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1. INTRODUCTION

Rice is one of the world’s leading crop which is extensively
cultivated in the Asian region. The crop gives staple food for more than
60 per cent of the world population. In India, rice covers an area of 43.7
million hectare with an annual production of 84.7 million tonnes (Siddiq,
2000). Compared to other countries like China and South Korea the
average productivity in India is very low accounting to 1.9 t ha'. In Kerala,
rice covers an area of 3.45 lakh hectare with a productivity of 2.5 t ha” which is

more than the national average (FIB, 2000).

On analysis of the problems in rice cultivation, Swaminathan
(2000) pointed out that the possibilities of further expansion of area under
rice cultivation has now reached its limits in most of the rice growing
countries and the only way to achieve the targeted production in India is to

cnhance the national yield average from 1.9 tha™ to 2.8 t ha™"

The productivity improvement through genotypic, water and
nutrient management seems to have reached a plateau (Mathew and Rajan,
1994). An alternate approach of improving the physiological efficiency of
the plants in a better manner which will go a long way in increasing the

productivity.

Several studies conducted in rice revealed the beneficial effect of

seed soaking with biofertilizer in improving the vigour and yield of crop.



Azospirillum plays a vital role in crop germination and growth by
secreting growth promoting substances (Sahu ef al., 1997). Improvement in
rice yield by Azospirillum coating was also observed earlier (Lakhmanan ez al.,

1993).

Penshibao, a new generation high technology multifunctional foliar
liquid containing nutrients such as N, P, K, Zn, B, Mg, Fe, Mn and some
other physiologically active compounds is now being widely used. This
chemical made in China when used for seed soaking and foliar spray was

observed to have a definite role in enhancing productivity of rice.

In recent times, the use of growth regulators have been shown to be
one of the spectacular and quickest means of increasing rice production.
Foliar spray of nutrients and phytohormones have given higher yield in
most of the cereals, millets, cotton and many horticultural crops. The use
of these growth regulators modify the growth of crops in small amounts
and can enhance the longevity and area of leaves including flag leaves and
thus increase the total carbon fixed. Growth regulators also enhance the
mobilization of photosynthates from source to sink contributing to

increase in yield.

Growth regulators like GAj3, kinetin and triacontanol have been shown to
be of great use in increasing the rice production. Use of these chemicals for
increasing yield by retarding senescence of leaves, flag leaves and panicle

(Dehata and Murthy, 1981).



With the above points under consideration the present investigation

was undertaken with the following objectives:

(i) To study the effect of a multifunctional foliar nutrient and a

biofertilizer on germination, seedling vigour and growth in nursery.

(ii) To study the effect of seed soaking and foliar spray of growth
promoters on growth, chlorophyll content, nutrient uptake and yield of

rice.

(i11) To workout the economics of various treatments in transplanted rice.
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2. REVIEW OF LITERATURE

Growth regulators are synthetic or organic substances which when
added in small amounts, modify the growth of plants, usually by
stimulating or inhibiting part of the natural growth regulatory system
(Halmann, 1985). At present due to the growing cost of fertilizer and
almost full exploitation of other modern techniques for increasing the
yield, it is necessary for an alternate approach where in the physiological
efficiency including the photosynthetic ability of the plant will go a long
way in increasing the productivity of rice. Growth regulator have been
shown to be one of the quickest means of increasing production. Studies
made on synthetic growth regulators revealed that these substances can
modity the growth and development of the plant in the desired direction
and to the desired extent. A brief review on the effect of seed soaking
and foliar spray of growth regulators on rice, other cereals and millets are

reviewed here.
2.1 Effect of seed soaking

Seed soaking is a simple method of treating seeds with needed
inputs in liquids/slurry for better germination, vigour and crop growth

(Agrawal, 1981).

Plant response to inoculations with Azospirillum in cercals and
non-cereals are often reported in terms of increased germination rate, root

length and volume, plant height, leaf size, tiller numbers, test weight,



number of panicles and grains, enzyme level in plant parts, grain yield
and biomass yield, N uptake, reduced insects and disease infestation

(Okon, 1985; Boddey and Dobereiner, 1988; Wani, 1990).

Increased root biomass in Azospirillum inoculated plants helped in
greater absorption of native nutrients in soil resulting in higher yield.
This increased yield by Azospirillum inoculation may also be attributed to
indole acetic acid, gibberellins, cytokinins like substances and vitamins
produced by the bacterium, besides the ability of the organism to fix

atmospheric N and their effect on plants (Rao, 1981).
2.1.1 Effect of Azospirillum on nursery characters

Sahu er al. (1997) reported that seeds of rice treated with
Azospirillum accelerated the seed germination and produced more number
of seedlings. Seed inoculation of rice cv. RP 2365 with Azospirillum
brasilense showed higher seedling height and vigour index compared to
the uninocuiated control (Pradhan et al/., 1998). Natarajan and
Kuppuswamy (1998) reported that the positive effects of Azospirillum in
rice through the combined application of seed treatment and soil
application which increased the seedling vigour, plant height, number of
leaves, root volume and root dry matter production in nursery plants of
rice cv. ADT 38. Seed treatment with Azospirillum increased the amylase
activity during germination. The enzyme level was greater in vigourous
seedlings. Secretion of gibberellins by the bacterium may be the reason

for this increased amylase activity and subsequent hydrolysis, resulting in



enhanced seedling vigour, encompassing speed of germination, seedling

length and dry weight in rice (Ramamoorthy et al., 2000).
2.1.2 Effect of Azospirillum on growth and yield

World wide data accumulated over 20 years of inoculation
experiments on growth, yield and quality of grain fodder and fibre crops
with Azospirillum brasilense revealed that this bacterium is capable of
increasing the yield of agriculturally important crops in different soils and

different climatic regions (Ganguly and Manna, 1999).

Shivaraj (1981) and Karthikeyan (1981) observed that
Azospirillum inoculation increased the leaf area index, dry matter
production, root, shoot and grain weight of rice. Seed inoculation with
Azospirillum brasilense produced significant increase in DMP and yield
of rice, wheat, barley and sorghum when grown with or without
application of N (Subba Rao, 1995). Plant height and chlorophyll content
of the newly developed rice leaves were significantly increased after seed

inoculation with Azospirillum brasilense No. 40 (Ping et al., 2001).

The effect of Azospirillum inoculation on the total yield increase
of field grown graminacious crops ranged from 10 to 30 per cent
(Kannaiyan ef al., 1983 and Negi ef al, 1987). An increased grain yield
in rice ranging from 13 to 35 per cent was reported by Prasad (1987) due
to the inoculation of Azospirillum. Omar et o/ (1987) found that

inoculation of Azospirillum on seeds and seedlings gave 16 to 22 per cent



increase in rice grain yield at maximum recommended N- fertilizer level

over uninoculated control.
2.1.3 Effect of micronutrients
2.1.3.1 Effect of micronutrients on the growth of rice

Zinc¢ 1s essential for many metabolic roles in the plants viz.,
enzymatic activities, RNA and ribosome formations, stimulate the
resistance of plants to dry and hot weather and also to bacterial and
fungal diseases (Lindsay, 1974). Zinc is also necessary for chlorophyll
production (Thompson and Troch, 1979). The critical concentration of
zinc at tillering stage is 10 ppm and in third leaf stage is 21.5 ppm in rice
(Swarup, 1983). Zinc application positively influenced shoot length, root
weight, vigour index, photosynthetic rate, total dry matter production and
grain yield of rice (Srinivasan, 1984). Seed treatment with 0.1 per cent
ZnS0y4 for four hours markedly increased the zinc content in seeds,
germination percentage and plant growth of rice (Gukoua er al., 1985).
Root dipping in zinc solution at two per cent concentration increased N

uptake (Uddin ez ¢l., 1981 and Baskar, 1986).

Kuppuswamy (1983) observed that leaf area index of both the first
and residual rice crop was favorably influenced by Zn application.
Significant influence of Zinc on DMP of rice was observed by llangovan

and Palaniappan (1987).

Thompson and Troch (1979) observed that zinc is needed for

protein metabolism and it appears to be involved some how in the



production of chlorophyll. Brady (1980) indicated that zinc enhanced the

absorption of water and grain maturity.

Boron increases the rate of water absorption root growth and
translocation of sugars in plants (Brady, 1980). He also stated that boron
was involved in the functions of enzyme systems that are necessary for

important reactions in plant metabolism,
2.1.3.2 Effect of micronutrients on the yield and yield attributes

Seed coating with ZnSO, at two per cent increased the grain yield
by 13 to 30 per cent in wet and semidry conditions respectively (Lakshmanan
et al., 1993). Sahu et al. (1993) stated that seedling root dip with four per
cent ZnO increased rice yield by 38 per cent when compared to control.
Devarajan and Krishnaswamy (1996) observed that the grain and straw

yteld were increased to the tune of 26 per cent over no zinc treatment.

Muthuvel et af. (1981) reported that even though the number of
grains per panicle was not altered significantly, the 1000 grain weight
was significantly influenced in rice cv. IR8. Zinc application increased
the panicle number hill"! in rice (Kuppuswamy, 1983). Seed soaking with
zinc salt solution or suspension at 10 ppm concentration for 24 hours was
advantageous for higher yield in rice (Devarajan ef al., 1987). Root
dipping with zinc solution at two per cent increased the rice yield by 9.53
per cent and the same being attributable to higher N - uptake
(Gopalakrishnan, 1989). Khanda and Dixit (1996) observed that

application of zinc increased the grain and straw yield over control.



Sotl application of Cu, Zn, Mn, Fe and Mo or all trace elements
plus seed inoculation gave higher yield than untreated control in pearl
millet (Jadhav et al., 1990). Treatment with B, Zn or Cu increased seed
amylase activity after 72 hour germination in rice (Sheudzhen ef al.,
1990). Sheudzhen (1990) reported that rice seeds treated with
corresponding trace elements markedly increased the rice yield compared
with untreated seeds. Sahu et al. (1993) reported that when Mo was given

as seed treatment plus B at 1.5 kg ha™' increased pod yield in groundnut.
2.1.4 Effect of Penshibao on growth, yield and yield attributes

Kalyanasundaram (1999) also reported that when Penshibao was
used for seed soaking along with biodigested slurry and KH,PO, found
remarkable and significant difference in germination percentage, CGR,

RGR, NAR and yield of direct seeded rice.
2.1.5 Effect of combined application of Penshibao and Azospirillum

Penshibao when used for seed soaking along with other treatments
such as Azospirillum seed soaking, phosphobacteria seed soaking and
foliar spray with Penshibao and KH,PO, (two per cent), the growth and
yield attributes of rice, viz., plant height, LAI, DMP and number of
panicles m™ altered remarkably (Babu, 1998). Elankavi {1999) reported
that seed soaking with Azospirillum + Penshibao + foliar spray of
Penshibao and triacontanol produced maximum yield of 5.75 and 5.41 t ha™'

in  first and second seasons respectively. The percentage yield



increase of this combination compared with control was 50.52 and 59 per

cent in first and second seasons respectively.

2.2 Effect of foliar application of growth regulators
2.2.1 Effect of triacontanol on growth characters
2.2.1.1 Plant height, number of tillers and dry weight

Ahamed (1990) reported an increase in plant height in rice
varieties with triacontanol application. Stimulation of plant height of
rice by different triacontanol formulations was reported by Prasad et al.
(1991). Significant increase in plant height was observed when wheat
was treated with triacontanol (Singh and Uttam, 1994). Rice plants when
treated with triacontanol and other growth hormones resulted in increased
plant height and number of tillers (Datta et al., 1995). Foliar spray of
triacontanol @ 500 ml ha”' was reported to increase plant height
significantly over control (Paraye ef al., 1995). De and Hague (1996)
found that both granular and foliar application of triacontanol increased
the plant height considerably over control in rice. Ravi (1997) reported
that triacontanol as foliar spray at 1000 ppm concentration recorded

maximum plant height and number of tillers in rice.

Increase in dry weight of the entire rice plant was observed by Ries
and Wert (1977) within three days of application of triacontanol. Hangarter
et al. (1978) reported that in tissue culture experiments with several crop
species, application of triacontanol increased the dry weight of callus

culture by enhancing the cell division. Bittenbender et a/. (1978) reported



that triacontanol applied to rice seedlings in nutrient solution at 10 mg It
increased the dry weight. Jones ef al. (1979) observed a higher dry
weight of 105.8 mg plant” compared to control when triacontanol was
applied to rice seedlings. Increase in dry weight by the triacontanol

application was also noticed by Knowles and Ries {1981).
2.2.1.2 Growth Analysis

Ries and Wert (1977) observed that triacontanol in nutrient
cultured solution when applied to rice seedlings at 10 mg 1! caused an
increase in leaf area of whole plant. Triacontanol applied to rice plants
had an increased functional leaf area of 33.50 cm? tiller' compared to

2 tiller’' (Debata and

control which had a leaf area of only 19.30 c¢m
Murthy, 1981). Ries and Wert (1982) reported that triacontanol
application to rice and maize seedlings caused a rapid increase in leaf
area. They also stated that the newest leaf was visibly larger and other
leaves were wider by the same treatment. LAl NAR, RGR and other
growth characters were the highest in wheat plants sprayed with
triacontanol than with water (Baruah, 1990). Ravi (1997) reported that

triacontanol at 1000 ppm as foliar spray recorded the highest leaf area

index.
2.2.1.3 Chlorophyll content

Foliar spray of triacontanol at 7 days after flowering delayed the
leaf senescence by maintaining the chlorophyll content (Anonymous

1980). Debata and Murthy (1981) also observed a delay in leaf



senescence and panicle senescence, increase in chlorophyll content and
more retention of leaf area in triacontanol applied rice seedlings grown in
culture solution containing 0.1 ppm triacontanol. Biswas and Choudari
(1981) observed that most of the hormones and nutrient applied at post
flowering stage of rice increased leaf longevity. Malik and Richa (1984)
reported that increase in chlorophyll content especially of chlorophyll ‘a’
was more pronounced at younger stages of development when the plants
were treated with triacontanol. The rate of photosynthesis also increased
in paddy leaves when the same treatment given either as foliar spray or
seed soaking. They also observed an increased Hills’ reaction activity
which caused an increase in chlorophyil content. This treatment caused
an enhanced carboxylation and photophosphorilation activities besides
chlorophyll content. The chlorophyll content in the leaves of paddy
increased when triacontanol was applied as seed soak at I ppm for 24

hours (Srivastava and Menon, 1987).
2.2.1.4 Yield and yield attributes

Foliar application of triacontanol at 7 days after flowering
increased the translocation of carbohydrates to panicle of rice
(Anonymous, 1980). Subbiah ef al. (1980) reported that triacontanol spray
at 0.1 mg I"' significantly increased the grain and straw yield of rice.
Debata and Murthy (1981) observed that foliar application of triacontanol
10 ppm increased panicle weight as 2.36 g tilier’' compared to control

which had a panicle weight of only 1.90 g tiller .



Triacontanol spray retarded panicle senescence in early rice
varieties by maintaining higher succinic dehydrogenase (SDH) activity in
the panicles which was a desirable phenomenon for better grain filling
(Debata and Murthy, 1981). Lim and Ung (1982) observed that foliar
application of triacontanol formulations containing CaCl, were effective
in significantly increasing the yield of rice. Venkataraman ez al. (1987)
observed that mixtalol spray @ 2 ppm at pre flowering increased the yield

over control,

A study conducted by Samantasinhar and Sahu (1990) showed that
triacontanol and other growth hormones had a significant effect in the
yield attributes of rice. They explained that the triacontanol application
resulted in increased filled grain percentage, number of grains panicles™
and 1000 grain weight. Harvest index was also higher (48 per cent) for
this treatment compared to control (45 per cent). The highest 1000 seed
weight and seed yield were observed when rice seeds treated with
triacontanol (Ramamoorthy et al., 1990). An increase in panicle length,
1000 grain weight and rough rice yield over control was reported by

Prasad et al. (1991).

Triacontanol produced the highest grain yields of 4.79 t ha' in
wheat (Singh e al., 1992). Datta et al (1995) reported that the
triacontanol and sludge application gave a higher grain yield in rice (4.4 t ha™).
Both seed treatments and foliar application of triacontanol increased grain
yield compared to control in wheat as reported by Kumar and Maheswari

(1995). Paraye et al. (1995) observed that foliar application of



triacontanol at 25 and 50 DAT significantly increased the grain panicle™
by 11.20 and 13.50 per cent respectively compared to control. They also
reported an increase in number of effective tillers m™2, 1000 seed weight
and ultimate yield over control on hormone treatment. Grain and straw
yield increased with increasing NPK rate and seed inoculation or spraying
with growth regulators in wheat (Thomar er a/., 1995). De and Hague
(1996) observed a 