are also supported by Mishra 

and Salokha (2008) who stated that at younger stage (12-days older) seedlings were not 

affected by growing conditions with high or low seed rate and with or without fertilizer 

application. Results showed that crop transplanted with fertilized seedlings (20-days older) 

showed almost similar growth behavior as compared with 10-days older seedlings. Vigorous 

nursery seedlings by seed priming could consequence in former and improved resource 

apprehension than poor nursery seedlings (Farooq, et al., 2007). Enhanced CGR is probably 

the result of strong and active start given by younger seedlings which resulted in enhanced 

LAI that ends in NAR which ultimately resulted in increase of paddy yield. These finding is 

in agreement with those of Ghosh and Singh (1998) who perceived a strong and encouraging 

correlation of LAI with the yield. Lu, et al. (2000) witnessed that reduction in photosynthetic 

rate in leaves affected an equivalent decrease in NAR and ultimately low grain yield. Growth 

rate was higher in year 2008 as compared with 2009 which might be due to the variation in 

environmental condition and higher organic matter. 
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4.5 AGRONOMIC TRAITS 

4.5.1 Total tillers (m
-2

) 

Treatments had significant effect on total tillers (productive + unproductive). 

Comparison of mean values for year 2008 showed that S1 produced significantly highest 

tillers (346.6) while the minimum tillers were observed with S4 (258.5). As regarding nursery 

management treatments, in year 2008, the treatment D2N1 (316.7) significantly enhanced 

number of total tillers as compared with other treatments while the minimum value (283.7) 

was found in D1N0. Interaction among seedling age and nursery management treatments was 

also found to be significant in both the years. In year 2008, data showed that S1 significantly 

enhanced total tillers irrespective to nursery management treatments. Significant interaction 

at S2 showed that the maximum tillers were observed with D2N1 (329.0) which was at par 

with S1D1N0 (232.7). Total tillers were significantly reduced with transplanting of older 

seedlings and the minimum value was observed with S4D1N0. Almost similar trend was 

observed in second year (Table-4.11)  

4.5.2 Number of productive tillers (m
-2

) 

Data showed that the number of productive tillers m
-2

 was differed significantly by 

seedling age as well as with nursery treatments in both the years of experimentation (Table-

4.12). Comparison for mean values showed that maximum productive tillers were recorded in 

S1 (250.6) with transplanting of 10-days older seedling followed by S2 (220.1) which was at 

par with S3 (206.4) while S4 produced minimum tillers (184) in the year 2008. Similar trend 

for productive tillers (m
-2

) was recorded in year 2009. Nursery management had also 

significant effect on number of fertile tillers. Maximum fertile tillers (230.3) were recorded 

by transplanting fertilized seedlings (D2N1) grown with less seed rate and the minimum value 

(204.4) was recorded in D1N0 indicating that low seed rate with fertilizer application 

enhances the seedling vigor. Interaction between seedling age and nursery management was 

also found to be significant. The S1 produced maximum productive tillers irrespective to 

seeding densities and nitrogen at nursery seed-bed. Treatment S1D2N1 (256.3) produced 

highest productive tillers/m
-2

 as compared with treatments at older seedlings while it was at 

par with (S1D2N0, S1D1N1, S1D1N0). Minimum number of tillers were produced in S4D1N0 
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(165.67) which was at par with S4D1N1 and S4D2N0 indicating that older seedlings grown 

with high/low seeding densities with no nitrogen application decreases seedling vigor. 

Almost similar trend was observed in second year of experimentation.  

4.5.3 Plant Height (cm) 

Plant height is an imperative yield trait which is controlled by genetic makeup of the 

plant as well as with growing condition, seedling vigor, and nutrient status. Fig. 4.7 showed 

that in 2008, plant height increased significantly by planting younger seedlings as compared 

with older seedlings. The maximum plant height was recorded in S1 treatment with planting 

younger seedling (10-day) which was at par with S2 (20-days) but significantly higher as 

compared with S3 and S4 which were further at par with each other. Almost similar 

observations were recorded in second year regarding seedling age and nursery management. 

As regarding nursery management treatments, fertilized seedling grown with high/low 

seeding densities (D1N1, D2N1) produced significantly taller plants (102.62, 105.6) as 

compared with the unfertilized seedlings (Fig. 4.8).  

4.5.4 1000-grain weight 

1000-grain weight is an important yield contributor which depend on genetic makeup 

and least affected by growing conditions (Ashraf et al., 1999). Data presented in Fig. 4.9 

indicated that, in 2008, transplanting of younger seedlings had higher 1000-grain weight as 

compared with older seedlings. Heavier grains were recorded in S1 (21.43g) which was at par 

with S2 (18.78g) but significantly higher as compared with S3 (15.54g) and S4 (14.8g). As 

regarding nursery management treatments, heavier grains was recorded in D2N1 (19.33g) by 

transplanting fertilized seedlings grown with low seeding densities followed by D1N1 

(18.05g) and D2N0 (17.36g) which were at par with each other while the minimum 1000-

grain weight was recorded in D1N0 (15.82g) with transplanting nursery grown with high 

seeding density and without nitrogen application (Fig. 4.10). Similar trend for 1000-grain 

weight was recorded in 2009.  
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4.5.5 Panicle length (cm) 

Table-4.13 data showed that the treatments had significant effect on panicle length in 

both the years. Highest panicle length was recorded in S1 (29.4) which was statistically 

similar with S2 (28.9) and S3 (28.2) while S4 reduced panicle length and resulted in minimum 

value (26.6). As regarding nursery management treatments, in year 2008, significantly the 

maximum panicle length was found in D2N1 (30.1) while the minimum value was recorded in 

D1N0 (27.0) which was at par with D1N1 (27.8). Almost similar trend was observed in second 

year. Interaction among seedling age and nursery management was found to be non-

significant in both the years of experimentation. 

4.5.6 Kernel/ panicle 

Number of kernels per panicle contributes positively toward yield of a crop. 

Comparison of means revealed that increasing trend was observed effecting by seedling age 

as well with nursery management but was not differ significantly (Table-4.14).  In 2008, 

numerically maximum value was recorded in S1 (93.8) while the minimum value was found 

by S4 (86.8). As regarding nursery management treatments, maximum kernels per panicle 

were recorded in D2N1 (91.8) while the minimum value was recorded in D1N0 (89.2). Similar 

trend was recorded in 2009. This trend showed that planting of younger seedling and 

seedlings grown in low seeding density with fertilizer application had greater impact on 

increase in kernels per panicle.  

4.5.7 Straw yield (t/ha) 

The data pertaining to straw yield are presented in table-4.15 which showed that all 

treatments significantly increased straw yield in both the years. In 2008, Maximum straw 

yield was recorded by transplanting younger seedling S1 (11.0t) followed by S2 (10.3t) and 

the minimum straw yield was recorded in treatment S4 (8.9t) with transplanting of older 

seedlings (40-days). As regarding nursery treatments, maximum straw yield was found in 

D2N1 (10.7t) by transplanting seedlings grown with low seeding densities and with adequate 

fertilizer while the minimum value (10.7t) was recorded by transplanting seedlings grown 

with high seeding density and starved of fertilizer application. Combined effect of seedling 
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age with nursery management was also significant. In 2008, the maximum value was 

recorded in S1D2N1 (11.2t) with transplanting younger seedlings grown with low seeding 

densities having sufficient fertilizer while it was at par with S1D2N0, S1D1N1, S1D1N0 and 

S2D2N1 and the minimum and at par (S4D1N1, S4D2No) value was found in S4D1N0 (8.73t) 

with transplanting older seedlings grown with high seeding densities and without nitrogen 

application. Similar trend was observed in second year of experimentation. Data showed that 

S1 increased straw yield linearly irrespective to seeding densities and fertilizer as compared 

with other seedlings.  

4.5.8 Paddy yield (t/ha)  

Data showed that seedling age and nursery management significantly increased yield 

in both the years (Table-4.16). Among seedling age, in 2008, maximum yield was recorded 

in S1 (3.8t) followed by S2 (3.2t) while the minimum value was found by S4 (2.3t). As 

regarding nursery management, maximum paddy yield was recorded in D2N1 (3.3t) followed 

by D1N1 (3.0t) while the minimum yield was given by D1N0 (2.7t). Combined effect (Table-

4.9) of seedling age with nursery management was also found to be significant in both the 

years. In 2008, maximum paddy yield was recorded with transplanting younger seedlings 

irrespective to nursery treatments that were also at par with transplanting 20-days older 

fertilized seedlings grown in low seeding densities at nursery-bed. Similar trend was found in 

second year of experimentation.  

4.5.9 Biological yield (t/ha) 

Treatments had significant effect on biological yield in both the years. Comparison of 

mean values for seedling age showed that in year 2008, the maximum biological yield was 

produced by S1 (14.8) which was similar with S2 (13.5) while treatment S4 produced 

minimum biological yield (11.2). As regarding nursery management treatments, in year 

2008, treatments D2N1 resulted in maximum biological yield (14.0) while the minimum value 

(12.1) was given by D1N0. Interaction among the treatments was found to be significant in 

both the year. Treatment S1 significantly enhanced biological yield irrespective to nursery 

management treatments. Significant interaction at S2 showed that biological yield was 

highest as S2D2N1 (14.7) which was statistically similar with all treatment combination at S1. 
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Minimum biological yield was observed with S4D1N0 (10.8) which was similar with S4D1N1 

(10.8) and S4D2N0 (10.6). Similar trend was found in second year (Table-4.17). 

4.5.10 Harvest Index 

All treatments had significant effect on harvest index in both the years. Comparison 

of mean values (Fig. 4.11) showed that the maximum harvest index (25.2%, ) was recorded 

with transplanting  younger seedlings (10-days) and the minimum values (20.4%, 21%) were 

found in S4 and S3 where transplanting was done with older seedlings (40-days, 30-days), 

respectively. Higher harvest index in S1 was due to the higher yield recorded in that 

treatment. As regarded nursery management, comparison of mean values showed that 

maximum harvest index was recorded in D2N1 (23.5%) which was at par with D1N1 (22.8 %) 

after transplanting the fertilized seedlings grown with low/high seeding densities and the 

minimum value was recorded in D1N0 (21.8%) with transplanting unfertilized seedlings 

grown with high seeding density which was also at par with the treatment D2N0 (22.1%) (Fig. 

4.12). Overall fertilized seedlings produced higher harvest index as compared with 

transplanting of unfertile seedlings. Almost similar trend was recorded in second year of 

experimentation. 

4.5.11 Nitrogen concentration (grain + straw) g/kg 

Treatments had significant effect on nitrogen contents in both the years. Comparison 

of mean values showed that in year 2008, the nitrogen contents were highest with S1 (14.7) 

and S2 (13.9) while lowest contents were observed with S4 (10.4). As regarding nursery 

management treatments the D2N1 significantly enhanced nitrogen contents (14.4) over other 

treatments while the D1N0 resulted in minimum nitrogen contents (11.3). In second year 

comparison of mean values for seedling age showed that treatment S1 (13.6) significantly 

enhanced nitrogen contents over others. Nursery management treatments behave similarly as 

in preceding year (Table-4.18) 
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Table-4.15: Total tillers (m
-2

) as affected by nursery seeding density, nitrogen and 

seedling age in transplanted fine rice during 2008 and 2009. 

2008 

N.M.                 Seedling age 

S1 S2 S3 S4 Mean 

D1N0 340.7ab 288.7cde 272.7f 232.7h 283.7C 

D1N1 348.3a 299.0c 282.7def 257.0g 296.8B 

D2N0 345.0a 295.7cde 281.3ef 256.0g 294.5B 

D2N1 352.3a 329.0b 297.0cd 288.3cde 316.7A 

Mean 346.6A 303.1B 283.4C 258.5D  

2009 

D1N0 292.2a 252.9bc 242.6c 184.2e 243.0C 

D1N1 309.6a 267.2b 264.2bc 210.6d 262.9B 

D2N0 298.9a 263.9bc 254.2bc 204.2de 255.3B 

D2N1 309.2a 293.3a 263.2bc 261.6bc 281.8A 

Mean 302.5A 269.3B 256.1B 215.1C  

LSD0.05 (seedling age) 2008=15.57; LSD0.05 (nursery management) 2008=7.53; LSD0.05 

(seedling age x nursery management) 2008=15.06; LSD0.05 (seedling age) 2009= 16.33; 

LSD0.05 (nursery management) 2009=11.83; LSD0.05 (seedling age x nursery management) 

2009=23.66 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.16: Number of Productive tillers as affected by nursery seeding density, 

nitrogen and seedling age in transplanted fine rice during 2008 and 2009. 

2008 

N.M. Seedling age 

S1 S2 S3 S4 Mean 

D1N0 244.7ab 211.7de 195.7f 165.7g 204.4C 

D1N1 252.3a 216.7de 205.7def 180.0g 213.7B 

D2N0 249.0a 218.7cde 204.3ef 179.0g 212.8B 

D2N1 256.3a 233.3bc 220.0cd 211.3de 230.3A 

Mean 250.6A 220.1B 206.4B 184.0C  

2009 

D1N0 241.0ab 201.7de 191.3e 133.0g 191.8C 

D1N1 258.3a 216.0cd 213.0cde 159.3f 211.7B 

D2N0 247.7ab 212.7cde 203.0de 153.0fg 204.1B 

D2N1 258.0a 227.3bc 212.0cde 210.3cde 226.9A 

Mean 251.3A 214.4B 204.8B 191.8C  

LSD0.05 (seedling age) 2008=15.70; LSD0.05 (nursery management) 2008=7.46; LSD0.05 

(seedling age x nursery management) 2008=14.99; LSD0.05 (seedling age) 2009=16.33; 

LSD0.05 (nursery management) 2009=11.83; LSD0.05 (seedling age x nursery management) 

2009=23.66 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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(a) 

 

(b) 

 

 

 

 

Fig. 4.6: Relationship between paddy yield and fertile tillers during 2008 (a) and 2009 

(b) 
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LSD0.05 (seedling age) 2008 = 11.225; LSD0.05 (seedling age) 2009 = 11.423, (S1) 10 days 

older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 40 days older 

seedlings 

 

Fig. 4.7: Plant height as affected by seedling age in transplanted fine rice during 2008 

and 2009. 

 

LSD0.05 (nursery management) 2008 = 2.676; LSD0.05 (nursery management) 2009 = 2.88. 

(D1N0) High density without nitrogen, (D1N1) High density with nitrogen, (D2N0) Low 

density without nitrogen and (D2N1) Low density with nitrogen 

 

Fig. 4.8:  Plant height as affected by nursery seeding density and nitrogen (Nursery 

management) in transplanted fine rice during 2008 and 2009. 
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LSD0.05 (seedling age) 2008 = 2.623; LSD0.05 (seedling age) 2009 = 2.312, (S1) 10 days older 

seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 40 days older 

seedlings 

Fig. 4.9: 1000-grain weight (g)
 
as affected by seedling age in transplanted fine rice 

during 2008 and 2009 

 

 

LSD0.05 (nursery management) 2008 = 1.32; LSD0.05 (nursery management) 2009 = 2.116, 

(D1N0) High density without nitrogen, (D1N1) High density with nitrogen, (D2N0) Low 

density without nitrogen and (D2N1) Low density with nitrogen 

 

Fig. 4.10: 1000-grain weight (g)
 
as affected by nursery seeding density and nitrogen 

(Nursery management) in transplanted fine rice during 2008 and 2009 
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Table-4.17: Panicle length (cm) as affected by nursery seeding density, nitrogen and 

seedling age in transplanted fine rice during 2008 and 2009. 

2008 

N.M.                 Seedling age 

S1 S2 S3 S4 Mean 

D1N0 27.7 27.7 26.8 25.8 27.0C 

D1N1 28.7 28.2 27.6 26.7 27.8BC 

D2N0 29.2 28.6 28.1 27.2 28.3B 

D2N1 32.1 31.1 30.2 26.8 30.1A 

Mean 29.4A 28.9A 28.2A 26.6B  

2009 

D1N0 27.5 27.4 26.4 25.1 26.6C 

D1N1 28.5 27.9 27.3 25.9 27.4BC 

D2N0 29.0 28.3 27.8 26.4 27.9B 

D2N1 31.9 30.8 27.9 26.0 29.2A 

Mean 29.2A 28.6AB 27.4B 25.9C  

 

LSD0.05 (seedling age) 2008=1.33; LSD0.05 (seedling age) 2009=1.34; LSD0.05 (nursery 

management) 2008=1.06; LSD0.05 (nursery management) 2009=1.26 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.18: Number of spikelets panicle 
-1 

as affected by nursery seeding density, 

nitrogen and seedling age in transplanted fine rice during 2008 and 2009. 

 

2008  

N.M. 
Seedling age 

S1 S2 S3 S4 Mean 

D1N0 91.3 91.0 89.0 85.3 89.2 

D1N1 94.0 90.0 89.7 85.0 89.7 

D2N0 94.0 90.7 91.0 87.0 90.7 

D2N1 95.7 91.3 90.3 89.7 91.8 

Mean 93.8 90.8 90.0 86.8  

2009 

D1N0 84.3 81.7 82.0 78.3 81.6 

D1N1 87.0 80.7 82.7 78.0 82.1 

D2N0 87.0 81.3 84.0 80.0 83.1 

D2N1 88.7 82.0 83.3 82.7 84.2 

Mean 86.8 81.4 83.0 79.8  

 

LSD 0.05 (seedling age) 2008=15.698; LSD 0.05 (nursery management) 2008=7.46; LSD 0.05 

(seedling age x nursery management) 2008=14.929; LSD 0.05 (seedling age) 2009=16.329; 

LSD 0.05 (nursery management) 2009=11.832; LSD 0.05 (seedling age x nursery management) 

2009=23.663 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.19: Straw yield (t/ha)
 
as affected by nursery seeding density, nitrogen and 

seedling age in transplanted fine rice during 2008 and 2009. 

2008 

N.M. Seedling age 

S1 S2 S3 S4 Mean 

D1N0 10.9ab 9.8ef 8.3g 8.7g 9.4D 

D1N1 11.1a 10.3cde 10.4bcd 8.6g 10.1B 

D2N0 11.0ab 10.1de 9.4f 8.5g 9.7C 

D2N1 11.2a 11.1a 10.7abc 9.8ef 10.7A 

Mean 11.0A 10.3B 9.7C 8.9D  

2009 

D1N0 10.4abc 9.4efg 7.8h 8.1h 8.9d 

D1N1 10.6a 9.9cde 9.9b~e 8.0h 9.6b 

D2N0 10.5ab 9.7def 8.9g 7.9h 9.2c 

D2N1 10.7a 10.7a 10.2a~d 9.2fg 10.2a 

Mean 10.5A 9.9B 9.2C 8.3D  

LSD0.05 (seedling age) 2008=0.55; LSD0.05 (nursery management) 2008=0.29; LSD0.05 

(seedling age x nursery management) 2008=0.59; LSD0.05 (seedling age) 2009= 0.55; LSD0.05 

(nursery management) 2009=0.29; LSD0.05 (seedling age x nursery management) 2009=0.59 

 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.20: Paddy yield (t/ha)
 
as affected by nursery seeding density, nitrogen and 

seedling age in transplanted fine rice during 2008 and 2009. 

2008 

N.M. Seedling age 

S1 S2 S3 S4 Mean 

D1N0 3.6a 3.0bcd 2.1ef 2.0f 2.7C 

D1N1 3.8a 3.1b 2.8cd 2.2ef 3.0B 

D2N0 3.7a 3.1bc 2.3e 2.1ef 2.8C 

D2N1 3.8a 3.6a 3.1bc 2.7d 3.3A 

Mean 3.7A 3.2B 2.6C 2.3D  

2009 

D1N0 3.4a 2.8bc 1.9ef 1.8f 2.5C 

D1N1 3.5a 3.0b 2.6cd 2.0ef 2.8B 

D2N0 3.5a 2.9b 2.1e 1.9ef 2.6BC 

D2N1 3.6a 3.4a 2.9b 2.5d 3.1A 

Mean 3.5A 3.0B 2.4C 2.0D  

LSD0.05 (seedling age) 2008=0.27; LSD0.05 (nursery management) 2008=0.13; LSD0.05 

(seedling age x nursery management) 2009=0.27; LSD0.05 (seedling age) 2009= 0.27; LSD0.05 

(nursery management) 2009=0.13; LSD0.05 (seedling age x nursery management) 2009=0.25. 

 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.21: Biological yield (t/ha) as affected by nursery seeding density, nitrogen and 

seedling age in transplanted fine rice during 2008 and 2009. 

2008 

N.M.                 Seedling age 

S1 S2 S3 S4 Mean 

D1N0 14.6a 12.8cd 10.4f 10.8f 12.1D 

D1N1 14.8a 13.4bc 13.2bc 10.8f 13.1B 

D2N0 14.7a 13.1bcd 11.8e 10.6f 12.5C 

D2N1 15.0a 14.7a 13.9b 12.5d 14.0A 

Mean 14.8A 13.5A 12.3C 11.1D  

2009 

D1N0 13.9a 12.2cd 9.6f 9.9f 11.4D 

D1N1 14.0a 12.8bc 12.5bc 9.9f 12.3B 

D2N0 13.9a 12.6bc 11.0e 9.8f 11.8C 

D2N1 14.3a 14.1a 13.1b 11.6de 13.2A 

Mean 14.0A 12.9B 11.6C 10.3D  

LSD0.05 (seedling age) 2008=75.67; LSD0.05 (nursery management) 2008=35.27; LSD0.05 

(seedling age x nursery management) 2008=0.71; LSD0.05 (seedling age) 2009= 77.77; 

LSD0.05 (nursery management) 2009=35.12; LSD0.05 (seedling age x nursery management) 

2009=0.70 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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Table-4.22: Nitrogen concentration (grain + straw) g/kg as affected by nursery seeding 

density, nitrogen and seedling age in transplanted fine rice during 2008 and 2009. 

2008 

N.M.                 Seedling age 

S1 S2 S3 S4 Mean 

D1N0 13.5
N.S

 12.3 11.2 8.1 11.3C 

D1N1 14.7 13.6 11.9 10.9 12.8B 

D2N0 13.7 13.5 12.3 11.2 12.7B 

D2N1 16.8 16.3 13.2 11.4 14.4A 

Mean 14.7A 13.9A 12.2B 10.4C  

2009 

D1N0 12.4
N.S

 11.3 10.1 7.0 10.2C 

D1N1 13.5 12.4 10.7 9.7 11.6B 

D2N0 12.6 12.4 11.3 10.1 11.6B 

D2N1 15.8 14.6 12.2 10.4 13.2A 

Mean 13.6A 12.7B 11.1C 9.3D  

 

LSD0.05 (seedling age) 2008=0.91; LSD0.05 (seedling age) 2009=0.89; LSD0.05 (nursery 

management) 2008=0.76; LSD0.05 (nursery management) 2009=0.75 

N.S = non-significant 

(S1) 10 days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 

40 days older seedlings, (NM) Nursery management, (D1N0) High density without nitrogen, 

(D1N1) High density with nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low 

density with nitrogen 
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LSD0.05 (seedling age) 2008 = 0.88; LSD0.05 (seedling age) 2009 = 0.93, (S1) 10 days older 

seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 40 days older 

seedlings 

 

Fig. 4.11: Harvest index (%)
 
as affected by seedling age in transplanted fine rice during 

2008 and 2009. 

  

 
LSD0.05 (nursery management) 2008 = 0.73; LSD0.05 (nursery management) 2009 = 0.77, 

(D1N0) High density without nitrogen, (D1N1) High density with nitrogen, (D2N0) Low 

density without nitrogen and (D2N1) Low density with nitrogen 

 

 

Fig. 4.12: Harvest index (%)
 
as affected by nursery seeding density and nitrogen 

(Nursery management) in transplanted fine rice during 2008 and 2009 
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4.6 Economic Return 

Table-4.19 depicted the economic return of fine rice affected with nursery seeding density, 

nitrogen and seedling age in both the years of experimentation. As regarding the seedling age 

treatments, in year 2008, the maximum benefit cost ratio (BCR) was recorded in S1 (1.59) 

followed by S2 (1.40) while the minimum value was found in S4 (1.06). As regarding nursery 

management maximum BCR was recorded in D2N1 (1.53) followed by D1N1 (1.35) while the 

minimum value was found in D1N0 (1.22). Trend for maximum BCR was found to be similar 

in next year (2009) for both seedling age as well as nursery management treatments.  
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Table-4.23: Economic return as affected by nursery seeding density, nitrogen and 

seedling age in transplanted fine rice during 2008 and 2009. 

 2008  

Treatments Variable cost 

(Rs. ha
-1

) 

Gross income 

(Rs. ha
-1

) 

Total 

Expenditure 

(Rs. ha
-1

) 

Net Benefit 

(Rs. ha
-1

) 

BCR 

Seedling age      

S1 10170 121063 75952 45111 1.59 

S2 9040 104000 74112 29888 1.40 

S3 7910 83687 71272 12415 1.17 

S4 6780 73125 68432 4693 1.06 

Nursery 

Management 

     

D1N0 2400 86936 71200 15736 1.22 

D1N1 2592 96686 71392 25294 1.35 

D2N0 600 91000 69850 21150 1.30 

D2N1 792 107250 70042 37208 1.53 

 2009  

S1 10791 131250 86848 44402 1.51 

S2 9592 113438 84996 28442 1.33 

S3 8393 89062 80144 8918 1.11 

S4 7194 80625 76292 4333 1.05 

D1N0 2600 93750 81213 12537 1.15 

D1N1 2807 105000 81419 23581 1.29 

D2N0 650 98438 79263 19175 1.24 

D2N1 857 116250 79470 36780 1.46 

BCR = benefit cost ratio(D1N0) High density without nitrogen, (D1N1) High density with 

nitrogen, (D2N0) Low density without nitrogen and (D2N1) Low density with nitrogen(S1) 10 

days older seedlings, (S2) 20 days older seedlings, (S3) 30 days older seedlings, (S4) 40 days 

older seedlings 
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4.7 DISCUSSION 

Results showed that transplanting of younger seedlings resulted in improved growth 

which led toward improved yield. Positive correlation was recorded between different growth 

parameters and paddy which might be the reason of improved economic yield in both the 

years. Younger seedlings were not affected with seed rate and fertilizer application 

treatments as there was no significant competition among the seedlings at this stage. Overall 

younger seedlings produced higher number of fertile tillers as compared to older seedlings 

which might be due to the less root damage and with minimum transplanting shock, as 

younger seedlings can easily establish after transplanting in main field as compared with 

older seedlings. Difference in seedling vigor by using higher or low seed rate and with or 

without nitrogen was less at younger seedlings but was sustained during the whole crop 

growth, with an even grander range at older seedlings transplantation. Fertilized seedlings 

grown with low seeding densities resulted in improved number of tillers. This might be due 

the healthy and vigorous start as there was less seedling competition in nursery having less 

seed rate and with sufficient nutrients. Our results are in agreement with Mishra and Salokhe, 

(2007) who observed that the fertilizer application at nursery stage is a crucial factor in 

increasing seedling vigor and reported higher number of productive tillers after transplanting 

younger seedlings. Overall higher productive tillers were recorded in year 2008 which might 

be due to the favorable weather condition for the rice crop. These results are also supported 

by some earlier researcher who reported positive increase in number of tillers after 

transplanting younger seedlings in System of Rice Intensification (Ceesay et al., 2006, Kabir 

& Uphoff, 2007 and Sinha & Talati, 2007).  

Younger seedlings (10-days older) resulted in boosted plant height due to its early 

establishment in main field and with minimum transplanting shock at younger stage. These 

seedlings produced more phyllocrones before entering to reproductive stage which was also 

the one of the reason of taller plants. These results are supported by Mishra and Salokhe, 

(2007) who recorded more plant height after transplanting younger seedlings (12-days) as 

compared with older (30-days) seedlings. Farooq et al., (2007) observed increasing trend in 

plant height after transplanting improved nursery seedlings. Although there was statistically 

non-significant difference for kernels per panicle but numerically increasing trend was found 
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after transplanting younger and fertile seedlings grown with low seeding density. This might 

be due the vigorous start at transplanting and with less root injury at younger stage 

consequently improved growth rate which showed positive impact on yield attributes. Farooq 

et al., (2007) explained that transplanting of vigorous seedlings in main field did not show 

any significant effect on kernels per panicle but numerically higher values were recorded in 

developed seedlings. In another hand Singh et al., (2005) and Lal and Roy (1996) reported 

that kernels per panicles increased significantly by transplanting seedlings developed with 

low seed rate as well with fertilizer application at nursery bed. Effect of seeding densities and 

fertilizer was more pronounced at later stages after planting older seedlings. This is in 

agreement with Ros et al. (2003) and Panda et al. (1991). 

Other than number of tillers and plant height, younger seedlings also resulted in 

significant improved 1000-grain weight. Heavier grains were recorded after transplanting 

fertilized seedlings grown in low seeding density which might be due to the transplanting of 

vigorous nursery with better root growth and with more leaves produced at lower seedling 

density with fertilizer application. Lal and Ray (1996) explained that seedling vigor was 

improved in term of root length, height and leaf area of seedling at the time of transplanting 

by seeding densities and nutrient applied in nursery. Our results were also supported by Rao 

and Raju (1987) who reported that 1000-grain weight increased by transplanting younger 

seedlings (25-days) as compared with older seedlings (45-days). Panda et al., (1991) 

observed the increasing trend in grain weight by transplanting seedlings grown with 

sufficient fertilizer application. In contrary to this Gill and Sahi (1987) stated that 

transplanting of 60-days older seedlings gave heavier 1000-grain. Farooq et al., (2007) 

reported no significant difference on 1000-grain weight by planting healthy seedlings grown 

with seed priming. 

Rice plants grown from seedlings raised in low seeding densities with sufficient 

fertilizer might be owing to production of healthy seedlings consequently performed better 

than the rice plants grown from seedlings raised in high seeding densities without nitrogen 

application. Our findings are in confirmation with reports of earlier researcher (Panda et al., 

1991; Lal & Roy, 1996; Singh et al., 2005). Overall higher yield was found after 

transplanting as early as 10-days seedlings compared with that of 20-dys, 30-days and 40-
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days which might be due the increase in all yield attributes at this stage. This might be due 

the higher nitrogen content in fertile seedlings and less mortality rate after transplanting at 

main field which gave an improved start. Our results are in confirmation with Singh et al. 

(2005) and Rose et al. (2003) who reported greater nitrogen contents and straw yield in 

fertilized nursery. Grain yield was consistently reduced with older seedling transplanting 

which is associated with lower yield attributes. Data also showed that 10-day nursery 

transplanting increased yield, irrespective to nursery treatments which might be due the 

easily establishment of younger seedlings after transplanting having less root damage during 

uprooting, with minimum transplanting shock and mortality rate which leads to increase all 

yield attributes of transplanted rice. These findings tends to confirm some earlier studies on 

younger seedlings (Mandal., 1984; Rao & Raju, 1987, Wagh et al., 1988, Ashraf et al., 1999,  

Horie et al., 2005, Mishra & Salokhe, 2007 and Pasuquin et al., 2008). It is evident from the 

experiment results that transplanting of younger seedlings resulted in improved yield 

irrespective to seeding density and fertilizer application.  

Economic analysis for the two year experimentation also favored the transplanting of 

younger seedlings. Although there is little more cost involved during handling of very 

younger seedlings (10-days older) and may also be laborious but in return farmer can get a 

great yield benefit. In nursery management point of view, fertilized seedlings recorded 

reasonable net benefit as compared with unfertilized seedlings. It‘s also clear from economic 

analysis that crop transplanted with seedlings grown in low seeding density resulted in 

improved benefit as compared with transplanting of seedlings grown in high seeding density. 

Although uprooting of very younger seedlings (10-days older) and then transplantation into 

main field is time consuming and laborious for farmers but we cannot go beyond its 

potential. These findings also show the potential of younger seedlings in SRI and illustrate 

that making a small additional investment in raising healthy and vigorous seedlings in 

nursery seed-bed; farmer can harvest a reasonable yield benefits. Skill in handling younger 

seedlings is something that can be acquired with practice and this could be become 

appreciated for the impact it can have on crop profitability. 
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Exp-2: Exploring the role of boron and zinc on the phenology and 

economic yield of rice (Oryza sativa L.) in different rice cultures.  

4.8 Crop Growth Analysis 

4.8.1Final germination count (m
-2

) 

The year effect for final germination count was found to be non-significant so the Fig. 

4.13 is depicting the comparison of mean values for both years. Data showed that seedling 

emergence was not affected significantly with basal application of fertilizer (B & Zn). 

Although there were numerically more seedlings emerged in F3 as compared with other 

treatments but were statistically similar with each other. 

4.8.2 Leaf area index (LAI) (m
-2

)  

Leaf area index is the efficiency of photosynthetic process. Periodic data of leaf area 

index is presented in Fig (4.14 & 4.15) for two years. Leaf area index was progressively 

increased in all treatments up to the end of grand growth period in both the years of 

experimentation (2008-09). Data for maximum leaf area index revealed that in 2008, T2 

produced significantly highest leaf area index (5.81) which was statistically similar with T3 

(5.71) while rice crop grown in T1 significantly reduced leaf area index (4.73) (Table-4.11). 

As regarding nutrients application, significantly the maximum leaf area index was recorded 

in F3 (7.29) while the minimum value was found in F0 (4.09) similar to F1 (4.44) . It is 

evident from the data that the combined effect of rice culture and nutrient application was 

found to be significant in both the years. In 2008, maximum leaf area index was recorded in 

T2 & T3 (8.06 & 7.86), respectively, with the combined application of boron and zinc while, 

the minimum value was found in T1F0 where these nutrients were neglected (Table-4.20). 

4.8.3 Leaf Area Duration (LAD) (days) 

 Table-4.21 presented the effect of treatments on cumulative leaf area duration in 

2008 and 2009. In 2008, maximum leaf area duration was noted in T2 (138.38) which was 

statistically similar with T3 (133.71) while significantly higher than T1 (106.6). As regarding 

fertilizer application, in 2008, F3 significantly increased leaf area duration (182.86) over 
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other treatments while minimum value was found in F0 (84.89) which was further at par with 

F1 (91.78). Interaction of rice cultures with fertilizer application was also found to be 

significant in both the years. In 2008, flooded rice (T2) with combined application of boron 

and zinc produced maximum LAD (205.4) which was similar with T3 (196.83) while the 

minimum value was recorded in T1F0 (73.92) which was similar with T1F1 (83.72). Almost 

similar trend was observed for leaf area duration in second year of experimentation (Table-

4.21). 

4.8.4 Crop Growth Rate (CGR) (days) 

 Data presented in table-4.22 explain that the treatments differ significantly for 

average crop growth rate in both the years of experimentation (2008 & 2009). Comparison of 

mean values showed that in 2008, significantly the maximum crop growth rate was recorded 

in T2 (18.0) similar with T3 (16.9) while minimum value (12.3) was observed in T1. As 

regarding fertilizer application, comparison of mean values showed that combined 

application of boron and zinc significantly enhanced CGR (24.9) while plants significantly 

reduced CGR (9.3) with omitted these fertilizer (F0). Application of boron alone also 

produced statistically similar CGR as compared with control in year 2008 while its effect was 

found to be significant in second year of experimentation. Interaction of rice cultures with 

fertilizer application was also significant in both the years. In 2008, maximum average crop 

growth rate was recorded in T2 (29.0) and T3 (27.4) rice cultures with the combined 

application of boron and zinc while minimum value was observed in T1F0 (6.5). Similar trend 

was observed in second year of the experimentation (Table-4.22). 

4.8.5 Total dry matter accumulation (TDM) (g m
-2

) 

 Dry matter production increased steadily and reached its maximum value at last 

harvest. Table-4.23 depicted the maximum TDM accumulation affected with different rice 

cultures and fertilizer showed that all treatments had significant effect on TDM in both the 

years (2008-09). In 2008, maximum TDM (1038.74) was produced by T2 similar to T3 

(984.59) but higher than T1 (703.35) treatment, indicating that rice grown in aerobic 

condition significantly reduced TDM. Comparison of mean values for fertilizer application 

showed that in year 2008, the higher TDM (1408.64) was recorded in F3 due to the 
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accelerated growth while the minimum (558.67) dry matter accumulated in control (F0). 

Combined effect of different rice cultures and fertilizer application was also found to be 

significant in both of the years. Maximum TDM was recorded in treatment combination of 

T2F3 (1642.57) & T3F3 (1564.90) while the minimum value (398.67) was found in T1F0 

treatment combination. Similar trend was observed in second year of experimentation (Table-

4.23) 

4.8.6 Net Assimilation Rate (NAR) (g m
-2

) 

  Net assimilation rate is the physiological potential for converting the total dry 

matter into yield. Tabel-4.24 presents the effect of different rice culture and fertilizer on net 

assimilation rate. There was significant effect of all treatments on net assimilation rate in 

both of the years. Comparison of mean values for different rice cultures showed that the 

maximum NAR (7.25, 7.39) was calculated in T2 and T3 while T1 (6.43) culture significantly 

reduced NAR during the year 2008. Similar trend was observed in next year. As regarding 

micronutrients application, in 2008, combined application of boron & zinc (F3) significantly 

enhanced NAR (7.64) over other treatments. Minimum (6.48) NAR was recorded in control 

(F0) similar to F1 (6.83) where just boron was applied indicating that boron has little effect on 

growth parameters. In year 2009, maximum NAR was observed in F3 (7.70) which was 

similar with F2 (7.26) while minimum was recorded in F0 (6.29) which was further similar 

with F1 (6.69). Interactive effect of different rice cultures and fertilizer was also significant 

for net assimilation rate. In 2008, maximum value for NAR was noted in T2F3, T3F3 and T2F2 

treatment combinations while the minimum value was found in T1F0 combination. Similar 

trend was observed in second year (2009) (Table-4.24). 
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(F0) Control, (F1) Boron, (F2) Zinc and (F3) Boron + Zinc 

 

Fig. 4.13: Final germination count (m
-2

) affected with basal application of boron and 

zinc in aerobic rice (direct seeded) 
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(a) 

 

 

(b) 

 

Fig. 4.14: LAI as affected with basal application of boron and zinc (b) in different rice 

cultures (a) during 2008 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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(a) 

 

 

(b) 

 

Fig. 4.15: LAI as affected with basal application of boron and zinc (b) in different rice 

cultures (a) during 2009 

 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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Table-4.24: Maximum leaf area index (LAI) as affected by boron and zinc in different 

rice cultures during 2008 and 2009. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=0.31; LSD0.05 (fertilizer) 2008=0.38; LSD0.05 (rice culture x 

fertilizer) 2008=0.58; LSD0.05 (rice cultures) 2009=0.38; LSD0.05 (fertilizer) 2008=0.35; 

LSD0.05 (rice cultures x fertilizer) 2008=0.61 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 3.72e 4.28cd 4.28d 4.09C 

F1 4.23cd 4.57cd 4.53cd 4.44C 

F2 5.03c 6.35b 6.17b 5.85B 

F3 5.95b 8.06a 7.86a 7.29A 

Mean 4.73B 5.81A 5.71A  

2009 

F0 3.27f 4.13de 4.07e 3.82D 

F1 4.30de 4.38de 4.30de 4.33C 

F2 4.68d 6.02b 5.32c 5.34B 

F3 4.70d 7.65a 7.46a 6.60A 

Mean 4.24B 5.55A 5.29A  
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Table-4.25: Leaf area duration (days) as affected by boron and zinc in different rice 

cultures during 2008 and 2009. 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=6.79; LSD0.05 (fertilizer) 2008=7.69; LSD0.05 (rice culture x 

fertilizer) 2008=13.32; LSD0.05 (rice cultures) 2009=6.64; LSD0.05 (fertilizer) 2008=7.49; 

LSD0.05 (rice cultures x fertilizer) 2008=12.96 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

                                                      2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 73.92f 91.40e 89.34e 84.89C 

F1 83.72ef 96.28e 95.33e 91.78C 

F2 122.41d 160.46b 153.33bc 145.40B 

F3 146.34c 205.40a 196.83a 182.86A 

Mean 106.60B 138.38A 133.71A  

2009 

F0 64.06e 85.32d 83.37d 77.59C 

F1 77.17d 90.05d 86.82d 84.68C 

F2 114.12c 146.33b 145.22b 135.22B 

F3 146.67b 196.42a 187.28a 176.79A 

Mean 100.51B 129.53A 125.67A  
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Table-4.26: Crop growth rate (g m
-2

 d
-1

) as affected by boron and zinc in different rice 

cultures during 2008 and 2009. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=2.0; LSD0.05 (fertilizer) 2008=1.27; LSD0.05 (rice culture x 

fertilizer) 2008=2.2; LSD0.05 (rice cultures) 2009=1.38; LSD0.05 (fertilizer) 2008=1.15; 

LSD0.05 (rice cultures x fertilizer) 2008=1.99 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

                                                      2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 6.5f 11.0e 10.3e 9.3C 

F1 9.3e 11.0e 11.1e 10.5C 

F2 15.3d 21.0b 18.8c 18.4B 

F3 18.2c 29.0a 27.4a 24.9A 

Mean 12.3B 18.0A 16.9A  

2009 

F0 6.08f 10.70de 9.98de 8.92D 

F1 8.88e 10.76de 10.87d 10.17C 

F2 15.05c 20.92b 19.10b 18.36B 

F3 19.00b 27.43a 25.67a 24.03A 

Mean 12.25B 17.45A 16.40A  
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Table-4.27: Total dry matter accumulation (TDM) (g/m
-2

) as affected by boron and zinc 

in different rice cultures during 2008 and 2009. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=95.4; LSD0.05 (fertilizer) 2008=65.25; LSD0.05 (rice culture x 

fertilizer) 2008=113.0; LSD0.05 (rice cultures) 2009=75.79; LSD0.05 (fertilizer) 2008=56.56; 

LSD0.05 (rice cultures x fertilizer) 2008=97.97 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

                                                      2008 

Fertilizer                 Rice cultures 

T1 T2 T3 Mean 

F0 398.67g 655.00e 622.33ef 558.67D 

F1 541.67f 674.00e 673.33e 629.67C 

F2 854.62d 1183.40b 1077.80bc 1038.60B 

F3 1018.47c 1642.57a 1564.90a 1408.64A 

Mean 703.35B 1038.74A 984.59A  

2009 

F0 338.67f 595.00d 562.33de 498.67D 

F1 481.67e 614.00d 613.33d 569.67C 

F2 794.62c 1123.40b 1031.33b 983.11B 

F3 1033.33b 1582.57a 1486.67a 1367.52A 

Mean 662.07B 978.74A 923.42A  



96 
 

Table-4.28: Net Assimilation Rate (g m-2 d-1) as affected by boron and zinc in different 

rice cultures during 2008 and 2009. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=0.69; LSD0.05 (fertilizer) 2008=0.46; LSD0.05 (rice culture x 

fertilizer) 2008=0.79; LSD0.05 (rice cultures) 2009=0.73; LSD0.05 (fertilizer) 2008=0.54; 

LSD0.05 (rice cultures x fertilizer) 2008=0.93 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

                                                      2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 5.31e 7.18bcd 6.96cd 6.48C 

F1 6.44d 7.00cd 7.06cd 6.83BC 

F2 7.00cd 7.39abc 7.04cd 7.14B 

F3 6.97cd 8.00a 7.94ab 7.64A 

Mean 6.43B 7.39A 7.25A  

2009 

F0 5.16e 6.98cd 6.73d 6.29B 

F1 6.20d 6.81cd 7.06bcd 6.69B 

F2 6.98cd 7.69abc 7.11bcd 7.26A 

F3 7.06bcd 8.06a 7.98ab 7.70A 

Mean 6.35B 7.39A 7.22A  
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4.8.7 Chlorophyll contents (mg/g fw) 

 All treatments progressively increased chlorophyll contents up to its grand 

growth period and reached at maximum level during tillering stage in both of the years. After 

tillering stage, chlorophyll contents decreased linearly due the leaf senescence (Fig 4.16 & 

4.17). Comparison of mean values of two years for maximum chlorophyll contents are 

presented in table-4.16. Significantly the maximum chlorophyll contents (a & b) was 

recorded in T2 (0.99, 0.56) and T3 (0.98, 0.56) respectively, while crop grown in T1 rice 

culture significantly reduced chlorophyll contents (0.94, 0.52). As regarding fertilizer 

application, comparison of mean values of two years showed that the maximum chlorophyll 

contents were produced with F3 & F2 (1.03, 0.60 & 1.02, 0.60) respectively, while the 

minimum contents (a & b) were recorded in F0 (0.90, 0.49 ) which was similar with F1 (0.92, 

0.51).  Interaction effect for chlorophyll contents was found to be non-significant (Table-

4.25). 
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Fig.4.16: Total chlorophyll (mg/g fw) contents as affected by different rice cultures. 

 

Fig. 4.17: Total chlorophyll (mg/g fw) contents as affected by application of boron and 

zinc 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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Table-4.29: Maximum chlorophyll contents (mg/g fw) as affected by boron and zinc in 

different rice cultures during 2008 and 2009. 

Treatments Chlorophyll-a 

(mg/gfw) 

Chlorophyll-b 

(mg/gfw) 

Total chlorophyll 

a+b (mg/gfw) 

Rice 

cultures 

   

T1 0.94b 0.52b 1.46b 

T2 0.99a 0.56a 1.55a 

T3 0.98a 0.56a 1.55a 

LSD 0.014 0.013 0.027 

Fertilizers    

F0 0.90b 0.49b 1.39b 

F1 0.92b 0.51b 1.43b 

F2 1.02a 0.60a 1.62a 

F3 1.03a 0.60a 1.63a 

LSD 0.022 0.016 0.036 

 

 

Fig. 4.18: Relationship between Paddy yield and total chlorophyll contents for pooled 

data 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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(a) 

 

 

(b) 

 

Fig. 4.19: Relationship between Paddy yield and LAD during 2008 (a) and 2009 (b) 
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(a) 

 

(b) 

 

Fig- 4.20: Relationship between Paddy yield and TDM during 2008 (a) and 2009 (b) 
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(a) 

 

 

(b) 

 

Fig- 4.21: Relationship between TDM and LAD during 2008 (a) and 2009 (b) 
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4.9 DISCUSSION  

 Transplanted rice is the popular method for quality rice production all over the 

world in which nursery is grown at nursery-bed and then transplant into main filed. It 

requires lot of water as flooded condition is necessary up to crop maturity. Due to the 

shrinkage of water resources, several technologies for water wise rice production are under 

consideration: Saturated soil culture (Borel et al., 1997), Alternative wetting drying (Li, 

2001; Tabbal et al., 2002), Ground cover system (Lin et al., 2002) and System of rice 

intensification (Stoop et al., 2002). 

  Most commonly farmers are shifting cultivation from flooded to aerobic rice as it 

requires less water and save labor charges. Mechanism of nutrient uptake can also be 

changed due to this shift which raised a new question for aerobic rice production. This study 

showed that implying aerobic cultivation for fine rice, growth rate was reduced significantly. 

All growth parameters like LAI, LAD, CGR and NAR were reduced when crop was grown 

in aerobic condition.  Comparison of flooded rice (T2) with treatment T3 showed that in T3 

rice growth was not affected significantly. Chlorophyll contents (a & b) is an chief indicator 

of crop growth which were higher in T2 while it was similar with T3 indicating that flooded 

condition is not necessary for whole crop growth period. This trend of chlorophyll contents 

was perceived for the whole study period and was increased with increase in plant height 

irrespective to treatments. Minimum chlorophyll contents were recorded at maturity due to 

the leaf senescence. Positive correlation (r
2
=0.75) between yield and chlorophyll contents 

was recorded. Significant decline in growth rate was recorded when crop was grown in 

aerobic condition. This might me due to the higher moisture and nutrients stress at different 

growth stages of plant. Inferior growth rate in case of aerobic rice might be due the lower 

availability of nutrients at different critical stages. Studies indicated that availability of boron 

depresses with the increase in soil moisture stress (Fleming, 1980, Huang et al., 1997) and 

the availability of zinc also reduces in aerobic condition (Gao et al, 2006). Growth 

performance was best in case of flooded as well as in modified irrigation system (T3) due to 

no or minimum water or nutrients stress. Previous studies argued in favor of us (Peng et al., 

2006; Zulkarnain et al., 2009) and explained that above ground biomass was significantly 

increases in flooded soil. Lower TDM was recorded in aerobic rice as compared with other 
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treatments which corroborate the previous findings (Prasertsak & Fukai, 1997).  Many 

factors are expected to change in aerobic condition like redox potential (Gao et al., 2002) 

which effect the availability of nutrients. Soil pH may increase or decrease according to soil 

nature which will ultimately effect the availability of nutrients (Liu, 1996). Reduction of 

water contents in soil solution can also restrict the movement of the nutrient toward the root 

of the plant (Yoshida, 1981) and organic matter will be oxidized which will also cause the 

boron & zinc availability. In this study inferior growth rate in aerobic rice may also be due to 

the fewer uptakes of nutrients which ultimately effect the growth of the plant. Application of 

zinc played an important role in enhancing the growth of rice as compared with boron. As the 

availability of the nutrients were declined in aerobic rice which exhibited a suppressing effect 

on rice growth. Our results are supported by Gao et al., (2006) who recorded inferior zinc 

contents in rice crop grown under aerobic condition. Grain yield is our main goal of crop 

production which is linearly related with crop growth performance. If the growth 

performance is high then ultimately the crop will produce more assimilates which in turn 

increases the yield.   

4.10 AGRONOMIC TRAITS 

4.10.1 Plant height (cm) 

Plant height is an imperative yield trait which is controlled by genetic makeup of the 

plant as well as with growing condition, seedling vigor, and nutrient status of the soil. Data 

presented in Table-4.26 showed that different rice culture significantly affected the plant 

height while it was not affected significantly with the application of micronutrients (B & Zn) 

in both of the years (2008-09). Comparison of mean values showed that in year 2008, 

maximum plant height was recorded in T2 (97.35) similar to T3 (92.64) while the plants 

grown in T1 rice culture significantly reduced plant height (63.63). Similar trend for plant 

height was recorded in second year (Table-4.26). 

4.10.2 Total tillers (m
-2

) 

Treatments had a significant effect on number of total tillers in both the years. 

Comparison of mean values for rice cultures showed that the crop grown with T2 (255.14) 

and T3 (252.32) treatments significantly enhanced the tillers and resulted in similar with each 
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other while treatment T1 (199.19) significantly reduced the total number of tillers. As 

regarding fertilizer treatments, the significantly the maximum tillers were produced by F3 

(285.72) which was statistically similar with F2 (269.59). Minimum number of tillers was 

observed in F0 (190.39) which was similar with F1 (196.50). Interaction among different 

treatments was found to be non-significant in both the years. Similar trend was observed in 

second year (Table-4.27). 

4.10.3 Productive tillers (m
-2

) 

Data showed that rice cultures and application of micronutrients (B & Zn) had 

significant effect on productive tillers in both the years (Table-4.28). Comparison of mean 

values showed that in year 2008, significantly the maximum productive tillers were recorded 

in T2 (201.47) which was statistically similar with T3 (198.74) but higher than T1 (169.44) 

rice culture. Similarly the basal application of boron and zinc showed a significant effect on 

productive tillers. In 2008, maximum productive tillers were produced in F3 (240.39) with the 

combined application of boron and zinc while F0 (143.72) and F1 (151.17) resulted in 

minimum productive tillers. Similar trend was recorded in second year of experimentation 

(Table-4.28). Combined effect of different rice cultures with application of micronutrients (B 

& Zn) was also found to be significant. In 2008, significantly the maximum productive tillers 

were recorded in T2 (266.61) and T3 (260.33) with the combined application of boron and 

zinc while the minimum value was recorded in T1F0 (139.16) which was similar with T2F0 

(143.83), T3F0 (148.17), T1F1 (149.17), T2F1 (153.17) and T3F1 (151.17) (Table-I). Similarly 

in 2009, the maximum productive tillers were recorded in T2F3 (250.28) and T3F3 (253.67) 

which was similar with T2F2 (240.61) & T3F2 (233.60). Similar trend was recorded for the 

minimum values in second year of experimentation.  

4.10.4 Panicle length (cm) 

Panicle length is also an important yield contributor factor. Data showed that all 

treatments had significant effect on panicle length in both the years. In year 2008, 

comparison of mean values for different rice cultures showed that highest panicle length was 

measured in T2 (30.29) & T3 (30.26) while the lowest value was found in T1 (26.76). As 

regarding the effect of fertilizer treatments, in year 2008, the significantly the maximum 
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panicle length was recorded in case of F3 (31.28) while in treatment F0 (26.55) panicle length 

was significantly reduced. Almost similar trend was observed in second year. Interaction 

among different treatments was found to be non-significant in both the years (Table-4.29). 

4.10.5 1000-kernel weight (g) 

1000-grain weight is an important yield contributors which depend on genetic 

makeup and least effected by growing conditions (Ashraf et al., 1999). Data showed that 

1000-kernel weight was affected significantly by different rice culture and with 

micronutrients application in both the years (2008-09). Comparison of mean values showed 

that in 2008, significantly heavier 1000-kernels were recorded in T2 which was similar with 

T3 while rice culture T1 resulted in inferior 1000-kernel weight. In micronutrients application, 

maximum 1000-kernel weight was recorded in F3 with the combined application of boron 

and zinc while the lighter grains were found in F0. Similar trend for 1000-kernel weight was 

recorded in the second year of experimentation. Combined effect of different rice cultures 

with micronutrients (B & Zn) was found to be non-significant in both the years (Table-4.30). 

4.10.6 Straw yield (t/ha) 

The data pertaining to straw yield are presented in table-4.31 which showed that all 

treatments significantly increased straw yield in both the years (2008-09). Comparison of 

mean values showed that in 2008, maximum straw yield was recorded in T2 (10.58) similar 

to T3 (10.50) while the minimum value was found in T1 (9.57). Application of boron and zinc 

resulted in improved straw yield and was maximum in F3 (10.58) similar to F2 (10.34) while 

the minimum straw yield was produced by F0 (9.84). In year 2009, similar trend was 

recorded for rice cultures while the combined application of boron & zinc (F3) significantly 

improved straw yield (10.12) as compared with other treatments. Similarly, the minimum 

value for straw yield was recorded in F0 (9.59) in second year of experimentation. Combined 

effect of different rice cultures and micronutrients (B & Zn) was found to be non-significant 

in both of the years (Table-4.31). 
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4.10.7 Paddy yield (t/ha) 

It is evident from the data that paddy yield was significantly affected with the rice 

cultures as well as with the basal application of fertilizer (B & Zn) in fine rice. Comparison 

of mean values showed that in 2008, significantly the maximum paddy yield was recorded in 

T2 (3.95) similar to T3 (3.83) while the rice crop grown in T1 rice culture resulted in 

significantly lower paddy yield (2.59). Basal application of fertilizer resulted in improved 

yield and the maximum value was found in F3 (4.24) while the minimum paddy yield was 

recorded in F0 (2.54). Separate application of boron & zinc produced statistically similar 

paddy yield.  Similar trend was found in second year of experimentation (Table-4.32). 

Combined effect of rice culture with fertilizer was found to be significant. In 2008, maximum 

paddy yield was recorded in T2 & T3 (5.02, 4.81) respectively, with the combined application 

of boron and zinc. Significantly, the minimum value was found in T1F0 (2.20) which was 

statistically similar with T1F1, T1F2, T2F0 and T3F0 (2.54, 2.73, 2.74 & 2.68), respectively.  

Almost similar trend was recorded in second year of the experimentation (Table-4.32). 

4.10.8 Biological yield (t/ha) 

Data showed that treatments had significant effect on biological yield in both the 

years. Comparison of mean values for different rice cultures in year 2008 showed that 

significantly the maximum biological yield was recorded with T2 (14.53) & T3 (14.33) while 

treatment T1(12.16) resulted in minimum value. As regarding the fertilizer treatments the 

biological yield was significantly higher with F3 (14.81) while treatment F0 resulted in 

reduced biological yield (12.38). Interaction among different treatments was found to be non-

significant in first year. Almost similar trend was observed in second year for the mean 

values while interaction was found to be significant in second year. Combined effect in year 

2009 showed that the maximum biological yield was recorded in T2 (14.79) & T3 (14.79) 

with the combined application of both nutrients (F3). Significantly the minimum value was 

found at T1 (10.69) with F0 while T1 also resulted in improved yield (11.81) with F3 (Table-

4.33) 
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4.10.9 Harvest Index (%) 

All treatments had significant effect on harvest index in both the years (2008-09). 

Comparison of mean values showed that in year 2008, significantly the maximum harvest 

index was recorded in T2 (26.61) similar to T3 (26.23) while T1 (21.20) resulted in inferior 

harvest index. Nutrient application significantly increased harvest index in both the years. In 

2008, maximum harvest index was documented in F3 (27.99) with the combined application 

of fertilizer while the minimum value was found in F0 (20.41) where these nutrients were 

neglected. Similar trend was recorded in second year of the experimentation (Table-4.34). 

4.11 Nutrient contents (ppm)  

Two year mean data for nutrient analysis for boron and zinc (straw/grain) are 

presented in Fig. 4.25 and Fig. 4.26. Figures show that the straw/grain contents were 

significantly affected by its basal application in different rice cultures. Comparison of mean 

values for rice cultures showed that T2 & T3 significantly increased straw as well as grain 

zinc contents as compared with T1 but behave similarly with each other. Grain boron 

contents were not significantly affected by growing rice in different rice cultures. 

As regarding fertilizer application, the maximum straw-zinc contents was recorded in 

F3 while the minimum concentration was found in F0. Maximum straw-boron contents were 

recorded in F3 & F1 while the minimum was found in control. Zinc application in rice crop 

also resulted in improved grain contents. Maximum grain-zinc contents were recorded in F3 

similar to F2 while the minimum concentration was found in F0. Grain boron contents were 

remained unaffected. 
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Table-4.30: Plant height (cm) as affected by boron and zinc in different rice cultures 

during 2008 and 2009.  

 

 

  

 

 

 

 

 

 

 

 

 

              LSD0.05 (rice cultures) 2008=8.83; LSD0.05 (rice cultures) 2009=16.70 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 62.86
N.S

 89.77 88.89 80.50
N.S

 

F1 61.10 94.04 93.10 82.75 

F2 63.55 97.03 93.28 84.62 

F3 67.00 108.57 95.30 90.29 

Mean 63.63B 97.35A 92.64A  

2009 

F0 64.53
N.S

 86.43 85.55 78.84
N.S

 

F1 62.77 90.38 89.77 80.97 

F2 65.22 93.40 90.57 83.06 

F3 68.67 105.39 92.58 88.88 

Mean 65.30B 93.90A 89.62A  
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Table-4.31: Total tillers (m
-2

) as affected by boron and zinc in different rice cultures 

during 2008 and 2009.  

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=52.57; LSD0.05 (fertilizer) 2008=45.45; LSD0.05 (rice 

cultures) 2009=37.61; LSD0.05 (fertilizer) 2008=45.45 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 222.16
N.S

 172.50 176.51 190.39B 

F1 161.17 215.17 213.17 196.50B 

F2 207.22 304.28 297.27 269.59A 

F3 206.22 328.61 322.33 285.72A 

Mean 199.19B 255.14A 252.32A  

2009 

F0 224.27
N.S

 180.17 184.18 196.21B 

F1 163.27 222.84 220.84 202.32B 

F2 209.32 311.95 304.94 275.40A 

F3 208.32 336.28 330.00 291.54A 

Mean 201.30B 262.81A 259.99A  



111 
 

 

 

Table-4.32: Number of Productive tillers as affected by boron and zinc in different rice 

cultures during 2008 and 2009. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=9.37; LSD0.05 (fertilizer) 2008=13.99; LSD0.05 (rice culture x 

fertilizer) 2008=24.19; LSD0.05 (rice cultures) 2009=3.03; LSD0.05 (fertilizer) 2008=14.46; 

LSD0.05 (rice cultures x fertilizer) 2008=25.04 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 139.16e 143.83e 148.17e 143.72C 

F1 149.17e 153.17e 151.17e 151.17C 

F2 195.22d 242.28bc 235.27c 224.25B 

F3 194.22d 266.61a 260.33ab 240.39A 

Mean 169.44B 201.47A 198.74A  

                                                         2009 

F0 123.87c 127.30c 136.81c 129.33B 

F1 142.83c 146.51c 141.17c 143.50B 

F2 193.55b 240.61a 233.60a 222.59A 

F3 194.22b 250.28a 253.67a 232.72A 

Mean 163.62B 191.17A 191.31A  
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Table-4.33: 1000 kernel weight (g) as affected by boron and zinc in different rice 

cultures during 2008 and 2009.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=0.34; LSD0.05 (fertilizer) 2008=0.92; LSD0.05 (rice cultures) 

2009=0.26; LSD0.05 (fertilizer) 2008=0.72 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 15.99
N.S

 16.03 14.99 15.67C 

F1 17.39 17.77 17.73 17.63B 

F2 17.36 18.00 17.97 17.78B 

F3 18.69 19.74 19.72 19.38A 

Mean 17.36B 17.88A 17.60AB  

2009 

F0 11.37
N.S

 12.86 11.73 11.99C 

F1 12.53 14.20 14.47 13.73B 

F2 12.53 14.43 14.48 13.81B 

F3 13.86 16.17 16.29 15.44A 

Mean 12.57B 14.42A 14.24A  
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Table-4.34: Panicle length (cm) as affected by boron and zinc in different rice cultures 

during 2008 and 2009.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=0.65; LSD0.05 (fertilizer) 2008=1.67; LSD0.05 (rice cultures) 

2009=1.77; LSD0.05 (fertilizer) 2008=1.71 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 21.88 29.22 28.55 26.55C 

F1 27.88 29.89 29.89 29.22B 

F2 27.88 30.16 30.02 29.35B 

F3 29.39 31.89 32.56 31.28A 

Mean 26.76B 30.29A 30.26A  

2009 

F0 19.88 27.22 26.55 24.55C 

F1 23.75 27.22 27.55 26.18BC 

F2 25.88 28.16 28.02 27.35B 

F3 27.39 30.39 31.23 29.67A 

Mean 24.22B 28.25A 28.34A  
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Table-4.35: Straw yield (t/ha) as affected by boron and zinc in different rice cultures 

during 2008 and 2009.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=84.2; LSD0.05 (fertilizer) 2008=26.89; LSD0.05 (rice cultures) 

2009=21.08; LSD0.05 (fertilizer) 2008=13.57 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 9.28
N.S

 10.20 10.03 9.84C 

F1 9.50 10.42 10.42 10.11B 

F2 9.70 10.72 10.62 10.34AB 

F3 9.79 11.00 10.94 10.58A 

Mean 9.57B 10.58A 10.50A  

2009 

F0 8.82
N.S

 10.02 9.92 9.59C 

F1 9.02 10.22 10.22 9.82B 

F2 9.12 10.42 10.32 9.96B 

F3 9.32 10.52 10.50 10.12A 

Mean 9.07B 10.30A 10.24A  
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Table-4.36: Paddy yield (t/ha) as affected by boron and zinc in different rice cultures 

during 2008 and 2009.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=0.95; LSD0.05 (fertilizer) 2008=0.36; LSD0.05 (rice culture x 

fertilizer) 2008=0.62; LSD0.05 (rice cultures) 2009=0.402; LSD0.05 (fertilizer) 2008=0.15; 

LSD0.05 (rice cultures x fertilizer) 2008=0.26 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 2.20d 2.74cd 2.68cd 2.54C 

F1 2.54cd 3.86b 3.80b 3.40B 

F2 2.73cd 4.19b 4.05b 3.65B 

F3 2.89c 5.02a 4.81a 4.24A 

Mean 2.59B 3.95A 3.83A  

2009 

F0 1.68g 2.76d 2.46de 2.30C 

F1 1.98f 3.27c 3.24c 2.83B 

F2 1.99f 3.52bc 3.31c 2.94B 

F3 2.30e 4.07a 3.86ab 3.41A 

Mean 1.99B 3.41A 3.22A  
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Table-4.37: Biological yield (t/ha) as affected by boron and zinc in different rice 

cultures during 2008 and 2009.  

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=1.77; LSD0.05 (fertilizer) 2008=0.51; LSD0.05 (rice cultures) 

2009=0.33; LSD0.05 (fertilizer) 2008=0.14; LSD0.05 (rice cultures x fertilizer) 2009=0.24 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 11.49
N.S

 12.94 12.71 12.38C 

F1 12.05 14.27 14.21 13.51B 

F2 12.43 14.90 14.66 14.00B 

F3 12.68 16.02 15.74 14.81A 

Mean 12.16B 14.53A 14.33A  

2009 

F0 10.69i 12.98e 12.58f 12.08D 

F1 11.20h 13.69cd 13.66d 12.85C 

F2 11.41h 14.24b 13.93c 13.19B 

F3 11.81g 14.79a 14.79a 13.80A 

Mean 11.28B 13.92A 13.74A  
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Table-4.38: Harvest Index (%) as affected by boron and zinc in different rice cultures 

during 2008 and 2009.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSD0.05 (rice cultures) 2008=0.028; LSD0.05 (fertilizer) 2008=0.017; LSD0.05 (rice cultures) 

2009=2.067; LSD0.05 (fertilizer) 2008=0.85 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      2008 

Fertilizer Rice cultures 

T1 T2 T3 Mean 

F0 19.17
N.S

 21.02 21.05 20.41C 

F1 21.06 26.79 26.38 24.75B 

F2 21.90 27.66 27.20 25.59B 

F3 22.67 30.99 30.30 27.99A 

Mean 21.20B 26.61A 26.23A  

2009 

F0 15.79
N.S

 21.42 19.70 18.97C 

F1 17.84 24.01 23.86 21.90B 

F2 17.60 24.85 23.89 22.11B 

F3 19.60 27.59 26.16 24.45A 

Mean 17.71B 24.47A 23.40A  
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(a) 

 

(b) 

 

 

  

   Fig. 4.22: Relationship between paddy yield and fertile tillers during 2008 (a) and 

2009 (b) 
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(a) 

 

 

(b) 

 

 

Fig. 4.23: Relationship between paddy yield and 1000-grain weight during 2008 (a) and 

2009 (b) 
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(a) 

 

 

(b) 

 

 

 Fig. 4.24: Relationship between paddy yield and plant height during 2008 (a) 

and 2009 (b) 
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Fig. 4.25: Nutrient (B & Zinc) contents (ppm) in rice straw/grain as affected with 

different rice cultures. 

 

             

Fig. 4.26: Nutrient (B & Zinc) contents (ppm) in rice straw/grain as affected with basal 

application of boron and zinc. 

 

 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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4.12 Water Productivity (g/liter) 

Water productivity show that how efficiently the water was used for crop production. 

Table-4.35 data showed that in 2008, the maximum water use efficiency was recorded in T3 

(0.26) similar to T2 (0.24) and minimum was found in T1 (0.20) which was further similar 

with T2. In year 2009, significantly higher water use efficiency was recorded in T3 (0.21) 

similar to T2 (0.20) and minimum was found in T1 (0.15). As regarding fertilizer application, 

in 2008, the highest water use efficiency was recorded in F3 (0.29) and was minimum in F0 

(0.17). Almost similar trend was found in year 2009 for fertilizer application.  

4.13 Economic Return 

Table-4.36 depicted the economic analysis of fine rice in both the years of 

experimentation. As regarding rice cultures, in year 2008, maximum benefit cost ratio (BCR) 

recorded in T3 (1.89) followed by T2 (1.75) and the minimum was found in T1 (1.39). Trend 

for maximum BCR was found to be similar in next year (2009). Fertilizer application showed 

that in year 2008, the maximum BCR (2.05) was recorded in F3 and minimum (1.29) was 

found in control (F0). Similar trend was recorded in second year (2009).  
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Table-4.39: Water productivity (g/liter) as affected by boron and zinc in different rice 

cultures during 2008 and 2009. 

Treatments Water productivity Mean 

Rice cultures 2008 2009  

T1 0.20b 0.15b 0.18 

T2 0.24ab 0.20a 0.22 

T3 0.26a 0.21a 0.24 

LSD 0.056 0.02  

Fertilizers    

F0 0.17c 0.15c 0.16 

F1 0.23b 0.19b 0.21 

F2 0.25b 0.20b 0.22 

F3 0.29a 0.23a 0.26 

LSD 0.023   

 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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Table-4.40: Economic return as affected by boron and zinc in different rice cultures 

during 2008 and 2009. 

2008  

Treatments Variable cost 

(Rs. ha
-1

) 

Gross Income 

(Rs. ha
-1

) 

Total 

Expenditure 

(Rs. ha
-1

) 

Net Benefit 

(Rs. ha
-1

) 

BCR 

Rice cultures      

T1 15612 83690 60082 23618 1.39 

T2 23075 128375 73425 54950 1.75 

T3 19775 126750 67025 59725 1.89 

Fertilizers      

F0 0 84500 65344 19156 1.29 

F1 550 110500 65894 44606 1.68 

F2 950 119166 66294 52872 1.80 

F3 1500 137583 66844 70739 2.05 

2009  

Rice cultures      

T1 16992 89062 65717 23345 1.36 

T2 25230 127500 79555 47945 1.60 

T3 21630 123750 72005 51745 1.72 

Fertilizers      

F0 0 90000 70800 19200 1.27 

F1 562 108750 71362 37388 1.52 

F2 1063 116250 71864 44386 1.62 

F3 1625 132500 72426 60074 1.83 

 

*BCR: benefit cost ratio, (T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks 

after transplanting and then maintained at field capacity up to panicle initiation and again 

kept flooded starting from panicle initiation up to physiological maturity, (F0) Control, (F1) 

Boron, (F2) Zinc and (F3) Boron + Zinc 
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4.14 DISCUSSION 

Due to the shrinkage of the water resources and with increasing cost of labor charges farmers 

are shifting cultivation from flooded to aerobic condition (Pandey and Velasco, 2002). 

Transplanted rice require labor for uprooting the nursery and then transplanting into the main 

field so there is option to avoid these charges to grow rice by direct seeding. Direct seeding 

requires significantly less labor and low water inputs but there is also the risk of low yield as 

we are lacking best suited genotypes in this condition. Our results indicate that shifting 

cultivation from flooded to aerobic significantly reduced the yield and yield components of 

fine rice. Decreased in yield was ultimately due to inferior growth performance of aerobic 

rice as there was positive correlation was recorded (Fig. 4.14, 4.15 & 4.16). Aerobic rice 

produced minimum chlorophyll contents due to which very less assimilates were produced 

which resulted in decreased yield.  

 Although plant height is a genetic character but it can get its maximum potential 

with the sufficient availability of moisture and nutrients. Shorter plants were recorded when 

crop was subjected to grow in aerobic condition as compared with other water regimes. This 

decrease in plant height might be due the less availability of water at different growth stages 

which ultimately decreased the availability of nutrients due to the less mass flow toward root 

of the plants. Our results are in line with Beyrouty et al. (1994) who also explained that plant 

was significantly reduced by delaying flooded condition in transplanted rice. There was also 

increasing trend in plant height with the application of boron and zinc but was not differ 

significantly. The results obtained are in harmony with the results achieved by Furlani et al. 

(2005) who reported the non-significant difference in plant height with the boron application. 

Results indicated that yield and yield parameters were not differed significantly when rice 

was grown in modified irrigation system other than flooded condition. So it‘s clear that 

flooding is not necessary in transplanted rice to get a higher yield as the treatment T3 behave 

similarly and resulted in non-significant difference in yield reduction. But the crop 

significantly reduced productive tillers, 1000-grain weight, straw yield and ultimately the 

final grain yield when it was grown in aerobic condition.  Positive correlation was recorded 

between yield and yield components. These results are in agreement with some previous 

studies (Beyrouty et al., 1994; Grigg et al., 2000, Singh et al., 2005, Peng et al., 2006). We 
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obtained maximum yield when crop was matured in flooded condition as well with modified 

irrigation treatment as compared with aerobic rice. In flooded condition mostly nutrients are 

available in soil solution but its availability decreased in aerobic condition as the nutrients 

dynamics is totally different than flooded rice. These results are supported by Gao et al., 

(2006) who explained that zinc uptake was significantly reduced due to the shift of flooded to 

aerobic condition. Intense cropping and continuous removal of nutrients resulted in decreased 

availability of essential micronutrients like boron and zinc. It is the need of the time to grow 

crops with timely and balanced use of these nutrients. In this study, application of 

micronutrients in T2 & T3 recorded similar and maximum yield as compared with T1 rice 

culture indicating that decreasing moisture contents decreased the availability of nutrients to 

plants.  

Highest numbers of productive tillers were recorded in F3 where combined 

application of boron and zinc was done while productive tillers were not affected 

significantly by application of boron alone. Husssain et al., (2005) also reported the similar 

results with the application of boron in wheat crop. Enhanced yield of rice grains was 

observed with boron application as it may linked with higher availability of sugar, improved 

enzymatic activity which resulted in improved growth of pollens. (Garge et al., 1979). 

Rashid et al., (2009) observed the increasing trend in plant height, number of tillers, 1000-

grain weight and paddy yield with boron application in rice crop. There might be a one of the 

reason of increased yield is the improved availability of other macro (N, P) nutrients due to 

their synergistic effect with boron and zinc.  As previous studies show that application of 

nutrients (Zn, B and S) on sorghum and maize (Sharawat et al., 2008) and on maize, castor, 

groundnut and mung (Rego et al., 2007) resulted in improved yield and nutrient contents 

with N &P application in all crops.  

Data regarding water use efficiency showed that growing rice in T3 rice culture 

significantly increased water use efficiency due to the higher yield with less water used as 

compared with conventional (T2). Although water used was less in aerobic rice (T1) as 

compared with other treatments but it decreased water use efficiency due to its low yield. 

Application of all nutrients resulted in improved water use efficiency compared with control 

due to enhancement in yield. Results were harmony with Zulkarnain et al., (2009) who 
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explained that growth and yield was improved in rice grown with flooded condition but half 

of the amount of water wasted without being used by plant. Rice plants just need to some 

level of water to maximize their growth and yield. Saturated condition in rice also showed 

successful findings by Tabbal et al., (2002). In limited supply of water, plant reduced growth 

which resulted in inferior yield because some of the rice activities like photosynthesis may 

reduce.  

Nutrients contents (plant/grain) was almost similar in T3 and in flooded rice (T2) 

while the crop grown in aerobic rice significantly reduced plant nutrients contents confirmed 

by Fig. 4.21 . In human nutritional point of view study indicated that application of zinc 

alone or in combination with boron also resulted in improved zinc-grain contents which are 

essential component of food. Zinc is essential nutrient not only for plants but also for humans 

(Barak and Helmke, 1993 and Buyckx, 1993).  It‘s emerging deficient nutrient in our soil as 

the alkaline and calcareous are the dominant soils in Pakistan which are more prone to Zn-

deficiency because of its low inherent contents (Tinker and Lauchli, 1984). Many previous 

studies show that the deficiency of zinc in human can cause many problems like hampers of 

mental and psychomotor development, disturbance in immune system, tiredness and stunted 

growth (West and Verhoe, 2002 and Traore, 2006). Highest net benefit was recorded in T3 

rice culture due to increase in yield as compared with conventional (T2) and Aerobic rice (T1) 

production systems. Water input was decreased in T3 as compared with T2 which resulted in 

higher net benefit.  

Aerobic rice might be a good option for water wise rice production but it decreases 

yield linearly due to decrease in water inputs for existing basmati genotypes. It requires 

specific aerobic varieties which can adjust in that specific environment without yield decline. 

In present scenario as we are in populous country, we cannot compromise with yield so 

biotechnologist should develop aerobic varieties first for this successful shift. 
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4.15 QUALITY PARAMETERS 

4.15.1 Sterility (%) 

 Sterility percentage indicates the number of unfilled kernels which have 

significant impact on the quality of the crop. All treatments differed significantly for the 

sterility percentage in both the cropping seasons (Fig. 4.27&4.28). Comparison of mean 

values for rice cultures showed that in 2008, the maximum sterile kernels were recorded in T1 

(6.75) followed by T3 (5.43) & T2 (5.22). As regarding the effect of fertilizer, the maximum 

sterile kernels were found in F0 (6.91) while the minimum sterility percentage was recorded 

in F3 (4.87) which was similar with F1 (5.24). Similar trend was observed in second year 

(2009). 

4.15.2 Abortive Kernels (%) 

 Abortive kernels were differed significantly among different treatments in both 

crop growing seasons (Fig. 4.29&4.30). In 2008, comparison of mean values showed that the 

maximum abortive kernels were recorded in T1 (2.34) while other two treatments (T2 & T3) 

recorded similar and significantly lower abortive kernels. Similar trend was observed in 

second year. As regarding fertilizer application, in 2008, the maximum abortive kernels were 

recorded in F0 (2.24) followed by F1 (1.61) & F2 (1.59) while the minimum were found in F3 

(1.36). Similarly, in year 2009, the maximum abortive kernels were recorded in F0 (2.56) 

while F3 (1.86) produced minimum abortive kernels which was further similar with F1 (1.96). 

4.15.3 Opaque Kernels (%) 

 Data (Fig. 4.31&4.32) showed that all treatments had significant effect on 

opaque kernels in both the years (2008-09). Comparison of mean values showed that in 2008, 

the maximum opaque kernels were produced in T1 (16.42) while the minimum was found in 

T2 (13.81) which were similar with T3 (13.82). Similar trend was observed in second year 

(2009). As regarding nutrient affect, the maximum opaque kernels were produced by F0 

(19.05) followed by F1 (14.31) & F2 (14.49) while minimum were found in F3 (10.90). 

Similar trend was observed in second year of experimentation.  
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4.15.4 Normal Kernels (%) 

 Data presented in Fig. 4.33 & 4.34 showed that all the treatments affected 

significantly for normal kernels. In year 2008, the maximum normal kernels were recorded in 

T2 (73.33) followed by T3 (73.07) while T1 (65.29) significantly reduced normal kernels. 

Normal kernels were also affected significantly with the application of micronutrients and 

were significantly higher in F3 (78.82). Minimum normal kernels were recorded in F0 (62.84) 

followed by F1 (71.64) & F2 (72.11). Almost similar trend was observed in second year of 

experimentation (2009). 

4.15.5 Amylose contents (%) 

 Amylose contents are an important quality parameter which showed the 

stickiness of the grains. If the amylose contents will more then it will increase its stickiness 

which affects the cooking quality of rice so it is desirable to minimize this. This is evident 

from the data presented in Fig. 4.35&4.36 that all treatments differed significantly for 

amylose contents.  Comparison of mean values showed that in year 2008, the maximum 

amylose contents were recorded in T1 (25.1) similar to T3 (24.17) while the minimum 

contents were found in T2 (23.88) which was further similar with T3. In year 2009, the 

maximum amylose contents were observed in T1 (26.63) while treatment T2 (24.56) & T3 

(24.86) recorded similar and significantly inferior amylose contents. As regarding nutrient 

effect, in 2008, the maximum amylose contents were produced in F0 (25.78) followed by F2 

(24.34) & F1 (23.26) while the minimum value was found in F3 (23.11). Similar trend was 

observed in second cropping season (2009). 

4.15.6 Protein contents (%) 

 Data showed that the treatments had significant effect on protein contents in both 

cropping seasons (Fig. 4.37 & 4.38). Comparison of mean values showed that in year 2008, 

the rice cultures were found to be non-significant while was significant in second year. In 

year 2009, the maximum protein contents were recorded in T1 similar with T3 that was 

further similar with T2.  As regarding nutrient effect, in year 2008, the maximum protein 

contents were produced by F0 similar with F1 & F2 that were further similar with F3. Almost 

similar trend was observed in second year.  
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LSD0.05 (rice cultures) 2008=0.76; LSD0.05 (rice cultures) 2009=1.02; 

Fig. 4.27: Sterility percentage as affected by different rice cultures during 2008 and 

2009 

 

 

LSD0.05 (fertilizer) 2008=0.45; LSD0.05 (fertilizer) 2009=0.68 

Fig. 4.28: Sterility percentage as affected by boron & zinc during 2008 and 2009 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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LSD0.05 (rice cultures) 2008=0.31; LSD0.05 (rice cultures) 2009=0.73 

Fig. 4.29: Abortive kernels (%) as affected by different rice cultures during 2008 and 

2009 

 

 

LSD0.05 (fertilizer) 2008=0.23; LSD0.05 (fertilizer) 2009=0.11 

Fig. 4.30: Abortive kernels (%) as affected by boron & zinc during 2008 and 2009 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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LSD0.05 (rice cultures) 2008=1.47; LSD0.05 (rice cultures) 2009=0.93 

Fig. 4.31: Opaque kernels (%) as affected by different rice cultures during 2008 and 

2009 

 

 

LSD0.05 (fertilizer) 2008=1.48; LSD0.05 (fertilizer) 2009=1.74 

Fig. 4.32: Opaque kernels (%) as affected by boron & zinc during 2008 and 2009 

 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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LSD0.05 (rice cultures) 2008=5.22; LSD0.05 (rice cultures) 2009=2.38 

Fig. 4.33: Normal kernels (%) as affected by different rice cultures during 2008 and 

2009 

 

 

 

LSD0.05 (fertilizer) 2008=3.48; LSD0.05 (fertilizer) 2009=2.54 

Fig. 4.34: Normal kernels (%) as affected by boron & zinc during 2008 and 2009 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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LSD0.05 (rice cultures) 2008=0.98; LSD0.05 (rice cultures) 2009=1.60; 

Fig. 4.35: Amylose contents (%) as affected by different rice cultures during 2008 and 

2009 

 

LSD0.05 (fertilizer) 2008=0.67; LSD0.05 (fertilizer) 2009=0.92 

Fig. 4.36: Amylose contents (%) as affected by boron & zinc during 2008 and 2009 

 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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LSD0.05 (rice cultures) 2008=0.069; LSD0.05 (rice cultures) 2009=0.50 

Fig. 4.37: Protein contents (%) as affected by different rice culture during 2008 and 

2009 

 

LSD0.05 (rice cultures) 2008=0.60; LSD0.05 (rice cultures) 2009=0.46 

Fig. 4.38: Protein contents (%) as affected by boron & zinc during 2008 and 2009 

(T1) Aerobic rice, (T2) Flooded rice, (T3) Flooding for two weeks after transplanting and then 

maintained at field capacity up to panicle initiation and again kept flooded starting from 

panicle initiation up to physiological maturity, (F0) Control, (F1) Boron, (F2) Zinc and (F3) 

Boron + Zinc 
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4.16 DISCUSSION 

 Our results for quality parameters indicated that by growing crop with different 

water regimes and with the application of fertilizer, rice quality was affected significantly. 

Shifting cultivation from flooded to aerobic condition is highly quality concern. Result 

showed that crop grown in aerobic condition documented maximum sterile kernels as 

compared with other treatments which might be due to moisture as well as nutrients stress to 

crop. Some earlier studies also show that rice crop is greatly moisture sensitive at flowering 

stage (Liu and Bennet, 2010; Saini and Westgate, 1999). Thus deficiency of water at any 

stage especially at reproductive stage can cause the yield as well as quality losses in rice 

crop. We observed that at panicle stage deficiency of water reduces time to anthesis which 

leads to more sterility percentage in aerobic rice. Similar results were also found by (Garrity 

et al., 1986).  

Crop grown in flooded condition (T2) and with flooding for two weeks after 

transplanting and with supplement irrigation upto panicle initiation and again flooded from 

panicle initiation upto physiological maturity (T3) recorded almost similar sterile kernels. It 

indicate that it‘s not necessary to grow rice with flooding condition for whole growth period 

as treatment T3 declined sterility percentage and resulted similar with conventional (T2). 

Similarly other quality parameters like abortive kernels, opaque kernels increased positively 

when crop was grown in aerobic condition. Previous study elucidated that rice crop grown 

with direct seeding increased sterility percentage, abortive kernels and opaque kernels as 

compared with flooded rice (Farooq et al., 2007).   Amylose contents are undesirable in rice 

quality point of view as it increases the stickiness of the rice due to which clods are formed 

after cooking. Our results indicated that growing rice in aerobic condition can increase the 

amylose contents as compared with transplanted rice. Although protein contents were 

improved in aerobic rice but it was found almost similar with other rice cultures. This might 

be due to the higher yield at T2 & T3 rice cultures which resulted in decreased protein 

contents due to dilution factor. Broadley et al. (2007) reported that zinc is component of 

many types of plant protein.  Performance of the flooded rice was proved to be best in yield 

as well as quality point of view which might be due to the easily availability of the macro as 

well micro nutrients. Previous study showed that flooding condition in rice has positive 
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impact for nutrient availability (Wade et al., 1998 & Yoshida, 1981). Results indicated that 

it‘s a great risk to grow crop in aerobic condition in quality point of view for our basmati 

varieties. Its might be due to the less uptake of nutrients in aerobic condition as the 

mechanism of nutrients uptake might be changed. Land preparation and water management 

are key factor which are very important for availability of nutrients in direct as well as in 

transplanted rice (Farooq et al., 2011). Results indicated that flooding is necessary for quality 

produce but there was no difference when crop was grown with T3 treatment for water wise 

rice production but crop was significantly effected in aerobic condition. So it‘s the need of 

the time to develop aerobic varieties first before shifting this cultivation.  

 In micronutrients application point of view it‘s also clear from the results that 

flooded rice got a great benefit from these nutrients as compared with aerobic rice which 

ultimately have positive impact on quality and yield. Similar results were obtained by Gao et 

al. (2006) who explained that rice crop grown in aerobic condition abridged zinc uptake, 

biomass production and zinc harvest as compared with flooded rice. They further explained 

that shifting cultivation from flooded to aerobic on calcareous soil may increase the zinc 

deficiency problem. Movement of zinc toward plant‘s roots is restricted due to water stress 

(Yoshida, 1981). Minimum sterile kernels were recorded when combined application of 

boron and zinc was done but it was also similar where just boron was applied. It indicates the 

role of boron for decreasing the sterility percentage as it‘s very important for pollen viability. 

This is in conformity with earlier findings (Garge et al., 1979. Stigma, style and ovary mostly 

contain higher concentration of boron and in pollen it occurs at about 0.7 mg/kg dry weight 

(Vasil, 1987).  

 All quality parameters were improved by applying these micronutrients (B & Zn) 

in all different rice cultivations methods. Protein contents were higher in case of control but 

were almost similar with other nutrient treatments. This increase in protein contents at 

control treatment might be due to its low yield as protein contents have negative relation with 

yield. Our results are in line with (Watanabe et al., 2006).  Farmers are just concentrating on 

macronutrients as they are well aware about these nutrients but they are not conscious about 

micronutrients. Due to the intense cropping, soil is suffering with deficiency of these 

nutrients due to its less application. Deficiency of these nutrients can become a bigger 
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problem which will affect the crop severely as farmers are shifting cultivation from flooded 

to aerobic condition. In direct seeded rice availability of micronutrients is reduced (Farooq et 

al., 2011).  

 Basmati rice is eminent all over the world due to its quality and high market 

price. It has a big segment in Pakistan export agriculture items so we should cognizant about 

its quality produce. Results indicate that aerobic cultivation diminishes its quality which can 

affect its export to other quality subtle countries. Although, aerobic rice cultivation is a best 

option for growing water wise rice production but a successful transition requires special rice 

genotypes. Thus the biotechnologist should play a role in developing aerobic varieties which 

can adopt that environment without harming yield and quality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



139 
 

CHAPTER-5 

SUMMARY 

5.1 Experiment-1 

Nursery parameters 

 Seedlings characteristics were not affected significantly with the nursery treatments at 

youngest stage (10-days older). 

 Significant interaction among seeding density and nitrogen was observed for older 

seedlings. Seedlings characteristics (shoot length, shoot/root fresh weight and shoot/root 

dry weight) were higher in fertilized seedlings grown at low seedling density.  

 Unfertilized seedlings grown at high seeding densities reduced vigor due to its poor 

growth and maximum effect was observed at 40-days older seedlings. 

Crop Growth Analysis 

 Transplanting of younger seedlings enhanced the growth of rice by improving all growth 

parameters like LAI (7.6), LAD (178.3 days), TDM (1666.7 g m
-2

), CGR (23.0 g m
-2

d
-1

) 

and NAR (9.3 g m
-2

d
-1

) irrespective of nursery-bed treatments.   

 The crop transplanted with fertilized seedlings (20-days older) grown in low seeding 

density at nursery-bed recorded LAI (6.9), LAD (165.3 days), TDM (1403.3 g m
-2

), CGR 

(18.8 g m
-2

d
-1

) and NAR (8.5 g m
-2

d
-1

) and behave similarly as younger seedlings (10-

days older). 

 Transplanting of weaker/older seedlings grown in higher seed rate and without nitrogen 

application at nursery-bed resulted in lowest performance as LAI (2.9), LAD (71.4), 

TDM (200.0 g m
-2

), CGR (2.1 g m
-2

d
-1

) and NAR (2.7 g m
-2

d
-1

) during 2008 and the 

similar growth behavior was recorded in year 2009. 
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 Agronomic traits 

 Transplanting of younger seedlings (10-days older) significantly improved the agronomic 

traits in fine rice. Improved productive tillers (256.3), straw yield (11.2 t/ha) and paddy 

yield (3.8 t/ha) were recorded with transplanting youngest seedlings irrespective of 

nursery treatments.  

 Maximum plant height (111.44 cm), 1000-grain weight (21.43 g) and harvest index (25.2 

%) was found with transplanting 10 days older seedlings.  

 Similar results regarding agronomic traits were obtained with transplanting 20-days older 

fertilized seedlings grown in low seeding density at nursery-bed.  

 Significantly the maximum benefit cost ratio (BCR) was recorded in S1 (1.59) followed 

by S2 (1.40) while the minimum was found in S4 (1.06). 

 Crop transplanted with fertilized seedlings grown in low seeding density (D2N1) resulted 

in higher benefit cost ratio (BCR) (1.53) as compared with other treatments. 

5.2 Experiment-2 

Crop Growth Analysis 

 Rice crop grown with flooded & periodic flooding and drying condition significantly 

improved LAI (8.06, 7.86), LAD (205.40, 196.83 days), TDM (1642.57, 1564.90 g m
-2

), 

CGR (29.0, 27.4 g m
-2

d
-1

) and NAR (8.0, 7.94 g m
-2

d
-1

) with the combined application of 

boron and zinc as compared with aerobic culture. 

 Chlorophyll contents (a & b) were improved in T3 (0.98, 0.56 mg/g fw) similar to T2 

(0.99, 0.56 mg/g fw) while crop grown in aerobic condition significantly reduced 

chlorophyll contents (0.94, 0.52 mg/g fw).  

 Application of zinc alone or in combination with boron improved chlorophyll contents 

(1.02, 0.60 & 1.03, 0.60 mg/g fw) in year 2008 while the similar trend was recorded in 

second year. 
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Agronomic traits 

 Crop grown with flooded & periodic flooding and drying condition enhanced productive 

tillers (266.61, 260.33 m
-2

), straw yield (11.0, 10.94 t/ha) and paddy yield (5.02, 4.81t/ha) 

with the combined application of boron and zinc as compared with aerobic culture. 

 Plant height (63.63 cm), 1000-grain weight (17.36 g) and harvest index (21.20 %) was 

significantly lower in aerobic culture as compared with flooded & periodic flooded and 

drying conditions.  

Quality parameters  

 Flooded rice & periodic flooded and drying resulted in minimum sterile spikelets (5.22, 

5.43 %), opaque kernels (13.81, 13.82 %), abortive kernels (1.34, 1.42 %), amylose 

contents (23.88, 24.17 %), and improved normal kernels (73.33, 73.07 %) as compared 

with aerobic culture in the year 2008.  

 Significantly the maximum water use efficiency was recorded in T3 (0.26, 0.21) while in 

nutrient application, the combined application of B & Zn recorded maximum water use 

efficiency (0.29, 0.23) in both the years, respectively .  

 Flooded and periodic flooding and drying condition improved grain-zinc contents (8.27, 

8.15) while grain-boron contents were not affected significantly.  

 Maximum benefit cost ratio (BCR) was recorded in periodic flooding and drying (1.89, 

1.72) while the minimum was recorded in aerobic culture (1.39, 1.36). As regarding the 

nutrient application maximum benefit cost ratio (BCR) (2.05, 1.83) was recorded with 

combined application of boron and zinc in both the years respectively. 
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5.3 CONCLUSIONS 

EXPERIMENT-1 

Maximum paddy yield (3.7 t/ha) was observed with transplanting youngest seedlings (10-

days older) but transplanting of 20-days older fertilized seedlings grown at low seeding 

densities resulted in almost similar yield (3.6 t/ha) with younger. Older seedlings leads to 

reduced yield and the lowest yield (2 t/ha) was observed after transplanting unfertilized 40-

days older seedlings grown at high seeding density. These findings sustenance the young 

seedling components of System of Rice Intensification and illustrate that making a minor 

additional investment in raising a healthy and vigorous seedling in nursery seed-bed, farmers 

can harvest a reasonable yield benefits. 

 EXPERIMENT-2 

Changing soil water contents, nutrients (B & Zn) dynamics in the soil were changed which 

had significant effect on growth, yield and quality parameters of fine rice. The rice crop 

significantly reduced yield (42 %) and impair kernel quality when it was subjected to grow in 

aerobic condition without nutrients application. However, nutrients application in crop grown 

with periodic flooding and drying improved yield (4.81 t/ha) as compared with aerobic 

culture (2.89 t/ha) and performed as good as the normal flooded rice. Results also 

demonstrated that introduction of aerobic rice cultivation for fine rice can increase the 

deficiency problem of micronutrients (B & Zn) in calcareous soils. 

 

 

 

 

 

 

 



143 
 

5.4 FUTURE THRUST 

1. Similar type of experiments should be performed on different soil types and with 

different rice genotypes. 

2. Further study is required focusing on seeding densities and with the use of other 

fertilizers at nursery-bed. 

3. More detailed study is necessary to evaluate the improved methods of growing 

nursery for SRI. 

4. System of rice intensification (SRI) should be evaluated on variety of soils to explore 

the role of younger seedlings.  

5. Biotechnological and genetic approaches should be used to develop aerobic varieties. 

6. Further investigation is required focusing on other nutrients in different rice cultures. 

7. Specific studies should be done for rice quality issues in different rice cultures. 
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