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ABSTRACT

A pot experiment was conducted on a clay loam soil within the Glass
house at Teaching and Instructional farm of Uttar Banga Krishi
Viswavidyalaya, Pundibari, Cooch Behar, (Terai region of West Bengal) to
investigate the influence of soil water regimes on Root Porosity, Transpiration,
Nutrient uptake, Dry matter production and Yield of rice (Oryza sativa L.)

varieties of MW 10 and IR 50 grown under flooded condition and field
capacity.

A variations in soil moisture regimes from field capacity to flooding
resulted in a great increase in the total root porosity, transpiration, nutrient
uptake and dry matter production. Dry matter production and nutrient uptake
showed a high positive correlation with the total amount of water transferred.
The amount of water transferred per day per pot was positively corre]ated with
the total root porosity per pot. More nutrient uptake as a results of increased
availability of nutrients, together with greater transpirational transfer of water

and ions facilitated by increased root porosity, resulted in an increase in the

growth and yield of rice plant grown under flooded condition.
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INTRODUCTION

Water is the principal factor limiting the plant growth. Water stress is commonly the
most severe constraint to rice production (Widawsky and O’Toole, 1990). Only a fraction of
about 1% of the total amount of water taken up by plant is retained in the plant tissue; yet this
minute fraction is very important as because a small variation of it can make a great
difference in the growth and yield of a crop. Water stress reduces the nutrient uptake which
may be due to less absorption of water and nutrients by plant roots. Rice (Oryza sativa 1..),
being a semi-aquatic plant, is markedly influenced by the environment in which it is grown.
Root growth in rice plant is frequently inhibited by adverse physiological environment
resulting from soil water stress in rainfed farming and in upland conditions (Kar ez a/., 1974).
Unlike other plants, rice plant thrives well under submerged conditions (Chaklader, 1946;
Jana and Ghildyal, 1969). Submergence brings a series of changes in physical, chemical and

microbiological properties of soil which ultimately influence the nutrient uptake and yield of

rice (Ponnamperuma, 1972; Tadano and Yoshida, 1978; Ponnamperuma , 1978,

Ponnamperuma, 1984; Roger, 1996). The vegetative growth and grain yield of rice (Oryza
sativa 1..) are considerably higher when the crop is grown in flooded than in unsaturated
fields, probably because of increased availability of nutrients, better soil-water-plant
relationship (Clark ez al.,, 1957; Chaudhary and Mc Lean, 1963; Enyi, 1965; Ghildyal and
Tomar, 1976) or because of better root growth and more transport of water through roots
(Tomar and Ghildyal, 1975). The growth of rice under flooded condition may also increase
be due to increase in evapo-transpiration (ET) as because a strong relationship exists between
evapo-transpiration (ET) and dry matter production. Thus flooding results higher growth and

yield of rice than field capacity or any other lower soil moisture regimes.

Though enormous amount of research was done on the growth of rice under different
soil moisture condition, the mechanism of better growth under flooded condition is not fully
understood. The better growth of rice plant under flooded condition may be due to increased
availability of nutrient together with the anatomical changes in root tissue (e.g. root porosity)
and physiological process (e.g. transpiration). But a very little work has been done to find out
the effect of flooded condition on root porosity and transpiration which may contribute to the
better growth of rice plant through more transfer of water and nutrients. The present
investigation was therefore initiated to develop better understanding of the effect of soil
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moisture regimes on root porosity, transpiration, nutrient uptake, dry matter production at
different stages of growth and finally marketable yield of rice plant. The objectives of the
present investigate are :

i)

ii)

iii)

To investigate the influence of soil-moisture regimes on root porosity and

transpiration of IRS50 and MW10 (Annanda) varieties of paddy at different
stages of growth and at harvest,

The effect of soil moisture regimes on uptake of plant nutrients with special
reference to nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and
magnesium (Mg) by IR 50 and MW 10 (Annanda) varieties of paddy and

To investigate the influence of soil moisture regimes on growth and yield of
IR 50 and MW 10 (Annanda) varieties of paddy.
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REVIEW OF LITERATURE

Water is the most important factor in rice cultivation. Water is a major constituent of
tissue, a reagent in chemical reaction, a solvent for and mode of translocation for metabolites
and minerals within plant and is essential for cell enlargement through turgor pressure. With
the occurrence of water deficits many of the physiological processes associated with growth
are affected and under severe deficits, death of plants may results. Submergence of the soil
create the chemical and biological basis for a continuous renewal of the system’s soil fertility
(Ponnamperuma, 1984, Roger, 1996). Concentration of phosphorus, potassium, iron,
manganese and silicon increascs under submerged situation and increases the uptake of these
nutrients elements.

This chapter deals with the review of literature regarding the cffect of soil moisture

regimes on root porosity, transpiration and nutrient uptake.

2.1 Root porosity of plants as influenced by soil-moisture regimes :

Root porosity may be defined as the volume of gas space per unit volume of root. It is
one of the factors used in assessing internal aeration. Growth of plant roots require a supply
of oxygen and an escape mechanism for liberation of carbon dioxide during respiration. The
internal transfer of O; from shoots to roots within aerenchymatous cortical tissuc is an
important mechanisms for complete or partial avoidance of O»-deficiency in many cereal
species. Rice, being a semi-aquatic plant, the system of interconnected gas space or lacunae is
very well developed (Armstrong, 1979), but the demand for O; is just as great as in non
wetland species (Armstrong and Webb, 1985).

Studies have pointed out that aeration for rice roots can occur within the plant and
without need of aeration through the soil. Norris (1913) observed that gas spaces were
invariably present in the roots of Zea mays when cultured in water, but these were found to be
reduced when the roots are grown in porous soil. Juliano and Aldama (1937) observed air
channels in cortex of roots, stems and leaf blades of rice plant. Mepherson (1939) observed
an increase in gas space of maize root tissue due to the death and decay of the protoplasm in

root cells. He explained that below the critical oxygen pressure, in anaerobic respiration the
cells used up food material more rapidly than they were being supplied by the conducting




system and then destroyed themselves by autolysis, a common occurrence among starving

cells. Boeke (1940) working with strongly developed adventitious roots of cultivated rice
(Oryza sativa 1..) was in agreement with Mepherson’s (1939) openion that formation of air
cavities could not be accounted by the action of mechanical forces during growth.

Barber er al. (1962) studied the movement of O'® through barley and rice plants and
found that the movement of oxygen through rice and barley plants from the shoot to the root

was simple gaseous diffusion processes through intercellular spaces. Gas spaces in rice plants

contributed 5 to 30 per cent of the root tissue where as that of barley were below 1 percent.

Luxmoore and Stolzy (1969) in nutrient solution experiment with rice and maize
plants reported that adventitious roots were more porous than primary roots indicating that

adventitious roots had considerable significance in internal aeration. No effect of solution O;
concentration on root porosity was observed by them which suggested that space

development might be less dependent on oxygen supply. Jensen ef al. (1967) also did not
observe any significant effect of oxygen treatment on root porosity.

Luxmoore ef al. (1970) in pot experiment with rice and maize plants reported that the
root tip segment was characterized by the highest maximum respiration rate, highest
- permeability and lowest porosity. Both respiration rate and permeability decreased with

distance from the root tip, whereas porosity increased. They stated that the linear increase in
the porosity in first 6 cm from the root tip was indicative of a cumulative increase in the

development of gas spaces resulting from differential cellular growth and from the decay of
cells.

Saha ez al. (1973) conducted a pot experiment to investigate the effect of soil water
regimes on root porosity of two rice varieties grown under flooded and field capacity. They

showed that a variation in the soil moisture regimes from field capacity to flooded condition
resulting in a great increase in the total root porosity. The varietal differences of percent root
porosity was observed and showed that root porosity (%) was more for ‘IR-8’ than for ‘Jaya’.
Root porosity (%) varied significantly with the stage of growth. Under flooded condition, it
reached a peak on 20" day and subsequently there was a gradual decrease with the age of the
plant. Under irrigation to field capacity, root porosity attained the maximum values on the
40™ day and then decreased rapidly. They further showed that the total root porosity was
parallel to the growth of the root and increased with an increase in the level of soil moisture
and it also varied greatly with the stage of growth.




In submerged soils, the availability of water to roots was more owing to higher root
porosity and lower root resistance to water transport (Sahu ez al., 1973; Tomar and Ghildyal,
1975), increasing the transpiration losses (Patel ez al.,, 1979). Under unsaturated soil-water
regimes, limited supply of water, less root porosity and higher resistance might have resulted
in lower rate of water uptake. As a result, the amount of water transpired was less under
saturated and unsaturated soil water regimes than under submergence. Drenth ez al. (1991)
also reported the similar results that root porosity was higher in anaerobic soil than in aerobic
soil, and that younger roots were more porous than older roots.

Justin and Armstrong (1991) carried out a study on two rice cultivars and reported
that cavity formation in roots is controlled by endogenous levels of ethene and also showed
that root porosity varied with root length and the inhibitory effect of the silver ion on
aerenchyma development appeared to be greater. They also concluded that ethene had
increased root porosity and AgNO; had decreased it and aerenchyma development in both

cultivars was also enhanced by flooding, with percentage porosities 12 units higher in flooded
than in drained soil.

A study was conducted by Sekhon er al. (1993) on the influence of soil redox

conditions on root and shoot growth characteristics in rice and the results show that
 submergence alone increased (plant height, leaf area) root porosity, root, straw and grain
weight. They also shows that root density tended to increase in surface layers with increase in
reduction status of soil. Neue ez al. (1997) reported that during ripening and maturity root

exudation, root porosity and root oxidation power of rice may control methane emission
rates.

2.2 Nutrient uptake as influence by soil moisture regimes :

Waterlogging causes changes in the properties of soils which profoundly affect the
nutrition of low land rice. The root zone is changed from aerobic to anaerobic environment as

a result of drastic decrease in the oxygen supply in the soil. Chaudhary and McLean (1963)
reported that in a green house experiment with poorly drained mineral soil, rice plants grown
under flooded conditions contained higher concentrations of phosphorus and manganese in
shoots than those grown under unflooded condition. The concentration of iron in shoots did
not change significantly due to flooded or unflooded conditions of soil. He explained that due
to the lack of adequate supply of phosphorus and manganese in available form for rice might

have contributed to the poor performance of rice plants under unflooded conditions. Workers




of IRRI (1964) reported that phosphorus, potassium, calcium, magnesium, iron and
manganese contents were more in rice plants grown under flooded condition than under
unflooded condition. Enyi (1965) found that concentration of nitrogen, phosphorus,
manganese, zinc, copper, molybdenum and boron in upland rice plants grown under flooded
condition was higher than that of the plants grown under unflooded condition. In a green
house experiment with two varieties paddy noted that uptake of potassium was unaffected by
flooding, where as phosphorus uptake was lower at field capacity suggesting that phosphorus
availability was higher under flooded condition. Cherian ez al. (1968) in pot experiment with
rice observed that uptake of iron, manganese and phosphorus was increased, but the uptake of
calcium, magnesium, potassium and zinc was decreased by flooding the soil. Pande and
Singh (969) reported that nitrogen, phosphorus, iron and manganese contents were more
undcr continuous submerged conditions than under field capacity. In a pot experiment, the
results shows that concentration of potassium, calcium & magnesium in shoots of rice plant
decreased with the increase in soil moisture from field capacity to flooding but the case was
reversed for iron and manganese (Sharma, 1970). Saha ez al. (1973) reported that a variation
in the soil moisture regimes from field capacity to flooded condition resulted in a great
increase in nutrient uptake. They explained that the more nutrient uptake as a result of
_ increase availability of nutrients, together with greater transpirational transfer of water and
ions facilitated by increase root porosity. The increase in soil pH in acid soils under
waterlogged condition has been reported by Mohanty and Patnaik (1975), which might be
due to ferrous-ferric equilibrium (Ponnamperuma, 1972). Earlier laboratory experiments on
submerged soils indicated increased availability of NH*'-N (Mohanty and Patnaik, 1975),
phosphorus (Mandal, 1964; Mohanty and Patnaik, 1977), iron and manganese
(Ponnamperuma, 1977; Mohanty & Patnaik, 1977). Singh and Ram (1976) reported that the
general trend of transformation of applied phosphorus was identical under field capacity and
submergence in certain soils of Uttar Pradesh, the rate as well as the magnitude of
transformation being higher under waterlogged conditions but Mandal and Khan (1976) did
not find significant effect of water treatments on the phosphate transformation pattern in rice
soils. Pillai and De (1979) reported that nitrogen uptake was more under continuous
submergence than under alternate submergence. The uptake of phosphorus by rice in

submerged soil was three to four times higher than in non-submerged soil and the high
phosphorus content in the shoot tissue of plants grown under water logging might help the
plants to clongate during submergence period (Bora and Goswami, 1980). The total nutrient

uptake of nitrogen, phosphorus, potassium, calcium and magnesium under lowland eituation
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were reported to 78.20, 22.14, 103.52, 10.23 and 27.18 kg/ha respectively under normal
doses (60, 40, 40) of fertilizer application (Pande er al, 1985) Saikia and Dutta (1989)
conducted a two years field experiment and showed that the nitrogen uptake by grain and
straw were significantly higher under continuous submergence and also increased with
increasing levels of nitrogen.

Subramanian and Gopalswamy (1991) conducted an incubation study for a period of
45 days to study the influence of moisture, organic matter, phosphate and silicate on the
availability of silicon and phosphorus in four rice soils. They observed that continuous
submergence of soil and addition of organic matter resulted in an increase in the availability
of silicon and phosphorus. The addition of silicon significantly increased the availability of
silicon in all soils and available silicon and phosphorus increased initially and subsequently
decreased with passage of time. Phosphorus transformation in four rice soils under different
soil water regimes under laboratory conditions was studied by Kumaraswamy and
Sreeramula (1992) and their results reviewed that in all soils solid phosphorus disappeared
even in the early stages of incubation and most of added P was fixed initially as Al-P.
Transformation of phosphorus into different inorganic -P fractions followed almost similar
pattern under both soil water regimes. With passage of time, a portion of the Al-P was
transformed into Fe-P in soils originally preponderant in this fraction and into Ca-P in the soil
originally preponderant in Ca-P. Transport of the more soluble nutrient ions, such as NH*"
and K* to the root surfaces is rapid enough in well-puddled flooded soils so that they do not
limit uptake rates. But if the soil is not well-puddled or if it is dried and re-flooded, transport
rates may become limiting (Kirk and Solvas, 1994). Patra ez al. (1995) studied the effect of
variable moisture treatments, namely air drying, 50 per cent water holding capacity, 100 per
cent water holding capacity, continuous submergence and alternate and drying on the
available potassium of five tarai soils have shown that the highest level of available
potassium was maintained by 50% water holding capacity and lowest level of alternate
wetting and drying. Continuous submergence was not found favourable for potassium
availability.

Alam and Ladha (1997) pointed out that the P deficiency aggravates the drought

effect by retarding the growth and delaying maturity of rice. This severity may be due to the
alternate wetting and drying cycles in rainfed lowlands that may offset the increased P

availability by submergence. Field experiment at the International Rice Research Institute

(IRRI), during dry season was conducted by Castillo e al. (1998) and their results shows that

JUTREE
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in all fertilizer and crop establishment treatments, straw nitrogen concentrations of the

stressed plants were higher than those of the well-watered plants. They explained that the
high straw nitrogen concentration in the stress treatment could be attributed to the lack of

complete senescence of the plants. They farther showed that grain nitrogen uptake in the
stressed plants was lower than in the well-watered plants, mainly because of the significantly

higher yield of the flooded treatment but the total nitrogen uptake in the stressed treatment
was similar to that of the flooded trecatment.

Zhang et al. (2000) showed that flooding strongly increased phosphorus adsorption
and decreased phosphorus desorption in the paddy soil while simulated oxygen secretion
from rice root significantly reduced phosphorus adsorption and enhanced both phosphorus
desorption in rhizosphere and phosphorus uptake by ion-exchanger. They explaincd that the
effect of oxygen secretion from rice root should be one of the important mechanisms for rice
take up of phosphorus, normally under the conditions of phosphorus availability reduction by
flooding. Phosphorus availability in the soil reduced by flooding should be one related to the

transformation of phosphorus fractions because of AIl-P fraction increased by phosphorus

amendment in the soil was almost transformed into the Fe-P fraction by two week flooding.

2.3 Nutrient uptake at different stages of growth :

The process of nutrient uptake in rice at different stages of growth is the function of
climate, soil properties, amount of fertilizers applied, variety and the method of cultivation
(Ishizuka, 1964).

Dion ez al. (1949) pointed out that the main absorption of phosphorus occurred before
maturity. Tanaka ez al. (1959) observed that uptake of phosphorus steadily increased and
almost reached the maximum during the active tillering phase and thereafter absorption was
negligible. Gama and Mellow (1960) found that phosphorus absorption increased until
maturity and suggests that there would be an advantage in applying split amount of
phosphatic fertilizers to rice. Bhumbla and Rana (1965) found that rice plant continued to
take up phosphorus from soil even after the boot stage. But phosphorus applied at later stages
of growth resulted in increasing phosphorus content of straw, and a very small percent of it
was utilized for grain formation. Patnaik ez al. (1965) conducted solution culture experiments
with early and medium duration Indica and reported that phosphorus absorbed after tillering
stage tended to be accumulated in straw and root with no advantage to grain yield. This result

suggested that an early application of phosphorus is desirable. Sims and Place (1968) in a

¢
:.

=

4




| )7 T4 W R NS TS ThtE RR ot Al Bb SR m A e i i

field experiment with rice reported that percent content of phosphorus did not differ with
respect to plant age. As total uptake of phosphorus is closely related with dry matter

production, it increased with plant age. They also reported that percentage content of

potassium decreased with age of the plant but total potassium uptake increased with age of
the plant.

Workers of IRRI (1964) flooded the rice field after 20 days of sowing and measured

nutrient content at a regular interval of 3 weeks after flooding. They observed that the
contents of phosphorus and potassium were high on the 3™ week after flooding and decreased
with plant age while calcium, magnesium, iron and manganese contents continued to increase
upto the 6™ week and then decreased. Ishizuka (1 964) reported that percentage of potassium
and calcium in rice plant decreased after transplanting from the value obtained at seedling
stage, then again increased and reached a high percentage after flowering until complete
ripening while percentage magnesium was high from transplanting to middle of tillering.

2.4 Transpiration in relation to the soil moisture content, nutrient uptake
and age of the rice plant :

The relationship between the rate at which water, rubidium and phosphorus ions are
absorbed by intact plants and transferred to their shoots was investigated by Russel and
Shorrocks (1959) in water culture under varying conditions of transpiration and nutrient
supply. They reported that when the external concentration and the nutrient status of the
plants were low, transpiration rate had little effect on the transportation of nutrients to shoots
when the external concentration and the nutrient status of the plants are high the rate of
transfer of ions to shoots varied closely with the rate of transpiration. Russel and Barber
(1960) reported that when ions were transferred from the outer medium to the shoot, the

movement of ions could be accelerated by increasing the rate of transpiration. Slatyer (1962)
stated that transpiration could increase the uptake of nutrients

specially when the
requirements of the plant was high.

The workers of IRI (1965) reported that transpiration ratio (dry matter produced/water
transpired) increased with the plant age possibly because of an increased ratio of respiration
to photosynthesis. They compared the transpiration between flooded and unflooded condition
and reported that under flooded condition, the water supply from roots to leaves was ample
and the transpiration was parallel to the energy input of solar radiation. Under unflooded

condition, the soil water supply was limited and the rate of water supply (o lic lcaves could
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not match the rate of evapotranspiration from the leaves. Because of this transpiration was
less under unflooded condition than under flooded condition. They also reported that
increased light intensity caused increase of transpiration under flooded condition, but

transpiration decreased with increase of light intensity under unflooded conditions.

Jana and Ghildyal (1969) reported that the atmospheric, soil and plant factors were
involved in the process of evapo-transpiration. They found that water use by rice crop
depends not only upon soil water regime and plant growth phase, but also on the
environmental conditions of evaporative demand. Ghidyal (1971) observed that the amount
of water transpired during its growth period and also the rate of transpiration per unit leaf
area per time increased with increased in soil moisture regimes from unsaturation to flooding.
He explained that the increased growth and dry matter production, where the transpirational
transfer of water was more may also be due to the increased nutrient uptake as a result of
mass transfer of ions through the transpiration stream. In a pot experiment Saha er al. (1973)
showed that the amount of water transpired varied with the soil water regime and the stages
of growth. They observed that under flooded condition, the increased availability of water to

roots tends to increased transpirational losses than field capacity and the amount of water
transpired under flooded condition was about twice that under field capacity.

Patel er al. (1976) reported that the cumulative evapotranspiration (ET) was very high
under treatments where continuous submergence was maintained followed by altenate
flooding and drainage and unsaturated soil-water regimes. The cumulative ET increased with
crop growth and the rate of increase was maximum upto 62 days after transplanting. The
evaporation decreased as the soil-water regimes were changed from submergence to
saturation and then to unsaturation. Similar results were reported by Sahu ez al. (1973), Ueki
and Shanmugeratnam (1973) and Nair ef a/. (1973). In a lysimetery study, Patel ez al. (1979)
showed that the total ET was found to be very high under the soil water regimes in which
continuous 5 cm submergence was maintained and they also reported that varieties of rice
differed in their cumulative ET, water use and water use efficiency.

Sen and Jana (1987) reported that the evapotranspiration rate gradually increased with
the age of the crop and it was maximum during 40 to 50 days after sowing and then slowly
decreased. They also reported that this trend was observed under different soil moisture

tensions during both the seasons and evapotranspiration rate was different under different soil
moisture tensions. It was always higher under lower soil moisture tension than higher soil
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moisture tension. They explained that low evapotranspiration rate under high soil moisture
tension was mainly due to higher resistance to the flow water vapour through soil (Ritchie,
1971). Evapotranspiration of direct seeded rice was determined by a floating type lysimeter
during wet season and the value of ET was found to be 47.7 cm (Taha ez al., 1988). In a field
trails with rice comparison was made between the panicle and flag leaf in their transpiration
characteristics. Transpiration rate in the panicle reached a maximum at heading and
decreased with aging. Transpiration rate in the panicle increased linearly as vapour pressure
difference increased (Ishihara er al., 1990). A series of green house and growth studies were
conducted in 1985-86 and showed that by using the Poiseuille-Hagen law for water
movement in capillaries, rice root axial resistance explained differences in leaf water
potential and transpiration when only one cultivar was used, but did not explain differences
among cultivars (Yambao, 1992). Thus it was concluded that increasing root xylem vessel
radii profably will not directly increase drought resistance. Field experiment study on 8 rice
cultivars at different soil-moisture regimes showed that transpiration decreased with crop age
and was highest in plants continuously flooded and lowest in rainfed plants (Singh er al,
1992). Transpiration rate of rice (Oryza sativa) were measured in a closed chamber and
showed that transpiration rate increased until the heading stage and thereafter decreased

(Saito ez al.,, 1996). They also showed that transpiration rate increased exponentially and at
heading stage, it was maximum.

Sharma and Bhushan (1999) reported that the evapo-transpiration (ET) with time,
irrespective of cultivar and water regime, followed the sigmoidal curve and ET in two
cultivars behaved differently as the soil water regime changed from flooded condition
saturation to 50 K Pa matric suction due to some physiological reasons. Varietal differences

in rice for daily ET were minimal (Sugimoto, 1975) but only under adequate soil water
regime. But the same is not true under deficient water conditions.

2.5 Growth of rice plant as influenced by soil moisture regimes :

Morphologically rice is a non-aquatic plant. Yet in submerged condition, rice plants
behave their maximum growth. This fact has been established by Chaklader (1946), Workers
of IRRI (1963, 1964, 1965), Halm (1967), Jana and Ghildyal (1969), Luxmoore and Stolzy
(1969) and many other workers. Cherian etz al. (1968) reported that the rice plants grown
under flooded condition produced more fresh and dry weight than plants grown under field

capacity. Pande and Singh (1969) found that yields, leaf area, number of effective tillers and
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ratio of sound to unsound grains were more under continuous submerged condition than

under field capacity. Jana and Ghildyal (1969) reported that plants grown under flooded soil
had greater dry weights of shoots and roots than those of the plants grown under non-flooded
condition. Rao and Venkaleswarlu (1989) observed that moisture stress at reproductive and
ripening stage is crucial for growth and productivity of rice. Mandal er al. (1991) reported
that best growth and highest yield was obtained under continuous submergence than
alternative wetting and drying methods and growth characters like plant height, tillering,
straw yield were significantly influenced by continuous submergence. However, in Japan it
has been reported that continuous ponding in the first half of the growing season and alternate
drying and ponding in the later half enhance productivity of the rice crop (Watanabe, 1992).
Budi and Suprihanto (1992) found that moisture stress imposed from panicle initiation to
heading reduced grain yield upto 50% and when the moisture stress was imposed from

heading to maturity, yield reduction was around 70%. Reports by Sekhon er al. (1993)

suggested that the submergence increased shoot height, root, straw and grain weight.

Significant differences in tiller numbers was observed due to cultivars, water regimes and soil
type. They observed that the tiller number reduced due to stress in 10-47.1%. Observation of
Misra and Panda (1994) showed that under shallow water table conditions, continuous
saturation or intermittent ponding during the vegetative stages does not generally affect the
significant grain yield of rice. Early cessation of rainfall and limited availability soil moisture
lead to terminal stress and results in fewer grain number and poor grain filling (Krupp ez a/.,
1972). Similarly, root system and its development are strongly influenced by soil edaphic
factors (Mambani ez al., 1990; Thangaraj er al.,, 1990 and Sharma er al., 1994) and large
genotypic differences have been reported (Klepper ef al.,, 1984 and Yamanchi ez al.,, 1996) in
their response to soil moisture stress. Chauhan ez al. (1996) investigated the effect of soil
moisture stress on growth and development of upland rice at 100, 80, 60 and 40% water
holding capacity in pots and reported that the rice cultivars “Vandana” transpired less water

than the rice cultivars “Brown gora” under stress conditions. They also reported that the

effects of moisture stress become more apparent with age, particularly at 60 and 40% of
water holding capacity. Chaudhary (1997) reported that the rice crop has specific plant
development phases and characteristics when the crop water requirement is high and response
pattern do change with differential irrigation regimes. Singh and Sharma (1997) found that
higher grain yield under continuous ponding and under submergence two days after the
disappearance of ponded water may be due to continuous readily available soil water that
enhanced root growth, resulting in increased water and nutrient uptake. Besides this roots can
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markedly influence the activities of shoot (Torey, 1976) thus affecting the coordinated
development of plant. Kondo er al (2000) reported that in rice, water uptake, dry matter
production in shoot and root length were largely suppressed under severe moisture stress
compared to the mild moisture stress condition. Sarkar (2001) studed a field experiment to
assess the performance of a common rice (IET 4786) under stressed (intermittent ponding)
and non-stressed (continuous ponding) conditions and his results revealed that the highest

grain yield was attained under continuous ponding, followed by under intermittent ponding in
early.
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MATERIALS AND METHODS

Pot experiment was conducted within the Glasshouse at Teaching and Instructional
Farm of Uttar Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, Terai Region of West
Bengal in the year 2002 (Feb to July) for studying “Soil-Water Relations Affecting Rice Root
Porosity, Transpiration and Ion Uptake”. The farm is situated at 26°19°N latitude and
89°23’E longitude and at an altitude of 43 m above mean sea level. This chapter deals with
the materials used and the method followed to conduct this studies.

3.1 Meteorological Feature of the Experimental Site :

The climate of the terai zone is sub-tropical in nature with distinctive characteristics
of high rainfall, high humidity and prolonged winter. There are practically two dominant
seasons in a year — an extended winter or dry rabi season and a long rainy season. The wet or
rainy season is characterized by hot and humid weather, heavy precipitation by South-West
monsoon with cloudy overcast days and fewer hours of bright sunshine. The details of the

meteorological parameters pertaining to the period of experimentation are presented in the
table -1.

Table-1: Meteorological monthly mean data pertaining to the periods of
experimentation. (2002-03)

Temperature (Within glass house) —1
Months
Max (°C) Min (°C)
Feb 28.4 353
March 34.12 18.04
April 33.78 20.25
May 37.42 23.31

3.2 Collection of Soil :

Plough layer soil (0-15 cm depth) from Teaching and Instructional Farm of Uttar
Banga Krishi Viswavidyalaya, Pundibari, was collected. Some physical and chemical

properties of soil used in this investigation are given in the Table -2.
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Table -2 : Physical and chemical properties of the soils
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Properties of the soil Value Method of Determination

A. Physical : International Pipette Method,

1. Mechanical Composition : Kilmer and Alexander (1949).

a) Coarsc sand 13%

b) Fine Sand 10%

c) Silt 48%

d) Clay 28%

2. Texture Clay loam

3. Single Value soil Constants : Keen-Rackzowski Box

a) Maximum water holding capacity 70% measurement, Keen-Racksowski,

b) Volume expansion 5.025% (1921)

c) Bulk density of processed soil 0.932 gcm™

d) Particle density of processed soil 2.296 gcm™

e) Total Porosity 59.4%

4. Saturated Hydraulic conductivity 1.053x 10°cm  Constant Head Permeameter

sec” as described by Baruah &

Brathakur, 1997.

B. Chemical

576 Systronic glass-clectrode pH meter

1.pH using 1 : 2.5 soil-water ratio
(Jackson, 1967)

2. Oxidizable organic carbon 1.02% Modified Walkely & Black method
as described in Jackson (1967)

3 Available Nitrogen (kg/ha) 210.5 Alkalinec potassium permanganate
method of Subbiah and Asija
(1956)

4. Available Phosphorus (kg/ha) 23.53 Ascorbic acid reductant Mecthod as
described by Watanabe and Olsen
(1965)

5. Available Potassium (kg/ha) 142.5 Flame photometer method — Black
(1965)
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3.3 Processing of soil and filling up pots :

The soil was air dried in the shade at room temperature. The air dry soil was crushed
gently with the help of wooden-roller and passed through a 2 mm sieve. Nitrogen as urea @
80 kg/ha, phosphorus as single super phosphate (SSP) @ 40 kg/ha and potassium as
potassium chloride (MOP) @ 40 kg/ha were applied as basal dose and were mixed
thoroughly with entire soil. 6 kg soil (on oven dry weight basis) was potted in polythene pot

(30 cm height and 25 cm diameter) and then glasshouse studies were conducted.

3.4 Treatment and experimental design :

The treatments were 2 varieties of paddy, viz. IRS0 and MWI10 (Ananda); two
moisture levels, viz. Flooding And Field capacity and different stages of growth starting from




transplanting and 4 stages at a regular interval of 20 days afier transplanting (DAT) and at
harvesting. The analysis of variance was done using three factor C.R.D. considering, Factor
1= variety, Factor 2 = moisture levels and Factor 3 = stages of growth. All treatments were

replicated 3 times. Thus in all, there were 60 planted pots. Besides these, there were 6 pots

without any plants in which 3 pots were under flooded condition and remaining 3 pots were
at field capacity.

3.5 Glasshouse studies :

Seedlings were grown in the nursery bed very near to the field from which the soil
was collected. Treated seeds were soaked in water and were sown in the seed bed on 25%

January, 2002. The percentage moisture retain in the soil at field capacity was determined by
redistribution process after infiltration of ponding water for several hours. Measured amount
of water was added in the pots to maintain field capacity and flooding condition of soil. Three
seedlings in a hill of 31 days old were transplanted in all the pots on 25" Feb, 2002. Moisture
levels were maintained by adding the amount of water which was lost due to evapo-
transpiration (ET). Evapo-transpiration (ET) was measured by weighing the pots on every
alternate days during the initial stages, afterwards, the weight has been taken every day.
Evaporation from pots without any plant and having the other conditions similar as those of

planted pots were also measured.
3.6 Sampling and preparation for analysis :

At the time of transplanting seedlings of the two varieties were taken separately.
Plants samples were taken at a regular interval of 20 days after transplanting (DAT) in 4
stages and at harvest. For different stages and at harvest a set of 12 different pots were
chosen. At the time of sampling plants were removed from each pot separately. The roots
were washed to removed the adhering soils and the root portion were detached. Root porosity
were then determined by Pycnometer method as describe in section-3.7. The shoots were air

dried in shade and were placed in brown paper bags which was dried in an electric oven for
24 hours and the dry weight was recorded.

3.7 Measurement of root porosity :

Root porosity (volume of gas space/unit volume of root) was determined by

Pycnometer method as given by Jensen ez al. (1969).
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The weight of root sample alone (W;); the weight of root sample in a pycnometer
bottle filled with water (W, . v); the weight of ground root in Pycnometer bottle filled with
water (Wh) and the weight of the bottle filled with water only (W) were taken and the root
porosity in percentage (%) was calculated with the following formula,

Wh - Wi w

Percent root porosity =
Wy + Wy — Wi w

3.8 Growth study :

At different stages and time of harvesting average number of tillers, height of plants,
number of leaves and fresh weight of plant samples were measured. Dry weight of shoot were

also recorded.

3.9 Determination of total nitrogen (N) :

Total nitrogen of plant sample was determined by modified Kjeldhal method as
described by (Jackson, 1967). In this method plants samples were digested in H,SO4 at a
temperature between 360 and 410°C. The rate of digestion was accelerated by using K>SO,
CuSO4 and selenium powder in the ratio of 100 : 10 : 1 and mercury oxide was also added.
On completion of digestion 40% NaOH was added to the digested material for distillation.
The distil ammonia was quantitatively absorbed in boric acid and titrated with standard

sulfuric acid.

3.10 Wet digestion of plant tissues :

Oxidation of organic matter of plant tissue and release of mineral elements was done
by means of solution of di acid mixture (Conc. HNO3; and 60% HCIO,; mixed in a volume
ratio of 3 : 1 respectively). Pre-digestion of plant tissue in HNO3; prior to the addition of acid
mixture were done first. The residue of the digested materials was dissolved in conc. HCL
The volume of digested materials was made up by double distilled water into the volumetric
flasks. These solution were used for determination of inorganic elements such as P, K, Ca and
Mg present in the plant tissue.

3.11 Determination of potassium (K) content :

Potassium content of the digested materials was estimated by Flame-Photometer
(Systronic type -128) as described by Black (1965).




3.12 Determination of Calcium (Ca) and Magnesium (Mg) :

Calcium (Ca) and Magnesium (Mg) was determined by Complexometric titration
using EDTA as described by Tucker and Kurtz (1961). EDTA forms a stable metal complex

with many metals at different pH. The interference of metals other than Ca & Mg was
removed by adding other chealiting compounds, like hydroxyl

amine hydrochloride,
potassium ferrocyanide etc.

3.13 Determination of phosphorus :

Phosphorus was determined by Vanadomolybdo-phosphoric yellow colour method in

nitric acid system and the intensity of colour was read in UV-vis Spectrophotometer
(Systronic type - 117) at 420 nm as described by Jackson (1967).

3.14 Symbols used :

F = Flooding

F.C =>» Field capacity

ViM,; = MW 10, Flooding
ViM> = MW 10, Field capacity
VoM; =2 IR 50, Flooding

VaM> =2 IR 50, Field capacity
H =2 Harvest
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RESULTS

4.1 Root porosity :
Rice root porosity under different soil water regimes at different stages of growth.

Percent root porosity and total root porosity for two varieties of paddy viz. MW 10 and
IR 50 grown under two soil water regimes viz. flooding and field capacity at different stages of
growth are shown in Table - 3 and Table - 4 respectively.

4.1.1 Percent root porosity :

The variation of percent root porosity with stages of growth are shown in Fig-1(a).

Percent root porosity varied with variety being more for MW 10 but variation between
two varieties was insignificant. It also varied significantly with stages of growth. At seedling
stage percent root porosity was 18.69 for MW 10 and 19.87 for IR 50. Under flooding it reached
peak values of 27.33 for MW 10 on 60™ day and 25.52 for IR 50 on 40™ day after transplanting
followed by subsequent decrease with plant age. Under field capacity it was minimum on 20"

day and attained a maximum value of 20.97 for MW 10 and 18.05 for IR 50 on 60™ day after
transplanting and then decreases with plant age.

The difference of percent root porosity between two soil moisture regimes was significant
at all stages. It was more under flooding than field capacity. Under flooding it ranged between
11.16 to 27.33 for MW 10 and 17.10 to 25.53 for IR 50. Under field capacity it varied within a
limitof 11.16 to 20.97 for MW 10 and 12.70 to 18.05 for IR 50.

4.1.2 Total root porosity :

The variation of total root porosity with stage of growth are presented in Fig.-1(b).

Total root porosity tended to be more for MW 10 than for IR 50. It also varied greatly
with stages of growth. At seedling stage it was 0.1338 cm®/pot for MW 10 and 0.1324 cm®/pot
for IR 50. Total root porosity for MW 10 and IR 50 reached a peak values of 180.88 cm”/pot and
144.83 cm’/pot respectively under flooding and 46.27 cm®/pot and 35.41 cm®/pot under field
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capacity on 60" day after transplanting and then decreased with plant age. Under flooding the
increase was gradual from the day after transplanting to 20" day and sharp from 20" to 60" day

but under field capacity the increase was negligible from the day after transplanting to 20™ day
and gradual from 20™ to 60" day .

Total root porosity also varied greatly with soil moisture regimes, being more under
flooding. Under flooding it ranged from 9.92 cm®/pot to180.88 cm/pot for MW 10 and 6.73
em®/pot to 144.83 cm’/pot for IR 50. Under field capacity it varied between 1.30 cm?/pot to
46.27 cm’/pot for MW 10 and 1.08 cm®/pot to 35.41 cm”/pot for IR 50.

Table -3. Percentage root porosity under different soil water regimes at different stages of

growth.

s .ftqﬁr o Root porosity (%) e i
transplanting = I Fe ¥ I Fc
o 18.69 19.87
20 21.03 12.39 17.10 12.8§‘
40 22.96 16.75 2552 13.01
60 2733 20.97 23:51 18.05
80 11.16 11.66 17.66 12.70
C.D. at 5%

a) For two variety : 0.668

b) For two moisture levels : 0.668

c) For 4 stages of growth : 0.944

Table-4. Total root porosity under different soil water regimes at different stages growth

- .“'fr T Total root porosity (cm>) —
transplanting F l Fe ¥ l Fe
0 0.133 0.132
20 9.923 1.304 6.737 1.089
40 72.245 28.578 66.330 19.114
60 180.881 46.273 144.835 35417
80 75.273 24 885 - 107.836 20.730
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42 Water relation under varies soil water regimes at different stages of
growth

4.2.1 Transpiration :

It is the process through which soil water passes into the atmosphere through the tissues
of a aerial parts of living plant such as leaves, green shoot etc. The variation of water transpired

per day per pot (3 plants) with stages of growth are presented in the Fig.-2 and the experimental
results are shown in Table - 5.

Table-5. Transpiration under varying soil water regimes at different stages of growth

Deys » fte:r v o Transpiration (ml/day/pot) %o 77 J
transplanting ¥ Fe ¥ Fe
20 2033 18.00 18.08 16.83
40 44 .90 16.33 23.75 15.91
60 117.26 18.61 54.02 1694
80 172.52 1943 155.87 18.50
Harvest 164.48 15.36 145.13 11.39

The amount of water transpired per day per pot tended to be more for MW 10 than for IR
50 under flooded condition. Under field capacity it was almost same for both the varieties. It
varied greatly with stages of growth. Under flooding it increased rapidly to the values of 172.52
ml for MW 10 and 155.87 ml for IR 50 on 80" day after transplanting and th’en decreased
slightly with plant age . Under field capacity it remained almost constant upto 80 days and then
decreased slightly with plant age. As soil water regimes varied from field capacity to flooding,
the amount of water transpired per day per pot increased greatly. Under flooding it ranged
between 20.33 ml to 172.52 ml for MW 18 08 to 155.87 ml for IR 50. Under field capacity the
corresponding values were 18.0 ml to 19.48 ml for MW 10 and 16.83 ml to 18.50 ml for IR 50.

4.2.2 Transpiration ratio :

It is the amount of water transpired for production of unit amount of dry matter. The

variation of transpiration ratio are presented graphically in Fig.-3 and the experimental results are
shown in Table - 8.
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Fig. 1(a) : Changes in percent root porosity of rice under varying
soil moisture regimes at different stages of growth

—*—ViM1 —=—V1M2 —a—V2M1 —e—V2M2

|~ 200

| E

iE 150

8

§ 100

g8 50

= |

= o .

Days after transplanting

Fig. 1(b) : Changes in total root porosity of rice under varying soil
moisture regimes at different stages of growth
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Fig. 2 : Transpiration under varying soil water regimes
at different stages of growth
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Plate 1: Plant height and growth at 40 days after transplanting
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Table - 8. Water relations under varying soil water regimes at different stages of growth.

MW10
Days after
transplanting Transpiration Transpiration Transpiration (ml)
ratio efficiency
F Fc F Fc F Fc
20 677.71 900.00 0.0014763 0.0011116 406.66 360.00
40 311.94 893.45 0.0032153 0.0011210 1796.00 653.33
60 632.04 482.85 0.0015816 0.0020843 7035.66 1116.66
80 646.46 271.70 0.0015520 0.0036833 13802.33 1559.00
H 516.70 163.34 0.0019133 0.0061570 18915.33 2258.33
IRS0
Days after Transpiration Transpiration Transpiration (ml)
transplanting ratio efficiency
20 641.67 930.58 0.0015646 0.0010851 361.66 336.66
40 229.36 921.28 0.0043700 0.0010967 950.00 636.66
60 378.28 899.98 0.0026500 0.0011126 3241.66 1016.66
80 793.58 386.35 0.0012636 0.0026110 12470.00 1480.66
H 586.05 168.59 0.0017100 0.0059340 16690.00 1675.00

Transpiration ratio was very much affected with variety. It tended to more for IR50.
Under flooding it was more for MW 10 upto 60" while the condition became reversed from 80"
day .But under field capacity it was more for IR 50. The variation in transpiration ratio at
different stages of growth were noteworthy. Under flooding it decreased to a minimum value on
40™ day ,then increased to maximum value on 80" day again decreased with plant age .Under
field capacity it remained almost same upto 40" day for MW10 and 60" day for IR50 and then
decreased sharply with plant age

The difference in transpiration ratio for two moisture levels was significant, being more
under field capacity . Transpiration ratio was more under field capacity upto 40" day for MW 10
than under flooding but the condition became reversed afterwards. Under flooding it ranged
between 311.94 to 677.77 for MW 10 and 229.36 to 793.58 for IR 50. The corresponding values
under field capacity were 163.34 to 900.00 and 168.59 to 930.58 for MW 10 and IR 50
respectively.

4.23. Transpiration efficiency :
It 1s the amount of water used in transpiration for production of unit amount of dry
matter. The variation of transpiration efficiency with stages of growth were presenting in Fig-4.

and the results being shown in Table - 8.
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The variation in transpiration efficiency for the two varieties varied greatly with stages of
growth. Under flooding it was more for IR 50 upto o™ days and for rest of the period it was less
for IR 50. But under field capacity it was almost same upto 40™ days and then it be came more
for MWI10. It also varied greatly with stages of growth. Under flooding it increased gradually
upto 40™ day in both the varieties and then decreases sharply upto 60" day for MW 10 and 80"
day for IR 50 and again increases very slightly upto harvest. Under field capacity it remained
almost same upto 40™ day for MW10 and 60" day for IR50 and then increased with plant age.
The wvarnation in transpiration efficiency for two soil moisture regimes was found to be
significant. Under flooding it ranged between .001476 to .003215 for MW 10 and .00126 to

.004370 for IR 50. Under field capacity the corresponding values were .001111 to .006157 for
MW 10 and .00108S5 to .005934 for IR 50.

4.3 Nutrient content and nutrient uptake by shoot under different soil

moisture regimes at different stages of growth.

At different stages of growth the nitrogen, phosphorus, potassium, calcium and

magnesium content and uptake for MW 10 and IR 50 varieties of paddy, grown under flooding
and field capacity are given in Table-6 and Table-7 respectively.

4.3.1 Nitrogen :

The variation of nitrogen content and nitrogen uptake with stages of growth are shown in
Fig5(a). and Fig. 5(b) respectively.

4.3.1.1 Nitrogen content :

The variation in nitrogen content between two varieties was significant, being more for
IRS0. Under flooded condition nitrogen content tended to be more for MW 10 than for IR 50
upto 40® day and then the condition became reversed. But under field capacity it was always
more for IR 50 than MW 10. The changes in nitrogen content at different stages of growth were
noteworthy. At seedling stage percent nitrogen content for MW 10 and IR 50 was 2.8 and 2.82
respectively. Under flooding it increased to the maximum values of 3.720 for MW 10 and 3.738
for IR 50 on 20™ day after transplanting and then decreased continuously to a value of 1.16 for
MW 10 and 0.96 for IR 50. Similar results was also obtained under field capacity and its value
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ranged from 1.78 to 3.323 for MW 10 and 1.843 to 3.297 for IR 50. The variation in percent
nitrogen content for the two moisture levels was significant. It increased as the soil moisture
regimes varied from flooding to field capacity. Under flooding it varied from a maximum of 3.72
to a minimum of 1.16 for MW 10 and from maximum of 3.728 to a minimum of 0.96 for IR 50

whereas under field capacity the corresponding values were 3.323 to 1.780 for MW 10 and to
1.843 for IR 50.

Table -6. Nutrient content of shoot under different soil water regimes at different stages of

growth
MW10 (%)
o B : K CR—
P €™ F | Fe F | Fec ¥F | Fe F | Fec F Fc
o 28 0.32 2.86 0.38 0.36
20 3.720 | 3.323 | 0455 | 0.341 | 3.147 | 3.290 | 0.500 | 0.403 | 0.374 | 0.364
40 2743 1 3.117 | 032910217 | 2:150 | 2.197 | 0.442 ] 0.360 10413 01301
60 2.173 | 2.763 | 0.218 | 0.183 | 1.517 | 1.647 | 0.262 | 0.227 | 0.290 | 0.283
80 1.373 | 2.133 | 0.203 | 0.141 | 1.300 | 1.287 | 0.390 | 0.310 | 0.310 | 0.330
Harvest 1.160 | 1.780 | 0.179 | 0.118 | 1.133 | 1.150 | 0.405 | 0.390 | 0.378 | 0.360
IRS50 (%)
Days after
= P K Ca Mg
R S N ¥ | Fc ¥ | Fc ¥ | Fe ¥ _ | Fc
[5) 2.82 0.41 294 0.36 0.37
20 3.738 | 3.297 | 0.456 [ 0375 | 3.071 [ 3.240 | 0.450 [ 0.390 | 0.383 [ 0.352
40 3.057 | 3.257 | 0374 | 0.249 | 2210 | 2.190 | 0.413 | 0.350 | 0.399 | 0.400
60 1.803 | 3.060 | 0295 | 0.203 | 1.663 | 1.480 | 0.253 | 0.217 | 0.257 | 0.257
80 1.300 | 2.547 [0261 |0.162 | 1.283 | 1.253 | 0.357 | 0.332 | 0.292 | 0.330
Harvest 0960 | 1.843 | 0240 | 0.138 | 1.170 | 1.120 | 0.392 | 0.401 | 0.377 | 0.370
CD. at 5% N P ik Ca Mg
a) For two variety 0.043 0.004 0.022 0.006 0.028
b) For two moisture levels 0.043 0.004 0.022 0.006 0.028
c) For five stages of growth 0.068 0.006 0.035 0.010 0.406
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Table -7. Nutrient uptake by shoot under different soil water regimes at different stages of

growth. (mg/pot)

f{ MW10
| Days after N P K Ca ™M

o SN F | Fc ¥ | ¥e ¥ | Fec F | Fc F_ | Fc
0 1.92 0.219 1.961 0.260 0.240
20 22.293 13.267 2.728 1.393 18.880 13.160 | 3.000 1.611 2.240 1.353
40 158.247 | 21.800 18.958 1.588 123.963 | 16.073 | 25.443 2.637 23.833 | 2.937
60 241.213 | 64.400 | 24307 | 4.251 168.767 | 38.667 | 29.177 5.273 32.320 | 6.427
80 203 333 | 122293 | 41.396 | 8.100 | 269.747 | 73.773 | 83.527 | 18.787 | 66.273 18.40

Harvest 321.463 | 137360 | 46.641 | 10409 | 286.313 | 91.167 | 95.373 | 29.467 | 92.537 | 28.873
IR50
Days after
o planting N P K Ca Mg
F [ _Fe Be )i Fe F | Fo.ll Ko A
0 2.658 0.386 Z2.772 0.339 0.348
20 [ 21.167 | 14.267 2.583 1.374 17.397 11870 | 2.550 ) 1433 2.163 1.290
40 124.733 23.183 15.220 1.743 89.833 14.200 | 16.787 | 2.457 16193 | 2797
60 155.100 | 36.033 25350 ] 2.30S 142.740 | 17.840 | 21.720 | 4.447 22.060 | 3.013
80 198.787 | 90.633 41.057 | 5.840 | 201.987 | 47.227 | 56.080 | 12.380 | 45.877 | 12.560
Harvest 221.657 | 114.967 | 48.777 | 8.416 | 228,677 | 59.840 | 73.847 | 20.333 | 70.123 | 19.947
C.D. at 5% N » K Ca Mg |

a) For two variety B 0.422 2.433 1.086 0.975

b) For two moisture levels 3.72 0.422 2.433 1.086 0.975

c) For five stages of growth 5.881 0.667 3.847 1.718 1.542

4.3.1.2 Nitrogen uptake :

Nitrogen uptake was more for MW 10 than for IR 50. At seedling stage it was 1.92
mg/pot for MW10 and 2.658 mg/pot for IR 50. It increased with increase of plant age. Under
field capacity the rate of uptake was slow up to 40" day for MW10 & 60™ day for IR50; rapide
upto 80" & gradual afterwards. Under flooding for MW 10 the rate uptake was slow upto 20"
day, very sharp from 20" day to 60™ day, rapid from 60" to 80" day and gradual from 80™ day to
harvest; but for IR 50 it was slow upto 20" day, sharp upto 40™ day and gradual afterwards.

Nitrogen uptake increased greatly with increase of soil moisture regimes. Under flooding
nitrogen uptake /pot ranged between 22 .29 mg to 321.46 mg for MW 10 and 21.17 mg to 221.66
mg for IR 50, while the corresponding values ranged for field capacity 13.27 mg to 137.36 mg
for MW 10 and 14.27 mg to 114.97 mg for IR 50.
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4.3.2 Phosphorus:

The variation of phosphorus content and phosphorus uptake with stages of growth are
shown in Fig. 6(a) and Fig. 6 (b) respectively.

4.3.2.1 Phosphorus content :

The wvariation in phosphorus content for the two varieties was significant. It was more for
IR 50 than for MW 10 under both the soil moisture regimes. The changes in phosphorus content
at different stages of growth were noteworthy. At seedling stage percentage phosphorus content
for MW 10 and IR 50 was 0.32 and 0.41 respectively. Under flooding it increase to the
maximum values of 0.455 for MW 10 and 0.456 for IR 50 on 20" day after transplanting and
then decreases continuously to a value of 0.179 for MW 10 and 0.240 for IR 50. Similar results
was also obtained under field capacity and its value ranged from 0.118 to 0.341 for MW 10 and
0.138 to 0.375 for IR 50. The variation in percentage phosphorus content for the two moisture
levels was significant. It increased as the soil moisture regimes varied from field capacity to
flooding. Under flooding it varied from a maximum value of 0.455 to a minimum value of 0.179
for MW 10 and from a maximum of 0.456 to a minimum of 0.24 for IR 50. Whereas under field
capacity the corresponding values were 0.341 t0 0.118 for MW 10 and 0.375 to 0.138 for IR 50.

4.3.2.2 Phosphorus uptake :

Phosphorus uptake was more for MW 10 than for IR 50. At seedling stage it was 0.219
mg/pot for MW 10 and 0.386 mg/pot for IR 50. It increased with increase of plant age. The rate
of uptake was slow upto 20" day under flooding but for field capacity it was upto 40" day after

wards. Under flooding it became rapid from 20™ day to 80™ day and slow. Under field capacity
the rate of uptake was gradual from 40™ to harvesting stage.

Phosphorus uptake varied significantly with variation of soil moisture regimes. It was
much more under flooding than field capacity. Under flooding phosphorus uptake per pot ranged
between 2.728 mg to 46.641 mg for MW 10 and 2.583 mg to 48.777 mg for IR 50. While the
corresponding values for field capacity ranged from 1.393 mg to 10.409 mg for MW 10 and
1.374 mg to 8.416 mg for IR 50.
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4.3.3 Potassium :

The variation of potassium content and potassium uptake with stages of growth are
presented in Fig. 7(a) and Fig. 7(b)

4.3.3.1 Potassium content :

Variety did not differ much with respect to potassium content. The changes in potassium
content was significant at different stages of growth. At seedling stage percentage potassium
content were 2.86 and 2.94 for MW 10 and IR 50 respectively. Under both soil moisture regimes
it reached to the maximum values on 20™ day after transplanting and then decreased gradually
with plant age.

The difference in potassium content for the two soil moisture regimes was significant
only on 20™ day after transplanting; the content being more under field capacity. On 20" day the
values were 3.147% for MW 10 and 3.071% for IR 50 under flooding and 3.29% for MW 10 and
3.24% for IR 50 under field capacity. Rest of the growth period the values were insignificant
between the soil water regimes. Under flooding the variation of percent potassium content was
from 1.133 to 3.147 for MW 10 and 1.170 to 3.071 for IR 50. The corresponding variations
under field capacity were from 1.150 to 3.290 for MW 10 and 1.12 to 3.240 for IR 50.

4.3.3.2 Potassium uptake :

There was significant difference in potassium uptake for the two varieties, being more for
MW 10. The variation in potassium uptake was found to be significant at different stages of
growth. At seedling stage it was 1.96 mg/pot and 2.772 mg/pot for MW 10 and IR 50
respectively. It increased with increase of plant age. The rate of uptake was slow upto 20™ day
under flooding and it increased rapidly upto 80" day followed by a reduction in the rate of

increase. Under field capacity the rate of uptake was slow upto 40™ day and then it increased
gradually with increase with plant age.

Total potassium uptake which is closely related with dry matter production increased
with increase in soil moisture regimes. Under flooding potassium uptake per pot varied between
18.88 mg to 286.313 mg for MW 10 and 17.397 mg to 228.677 mg for IR 50. Under field

capacity the corresponding values were 13.16 mg to 91.167 mg for MW 10 and 11.87 mg to
59.84 mg for IR 50.
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REVIEW OF LITERATURE

are affected and under severe deficits, death of plants may results. Submergence of the soil

create the chemical and biological basis for a continuous renewal of the s

ystem’s soil fertility
(Ponnamperuma, 1984, Roger,

1996). Concentration of phosphorus, potassium, iron,

manganese and silicon increases under submerged situation and increases the uptake of these
nutrients elements.

This chapter deals with the review of literature regarding the effect of soil moisture

regimes on root porosity, transpiration and nutrient uptake.
2.1 Root porosity of plants as influenced by soil-moisture regimes :

Root porosity may be defined as the volume of gas space per unit volume of root. It is
one of the factors used in assessing internal aeration. Growth of plant roots require a supply
of oxygen and an escape mechanism for liberation of carbon dioxide during respiration. The
internal transfer of Oz from shoots to roots within aerenchymatous cortical tissue is an
important mechanisms for completc or partial avoidance of Oz-deficiency in many cereal
species. Rice, being a semi-aquatic plant, the system of interconnected gas space or lacunae is
very well developed (Armstrong, 1979), but the demand for O, is just as great as in non
wetland species (Armstrong and Wcbb, 1985).

Studies have pointed out that aeration for rice roots can occur within the plant and
without need of aeration through the soil. Norris (1913) observed that gas spaces were
invariably present in the roots of Zea mays when cultured in water, but these were found to be
reduced when the roots are grown in porous soil. Juliano and Aldama (1937) observed air

channels in cortex of roots, stems and leaf blades of rice plant. Mepherson (1939) observed
an increase in gas space of maize root tissue due to the death and decay of the protoplasm in
root cells. He explained that below the critical oxygen pressure, in anaerobic respiration the

cells used up food material more rapidly than they were being supplied by the conducting
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Barber ef al. (1962) studied the movement of 0" through barley and rice plan

found that the movement of oxygen through rice and barley plants from the shoot to the root

was simple gaseous diffusion processes through intercellular spaces. Gas spaces in rice plants
contributed 5 to 30 per cent of the root tissue where as that of barley were below 1 percent.

Luxmoore and Stolzy (1969) in nutrient solution experiment with rice and maize

plants reported that adventitious roots were more porous than primary roots indicating that
adventitious roots had considerable significance in internal aeration. No effect of solution O;
concentration on root porosity was observed by them which suggested that space
development might be less dependent on oxygen supply. Jensen er al. (1967) also did not

observe any significant effect of oxygen treatment on root porosity.

T.uxmoore ez al. (1970) in pot experiment with rice and maize plants reported that the

root tip segment was characterized by the highest maximum respiration rate, highest

. permeability and lowest porosity. Both respiration rate and permeability decreased with
distance from the root tip, whereas porosity increased. They stated that the linear increase in
the porosity in first 6 cm from the root tip was indicative of a cumulative increase in the

development of gas spaces resulting from differential cellular growth and from the decay of
cells.

Saha er al. (1973) conducted a pot experiment to investigate the effect of soil water
regimes on root porosity of two rice varieties grown under flooded and field capacity. They
showed that a variation in the soil moisture regimes from field capacity to flooded condition
resulting in a great increase in the total root porosity. The varietal differences of percent root
porosity was observed and showed that root porosity (%) was more for ‘IR-8’ than for ‘Jaya’.
Root porosity (%) varied significantly with the stage of growth. Under flooded condition, it
reached a peak on 20™ day and subsequently there was a gradual decrease with the age of the
plant. Under irrigation to field capacity, root porosity attained the maximum wvalues on the
40" day and then decreased rapidly. They further showed that the total root porosity was
parallel to the growth of the root and increased with an increase in the level of soil moisture

and it also varied greatly with the stagc of growtl.



In submerged soils, the availability of water to roots was more owing to higher root
porosity and lower root resistance to water transport (Sahu ez al., 1973; Tomar and Ghildyal,
1975), increasing the transpiration losses (Patel ef al., 1979). Under unsaturated soil-water
regimes, limited supply of water, less root porosity and higher resistance might have resulted
in lower rate of water uptake. As a result, the amount of water transpired was less under
saturated and unsaturated soil water regimes than under submergence. Drenth ez al. (1991)

also reported the similar results that root porosity was higher in anaerobic soil than in aerobic

soil, and that younger roots were more porous than older roots.

Justin and Armstrong (1991) carried out a study on two rice cultivars and reported
that cavity formation in roots is controlled by endogenous levels of ethene and also showed
that root porosity varied with root length and the inhibitory effect of the silver ion on
aerenchyma development appeared to be greater. They also concluded that ethene had

increased root porosity and AgNOs; had decreased it and aerenchyma development in both

cultivars was also enhanced by flooding, with percentage porosities 12 units higher in flooded
than in drained soil.

A study was conducted by Sekhon er al/. (1993) on the influence of soil redox
conditions on root and shoot growth characteristics in rice and the results show that
submergence alone increased (plant height, leaf area) root porosity, root, straw and grain
weight. They also shows that root density tended to increase in surface layers with increase in
reduction status of soil. Neue e7 al. (1997) reported that during ripening and maturity root

exudation, root porosity and root oxidation power of rice may control methane emission
rates.

2.2 Nutrient uptake as influence by soil moisture regimes :

Waterlogging causes changes in the properties of soils which profoundly affect the
nutrition of low land rice. The root zone is changed from aerobic to anaerobic environment as
a result of drastic decrease in the oxygen supply in the soil. Chaudhary and McLean (1963)
reported that in a green house experiment with poorly drained mineral soil, rice plants grown
under flooded conditions contained higher concentrations of phosphorus and manganese in
shoots than those grown under unflooded condition. The concentration of iron in shoots did

not change significantly due to flooded or unflooded conditions of soil. He explained that due
to the lack of adequate supply of phosphorus and manganese in available form for rice might

have contributed to the poor performance of rice plants under unflooded conditions. Workers



of IRRI (1964) reported that phosphorus, potassium, calcium, magnesium, iron and
manganese contents were more in rice plants grown under flooded condition than under
unflooded condition. Enyi (1965) found that concentration of nitrogen, phosphorus,

manganese, zinc, copper, molybdenum and boron in upland rice plants grown under flooded
condition was higher than that of the plants grown under unflooded condition. In a green

house experiment with two varieties paddy noted that uptake of potassium was unaffected by
flooding, where as phosphorus uptake was lower at field capacity suggesting that phosphorus
availability was higher under flooded condition. Cherian e al. (1968) in pot experiment with
rice observed that uptake of iron, manganese and phosphorus was increased, but the uptake of
calcium, magnesium, potassium and zinc was decreased by flooding the soil. Pande and
Singh (969) reported that nitrogen, phosphorus, iron and manganese contents were more
under continuous submerged conditions than under field capacity. In a pot experiment, the
results shows that concentration of potassium, calcium & magnesium in shoots of rice plant
decreased with the increase in soil moisture from field capacity to flooding but the case was
reversed for iron and manganese (Sharma, 1970). Saha ez al. (1973) reported that a variation
in the soil moisture regimes from field capacity to flooded condition resulted in a great
increase in nutrient uptake. They explained that the more nutrient uptake as a result of
increase availability of nutrients, together with greater transpiraticnal transfer of water and
ions facilitated by increase root porosity. The increase in soil pH in acid soils under
waterlogged condition has been reported by Mohanty and Patnaik (1975), which might be
due to ferrous-ferric equilibrium (Ponnamperuma, 1972). Earlier laboratory experiments on
submerged soils indicated increased availability of NH*'-N (Mohanty and Patnaik, 1975),
phosphorus (Mandal, 1964; Mohanty and Patnaik, 1977), iron and manganese
(Ponnamperuma, 1977; Mohanty & Patnaik, 1977). Singh and Ram (1976) reported that the
general trend of transformation of applied phosphorus was identical under field capacity and
submergence in certain soils of Uttar Pradesh, the rate as well as the magnitude of
transformation being higher under waterlogged conditions but Mandal and Khan (1976) did
not find significant effect of water treatments on the phosphate transformation pattern in rice
soils. Pillai and De (1979) reported that nitrogen uptake was more under continuous
submergence than under alternate submergence. The uptake of phosphorus by rice in
submerged soil was three to four times higher than in non-submerged soil and the high
phosphorus content in the shoot tissue of plants grown under water logging might help the
plants to elongate during submergence period (Bora and Goswami, 1980). The total nutrient

uptake of nitrogen, phosphorus, potassium, calcium and magnesium under lowland situation



were reported to 78.20, 22.14, 103.52, 10.23 and 27.18 kg/ha respectively under normal

doses (60, 40, 40) of fertilizer application (Pande er al., 1985). Saikia and Dutta (1989)
conducted a two years field experiment and showed that the nitrogen uptake by grain and
straw were significantly higher under continuous submergence and also increased with

increasing levels of nitrogen.

Subramanian and Gopalswamy (1991) conducted an incubation study for a period of
45 days to study the influence of moisture, organic matter, phosphate and silicate on the
availability of silicon and phosphorus in four rice soils. They observed that continuous
submergence of soil and addition of organic matter resulted in an increase in the availability
of silicon and phosphorus. The addition of silicon significantly increased the availability of
silicon in all soils and available silicon and phosphorus increased initially and subsequently
decreased with passage of time. Phosphorus transformation in four rice soils under different
soil water regimes under laboratory conditions was studied by Kumaraswamy and
Sreeramula (1992) and their results reviewed that in all soils solid phosphorus disappeared
even in the early stages of incubation and most of added P was fixed initially as AIl-P.
Transformation of phosphorus into different inorganic -P fractions followed almost similar
pattern under both soil water regimes. With péssage of time, a portion of the AI-P was
transformed into Fe-P in soils originally preponderant in this fraction and into Ca-P in the soil
originally preponderant in Ca-P. Transport of the more soluble nutrient ions, such as NH*"
and K* to the root surfaces is rapid enough in well-puddled flooded soils so that they do not
limit uptake rates. But if the soil is not well-puddled or if it is dried and re-flooded, transport
rates may become limiting (Kirk and Solvas, 1994). Patra er al. (1995) studied the effect of
wvariable moisture treatments, namely air drying, 50 per cent water holding capacity, 100 per
cent water holding capacity, continuous submergence and alternate and drying ‘on the
available potassium of five tarai soils have shown that the highest level of available
potassium was maintained by 50% water holding capacity and lowest level of alternate

wetting and drying. Continuous submergence was not found favourable for potassium
availability.

Alam and Ladha (1997) pointed out that the P deficiency aggravates the drought
effect by retarding thc growth and delaying maturity of rice. This severity may be due to the
alternate wetting and drying cycles in rainfed lowlands that may offset the increased P

availability by submergence. Field experiment at the International Rice Research Institute

(IRRI), during dry season was conducted by Castillo ef al. (1998) and their results shows that




in all fertilizer and crop establishment treatments, straw nitrogen concentrations of the
stressed plants were higher than those of the well-watered plants. They explained that the

high straw nitrogen concentration in the stress treatment could be attributed to the lack of

complete senescence of the plants. They farther showed that grain nitrogen uptake in the
stressed plants was lower than in the well-watered plants, mainly because of the significantly
higher vield of the flooded treatment but the total nitrogen uptake in the stressed trcatment

was similar to that of the flooded treatment.

Zhang er al. (2000) showed that flooding strongly increased phosphorus adsorption
and decreased phosphorus desorption in the paddy soil while simulated oxygen secretion
from rice root significantly reduced phosphorus adsorption and enhanced both phosphorus
desorption in rhizosphere and phosphorus uptake by ion-exchanger. They explained that the
effect of oxygen secretion from rice root should be one of the important mechanisms for rice
take up of phosphorus, normally under the conditions of phosphorus availability reduction by
flooding. Phosphorus availability in the soil reduced by flooding should be onec related to the

transformation of phosphorus fractions because of AIl-P fraction increased by phosphorus

amendment in the soil was almost transformed into the Fe-P fraction by two week flooding.

2.3 Nutrient uptake at different stages of growth :

The process of nutrient uptake in rice at different stages of growth is the function of
climate, soil properties, amount of fertilizers applied, variety and the method of cultivation
(Ishizuka, 1964).

Dion er al. (1949) pointed out that the main absorption of phosphorus occurred before
maturity. Tanaka er o/ (1959) obsecrved that uptake of phosphorus steadily increased and
almost reached the maximum during the active tillering phase and thereafter absorption was
negligible. Gama and Mellow (1960) found that phosphorus absorption increased until
maturity and suggests that there would be an advantage in applying split amount of
phosphatic fertilizers to rice. Bhumbla and Rana (1965) found that rice plant continued to
take up phosphorus from soil even after the boot stage. But phosphorus applied at later stages
of growth resulted in increasing phosphorus content of straw, and a very small percent of it
was utilized for grain formation. Patnaik es a/. (1965) conducted solution culture experiments
with early and medium duration Indica and reported that phosphorus absorbed after tillering
stage tended to be accumulated in straw and root with no advantage to grain yield. This result

suggested that an early application of phosphorus is desirable. Sims and Place (1968) in a




field experiment with rice reported that percent content of phosphorus did not differ with
respect to plant age. As total uptake of phosphorus is closely related with dry matter
production, it increased with plant age. They also reported that percentage content of

potassium decreascd with age of the plant but total potassium uptake increased with age of
the plant.

Workers of IRRI (1964) flooded the rice field after 20 days of sowing and measured
nutrient content at a regular interval of 3 weeks after flooding. They observed that the
contents of phosphorus and potassium were high on the 3™ weck after flooding and decreased
with plant age while calcium, magnesium, iron and manganese contents continued to increase
upto the 6™ week and then decreased. Ishizuka (1964) reported that percentage of potassium
and calcium in rice plant decreased after transplanting from the value obtained at seedling

stage, then again increased and reached a high percentage after flowering until complete

ripening while percentage magnesium was high from transplanting to middle of tillering.

2.4 Transpiration in relation to the soil moisture content, nutrient uptake
and age of the rice plant :

The relationship between the rate at which water, rubidium and phosphorus ions are
absorbed by intact plants and transferred to their shoots was investigated by Russel and

Shorrocks (1959) in water culture under varying conditions of transpiration and nutrient

supply. They reported that when the external concentration and the nutrient status of the
plants were low, transpiration rate had little effect on the transportation of nutrients to shoots
when the external concentration and the nutrient status of the plants are high the rate of
transfer of ions to shoots varied closely with the rate of transpiration. Russel and Barber
(1960) reported that when ions were transferred from the outer medium to the shoot, the
movement of ions could be accelerated by increasing the rate of transpiration. Slatyer (1962)

stated that transpiration could increase the uptake of nutrients specially when the
requirements of the plant was high.

The workers of IRI (1965) reported that transpiration ratio (dry matter produced/water
transpired) increased with the plant age possibly because of an increased ratio of respiration
to photosynthesis. They compared the transpiration between flooded and unflooded condition
and reported that under flooded condition, the water supply from roots to leaves was ample

and the transpiration was parallel to the energy input of solar radiation. Under unflooded

condition, the soil water supply was limited and the rate of water supply to the leaves could
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not match the rate of evapotranspiration from the leaves. Because of this transpiration was
less under unflooded condition than under flooded condition. They also reported that
increased light intensity caused increase of transpiration under flooded condition, but

transpiration decreased with increase of light intensity under unflooded conditions.

Jana and Ghildyal (1969) reported that the atmospheric, soil and plant factors were
involved in the process of evapo-transpiration. They found that water use by rice crop
depends not only upon soil water regime and plant growth phase, but also on the
environmental conditions of evaporative demand. Ghidyal (1971) observed that the amount
of water transpired during its growth period and also the rate of transpiration per unit leaf
area per time increased with increased in soil moisture regimes from unsaturation to flooding.
He explained that the increased growth and dry matter production, where the transpirational
transfer of water was more may also be due to the increased nutrient uptake as a result of
mass transfer of ions through the transpiration stream. In a pot experiment Saha er al. (1973)
showed that the amount of water transpired varied with the soil water regime and the stages
of growth. They observed that under flooded condition, the increased availability of water to
roots tends to increased transpirational losses than field capacity and the amount of water

transpired under flooded condition was about twice that under field capacity.

Patel ez al. (1976) reported that the cumulative evapotranspiration (ET) was very high
under treatments where continuous submergence was maintained followed by altenate
flooding and drainage and unsaturated soil-water regimes. The cumulative ET increased with
crop growth and the rate of increase was maximum upto 62 days after transplanting. The
evaporation decreased as the soil-water regimes were changed from submergence to
saturation and then to unsaturation. Similar results were reported by Sahu ez a/. (1973), Ueki
and Shanmugeratnam (1973) and Nair ez a/. (1973). In a lysimetery study, Patel ez al. (1979)
showed that the total ET was found to be very high under the soil water regimes in which
continuous 5 cm submergence was maintained and they also reported that varieties of rice

differed in their cumulative ET, water use and water use efficiency.

Sen and Jana (1987) reported that the evapotranspiration rate gradually increased with
the age of the crop and it was maximum during 40 to 50 days after sowing and then slowly
decreascd. They also reported that this trend was observed under different soil moisture
tensions during both the seasons and evapotranspiration rate was different under different soil
moisture tensions. It was always higher under lower soil moisture tension than higher soil



moisturc tension. They explained that low evapotranspiration rate under high soil moisture
tension was mainly due to higher resistance to the flow water vapour through soil (Ritchie,
1971). Evapotranspiration of direct seeded rice was determined by a floating type lysimeter
during wet season and the value of ET was found to be 47.7 cm (Taha er al, 1988). In a field

trails with rice comparison was made between the panicle and flag leaf in their transpiration
characteristics. Transpiration rate in the panicle reached a maximum at heading and
decreased with aging. Transpiration rate in the panicle increased linearly as vapour pressure
difference increased (Ishihara ez al., 1990). A series of green house and growth studies were
conducted in 1985-86 and showed that by using the Poiseuille-Hagen law for water
movement in capillaries, rice root axial resistance explained differences in leaf water
potential and transpiration when only one cultivar was used, but did not explain differences
among cultivars (Yambao, 1992). Thus it was concluded that increasing root xylem vessel
radii profably will not directly increase drought resistance. Field experiment study on 8 rice
cultivars at different soil-moisture regimes showed that transpiration decreased with crop age
and was highest in plants continuously flooded and lowest in rainfed plants (Singh er aZ,
1992). Transpiration rate of rice (Oryza sativa) were measured in a closed chamber and

showed that transpiration rate increased until the heading stage and thereafter decreased

(Saito ez al.,, 1996). They also showed that transpiration rate increased exponentially and at
heading stage, it was maximum.

Sharma and Bhushan (1999) reported that the evapo-transpiration (ET) with time,
irrespective of cultivar and water regime, follgwed the sigmoidal curve and ET in two
cultivars behaved differently as the soil water regime changed from flooded condition
saturation to 50 K Pa matric suction due to some physiological reasons. Variectal differences
in rice for daily ET were minimal (Sugimoto, 1975) but only under adequate soil water

regime. But the same is not true under deficient water conditions.

2.5 Growth of rice plant as influenced by soil moisture regimes :

Morphologically rice is a non-aquatic plant. Yet in submerged condition, rice plants
behave their maximum growth. This fact has been established by Chaklader (1946), Workers
of IRRI (1963, 1964, 1965), Halm (1967), Jana and Ghildyal (1969), LLuxmoore and Stolzy
(1969) and many other workers. Cherian ez al. (1968) reported that the rice plants grown
under flooded condition produced more fresh and dry weight than plants grown under field

capacity. Pande and Singh (1969) found that yields, leaf area, number of effective tillers and
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ratio of sound to unsound grains were more under continuous submerged condition than

under field capacity. Jana and Ghildyal (1969) reported that plants grown under flooded soil
had greater dry weights of shoots and roots than those of the plants grown under non-flooded

condition. Rao and Venkaleswarlu (1989) observed that moisture stress at reproductive and
ripening stage is crucial for growth and productivity of rice. Mandal ez a/. (1991) reported
that best growth and highest yield was obtained under continuous submergence than
alternative wetting and drying methods and growth characters like plant height, tillering,
straw yield were significantly influenced by continuous submergence. However, in Japan it
has been reported that continuous ponding in the first half of the growing season and alternate
drying and ponding in the later half enhance productivity of the rice crop (Watanabe, 1992),
Budi and Suprihanto (1992) found that moisture stress imposed from panicle initiation to

heading reduced grain yield upto 50% and when the moisture stress was

imposed from
heading to maturity, yield reduction was around 70%.

Reports by Sekhon er al. (1993)

suggested that the submergence increased shoot height, root, straw and grain weight.

Significant differences in tiller numbers was observed due to cultivars, water regimes and soil
type. They observed that the tiller number reduced due to stress in 10-47.1%. Observation of
Misra and Panda (1994) showed that under shallow water table conditions, continuous
saturation or intermittent ponding during the vegetative stages does not generally affect the
significant grain yield of rice. Early cessation of rainfall and limited availability soil moisture
lead to terminal stress and results in fewer grain number and poor grain filling (Krupp e7 a/.,
1972). Similarly, root system and its development are strongly influenced by soil edaphic
factors (Mambani ez a/.,, 1990; Thangaraj er a/., 1990 and Sharma e7 «/., 1994) and large
genotypic differences have been reported (Klepper e a/., 1984 and Yamanchi e a/., 1996) in
their response to soil moisture stress. Chauhan ez a/. (1996) investigated the effect of soil
moisture stress on growth and development of upland rice at 100, 80, 60 and 40% water
holding capacity in pots and reported that the rice cultivars “Vandana”™ transpired less water
than the rice cultivars “Brown gora” under stress conditions. They also reported that the
effects of moisture stress become more apparent with age, particularly at 60 and 40% of
water holding capacity. Chaudhary (1997) reported that the rice crop has specific plant
development phases and characteristics when the crop water requirement is high and response
pattern do change with differential irrigation regimes. Singh and Sharma (1997) found that
higher grain yield under continuous ponding and under submergence two days after the
disappearance of ponded water may be due to continuous readily available soil water that

enhanced root growth, resulting in increased water and nutrient ubtake. Besides this roots can
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markedly influence the activities of shoot (Torey, 1976) thus affecting the coordinated

development of plant. Kondo er al. (2000) reported that in rice, water uptake, dry matter

production in shoot and root length were largely suppressed under severe moisture stress
compared to the mild moisture stress condition. Sarkar (2001) studed a field experiment to
assess the performance of a common rice (IET 4786) under stressed (intermittent ponding)

and non-stressed (continuous ponding) conditions and his results revealed that the highest

grain yield was attained under continuous ponding, followed by under intermittent ponding in
carly.
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Plate 3: Plant height and growth at 80 days after transplanting
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4.3.4 Calcium :

The variations of calcium content and calcium uptake with stages of growth are presented
in Fig. 8(a) and Fig. 8(b) respectively.

4.3.4.1 Calcium content :

The variation in calcium content for the two varieties was significant. It was more for
MW10 than for IR 50. The difference in calcium content at different stages of growth was also
significant. At seedling stage percent calcium content was 0.38 for MW 10 and 0.36 for IR 50.
Under both the soil moisture regimes it increased upto the 20" day after transplanting and then
decreased gradually upto 60™ day and again increased gradually upto harvesting stage.

The calcium contents for the two soil moisture regimes differed significantly. Under
flooding percent calcium content ranged between .262 to .500 for MW 10 and .253 to .450 for IR
50. The corresponding values under field capacity were .227 to .403 for MW 10 and .217 to .401
for IR S50.
4.3.4.2 Calcium uptake :

The difference in total uptake of calcium was found to be significant. It was greater for
MW 10 than IR S0 under both the soil moisture regimes. At seedling stage it was 0.260 mg for
MW 10 and 0.399 mg for IR 50. It continuously increased with the age of the plant. Under
flooding the rate of increase was rapid after 20" day while that under field capacity was gradual

after 60™ day.
Calcium uptake per pot was more under flooding than under field capacity. Under
flooding it varied between 3.00 mg to 95.37 mg for MW 10 and 2.55 mg to 73.84 mg for IR 50.

Under field capacity the corresponding values were 1.61 mg to 29.46 mg for MW 10 and 1.43
mg to 20.33 mg for IR 50.

4.3.5 Magnesium :

Fig. 9(a) and Fig. 9(b) show the variations of magnesium content and magnesium uptake
with stages of growth.
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4.3.5.1 Magnesium content :

The changes in magnesium content between the two varieties were insignificant. But the
variations in magnesium content at different stages of growth were significant. At seedling stage

percentage magnesium content for MW 10 and IR 50 was 0.36 and 0.37 respectively. On 40™
day it rose to the maximum values of 0.413 and 0.399 for MW 10 and IR 50 respectively under
flooding and 0.401 and 0.40 for MW10 and IR 50 respectively under field capacity.

The variations in magnesium content for the two moisture regimes was also insignificant
although magnesium content tended to be more under flooding than under field capacity. Percent
magnesium content for MW 10 and IR 50 varied within a range of 0.413 to 0.290 and 0.399 to

0.257 for MW 10 and IR 50 respectively under flooding and the corresponding values under field
capacity were 0.401 to 0.283 for MW 10 and 0.400 to 0.257 for IR S0.

4.3.52 Magnesium uptake :

Significant difference of magnesium uptake was found between the two varieties of
paddy being more for MWI10. The difference was significant under flooding but it was
insignificant under field capacity. At seedling stage magnesium uptake was 0.240 mg/pot for
MW 10 and 0.348 mg/pot for IR50. It increased with increase of plant age. The rate of uptake
was slow upto 20™ day under flooding but under field capacity it was upto 40" day. Under
flooding it increased rapidly upto harvesting while under field capacity although it increased
upto harvesting after 40™ day but the rate of increase was much slower than that under flooding.

Under flooding magnesium uptake was more than under field capacity moisture regimes
for both the varieties. Under flooding magnesium uptake varied between 2.24 mg to 92.53 mg
for MW 10 and 2.163 mg to 70.123 mg for IR 50. Under field capacity the corresponding values
were 1.353 mg to 28.873 mg for MW 10 and 1.29 mg to 19.947 mg for IR 50.

4.4 Growth of paddy under different soil water regimes :

Tiller number, leave number, plant height and dry weight of shoot of rice plant grown
under two soil moisture regimes viz. flooding and field capacity were measured on the day of
transplanting, at regular interval of 20 days after transplanting and at harvest. The measurement
are tabulated in Table - 9.
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Table -9. Effect of soil moisture regimes on growth of paddy

o = MW 10

ys after . i

transplanting Number of tillers/pot l:i‘;n::;;&f Plant height (cm) ls)l:c); o\:/e';(g,:lt[ o}f

F | Fc ) A F [ Fc F |  Fc
3 12 27.8 0.068
20 9.50 4.00 32.00 14.00 59.00 34.50 3.61 0.40
40 11.33 4.67 45.67 19.50 87.30 48.00 3.97 0.73
60 12.67 5.67 70.33 35.50 104.00 85.33 9.33 2:33
80 14 33 6.00 56.67 32.33 110.50 92.40 17.53 373
IR 50 -

Number of Dry weight of

Days after Number of tillers/pot Plant height (cm)

= S leaves/pot shoot/pot
- e F | Fc F | I F | Fc F ‘i (gz
o 3 12 26.7 0.094
20 14.75 3.67 21.67 13.67 49.83 24.67 0.57 0.37
40 8.34 4.33 29.00 17.50 S5Z7.67 49.50 4.06 0.70
60 9.67 5.00 48.67 29.0 93.00 75.50 8.60 Y13
80 10.5 5.00 46.5 o B 103.34 77.00 1573 3.87

4.4.1 The variation in tiller number are shown in Fig. 10.

The variation of effective tiller number between two varieties was remarkable. It was
more for MWI10 than IRSO. The difference in effective tiller number per pot due difference in
soil moisture regimes varied greatly from 20" day after transplanting. The effective tiller number
under flooding increases sharply upto 20™ day for MW 10 and 20 to 40™ days for IR50 and then it
is gradual up to 80™ days after transplanting. Under field capacity tiller number continued to
increase slowly till 60" day after transplanting. Under flooding more than 65% of the total
number of tiller appeared on 20" day after transplanting for MW10; but for IR50 the rate of tiller
initiations was maximum between 20 to 40™ days and about 79% of total tiller number appeared

on 40" day. Maximum number of tiller on 80™ day per pot for MW 10 and IR 50 varieties of
paddy under flooding was 14.33 and 10.33 respectively and that under field capacity was 6.00

and 5.00 respectively.

4.42 Plant height =
The variation of plant height with stages of growth are presented in Pig. LY.

Plant height was measured on the surface of the soil to the highest leaf tip. There was a
remarkable effect of soil water content on plant height. With the increase in soil moisture level
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Plate 4: Plant height and root growth at 80 days after transplanting
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the height increased in both the varieties. On 40" day after transplanting plants attain 79 % for
MW 10 and 55.8% for IR 50 of their final height under flooding and 51.9% for MW 10 and
64.3% for IR 50 of their final height under field capacity. In both the varieties and soil moisture
regimes plant attain more than 90% of their final height on 60" day after transplanting. Finally

plant attain height of 110.5 cm for MW 10 and 103.3 cm for IR 50 under flooding and 92.4 cm
for MW10 and 77 cm for IR 50 under field capacity.

4.43 Dry weight of shoot :

The variation of dry weight of shoot with stages of growth under two soil water regimes
are presented in Fig. 12.

Dry weight of shoot varied greatly with moisture regimes from 40" day after
transplanting. It was more under flooding. The difference in dry weight of shoot between plants
grown under flooding and field capacity become more and more pronounced with plant age. The
rate of dry matter production of shoot was more after 20" day and it increased with increase in
plant age. At harvest the dry weight (straw + grain) of shoots per pot for MW 10 and IR 50 was
36.20 g and 28.53 g respectively under flooding and 14.10 g and 8.437 g respectively under field

capacity. The grain weight per pot for MW 10 and IR 50 was 13 g and 10.73 g under flooding
and 6.01 g and 4 .87 g under field capacity respectively.
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DISCUSSION

Root porosity, transpiration and nutrient uptake by rice plants were studied under
varying soil water regimes viz. Flooding & Field capacity. The results show that nutrient

uptake and dry matter production depend not only on soil water regimes but also on the
amount of water transpired.

Dry matter production was significantly influenced by soil water regimes. As soil
water regimes varied from field capacity to flooding, dry weight of shoot (grain + straw) at
harvest varied from 14.01 g/pot to 36.2 g/pot for MW 10 and 8.43 g/pot to 28.53 g/pot for IR
50. The results of transpiration studies show that with the variation of soil water regime from
field capacity to flooding, total amount of water transpired from transplanting to the last
harvest varied from 2.27 litres to 18.92 litres per pot for MW 10 and 1.68 litres to 16.70 litres
per pot for IR 50. The rate of transpiration per unit time per unit pot also shows a variation
from 15.36 ml/pot/day with field capacity to 172.53 ml/pot/day with flooding for MW 10 and
11.39 ml/pot/day with field capacity to 155.83 ml/pot/day with flooding for IR50 during the
maximum tillering stage. From the results it appeared that the amount of water transpired

varies with soil water regimes, varieties and stages of growth. Transpiration ratio was

influenced by soil water regimes, varieties and stages of growth (Table - 8).

Under flooding, increased availability of water to roots tends to increase the

transpiration losses. Under field capacity limited supply of water in soil causes‘ decrease in
water availability to roots. As a result the amount of water transpired was less under field
capacity than under flooding. The increased transpiration decreases the leaf water potential,
thereby increasing the gradient between the plant root and soil. Under flooding due to
saturated soil the hydraulic conductivity is high while under field capacity the condition is

reversed. Lower unsaturated hydraulic conductivity under field capacity further limits the
flow of water to the root zone.

The amount of water transpired appeared to be related with root porosity. A high
positive correlation (=.673 for MW 10 and .655 for IR 50) was obtained between total root
porosity and the amount of water transpired per day per pot. The values of root porosity show
that as soil water content varied from field capacity to flooding total root porosity per pot
showed a variation of 46.27 cm® to 180.88 cm® per pot for MW 10 and 35.41 cm® to 144.83
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cm’ per pot for IR 50 during the flower initiation stage (60 days after transplanting). The

greater total root volume under flooding increased total root porosity. It scems that the great
root porosity facilitated greater transfer of water.

A high positive correlation (=.924 for MW 10 and .957 for IR 50) was obtained
between the total amount of water transpired and dry matter produced. Therefore, high
transpirational transfer of water appears to be related to the increased growth and dry matter
production. Thus increased transpiration due to the increcased hydrostatic pressure of water in

soil together with the increased root porosity seems to have favourably influenced rice
growth under flooded conditions.

From nutrients uptake study it appeared that the total amount of water transpired is
closely related with the nutrient uptake. A strong positive correlation was obtained between
the total amount of water transpired and nutrients uptake (Table - 10). The results show that
as soil water content varied from flooding to field capacity, absorption of nitrogen

phosphporus, potassium, calcium and magnesium progressively increased.

Table — 10: Correlation coefTicient between total amount of water transpired and
nutrient uptake.

Correlation Nutrient Uptake
coefficent
(x) N » K Ca Mg
For MW 10 0.903 0.961 0.949 0.966 0.972
For IR 50 0.833 0.945 0914 0.978 0.966

When a soil is flooded a series of reduction occurs, concentration of CO; increased
and various physical, physico-chemical and biological reactions set in motion. Because of
this, availability of nutrients increases. The increased availability of potassium, calcium and
magnesium may be due to the solvent action of carbondioxide and cation exchange reactions.
The increased availability of nitrogen under flooded condition may be due to accumulation of
ammonium ions in soil which is favoured by rice plant; and rice plant prefer absorption of
ammonium ions. The increased availability of phosphorus may be due to the reduction of
ferric phosphate. Ponnamperuma (1965) and several other workers since confirmed these
findings. The increased availability of the ions in soil together with greater transpirational
transfer of ions might have increased their uptakes by the rice plant under flooding.
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The content of all the nutrients reached a maximum peak during the initial stages of
growth and then decreased. This means that the rate of photosynthesis increases more rapidly
than nutrient uptake. The time of maximum content of nutrients in the plant body was

different for different soil moisture regimes and for different types of ions.

The absorption of all the ions was rather slow upto the 20" day but subsequently
became rapid due to the recovery from the damage caused by transplanting. Under flooding

the quantity of uptake continued to increase upto the final stage while under field capacity the
rate of increase of absorption became almost negligible after 80 days of transplanting.

The varietal difference had pronounced effects on nitrogen, phosphorus, potassium,
calcium and magnesium uptake under both soil water regimes and nitrogen, phosphorus,
potassium, calcium and magnesium uptake were more for MW 10 than IR 50. Variental
difference with respect to dry matter production was significant being more for MW 10. It

seems that the beneficial effect of nitrogen, phosphorus, potassium, calcium and magnesium
nutrients increases in the growth and yield of MW 10.
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SUMMARY AND CONCLUSION

Glass house studies were conducted on clay loam soil of Teaching and Instructional

farm of Uttar Banga Krishi Viswavidyalaya to simulate the soil water relations on root

porosity, transpiration and ion uptake by rice plant (Oryza sativa L.) and its growth pattermn.
Two varieties of paddy viz. MW 10 and IR 50 grown on two soil moisture regimes viz.

Flooding And Field capacity were studied in Boro season. The results obtained can be
summarized as follows :

1) Variation of soil moisture regimes was found to have significant effect on percentage

2)

3)

4)

5)

root porosity as well as on total root porosity. Both percentage and total root porosity
varied with stages of growth and varieties.

As soil water regimes varied from field capacity to flooding the amount of water

transpired greatly increased while the transpiration ratio tended to be more under field
capacity.

The amount of water transpired, transpiration ratio and transpiration efficiency
changed a lot with variety, stages of growth and moisture regimes.

Nitrogen, phosphorus, calcium and magnesium content of shoots were more while
potassium content was almost same under flooding and field capacity. The contents of
all the five ions reached a maximum peak during the initial stages of growth and then
decreased. The time of maximum content of nutrients in the plant body was different

for different soil moisture regimes and for different types of nutrient ions.

Flooding the soil showed remarkable increased in the uptake of nitrogen, phosphorus,
potassium, calcium and magnesium. The absorption of all the ions was rather slow up
to the 20™ day but subsequently became rapid due to the recovery from the damage
caused by transplanting. Under flooding and field capacity the quantity of uptake

continued to increases upto the final stage, but the rate off uptake was much higher
under flooding than field capacity.

Growth and dry matter production were more under flooding than under field
capacity. MW 10 was found to be superior than IR50.

== i“ T =
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So from results it seems quite logical to conclude that the increased growth and

dry matter production of rice plant under flooding condition may be accounted for in
the following way :

i) The increased transpiration due to increased hydrostatic pressure of water
in soil together with the increased root porosity seems to have a favourable
effect on growth and dry matter production of rice plant.

-
-
e

More nutrient uptake as a result of increased availability of nutrients in soil
together with greater transpirational transfer of water and ions facilitated

by increased root porosity, may have increased growth and dry matter of
rice plant.




e —————————

S s ason a6 00N 0D DDH D )V )IR)) D)

D



Alam, M. M_, and Ladha, J.K. 1997. Nitrogen and phosphorus dynamics and balance in an

intensive rice vegetable cropping system. In: Morris. R A, editor. Managing soil
fertility for intensive vegetable production system in Asia. Proceedings of an
international; conference, Taiwan, 4 — 10 Nov. 1997. AVRDC publication No. 97 —

489. Taiwan : Asian vegetable Research and Development centre 346.

Annual Report, IRRI, 1963. The International Rice Research Institute, LLos Banos, Laguna,
Philippines.

Annual Report, IRRI, 1964. The International Rice Research Institute, Los Banos, ILLaguna,
Philippines.

Annual Report, IRRI, 1965. The International Rice Research Institute, l.os Banos, Laguna,
Philippines.

Armstrong, W. 1979, Aeration in higher plants. Adv. Bor. Res. 7 : 225-331.

Armstrong, W. and Webb, T. 1985. A critical oxygen pressure for root extension in rice. J.
Exp. Bot. 36 : 1573-1582.

Barber, S.A. 1962. A diffusion and mass-flow concept of soil nutrient availability. Soi/ Sci.
93 : 39-49.

Baruah, T. C. and Barthakur, H. P. 1997 A Text book of soil analysis. Vikas publishing house
Pvt. Ltd. 33-39.

Bhumbla, D .R. and Rana, D.S. 1965. Effect of time of application of fertilizer on yield and
chemical composition of paddy. J. Res. Volume 2. Sept. 65, P.A.U. Ludhiana.

Black, C.A. 1965. Methods of soil analysis, Part I Number 9 in the Series Agronomy,

Published by Am. Soc. Agron. Inc., Publisher Madison, Wisconsin, U.S_A.

Boeke, J E. 1940. On the origin of intercellular channels and cavities in rice root. Ann. jard.
Bot. Buitenz. S0 : 99-113.

i e ——— S e




ii

Bora, P.X. and Goswami, N.N. 1980. Influence of moisture regimes on phosphorus uptake

acid soil. Int Rice Res. Inst. Newsl. S. 18.

Castillo, E. G., Tuong, T.P., Cabangon, R.C., Boling, A. and Singh, U. 1995. Effects of crop
establishment and controlled release fertilizers on drought stress responses of a low
land rice cultivar In : Rainfed low land Rice & Advances in nutrient management
Research, ed. Ladha, J K., Wade, L., Dobermann,, A., Reichardt, W, Kirk, G.J.D. and
Piggin, C., IRRI, p. 201-215.

Chaklader, M. IN. 1946. Influence of soil moisture on the yield of paddy. Indian J. Agric. Sci.
6 : 152-157 (Soils and Fertilizers II : 218).

Chaudhary, M.S. and McLean, E.O. 1963. Comparative effects of flooded and unflooded soil

condition and nitrogen application on growth and nutrient uptake by rice plant. Agron.
. 858 . 565-567.

Chaudhary, T.N. 1997. Water management in rice for efficient production. Bulletin, Director
of water Management Research, Patna.

Chauhan, J.S., Moya, T.B., Singh R.K. and Singh C.V. 1996. Growth and development under
different soil moisture regimes in upland rice (Oryza sativa 1..) Indian J. of pl.
physiology 1:4, 270-272

Cherian, E.C., Paulsen, G. M. and Murphy, LL.S. 1968. Nutrient uptake by low land rice under
flooded and non-flooded soil conditions. Agron. J. 60 : 554-557.

Choudhury, M.S. and McLean, F.O. 1963. Comparative effects of flooded and unflooded

condition and nitrogen application on growth and nutrient uptake by rice plant. Agron
J. S8 :565 -7

Clark, F., Nearpass, D.C. and Specht, A W. 1957 Influence of organic additions and flooding
on iron and manganese uptake by rice. Agron. J. 49 : 586-589.

Dion, H.G., Spinks, JW.T. and Mitchell, J. 1949. Experiments with radioactive phosphorus
on uptake of phosphorus by wheat. Sci. Agric. 29 : 167-172. (Soils and Fertilizers 12,
1949).

Drenth, H Ten Berge, HF. M., Meijboom, F.W. 1991. Effects of growth medium on porosity
and branching of rice roots (Oryza sativa L.). In : Penning de Vries FWT, Van Laar




iii

HH., Kropff, M.J. editors. Simulation and systems analysis for rice production
(SARP). Selected papers presented at workshops on crop simulation of a network of

national and international agricultural research centers of several Asian Countries and
the Netherlands, 1990-1991, Pudoc, Wageningen, p. 162-175.

Enyi, B.A.C. 1965. Effect of soil moisture, nitrogen and phosphorus on nutrient concentration
and accumulation on upland rice plant. Curr. Sci. 34 : 249-251.

Gama, M. V. and Mellow, LL.M. 1960. Contribution to the knowledge of phosphorus

absorption in rice var. Chinese Agron. Lusit. 22 No. 3 : 193-293.
Ghidyal B.P. and Tomar, V.S.

1976. Soil plant atmosphere water relations in rice culture.
Pantnagar J. Res. 1 : 16 — 20.

Ghildyal, B P. 1971. Soil and water management for increased water and fertilizer use

efficiency for rice production. Proc. Int. Symp. Soil. Fert. Evaln., New Delhi, 1. 1971.

Halm, A T. 1967. Effect of water regimes on the growth and chemical composition of two
rice varieties. 7rop. Agric., Trin. 44 : 33-37. (Soils and Fertilizers, 30 : 2232).

Ishihara, K. Kiyato, E. and Imaizumi, N. 1990. Transpiration and photosynthesis

characteristics of the panicle in comparison with flag leaf in rice plant. Japanese .J. of
crop Sci. §9:2, 321 — 26.

Ishizuka, Y. 1964. Nutrient uptake at different stages of growth. In the mineral nutrition of

the Rice Plant. Pub. for IRRI by the Johns Hopkins Press, Baltimore, Maryland, p.
199-217.

Jackson, M.L. 1967. Soil chemical analysis published by Prentice Hall of India Pvt. Ltd,,
New Delhi.

Jana, R. K. and Ghildyal, B.P. 1969. Growth pattern of the rice plants under varying water
regimes and atmospheric evaporative demands, /L Riso., 18; 15-23

Jensen, C.R., Luxmoore, R.J., Vangunels, S P. and Stolzy, L. H.
measurement by Pycnometer method. Agron. .J. 61 : 474-475.

1969. Root air space

Jensen,C.R., Stolzy, L. H. and Latey, J. 1967. Tracer studies of oxygen diffusion through
roots of Barley, Corn and Rice. Soil Sci 103: 23-29..




iv

Juliano, J.B. and Aldama, M.J. 1937. Tracer studies of oxygen diffusion through roots of
barley, Comn and rice. Soil Sci. 103 : 23-29. :

Justin, SHF W. and Armstrong, W. 1991. Evidence for the involment of ethene in
aerenchyema formation in adventitions roots of rice (Oryza Sativa. L). New
phytologist, 118 : 1, 49-62.

Kar, S, Varade, S.B., Subramanyam, T.K. & Ghildyal, B.P. 1974 IL Riso. 23 : 173.

Keen, B.A. and Raczkowski, H. 1921. The relation between the clay content and certain
physical properties of a soil. J. Agric. Sci. 11 : 441-449.

Kilmer, V.J. and Alexander, L. T. 1949. Methods of making mechanical analysis of soil. Soi/
Sci. 68 : 15-25.

Kirk, G.I.D. and Solivas, J.L. 1994. Coupled diffusion and oxidation of ferrous iron in soils.

III. Further development of the model and experimental testing. Fuwr. J. Soil Sci. 48 :
613-621.

Klepper, B, Belford, R. K. and Rickman, R.'W. 1984. Root & shoot development in winter
wheat. Agronomy Journal. 76 : p 117-122.

Kondo, M., Murty, M. V. R. and Agragones, D.V. 2000. Characteristics of root growth and
water uptake from soil in upland rice and maize under water suress. Soil Sci and plarnt
Nutr. 46:3, 721-732

Krupp, M. K., Abilay, W.P. and Alvarez, E.I. 1972. Some water stress effects on rice (in) Rice
Breeding, IRRI, L.os Banos, Philippines, p. 663-675.

Kumaraswamy, K. and Sreeramula, U.S. 1992. Transformation of phosphorus in rice soils
under different soil water regimes. J. Indian Soc. Soil. 40: 54 — 58. .

Luxmoore, R.J. and Stolzy, L. H. and Letey, J. 1969. Root porosity and growth responses of
rice and maize to oxygen supply. Agron. J. 61 : 202-204.

Luxmoore, R.J., Stolzy, L.H. and Letey, J. 1970. Oxygen diffusion in soil plant system 11.
Respiration rate, permeability and root porosity of consecutive excised segments of
maize and rice roots. Agron. J. 62 : 322-324.




3

Mambani, B, De Darta, SK. and Redulla, C.A. 1990. Soil physical behaviour and crop

responses to tillage in lowland rice soils of varying clay content. Plant & Soil. 126 : p
227-235.

Mandal, L N. and Khan, S. K. 1976 J. Indian Soc. Soil Sci 23, 374

Mandal, M.N_, Puste, A.M. and Choudhury, P.P. 1991. Effect of water regimes, levels and

methods of nitrogen application on growth and yield of rice. Indian Agric 35:1. 33 —
38

Mepherson, D.C. 1939. Cortical air spaces in the roots of Zea mays L. New-Phylol. 38 : 190-
202,

Misra, C.P. and Panda, D. 1994. Land and water management in eastern India. (in)
Management of land and water for sustainable agriculture and environment (Dev.
D.L., Narayanaswami, M., Sidhu, P.S., Sachdeva, M.S. and Rattan, R K. (Ed.),
special publication by Indian Society of Soil Science, p. 121-144.

Mohanty, S K. & Patnaik, S. (1975). Acta Agron. Acad. Sci. Hungary, 24 : 446.

Nair, R.R., Suseelan, P., Pillai, G.R., Pisharody, P.M. and Gopalakrishnan, R. 1973. Note on

the estimation of water requirement of rice by drum-culture technique. Zndian J.
Agric. Sci. 43 : 980-981.

Neue, HU.,, Wassmann, R., Kludze, HK., Wang, B.J. and Lantin, R. 1997. Factors and
process controlling methane emissions from rice fields. Soil source and sink of

greenhouse gases. Proceedings of the International symposium, Narnjing, China, 18 —
21, Sept 1995. Nurtr cucling in Agro-ecosystems, 49 * 1 — 3, 111 117.

Norris, F. and Dela, M. 1913. Production of air passages in the root of Zea mays by variation
of clture media. Proc. Bristal Nat. Soc. 4 : 134-136.

Pande, H. K. and Singh, P. 1969. Effect of soil moisture and nitrogen on growth, yield and
mineral content of rice. Lxpt. Agric. S : 125-132. (Soils and Fertilizers. 32 : 4016).

Pande, N.C., Samantaray, R N. and Mohanty, S.K. 1985. Effect of submergence on changes
in soil properties and yield and nutrient uptake by rice with varying Nutro-

environment in lowland soil.

B S S ——

|
|
i




Patel, C L Ghidhyal, B.P. and Tomar V.S. 1976. Lysimetry studies on the water use and

growth of rice under different soil water regimes Indian. J. agric. Sci. 49 (2).

Patnaik, S. and Nanda, B.B. 1969. Uptake of nutrients in relation to growth of high yielding
rice varieties under tropical condition. Indian J. Agric. Sci. 39 : 341-352.

Patnaik, S., Misra, C.S. and Bhadracharan, A. 1965. Studies on the nutrition of rice plant

productive efficiency of P, absorbed at various growth stages. Proc. Indian Acad. Sci.
Sec. B. 61 (6) : 309-315.

Patra, S., Debnath, A. and Debnath, N.S. 1995. Efect of variable moisture treatments on the

available potassium status in some Terai acid soils of West Bengal. Indian Agric 39:
3,151 — S8.

Pillai, K.G. and De, R. 1979. Mineral N stratus, Soil leaf nitrogen content and grain yield of
rice variety Jaya as affected by water and nitrogen fertilizer management. Field. Crop
Res 2:.(2): 1285 — 133,

Ponnamperuma, F. N 1978 In soils and Rice, International Rice Research Institute,
Philippines, 421 — 441.
Ponnamperuma, F.IN. 1964. Dynamic aspect of flooded soils and nutrition of rice plant. In the

mineral nutrition of rice plant. Pub. for TRRI by the Johns Hopkins Press, Baltimore,
Maryland, p. 295-328.
Ponnamperuma, F.N. 1972. The chemistry of submerged soils. Adv. Agron. 24 : 29-96.

Ponnamperuma, F.N. 1984. Effects of flooding on soils. In

: Kozlowski, T.T., ed. Flooding
and plant growth. Academic Press, Orlando, p. 9-45.

Ponnamperuma, F.IN. 1984 Effects of flooding on soils. In: Kozlowski, T.T., ed. Flooding
and plant growth. Academic press, Orlando, 9-45

Rao, K.S. and Venkaleswarlu, B. 1989 Influence of moisture stress at ripening on indigenous
water levels and sterility in rice. Ametical Agricultural Research. 10 : 205-291.

Ritchie, J.T. 1971. Dry land evaporative flux in a sub-humid climate-1. Micro meteorological
influences. Agron. J. 63 : 51-55.

T T —— S———



Roger, P.A. 1996. Biology and management of the flood water ecosystem in rice fields.

International Rice Research Institute, P.O. Box 933, 1099, Manila and ORSTOM,
France.

Russel, R., Scott and Barber, D.A. 1960. The relationship between salt uptake and absorption
of water by intact plants. Annual review of plant physiology. 11 : 127-140.

Russel, R, Scott and Shorrocks, V.M. 1959. The relationship between transpiration and the
absorption of inorganic ions by intact plants. J. Exp. Botarny. 10 : 301-316.

Saha, A K., Ghildyal, B.P. and Panwar, M.S. 1973. Effect of soil water relations on the root
porosity, transpiration and ion uptake in rice. /ndiarn J. Agric. Sci. 43 (5) : 472-477.

Saikia, M. and Dutta, T.C. 1989. Effect of water regimes and nitrogen on yields and uptake of
nitrogen in transplanted rice. /ndian J. Agron. 34 (1): 35 — 39.

Saito, T., Kiyota, M., Ohe, M., Sato, H., Tozai, K. (ed); Kubato, (ed); Fujiwara, K. (ed.);
Ibaraki, Y., (ed.) and Sase, S. 1996. Rates of ethylene release, photosynthesis and
transpiration of rice measured in closed type chamber. International Symposium on
plant production in closed ecosystem, Automation, culture and environment, August
26 — 29, Narita, Japan. Acta Horticulture, 440, 55 — 59.

Sarkar, S. 2001. Effect of water stress on growth, productivity and water expanse efficiency
of summer rice. Indian J. Aric. 71 (3): 153 — 8

Sekhon, N. K _, Sur, H.S. and Singh, N.T. 1993. The influence of soil redox conditions on root
and shoot growth characteristics in rice (Oryza sativa). Proceedings of the Indian
National Science Academy, Part B. Biological Science. S9 : p 601-606.

Sen, H. and Jana, P. K. 1987. Effect of soil moisture tensions and proceeding winter crops on
the yield, water use efficiency and moisture extraction pattern of succeeding pre-
kharif direct seeded rice. Indian Agric. 31 (3) : 199-20S5.

Sharma, B.M. 1970. Influence of soil moisture regimes on the cation exchange capacity of
rice roots, availability and uptake of nutrients. M. Sc. Thesis submitted to U.P.AU.,
Pantnagar, India.

Sharma, K.P. and Bhushan, L. 1999. Effect of soil-water regimes on Evapo-transpiration and
Dry Matter Production of Two Rice Cultivars. J. Indian Soc. Soil Sci. 47: 2. 353 — 355




viii

Sharma, P.K_, Pantuwan, G., Ingram, K.T. and De Datta, S.K. 1994. Rainfed low land rice

roots - Soil and hydrological effects : (in). Rice Roots : Nutrient and water use.
International Rice Research Institute, Los Banos, Philippines, p. 55-66.

Sims, J L. and Place, C. A 1968 Growth and nutrient uptake of rice at different growth stages
and nitrogen levels. Agron. J. 60:692-95.

Singh, R. and Tripathi, R.P. 1992. Transformation behavior of rice cultivars under different

irrigation schedules in sandy loam soil. Bioved. 3:1, 73 — 78.
Singh, R, Tripathi, R P. and Sharma, J.C. 1997. Rooting pattern and yield of rice as
influenced by soil water regimes. J. Indian Soc. Soil Sci. 45 : 693-697.

Singh, R.S. and Ram, H. 1976. J. Indian. Soc. Soil Sci 24, 53

Slatyer, R.O. 1962. Relationship between solute and water uptake. Ann Rev. Plant Physiol.
13 : 364-365.

Subbiah, B.V. and Asija, G.I.. 1956. A rapid procedure for the determination of available

nitrogen in soils. Curr Sc. 25:259-60

Subramanian, S. and Gopalswamy, A. 1991. Effect of moisture, organic matter, phosphate

and silicate on availability of silicon and phosphorus in rice soils. J. Indiarn, Soc. Soil
Sci. 39: 99 — 103.

Sugimoto, K. 1975, In Proc. Symp. Tropical Agis. Res. Tropical Agri. Res. Centre, Ministry

of Agriculture and Forestry, Japan, p. 81-99.

Tadano, T. and Yoshida, S. 1978. In soils and Rice, International Rice Research Institute,

Philippines, 339 — 420.

Taha, M., Mishra, B. and Gulati, JM.L. 1988 Ewvapotranspiration studies in upland rice

under the agro-climatic condition of western Orissa, India. Oryza. 25, 186 — 87

Tanaka, A., Patnaik, S. and Abichanclani, C.T.1959. Studies on the nutrition of rice plants.
Partial efficiency of nitrogen absorbed by rice plants at different stages of growth in
relation to yield of rice. Proc. Indian Acad. Sci. Sect. B., 49 (4) : 207-216.

Thangaraj, M., O'Toole, J.C. and De Datta, S K. 1990. Root response to water stress in
rainfed lowland rice. Experimental Agriculture. 26 : p 287-296.

SOEOSN———

T et



Tomar, V.S. And Ghildyal, B.P. 1975. Resistances to water transport in rice plants. Agron. J.
67 : 269 — 72

Torey, J.G. 1976. A. Rev. Pl. Physiol. 27 : 435.

Tucker, B B. and Kurtz, L. T. 1961. Calcium and magnesium determination by EDTA
titration. Soil Sci. Soc. Am. Proc. 258 : 27-29.

Ueki, K. and Shanmugeratnam, N. 1973. Studies on water consumption of indica and
Japanica rice. Mem. FFac. Agri., Kagoshima Univ. 9 : 29-40.

Watanabe, F.S. and Olsen, S. R.1965 Test of ascorbic acid for determining phosphorus in
water and sodium bicarbonate extracts of Soil. Proc. Soil Sci. Soc. Am. 29 677-78

Widawasky, D.A. and O’ Toole, J.C. 1990. Prioritizing the rice biotechnology research
agenda for Eastern India. The Rockfeller Foundation, New York.

Yamanchi, A | Pardales, Jr., JR. and Kono, Y. 1996. Root system structure and its relations
to stress tolerance (in). Root and Nitrogen in Cropping System of Semi-to irrigation

and nitrogen in drought prone laterite tract of West Bengal. fonviron. Iicol. 8 : 311-
314

Yambao, E. B, Ingram, K. T. and Real, J.G. 1992. Root xylem influence on the water relations
and draught resistance of rice, J. of Expt, Botany 43 : 253, 925 — 932.

Yoshida, S. 1981. Fundamentals of Rice Crop Science. /rnr. Rice. Res. Inst., 1.os Banos
Philippines.

Zhang, Y.S.,, Lin, X. Y. and Luo, A.C. 2000, Chemical behavior of phosphorus in paddy soil
affected by O secretion from rice root. CAinese J. of Rice Sci. 14:1, 208 — 212




	IMAG0002
	IMAG0003
	IMAG0004
	IMAG0005
	IMAG0006
	IMAG0007
	IMAG0008
	IMAG0009
	IMAG0010
	IMAG0011
	IMAG0012
	IMAG0013
	IMAG0014
	IMAG0015
	IMAG0016
	IMAG0017
	IMAG0018
	IMAG0019
	IMAG0020
	IMAG0021
	IMAG0022
	IMAG0023
	IMAG0024
	IMAG0025
	IMAG0026
	IMAG0027
	IMAG0028
	IMAG0029
	IMAG0030
	IMAG0031
	IMAG0032
	IMAG0033
	IMAG0034
	IMAG0035
	IMAG0036
	IMAG0037
	IMAG0038
	IMAG0039
	IMAG0040
	IMAG0041
	IMAG0042
	IMAG0043
	IMAG0044
	IMAG0045
	IMAG0046
	IMAG0047
	IMAG0048
	IMAG0049
	IMAG0050
	IMAG0051
	IMAG0052
	IMAG0053
	IMAG0054
	IMAG0055
	IMAG0056
	IMAG0057
	IMAG0058
	IMAG0059
	IMAG0060
	IMAG0061
	IMAG0062
	IMAG0063
	IMAG0064
	IMAG0065
	IMAG0066
	IMAG0067
	IMAG0068
	IMAG0069
	IMAG0070
	IMAG0071
	IMAG0072
	IMAG0073
	IMAG0074
	IMAG0075
	IMAG0076
	IMAG0077
	IMAG0078
	IMAG0079
	IMAG0080
	IMAG0081
	IMAG0082
	IMAG0083
	IMAG0084
	IMAG0085
	IMAG0086
	IMAG0087
	IMAG0088
	IMAG0089
	IMAG0090

