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SYNOPSIS

The basic objectives of this experiment' _
(i) to~deter'mine the‘c':rop ‘evapotranspiration (Erc) and crop coefficient
- (Ke) of rice, | | ) '
(ii) to test the effect of irrigation .application on grthh and production
 of rice, ' ' '
'(iii) to test the effect of nitrogen appl|cat|on on growth and productlon of
" rice on sandy loam soil.
To achleve the above objectives the experlment was laid out in factorial
- design. and camed out during Kharif 2000 on Demonstration Farm of WRDTC
located in the Campus of the University .of Roorke.e
The experiment consisted of 3 irrigation Ievels 3 fertiliser treatments and 3
rephcatlons and laid down in factorial design. '

‘ Observations were recorded at 20 days interval regardmg growth and
development, i.e., plant height, tiller. number, [eaf area index, dry weight and
rooting depth in each of the treatments. Yield attributes (earhead/m?), te;t weight
of grain size etc. were recorded at the time of hatvest. Grain quality is being
analysed. The data recorded were analysed in factorial design using INDOSTAT GS.

Daily weather data was also recorded from the agrometerologicél lab at
WRDTC . Demonstration Farm and analysed for computing - reference
evapotrans-piration by modified Penman.

Ero was calculated by Maodified Panman Method by uéing the daily weather

data was recorded from the agromat' station and Erc was calculated by using the

3 number lysimeters embedded in the field. Lysimeters were saturated and flooded -, ..... -

to 15 mm depth of water. Water level was maintained daily by adding or removing o

the water to the level of pointer fixed in the lysimeters.

[l

(iii)



The crop coefficients were developed daily dividing actual
evapotranspiration (Er.) by evapotranspiration of a reference crop recorded at 10
days interval throughout the gfowing period. |

In general the study shows that the under soil climatic condition of Roorkee
the rice improved productivity with nitrogen application @ 150 kg/ha and there is
no effect of irrigation level. '

The results indicated that there was a linear increase in the value of crop

coefficient from transplanting to flowering. The minimum was recorded as 0.72 in

the beginning whereas the maximum was 2.17.

(iv)
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Chapter 1

INTRODUCTION

g Rice is the most important crop of India and second most important crop of
world. The rice is grown in India on 31% of the total area under food grains.

Rice is a wet season .crop. It is mainly grown under assured rainfall or
irrigation. There has been significant improvement in quality as a result of special
stress laid on development of fine and superﬁne varieties under a special food
grailns development programme. Coarse varieties are being replaced by superior
varieties as they fetch better price in the market. '

There has been a mar}<ed improvement in productivity of rice under the
successive plan periods. The all India average vyield of rice was 771 kg/ha in 1949-
50 Whi_ch increased to 1471 kg/ha in 1986-87. Currently, the yield is placed at 1750
kg/ha but it is still very much below the average vyield of 5600 kgs/ha in Egypt,
.6000 kgs/ha in Korea and 5800 kgs/ha in Japan.

Uttar Pradesh, West Bengal, Bihar, Orissa, Mad.hya Pradesh and Assam
cover about two thirds of the total area under rice but account for only half the
total rice produced in the country. These stat‘es suffer from poor infrastructurai
facilities, low input use, poor production technology and dependence on monsoon.

Rice researchers in the past five decades have focussed on the ’development
of varieties .suitable for irrigated land and paid little attention to the development
of rice for rain fed regions which constitute almost 70 percent of rice growing area
in India.

IARI has also developed some new varieties of short duration superfine and
exportable varieties of Basmati rice, suitable for cultivation in the North and North
- West India. These are ready for harvest within 1~00 to 110 days. This allows a

farmer to sow wheat as a Rabi crop on the same land after harvesting the rice



crop.

These varieties include Pusa-33, Pusa-169, Pusa-205 and Pusa-basmati-1,
Semi dwarf, non lodging and giving ‘almost double the yield, i.e., 5 to 7 tonnes per
hectare in 135-145 days to that of traditional Basmati.

In view of the above facts a field study entitled, “Irrigation and Nutrient
Management in Rice on Sandy Loam Soil”, was undertaken with following
objeétives.

(1)  To test the irrigation application on growth and production of rice on

sandy loam soil.

(2) To test the nitrogen application on growth and application of rice on

sandy loam soil. |

(3) To determine the crop evapotranspiration (Evc) and crop coefficient

(K.) of rice grown in lysimeters.



Chapter 2

REVIEW OF LITERATURE

2.1 YIELD, YIELD ATTRIBUTES AND QUALITY .

Agarwal S. K. et al (1990) conducted a field expenment during 1983-84
and 1985-86 on upland transplanted rice and thelr resndual effect on wheat, at the
Crop Research Farm, Pura, C.S. Azad University of Agrlculture and Technology,
Kanpur, indicated that slow release N fertiliser_s and nitrification inhibitors were
found significantly superior over prilled urea. Root zone placement (5-6 cm deep)
of urea-supergranules at 120 kg N/ha significantly increased .yieldand yield
attributes of rice and N recovery in upland alluvial soils. The response of eources of
‘N was in the order of USG > GCU > NCCU > CACU > PU in both years.

Ahmed A A. et al. (1992) carried out a field experiment during '1987-88 and
1988-8S to _étudy he efficiency of 4 sources of nitrogen in rice (Otyza satiya L.j and
their residual effect on wheat (Triticum aesitivum L. emend. Fiori &,‘ Paol). Urea-
supercjranules @ 120 Kg -N/ha recorded the maximum grain yie‘l‘d (47.2 g/ha) of
‘Jaya’ rice. The residual effect of N was. reﬂected in the: maximum grain yield
(17.08 g/ha) and N uptake .(46.62 ka/ha) b); wheat with the application vof
neemcake-coated urea @ 120 kg N/ha to preced'ing rice. Urea subgranules @ 120
kg N/ha -a.pplie'd’ to preceding rice proved superior (Rs. 8, 706 65; 1.94) to neem
-cake coated (Rs. 8, 217; 1.88) and pnlled urea (Rs 6 701 35 1.56) in respect of
net return/ha and benef‘ t: costin nce—wheat sequence.

Ahuja et al. (1995) reported information on the morphology and physiology:
growing area and 'production;' quality characteristics; cultivar improvement;
production technology, disease” and pest management and the marketing and
export of Basmatl nce is presented. Basmatl rice is grown once in a year in the

Punjab region of Paklstan and in Haryana, Uttar Pradesh and the Punjab region of



India. The best quality rice comes from Haryana. The major constraints are in the
production and processing of the grain and in aspects of marketing. This bulletin
will be useful for development agencies, industry, farmers, students and scientists.

Antil R. S. et al. (1989) conducted a field experiment at Rice Research
Station, Kaul, Kurukshetra (Haryana) dluring the kharif seasons of 1981 and 1982.
Grain vyields and N uptake in grains and straw increased significantly with
increasing nitrogen levels up to 120 kg N/ha. Grain yield and N uptake were
highest when preceding crop was dhaincha followed by moong, maize and fallow.
The optimum doses of N in rice were 73.6, 66.3, 152.4 and 151.6 kg N/ha after
dhaincha, moong, maize and fallow, respectively. The preceding crops did not
affect N concentration in rice.

Balasubramaniyam P. et al. (1989) reported that the studies were carried
out at the Tamiinadu Agricultural Coimbatore in Rabi 1986, Kharif 1987 and Rabi
1987 to find out the influence of organic and inorganic N with varied population on
growth and grain yield of rice, though the effect of organic manuring differed with
seasons, incorporation of green manure at 12.5 t/ha benefited the growth and
yield of rice. Difference in yield due to varied population was minimum. N rates
increased the vield significantly up to 150 kg/ha.

Bali A. S. et al. (1994) conducted a field experiment during 1986 and 1987
to study the control of weeds in transplanted rice (Oryza sativa L.) at 2 locations
under Kashmir conditions. The results indicate that butachlor formulation was
closely followed by benthiocarb and hand weeding (20 and 30 days after
transplanting) in reducing dry matter of weeds with average weed-control
efficiency of 81.7 and 82.1% at Khudwani and Larnoo stations respectively.
Applications of butachlor @ 1.5 kg ai/ha recorded 97.0 and 135.2% incrase in the
mean grain yield compared with unweeded check but was on par with a
benthiocarb and hand weeding (20 and 20 days after transplanting) treatments at

Khudwani and Larnoo stations respectively. The grain yield had a highly negative



‘but significant correlation with dry weight of weeds during both the years at both
the stations.

Bali anq Uppal (1995) conducted an experiment during Kharif (monsoon)
season of 1989 and 1991 to study the response of rice cv. Basmati-370 to initial
submergence duration (5, 10, 15 or 20 days), irrigation (2 or 4 days after
disappearance of ponded water) and transplanting dates (10 or 30 July) on a non-
crackihg soil at Ludhiana, India. Transplanting on 10 July improved growth and
yield attributes favourably and gave 8.4% higher grain yield than transplanting on
30 July. Initial continuous submergence for 15 days after transplanting increased
grain yiéld by 11.5 and 4.1% compared with 5 and 10 initial submergence
duration, respectively. Irrigation 2 days after disappearance of pbnded water
increased growth and vyield attributes thereby causing significant increase in grain
yield by 7.6% compared with irrigation 4 days after disappearance of ponded
water. In crease in initial submergence and irrigating at shorter intervals increased
water use and leaf water potential but decreased canopy temperature.

Bali and Uppal (1995) carried out field experiment during rainy season of
1980 and 1981 to study yield of Basmati rice as influenced by different water
managément practice under two dates of transplanting, viz.; 10 and 30 July. Water
management practice included 4 initial submergence durations of 5 days, 10 days
and 15 days and 20 days and 2 subsequent irrigation levels of irrigati_on at 2 days
and 4 days aftef infiltration of the previously ponded water.

Bhagat et al. (1991) conducted a field trials in 1989-90 on clay loam soil
rice cv. Ranbir Basmati and Basmati-370 seedlings transplanted at 30, 40, 50 or 60
days after sowing gave average grain Ayield’s of 2.63, 2.37, 1.91 and 1.40 t/ha,
respectively. Basmati-370 gave an average yield of 2.35 t/ha compared with 1.91 t
from Ranbir Basmati. Number of days to 50% flowering and numbers of sterile
spikeléts/panicle increased with age of seedling at transplanting and plant height

at maturity, number of panicle/m, panicle length, panicle weight, number of fertile



spikelets/panicle and 1000-grain weight decreased.

Bhattacharyya H. C. et al. (1992) conducted a field experiment during the
rainy seasons of 1986 and 1987 at New Delhi, to study the response of ‘Pusa 33’
and ‘Pusa 312’ direct-seeded rice (Oryza sativa L.) to Ievél and time of N
application under irrigated Qpland conditions. ‘Pusa 312’ rice was taller and showed
more tillers, heavier panicles; grain vyield (37.62-41.75 g/ha) and N uptake than
‘Pusa '33’ in both the years. Increased levels of N increased the growth, yield
components, yield and N uptake up to 80 kg/ha. Application of N in 4 equal spits,
viz., as basal or at seedling stage, at tillering, panicle-initiation and heading stages,
could not exert any significant influence on plant height, tiller and panicle
production compared with those in 3, omitting the last one at the heading stage.
Howevér, panicle weight, grain yield and N uptake were signiﬁ'cantly higher in 4
splits,.irrespective of the time of application the first split. The time of application
of the last split at héading, had marked effect, whereas the time of the first split
either basal or at seedling stage, did not show varied effect. _

Biswas and Tewatia (1991) reported that the rice productivity in India has
almost doubled largely due to increase in HYVs coverage, irrigated area and
fertiliser use. The pace of growth in rice productivity has however, been slow due
to wide variation in agroclimatic conditions and various technical and socio-
economical constraints. The paper deals with the production performance and
major constraints in rice production. Future strategies to increase rice production in
the country have been suggested.

Biswas and Prasad (1991) reported that India has entered into the era of
multi 'nutrie_nt deﬁdency and use. Widespread deficiencies of five initials plant
nutrients NPK, S and Zn are well doéumented, and their use to optimum crop yield
has become essential. Nitrogen deficiency is universal. So is also crop response to
its application. Study of the effects of interaction of different nutrients used is

more relevant and Juseful now. The paper deals with mainly the positive



interaction of different essential plant nutrients used in Cereals, Pulses and
Oilseeds. Needs for the future have also been suggested.

Bisht et al. (1991) tested the performance of the newly released varieties
Pusa Basmati 1, Kasturi and HKR228 was compared with the iocal control Basmati
370 at 60, 90 and 120 kg N/ha. Urea was applied in 3 splits : %2 basal, ¥ at
tillering and % at 1 week before panicle initiation. The basmati varieties, Pusa
Basmati 1 and Kasturi, showed no differential response to N but had higher yields
than the control. Kasturi and HKR228 produced almost similar mean yields (3.3 and
3.4 t/ha, respectively) which were significantly hi.gher than those of Pusa Basmati 1
(3 t/ha). N response was significant up to 90 kg N/ha.

Chandra t1997) evaluated the performance of twelve scented Basmati rice
varieties viz.,l Basmati 370, kapurthala Basmati, Ranbir Basmati, Dehraduni
basmati, IET 11347, IET 8579, Pusa 615, Madlhuri, CBII, Dubraj, Kalimuch and
Gaurav under two dates of -planting (25" July and 11* August 1991 and 25 July
and 5t Sept. in 1992) during wet seasons at the Central Rice Research Institute,
Cuttack. July 25" planted crop produced significantly higher grain yield (10 to
'12%) than 5% September (1991) and 11*™ August (1992) planted crop. Out of 12
varieties, four varieties gave higher yield, five varieties gave lower yield and three
varieties produced similar yield under normal and late plantings. Orissa state in -
coastal area also produce scented rice during the wet season and could give
reasonably. fair yield when compared to 3.5 to 4.0 t/ha from the traditionally
scenfed rice area.

Chilukuri and Rani (1999) reported multilocational trials for export quality
high y'ielding Basmati rice. Data comprising of three components, viz. (i) grain
yield, (ii) physico-chemical characteristics and (iii) panel test scores were collected
during kharif 1993 and 1994. A methodology for analysing such data of both
quantitative and qualitative nature was developed by giving rating and/or weights

to physico-chemical characters, panel member scores and data components. On



the basis of panel test scores, weighted and unweighted‘indices were constructed.
The cultures identified from these indices in both the years were same. Pusa
Basmati-1 was identified as the best entry, followed by IET 13548 and IET 13549.
The presently deVeIoped analytical method confirmed the results of mental
discrimination in the earlier two years. The quantitative analyses of pool'ed data on
grain yield, physico-chemical characteristics and panel test scores could be adopted
for identifying the export qgality high yielding Basmati rices.

Debnath and Basak (1985), reported that the application of the two rock
phosp.hates from Purulia and Mussourie could not cause any significant increase in
the yield of grain, straw or total dry matter, while basic slag increased the yields
significantly and was at par with single super phosphate. No benefit was derived
over to application of higher dose of P in comparison with lower dose. However, P
content (%P) in the plant at panicle initiation stage was significantly higher in the
plots received phosphates. The concentrations of plant P under different
treatments were in the order : superphosphate > basic slag > Mussourie ro;k
phosphate > Purulia rock phosphates > control.

Dinesh et al. (1997) studied on the effects of planting date and spacing
were in 12 Basmati rice varieties at Cuttack, Orissa, in alluvial soils during the wet
seasons of 1991-92. Dates of planting were 25 July 1991, 5 September 1991, 25
' July 1992 and 11 August 1992, and planting densities were 20 cm x 15 cm (33

hills/m?) and 15 cm x 15 cm (44 hills/m?). Yields of rough rice were significantly
“higher for the 25 July planting and outyielded ricé planted on 5 September 1991
and August 1992 by 10% and 12%, respectively. When transplanted late, 4
varieties gave higher yields, 5 gave lower yields and 3 gave similar yields. States
. like West Bengal and Orissa can also produce scented rice during the wet season,'
giving reasonably good yields compared with yields of 3.5-4.0 t/ha obtained from
traditional scented-rice growing areas. The highest head rice recovery was

obtained from Dubraj (61.48%) and the lowest from CBII (32.9%). Late piénted



crops (-11 August) gave a higher head rice recovery than early-planted crops
(25 July) during 1992.

‘Dhiman et al. (1995) conducted field trials in the rainy seasons of 1990-91
at Kaul, Haryana, 30, 40 and 50-d—olq seedlings of scented dwarf rice cv Haryana
Basmati-1 (HKR 228) were planted at 15 x 15 or 20 x 15 ¢cm spacing on 15 or 25
July or 5 Aug. Grain yield decreased with delay in planting date, was unaffected by
spacings and was highest with 30-d-old seedlings. With the early’ planting date
younger seedlings gave higher yields, whereas with the later planting dates older
seedlings gave higher yields.

Ghosh B. C. et al. (1991) conducted a field experiment in a typical low land
situation in farmers’s field during the wet season 1986, to determine the effect of
seed rate and N fertiliser under intermediate deep water condition (15-60 cm water
depth). The result showed that with the addition of N the grain yield increased
“significantly in both the varieties. The interaction effect of varieties and N fertilizer
on grain yield showed that the traditional variety ‘Tilakachari’ responded in respect
of grain yield only up to 30 kg N/ha, whereas the semi dwarf variety ‘CR 1018’
responded up to 60 kg/ha. The increase in grain yield was due to higher number of
ear-bearing tiller‘s and grains/panicle. In plots treated with N fertiliser the plants
" were vigorous and greater bortion of plant parts remained above the water
surface, resulting in low tiller mortality. With the increase in seed ra;e from 200 to
400 s'eeds/mz,' there was an. increase in grain yield by 0.65 tonne/ha. Under
intermediate deep water situation determination of seeding_density of direct-
seeded rice depended on fertiliser application. To obtain similar yield, much higher
seed rate would be required in the absence of any fertiliser than when- N fertiliser
was used. Seeding density of 400 see-ds/m2 used under a condition of no fertiliser
produced similar yield as that of using 300 seeds/m? with N fertiliser 60 kg/ha.

Goswami and Rattan (1992) reported the maintenance of soil health is an

essential pre-requisite for sustaining agricultural produttivity. Anthropogenic



activities including and involving intensive agricultural devoid of supplementation of
sufficient organic, imbalance use of chemical fertiliser, over-irrigation leading to
secondary salinisation, etc., have constantly degraded soil health. Attempt has
been made in this article to examine the causes and effects of such deterioration
on growing plants and soil environment and suggest remedies to cure sick

wherever possible.

Gupta A. K. et al. (1991) conducted a field experiment on sandy loam soil of
research farm, Jabalpur, during the rainy_ seasons of 1987-88, to cultivate the
performance of dwarf and tall cultivers of early-medium maturing (115 days) indica
rice of the four spacings the closet spacing (10. cm x 10 cm) produced the highest
grain yield (25.86 g/ha), which was nearly equal to the widest spacing proved
significantly superior in respeét of yield to the rest 2 spacings (15 cm x 10 ¢cm and
20 cm x 10 c¢m). Though the individual hill under wide spacing showed superior
growth and yield contributing characters than that under close spacing, the grain
yield per unit area was greater in latter than in former as a result of more number
of productive tillers per unit area. But the widest spacing (15 cm x 15 cm) proved
equally well to closest one in this regard, because available resources were
efficiently utilized by each hill due to square pattern of planting. |

Hazarika -and Sarkar (1996) conducted a field experiment in the kharif
season of 1992 on a moderately well drained silt loam (Type Ustochrept) at New
Delhi to study thé 15N recovery from uréa -by ﬂ_oodéd rice cv. Basmati-1. The N
was applied at 60, 120 or 180 kg/ha, entirely as urea, mud ball urea of calcium:
carbide coated urea, or half as urea and half as FYM or green manure (45 day-old
Sesbenia aculeata). Green manure + urea registered the highest recovery of
Fertiliser N by rice and lowest N loss. The application of calcium carbide coated
urea reduced the N loss and increased the fertiliser N recovery by rice. The loss of
Fertiliser N increased with increasing rate of urea application. All the sources of N

influenced N uptake and grain yield of rice but the variations among the sources
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were not significant. _

Jee R. C. et al. (1989) conducted a field experiment at Regional Research
Station, Ranital during Rabi 1985-86 in a sandy loam soil with pH 6.8, organic
carbon 0.45%, 11 and 280 kg/ha of available P,Os and K;O respectively. All the
treatments recorded significantly higher grain yield than the control. However,
maximum uptake and yields were recorded with USG applied 7 DAT at 90 kg/ha
which was significantly more than all other treatments except its applicatio_n at 60
kg N /ha and LCU at 90 kg N/ha applied in three splits in the ratio of %2 : 2 : ¥4 at
TP, 15 DAT and PI stages respectively. The later two also did not differ
‘significantly. Panicles/m? and the grains/panicle were also influenced in a similar
way which ultimately.reﬂected the final yield. Also, the grain yield oxbtained from
USG applied ai: 60 kg N/ha wa:.; significantly higher than PU at 90 kg N/ha applied
in three splits. ‘

Kalita and Gogoi (1994) conducted field experiments with rice at Jorhat -
during late (kharif rainy season of 1987-1988 on loamy sand soil. The treatments
comprising fo cultivators, viz. ‘Culture 1’ and ‘Rangadararia’ (a local tall avriety), 2
seedling method, viz., CaO, smeared pre-germinated seeds and pre-germinated
seeds, were allocated in combination in main plots and 3 weed control measures,
viz., Butachlor @ 1.5 kg/ha as pre emergence, weed control and weedy check, in
subplots of split plot design with 3 replications. In weeds free plot h_and weeding
was done 20 and 46 days after seeding. : -

Kohle S. S. et al. (1989) reported that a field experiment was conducted in
a split plot design at indian Institute of Technology, Kharagpur (W.B.) during two
crop seasons (1982-83 and 1983-84) to assess the relative efficacy of slow release
N-fertilizers’ and nitrification inhibitors in a rice-wheat rotation. The treatments
comprised of the combination of different forms of slow release N-fertilisers in
main plots and three levels of nitrogen and a control in subplofs. The fertilizers

‘were applied to rice and the residual effects were studied in the ensuing wheat
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crop. The soil was acid lateritic sandy clay loam. The full quantity of nitrogen was
applied as basal except in case of urea and neem-cake coated urea where, 50% of
N was applied as basal at transplanting through prilled urea (PU) and NCU
respectively and remaining N was applied through ordinary urea in two equal splits.
A basal dose of 60 kg/ha each of P,Os as single super phosphate and KO as—
muriate of Potash was applied to both the crops in 1982-83 in 1983-84 the doses
were 60 kg P.Os and 50 kg/ha KO in both the crops. Rice cultivators Pusa 2-21
- during 1982-83 and Pusa-33 in 1983-84 and wheat variety Sonalika in both the
years was used. Grain yield of rice increased significantly with the increase in r\i-
levels during both the years. In case of different forms of slow release N-fertilisers,
highest grain yield of 40.7 g/ha was obtained with root zone placement of urea
super-granules as compared to 38.7, 38.4 and 37.9 g/ha with prilled urea.
Krishnaiah (1998) reported that in r-ice (Oryza sativa L.) varietal
improvement had been largely through pureline selection before fifties. Inter
varietal hybridization programme was the first serious to break the yield barrier in
tropical rice. A breakthrough in breeding was witnessed with concept of semi-
dwarf, now lodging plant type. Special breeding programmes were also launched to
develop varieties, suited to rainfed uplands, shallow low lands, semi-deep and deep
water areas as well as problem soils. The All-India Co-ordinated Rice Improvement
project played a key role in rapid material generation and varietal identification
suitable for varied situations. The méchanism of inter-discipline based
multiplicaEion testing facilitatea development of agro-ecolog}y-speciﬁc varietal and
matching production technology. This model has helped to evolve more than 528
high-yielding, dwarf rice varieties and enabled us to achieve a record production of
82 million tonnes of milled rice during 1994-95, ensuring self-sufficiency in rice.
Eleven rice hybrids have been released so far for commercial cultivation. The fine
grain e;nd aromatic rice helped increase: rice export. India exported 5.5 million

tonnes rice valued at Rs. 30000 million. The article deals with the present rice
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scenario in India. |

Kulmi G. S. (1992) carried out a field éxperiment during the rainy (kharif)
seasons of 1984-85 at Jabalpur which revealed that decreasing profuse weed
growth increased the biomass production, leaf area index, net assimilation rate,
crop-growth rate, relative growth rate and harvest index, resulting in higher grain
yield of rice (Oryza sativa L.). The cultural méthod and post-emergence application
of herbicides resulted in better growth and biomass production, leading to higher
grain yield compred with pre-emergence applciation of herbicides. Rotary weeding
at 35 days after transplanting recorded the highest grain yield, followed by hand
weeding at 40 days after transplanting, pretilachlor @ 1.0 kg/ha and piperophos @
1.25 kg/ha as post-emergence, although yield differences were nbt significant
when compared with the unweeded control. Among herbicides, pretiachlor @ 1.0
kg/ha resulted in the highest grain yield, followed by piperophos @ 1.25 kg/ha.
Oxadiazon @ 1.0 kg/ha pre-emergence caused severe phytotoxicity (25.33%) to
the rice cfop and recorded poor growth and biomass production and resulted in
-significantly lower yield compared with the unweeded control.

Matiwade P. S. et al. (1994) conducted an experiment during 1989-90 to
study the inﬂgence of green manuring of Serbania rostrata on rice (Oryza sativa L.)
at Mugad Green-Manuring} of S. rostrata alone resulted in higher grain yield (5207
kg/ha) than that realized with the application of 100% N (5053 kg/ha) required by
rice crop. The Highest grain yield (6585 kg/ha) was recorded with green manuring
of S. rostrata along with the application of 100% N. The other yield components
followed the same trend during both the seasons.

Mishra S: S. et al. (1991) conducted a field experiment during 1983-84 and
1984-85 to find out the effect of nitrogen and weed management on nitrogen use
efficiency in rice-wheat sequence. The N uptake in rice at harvest was significantly
higher under chemical weeding. Among sources of n, urea supergranules proved

significantly superior to neem cake-coated urea and prilled urea. The grain yield

13



_(35.8 q/ha) of rice was higher at 100 kg N/ha and urea supergranules ‘proved
significantly superior to prilled urea of neemcake-coated urea chemical and hand
weeding were at par. In succeeding wheat also, significantly higher grain yields
were recorded under hand-weeding and chemical weeding than--under Weedy
check. The N uptake in wheat was the highest under hand weeding. The carry over
effect of neem cake-coated urea @ 100 kg N/ha applied to the rice crop produced
the highest grain yield of wheat. But apparent N recovery in wheat decréased
significantly with an increase in N level applied to preceeding rice crop. The N
sources neemcake-coated urea and urea supergranules proved superior to prilled
urea in rice wheat sequence.

Mohapatra et al. (1997) undertook the study in the Bhanjanagar and
Belanghuntha blocks of Ganjam district covering four villages namely Lalsingh,
Chhedabhuin, Marcipat and Debulunda two in each block respectively. Sample
respondents of 120 farmers 40 each from marginal, small and big farmer
categories were selected _)following a multistage randomised sampling technique.
The farmers were personally interviewed through a structured and pretested
schedule for studying the perception and adoption beha\_/iour of farmers towards
improved paclgages of rice cultivation. From the findings it is observed that the
farmers have higher knowledge, attitude and adoption of the packages like HYV
seeds, balanced fertiliser application and plant protection practices. In case of
improved agricultural implements e_and machineries the adoption level is low in spite
of the higher knowledge of farmers about the practice. Among the categories of
farmers levels of knowledge, attitude and adoption is higher in case of big farmers
as compared to others. It is further revealéd that knowledge and attitugje are
positively and significantly associated with the adoption of HYV seeds among
farmers and balanced fertiliser application among the farmers of small farmer
category.

Muthukrishnan and Purushothamaman (1992) conducted a field experiment
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during the rainy (kharif) season 1989 to find out the effect of irrigation, weed and
fertiliser management on weed growth and yield of irrigated transplanted rice
(Oryza sativa L) The results indicate that the most economic irrigation schedule
for low land rice could be irrigation to 5.cm depth, 1 day after disappearancé of
ponded water in terms of higher saving of water without any adverse effect on
yield. Pre~emergence application of Butachlor @ 1.25 Kg a.i./ha at 3 days after
transplanting, 1 hand-weeding at day 25 gave effective weed control. Bio-

fertilisation with either Azospirrillum inoculation was equally effective for getting

~ higher yields.

Pande R. C. et al. (1987) conducted an experiment in rainy season of 1981
at the JNKUV, College of Agriculture, Rewa. The treatments consisted of four rice
varieties (Céuvery, Madhuri, JR 16-15-1-1 and Kranti) as main plots and four
-number of seedlings/hill -(one, two, three and four seedlings) as sub plots‘ were
tested in a split plot design with three replications. The values of soil pH, organic
carbon, availablé N, P.0s and K,O were 7.1, 0.72%, 161.47 Kg, 13.20 Kg and 470
Kg/ha, respectively. A dose of 120 Kg N, 60 Kg P,0s and 40 Kg K./ha was applied
to crop.

Among the varieties, Kranti being at par with Cauvery produced significantly
higher graiﬁ yield than Madhuri and JR 16-15-1-1. Higher grain yield of Kranti may
poss-ibl.y be due to its genetic potential and suitability of the edaphic and climatic
conditions of this area.

Number of seedlings/hill also affected graih yield, two three and four
seedlings/hill being at par produced markedly higher 'grain yield over one
seedling/hill.

Pandey R. et al. (1991) conducted a field experiment during the rainy
seasons of 1983 and 1984 to study the effect of fertility levels, varieties and
transplanting time on vyield and uptake of nutrients by rice of the 4 varieties ‘KR10-

47' excelled the other varieties. The effect of delayed transplanting (15 days) was
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adverse on yield and uptake of nutrients.

Paliniappan S. P. et al. (1989) reported that a field experiment was
conducted in wet lands at the Department of Agronomy, Tamil Nadu Agricultural
University, Coimbatore during Kharif 1987 in two locations. The experiment was
laid out in a randomized block design with five treatments. The soil was clay loam
having pH 7.8. The available N, P and K 188, 20, 448 and 225, 21, 380 kg/ha
respectively at the two locations. Nitrogen at 100 kg/ha was applied in splits as per
the treatments. The green leaf manure was incorporated 15 days prior -to
transplanting at 12.5 f/ha; A basal dose ofT 50 kg P,Os and 50 kg K,O was applied
at transplanting.

In conclusion, green leaf manure at the rate of 12.5 t/ha applied 15 days
prior to transplanting along with 100 kg N/ha in 3 equal splits viz., active tillering,
panicle initiation and heading stages was superior to other treatments of N
application. _

Rajput A. L. et al. (1991) conducted a field exper_in'ient at Kumarganj,
Faizabad, during the rainy séason 1986 to study the effect of organic materials on
transplanted ‘Saket 4’ rice. The crop was transplanted at a spacing of 15 cm x 10
cm on 29% October 1986.

Application of either of the organic materials with and without N
significantly increased grain and straw yields from the control. Application of farm
yard manure was superior to that of wheat straw. Application of N in conjunction
" with either of the 2 organic materials proved better than its application alone.
Application of farmyard manure or wheat straw affected economy of 50 kg N/ha
for grain production. The other plant parameters also foIIO\_Ned the trend similér to
that of grain and straw yields of the rice crop. |

Rajput A. L. et al. (1992) carried out a field study during 1986-87 and 1987-
88 to find out the effect of different levels of nitrogen and organic manure on yield

of rice (Oryza sativa L.) and residual effect on wheat (Triticum aestivum L. emend.
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Fiori and Poal) crop. Application of farmyard manure or wheat straw @ 10
tonnes/ha saved 50 kg N/ha and gave maximum yield of rice. The carry-over effect
of farmyard manure on wheat also had the trend similar to rice. The benefit : cost
ratio was maximum with farmyard manure @ 10 tonnes/hé + 100 kg N/ha
treatment in wheat and farmyard manure alone in case of rice. But the treatments,
100 kg N, farmyard manure, farmyard manure + 50 kg N and farmyard manure +
100 kg N/ha had almost similar benefit : cost ratio.

Rao et al. (1990) reported that the Rice cv IET8579 transplanted at 10 x 10,
15 x 20 or 15 x 15, 20 x 15 cm row spacing recorded highest grain yield (2.9 t/ha)
‘at 20 x 10-cm spacing and decreased with closer spacihg due to few filled
spikelets/panicle and lower panicle wt. Yield also d_écreased at wide spacing |
despite slightly higher panicle wt. Sarkar et al. (1990) conducted trials with 4 rice
cultivators grown' in 2 seasons, applying 0, 30, 60 or 90 kg N/ha gave av. paddy

yields of 1.83, 2.14, 2.10 and 2.22 t/ha in the rainy season of 1982 and 2.18, 2.41,

| 2.70 and 3.33 t in the dry (winter0 season of 1982-83, respectively. Cv IET 6248 in
the rainy season and cv IET 7029 in the dry season gave the highest yields of 3.41
‘ and 3.02 t/ha respectively, compared with respective yields of 1.50-1.88 and 2.19-
© 2.81t for 3 other cultivators.
| Reddy Rama Subba et al. (1989) conducted an experiment during Rabi
seasons of 1982-83 and 1983-84 at Agricultural Research Institute, Rajendra
Nagar, Hyderabad. The results showed that number of panicles, number of filled
grains, panicle and test weight increased from 40 to 120 kg N/ha as compared to
control, grain yield of rice was also increased significantly with increasﬁn,g doses of
N up to 120 kg N/ha. Urea super granules (USG) recorded higher ﬁumber of
panicles/mz' and filled grains/panicle over other forms of urea. Deep placement of
USG récorded significantly higher grain yield over other three forms of urea. |

Reddy and Reddy (1992) conducted an experiment during the wet season of
11987 and 1988 to study the effect of time of transplanting of seedlings on growth
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and vyield of rice (Oryza sativa L.). Grain yield was significantly higher with
transplanting of rice on 29 August then on earlier plantings. Higher plant density
(10 lakh hills/ha) recorded more grain yield than plant density of 4.4 lakh hills/ha.
Thirty-day-old seedlings were superior to 45- and 60-day old seediings.

Sagar and Ali (1993) reported that Rice C\} Basmati 370 grown in pots at
Daska (traditional rice growing area) and Multan (not a traditional rice area), in
soils from each area. Pots were also transferred between the 2 areas at panicle
initiation or panicle emergence. Grain size and composition were unaffected by
treatmént, but cooking quality and aroma were highest in rice grain grown in
Daska soil and environment throughout growth.

Sagwal et al. (1994): conducted experiment in the Karnal distﬁct, Haryana,
on a-sandy loam soil (typic ustochrept) with no fertiliser, 60 kg N, 30 Kg P,Os, 30
kg K20, 25 kg Zinc sulphate/ha as N, NP, NPK or NPKZn were appliéd. Two 5-week-
old rice cv Basmati 370 seedlings were transplanted-in the second week of July
1990. P, K and Zn were applied at puddling and N in 2 equal portions in 3™ and 6%
weeks after transplanting. Rice grain yields ranged from 1.6 t/ha with no fertilisers
to 2.59 t with NPKZn. Financial returns were greatest with NPKZn.

Saikia M. et al. (1989) reported that a two year field experiment was
conducted on transplanted summer rice showed that continuous submergence
produced significantly higher grain yield in both the years. The grain yield of rice
responded to nitrogen significantly up to 80 and 40 kg/ha respectively in 1985 and
198%. N uptake by grain and straw were significantly higher under continuous
submergence_z and also increased v_vith increasing levels of nitr_ogenl. The residual
available nitrogen was hiéhest under continuous submergence but the increasing
levels of nitrogen failed to build up the residual available nitrogen résewes in the
field.

‘Sharma S. D. et al. (1989) reported that a field experiment was conducted

during kharif 1982 at Haryana Agricultural University, Hissar to study the relative
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efficiency of prilled urea and lac-coated urea (LCU) in Ftransplanted rice. Nine
treatment combinations were tested in a randomised block design with three
replications. Before last harrowing a basal dose of 60 kg P,Os/ha and 25 kg/ha zinc
sulphate were applied. LCU supplied by the Bihaf State Co-operative Lac Marketing
Federation Ltd., Dangratoli, Ranchi contained 33% nitrogen. The soil was sandy
loam with pH 8.1, low in available nitrogen, medium in available phosphorus and
high in potassium content, two rice seedlings per hill were transplanted at a
distance of 15 cm x 15 cm on 12 July 1982. \

Application of 60 kg N/ha as urea were applied in 3 equal splits gave
significantly higher grain and straw over single or two split applications. The
application of 60 kg N/ha through LCU was superior over urea only when it was
applied in tWo splits either at transplanting plus maximum tillering or transplanting
plus panicle initiation stages. The effect of treatments on straw yield and other.
yield attributing characters Was identical to that of grain yield.

" Sharma G. L. et al. (1990) reported that the wet soil ammonium-N
expressed on dry weight basis was in maximum concentration in USG + Azolla
treatments than PU + Azolla. PU + fresh wheat straw maintained higher wet soil
ammonium-N at 60 DAT onwards than USG + fresh wheat straw treatments. At
recommended 120 kg N/ha, USG + Azolla (half N incorporated and half inoculated) .
maintained higher level of wet soil ammonium — N over PU alone as best split. USG
'+ Azolla at recommended dose of applied N gave higher yield over PU and was
significant during 1985. Performance of PU + fresh wheat straw was better during
both the years over USGF + fresh wheat straw at the same rate of applied N. In
a_nother experiment, sesbania + PU at 80 kQ/ha was significantly superior over 80
kg/ha through PU best split but was similar to sesbania + Azolla at same level of
“applied N.

Singh B. K. et al. (1991) conducted a field trial in randomized block with 4

replications during the wet season 1984 at Pusa. The soil was calcareous silty loam
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(pH 7.9), medium in ‘organic carbon (0.73%), low in available N (275 kg/ha),
phosphorus (16 kg P,Os/ha) and potassium (130 kg K;O/ha).

Nitrogen uptake in grain increased significantly with incremental dose of N
owing to higher grain yield and N concentration. Increase in stl:aw yield with N
addition was responsible for higher N uptake in straw. Sulphur-coated urea and
urea supergranules resulted in higher N uptakes in grain and straw owing to higher
production of these dry matter component.

Thus the crop- responded significantly upto 87 kg/ha. Sulphur coated urea
and urea super granules being at par, proved significantly superior to other N
sources including s‘plit applied prilled urea. \ '

Singh G. et al. (1991) conducted a field experiment at Ghagraghat during
the rali’ny seasons of 1985, to study the effect of sources and levels of N on the
yield, yield attributes and uptake of rice. Yield, yield attributes and N uptake were
“affected significantly due to sources and levels of N. Application of 87 kg N/ha
being at par with 58 kg N/ha produced significantly higher grain and straw yields
than 29 kg N/ha and the control in both years. The increase in yield at.this level
was mainly owing to superior yield attributes like (Panicle/m?, panicle weight,
panicle length and 1000 grain weight).

Response to grain yield was highest (22.7 kg grain/kg N) at 29 Kg N/ha
level. However, uptake of N through grain was the highest 31.8 kg/ha) at 87 kg
“N/ha level.

Singandhupe R. B. et al. (1990) conducted a field experiment in three  kharif
seasons during 1986-88 ih semi-reclaimed sodic soil at Karnal (Haryana) to study
the influence of varying moisture regimes on nitrogen use efficiency in rice. The
results revealed that unfertilised control produced 3.6 t/ha rice grain yield and 4.25
t/ha straw. At the highest N level (150 kg/ha), the grain yield was 65.5% fnore
than control. The nitrogen use efficiency (Agronomic efficiency) in grain was 13.8

kg/ha applied N at 50 kg N/ha which increased to 18 kg/ha applied N at 100 kg
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N/ha. Thereafter, with increase in N dose (150 kg/ha), the agronomic efficiency
was reduced to 15.7 kg/k_la applied N.

Soni. P. N. et al. (1989) reported that the fertilizer use-efﬁciency of the
various'new slow release nitrogenous fertilisers applied to rice-rice and rice-wheat
crop sequences was studied. The results indicated that slow release fertilizerv
applied to rice was able to yield higher as compared to ordinary urea in both
sequences. Also new fertiliser materials, by and large, happened to be more stable
under varying environments as compared to prilled urea. Urea super granules, in
particular, have emerged as the most promising new material at many centres.

Subhash et al. (1997) conducted a field experiment in 1993-94 at New
Delhi, with rice (Oryza sativa) cv Pusa Basmati, N, P, and K uptake were.
significantly higher under transplanted (85.5-112.8 kg N, 10.8-17.0 kg P and
150.5-172.3 kg K/ha) than direct-sown rice (35.1-35.8_!59 N, 4.4-5.9 kg P and 58.5-
64.3 Kg K/hé). Uptake of these nutrients was markedly higher at 120 kg N than at
60 kg N/ha. Nutrient uptake was highest in hand-weeded (30, 40 and 60 days after
sowing or transplanting) plots (88-104 kg N, 11-16 kg P and 146-172 kg K/ha), and
lowest in unweeded plots (42-54 kg N, 5-8 kg P and 79-84 kg K/ha). Nutrient
uptake in rice treated \with butachlor, anilofos or chlorimuronethyl was similar and
significantly higher than in unweeded plots. The N, P and K depletion by weeds
were 6 times lower in transplanted rice than in direct-sown rice. N, P and K
depletion by weeds was higher in plots given 120 than 60 kg N/ha. The highest
depletion of N, P and K was in unweeded plots (42.7 kg N, 4.5 kg P and 63.1 kg
K/ha) and the lowest in hand weeded plots (5.3 kg N, 0.6 kg P and 7.7 kg K/ha).
Herbicide treatments significantly lowered N, P and K depletion.

Tanaka et al. (1959b) and Patnaik and Abichandani (1970) on the basis of
the work on the traditional indica varieties of different durations grown under field
conditions and iri culture solutions, and Patnaik and Nanda (1969) on high-yielding

varieties, grown under field conditions, reported that the pattern of absorption of
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the nutrients was intimately related to the processes taking place during different
growth periods. The stage of maximum tiller formation (the period of peak
vegétative growth) was found to be independent of the duration of the variety and
was obtained 5 to 6 weeks after transplanting. In the short-duration indicas and. in
the high-yielding varieties, panicle initiation and the onset of reproductive growth
period overlapped or closely followed the stage of maximum tiller formation,
whereas in the medium- and long-duration indicas, there was a time laé between
the stage of maximum tiller formation and the panicle initiation which was the
vegetative lag period. The rate of dry-matter production appeared to increase
during the feproductive period from ear initiation to flowering, Based on the
process of a.bsorption, the various nutrients studied could be grouped into 3 broad
categories :

) Nitrogen, phosphorus and sulphur were absorbed from the beginning of the

growth period up tB flowering and were r},eeded for protein build-up, a
"process going on during this period. In the short duration indicas and in the
high yielding varieties, the absorption was continuous, whereas in the
medium and long-duration indicas, there were two distinct stages of
vigorous absorption during the active vegetative and reproductive growth
peribds, separated by an absorption lag during the vegetative lag peridd.

(i) Potassium was absorbed from transplanting up to about the dough stage of
the panicle to regulate carbon assimilation and protein synthesis. In the
short-duration indicas and in the high-yielding varieties, the absorption was
continuous, whereas in the medium- and long-duration varieties, there was
-an absorption lag, as in the case of N, P and S.

(iii)  Calcium and magnesium were absorbed slowly during initial growth stages,
but increased a little before the maximum tillering stage and continued
almost up to maturity. The role of calcium was possibly to help to build up

increased amounts of the cell-wall substances during the elongation stage
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and that of magnesium for increased photosynthesis which resulted in the

increased rate of dry-matter production during the reproductive growth

period. '

Nutrients absorbed vigorously during the distinct growth periods, therefore,
played dominant roles in the plant processes occurring during these periods, thus
bringing about a complete integration between the plant processes and uptake of
nutrients. Information on the stage of vigorous absorption by varieties of different
duratiohs might help to formulate effective and rational fertiliser schedules, in case
the soil-test and the crop-response data suggested the need for the application of
some of these nutrients.

Basak (1962) reported the continuous uptake of N and P. The uptake was,
however, interrupted when the crop lodged. Sadanandan et al. (1569) reported
that the uptake of N increased with the increasing application of N. The N content
of the plant decreased, but the uptake increased with the growth, with the
ﬁaximum utilization occurring during tillerinig and flowering. The application of P
beyond 34 kg/ha of P.Os id not improve its utilization. The uptake pattern closely
followed that of N but with a lower amount. The content and uptake of K increased
with the increased rate of application and the maximum uptake occurred at
ﬂoWering. Ramanathan and Krishnamoorthy (1973) studied the uptake of nutrients
in relation to the growth of"IR.8’, 'IR.20” and ‘IR.22’ in different soils, and found
that the uptake of N, P, K was greater in red soils than in the alluvial and black
soils, and-that 6f Ca was highest in black soils, followed by its uptake in red and
alluvial soils. The different soil types did not affect the uptake of magnesium.
Varietal differences in respect of uptake were significant. But the pattern of uptake
was found to be more or less similar. ‘

The rélat_i_ve efficiency of ammonium and nitrate nitrogen for rice :
Nitrogen is supplied to the plant either from soil or as fertiliser in the ammonium or

nitrate form. The relative merits of ammonium and nitrate nitrogen for the rice
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plant pef se have been investigated by a number of workers under controlled
experiments in sand and culture solutions. Dastur and alkani (1933) found that the
absorption of ammonium, nitrogen decreased and that of nitrate increased as the
plant aged. Dastur and Kalyani (1934) assumed that this preferential uptake of
nitrogen during different growth stages occurred owing to the differences in
glectrical charge on the protbplasm at the respective growth stages. Asana 91945),
on the other hand, observed poor growth of rice in ammonium cultures and
attributed this poor growth owing to a change in the pH of the medium. Tanaka et
al. (1959c) controlled the pH of the culture solution containing ammonium of
nitrate every 2 or 3 days and determined the efficiency of ammonium and nitrate
nitrogen absorbed by the rice plant during different growth stages. It was found
that at moderate levels of nitrogen supply (20 ppm of N), both the forms were
equally efficient in respect of grain yield and nitrogen uptake. At higher rates,
nitrate was found to be superior to ammonium nitrogen. The results gave
indications of preferential absorption of ammonium nitrogen during the period of
growth and of nitrate nitrogen during the reproductive period and attribufed this
preference to the fact that rice roots possessed strong oxidizing power during the
vegetative growth period and reducing power later on. The situation was, however,

different in the fertilizer-soil system and the fertilizer-soil-plant system.

The vyield énd nutrient uptake as influenced by nutrient interaction :
Shinde and Datta (1964) and Datta and Shinde (1965) on the basis of radio tracer
studies concluded that_the application of N and P benefitted the yield of dry matter
more under flooded conditions than under upland soil conditions. The application
of N increased the uptake of P. “The application of silicon did not appear to have
any effect on the uptake of N and P. Singh (1967) observed increased uptake of N
and P with the increasing rates of application of nitrogen. The application of

ammonia sulphate resulted in a higher concentration of P than when sodium
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nitrate, ammonium-nitrate or calcium-ammonium nitrate were applied. Similar
observations have also been recorded by Patnaik et al. (1974b) who have,
however, reported an increasing efficiency in respect of grain yield and uptake of N
and P in relation to growth with a nitrate-phosphate fertiliser produced by the
.Neyve!i Lignite Corporation. Mehrotra et al. (1968) from studies on the uptake of N
and P at increasing rates of application of the respective nutrients observed that :
i) only one period of nitrogen and phosphorus e%ﬁciency occurred at tillering
stages, (ii) maximum nitrogen and phosphorus uptake was obtained in a
combination of 66 kg of N and 44 I_(g of P.Os and resulted in the highest recovery
of 64.8 percent of nitrogen, whereas the best recovery of phosphate was o—btained
in @ combination of 66 kg of N and 22 kg of P,0Os. Datta and Venkateswarlu {1968)
reportéd no significant difference in the availability and utilisation of P fertiliser as
superphosphate applied on the surface or 5 cm deep. Ammonium nitrate increased
P availability when the fertilizers were mixed with superphosphate.

Rao and Rao (1965, 1966) have reported interactions of the uptake of P,
molybdenum and calcium with t_he application of these 3 nutrients.

Thakur K. S. et al. (1987) conducted a field experiment at the HPKVV,
Palampur in kharif seasons of 1983 and 1984 on a clay loam soil. Incorporation of
Lontana, Eupatorium and wheat straw each at 5 t/ha on dry weight basis resulted
in 38.2, 19.5 and 6.5% increase in grain yield of tfansplanted rice respectively over
control. The response of rice to N was up to 100 kg/ha. Optimum level of N
without o_rganic waste was 114.6 kg/ha, whereas with gupatorium and wheat straw
it was 94.8 and 139.8 kg/ha respectively.

. Tripathi et al. (1993) reported that the Mahi Sugandha (RRB94), identified
in the F6 generation of the cross BK79 X Basmati 370, has a yield potential
. superior to that of Basmati 370 and Kali Kamod, out yielding them by 51 and 59%
at Banswara and Sriganganagar. In All Inqia Co-ordinated Trials during kharif 1990

Mahi Sugandha produced an average yield of 4.8 t/ha (58% greater than that of
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Basmati 370). Resistance to insect pests and diseases is very good, compared to
Basmati 370, Kali Kamil and local Basmati varieties. Plants have a semi dwarf,
photoinsensitive habit, synchronized tillering and late leaf senescence and mature
in 130-135 days (8-10 days earlier than Basmati 370). Panicles are fully ekerted
with long, slender, strongly scented grains. The grain displays many desirable
-cooking features. '

Verma L. P. et al. (19§1) laid out a field trial with rice in randomized block
design with 4 replications at Faizabad during the rainy season 1986. The soil was
silty foam with pH 8.1 and av;ilable P 6.8 kg/ha. Mussourie rock phosphate (MRP)
containing 20% P alone and 1:1, 1:2 and 1:3 ratios with pyrite and pressmud was
compared with single superphosphate. Pyrite and pressmud were mixed as P-
solubilizing agents and applied to the field 1 week before transplanting of rice
‘Saket 4’ rice. P was applied at 60 kg P.Os/ha through each source at puddling. A
recomménded dose of 120 kg N and 60 kg K:O/ha waS also applied to all
treatments. The crop was planted on 12 July and harvested on 29 October in 1986.
The yield of rice was -the highest when crop was fertil.ised with single super
phosphate. However, the yields obtained under rock phosphate + pyrite (1:3) and
rock phosphate + pressmud (1:3) were on a par with single superphosphate. Rock
phosphate alone did not increase the yield significantly. Addition of pyrite and
pressmud with rock phosphate significantly increased the yield with increasing
quantity of pyrite and pressmud in the mixtures. Press mud was. superior to pyrite
at same ratios. ; _

Yellamanda T. et al. (1992) conducted a field investigation to study the
influence of different soil-moisture regimes and nitrogen levels on root growth of
rice (Oryza sativa L.). The proportion of roots in total biomass of plant at tillering
was 28% and gradually decreased to 15% at flowering. Root volume -and root-dry
weight were higher under continuous submergence (5 cm standing water) or at

'irrigation to 5 cm submergence_a_fter reaching the soil-saturation point than under
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drier upland moisture regimes. Soil strength was 0.2 kg/cm? with submergence and
20.0 kg/cm? with moisture level ranging from field capacity to 50% depletion of
available soil moisture. Root length and soil strength were negatively correlated (r
= -0.95). Third- to fourth-order root branching was under lowland condition and
only the first-order branching under upland condition. Continuous submergence
gave 12% non geotropic roots, whereas these were absent under upland moisture
conditions. Roots were thick, wavy and short under upland condition. N and P
uptake was clearly correlated with root length and root volume. In most cases
higher level of applied N increased the root volume and root-dry weight. N and P
uptake increased with increasing moisture levels due to more root growth.- Grain
yields were higher with higher moisture and N levels. Thus poor growth of rice
under upland condition was due to reduced root growth which resulted in reduced ‘

nutrient uptake and grain vield.

2.2 EVAPGTRANSPIRATION (ET) AND CROP COEFFICIENT (K.)

Allavena (1995) reported the normal rice growing season in the NW PO
valley, 11 Apr-20 Sept., was divided into 20 day periods, and the crop coefficient
for each period was determined. The crop coefficient was calculated as the ratio
between the actual value of rice evapotranspiration and the reference value. The
values obtained were compared with those reported in the literature. The
coefficients and metéorological data from Vigellio were used to calculate frequency
distributions for rice evapotranspiration. Comparison with those for maize in the
same area showed that values for rice were considerably higher than those for
maize for the whole growing season, but there was little difference between the 2
crops for the peak growing period. These results are discussed with reference to
using costly reservoir water for irrigation.

Adachi et al. (1995) collected data from field experiments with paddy rice at

Matsue, Japan, estimated evapotranspiration rate (EC) was calculated using the
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Penman, Van Bavel and Penman-Monteith methods. The fitness of regression was
highest between actual evapotranspiration (ET) and EC calculated by the penman-
Monteith method. The fitness was further improved when canopy resistance was
corrected by the ratio of irradiated to total leaf area calculated empirically from
LAL. Transpiration rate (T) could be estimated reliably from the product of ET and
T/ET, which was calculated from the empirical equation as a function of LAI

Baker et al. (1997) projected the future climate change to include a strong
likelihood of continued increases in the atmospheric carbon dioxide concentration
([CO.] and possible shifts in precipitation patterns. Due mainly to uncertainties in
the timing and amounts of monsoonal rainfall, draught is common in rainfed rice
production systems. the objectives of this study were to quantify'the effects and
possible interactions of ([COz]) and draught stress on nce photosynthe5|s,‘
evapotransptratlon and water use efficiency. Rice cv. IR-72 was grown to maturity
in eight naturally sunlit, plant growth chambers in atmospheric carbon dioxide
concentrations [CO.] of 350 and 700 pmol CO,/mol air. In both [CO,], water
management treatments included continuously flooded controls, flood water
removed and draught stress imposed at panicle initiation, antithesis, and both
panicle initiation and antithesis. Potential acclimatization of rice photosynthesis to
long term [CO,] growth treatments of 350 and 700 pmol mol™* was tested by
comparing canopy photosynthesis rates across short-term [CO,] ranging from'160
to 1000 umol mol?. These tests showed essentially no acclimatization response
with photosynthetic rate being a function of current short-term [CO;] rather than
long-term [CO.] growth treatment. In both long term [CO.] treatments,
photosynthetic rate saturated with respect to [CO.] near 510 pumol/mol. Carbon
dioxide enrichment significantly increased both canopy net photosynthetic rate (21-
27%) and water-use efficiency while redﬁcing evapotranspiration by about 10%.
This water saving under [CO;] enrichment allowed photosynthesis to'continue for

about one to two days longer during draught in the enriched compared with the
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ambient.[CO,] control treatments.

Bhardwaj A. K. et al. (1992) conducted a field and lysimeter study dur_ing
the rainy seasons of 1985 and 1986 in submerged rice (Oryza sativa L.) culture in
Mollisols of Nainital foot-hills, to study the effect of 3 forms of urea (prilled urea,
urea supergranules of 1 g size and neemcake-coated urea) and 3 levels of N (56,
84 and 112 kg N/ha) on NHs" and NH;™ N contents of soil and N uptake by rice
crop. In lysimeter **N-labelled urea forms were used to study the uptake of N from
applied fertiliser. The NH4s N content in soil was the highest at tillering stage of the
crop and it declined subsequently upto crop maturity. Its content increased with an
increase in N level. Initially at tillering stage, NH4*-N was similar under different
urea forms indicating uniform hydrolysis of urea, but at later stages higher NH;*-N
was maintained in plots treated with urea supergranules, indicating reduced
nitrification losses of NHs"-N. At tillering stage NOs™-N in soil was less in plots
treated with urea supergrén‘ules and neemcake-coated urea, indicating slow rate of
nitrification as compared to prilled urea and reverse was true at panicle-initiation
stage when NOs;™N was a little higher in plots treated with urea supergranules and
neemcake-coéted urea. This shows higher availability of soil nitrogen (NH; and
NO;) .in plots treated with urea supergranules and neemcake-coated urea,
compared with prilled urea. This was also reflected in higher n uptake from plots
treated with urea supergranules. The uptake of fertiliser ***N from urea
supergranules, heemcake-coated urea and prilled urea was 52.6, 33.8 and 27.7 kg
out of 84 kg N/ha applied.

Humphreys et al. (1994) reviewed field measurements of evapotranspiration
from rice (ETq.) in the Murrembridge Valley of Southern New South Wales. The
results are compared with US Class A open pan evaporation (Epa) at CSIRO
Griffith, and with reference evapotranspiration (ET,) calculated using locally
calibrated Penman. equation. Both methods (ZETyce, ZEpan OF ZEthe = ZET,) gave

good estimates of total evapotranspiration from flooded rice over the ponded
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season of about 5 months, from October to February. Variation between seasons in
total ET,, rainfall and ET, minus rainfall is large. Over 32 years, total seasonal ET,
| varied by a factor of 1.5, while rainfall varied > ten fold. The irrigation water
requiremént for rice £ (ET, — rainfall) varied from 685 mm in 1992-93 to 1350 mm
in 1990-91. This large variation highlights the need to adjust the rice water use
limit (16 ML/ha or 1600 mm) on a seasonal basis, to detect and eliminate high
water use paddocks where percolation to the groundwater or surface runoff is
excessive (> 2 ML/ha). On average, an irrigation requirement of 10.5 ML/ha is
needed to replace net evaporative loss * (ET, — rainfall) for rice flooded for 5
months, October-February. Monthly totals of ET, are compared for several
locations within the rice growing areas of southern New South Wales, and
differéences between locations are fdund fo be small and not sufficient. This reflects
the strong dependence of evaporation on radiant energy, which is unlikely to vary
spatially to a significant extent across the region. ET, calculated from
meteorological data collected as CSIRO Griffith therefore provides a definitive basis
for estimating evapotranspiration from rice in southern new South Wales.
Furthermore, CSIRO Griffith has a computerised meteorclogical database going
back to the 1930s. Current meteorological data and historical records are readily
available by contacting the Metdata Manager. Therefore, the case is made for
using CSIRO Griffith ET, as the reference for estimating evapotranspiration from
rice in southern New South Wales. This study provided farmer, Land and Water
Management Plan groups, and policy makers with a tool that can be used, on a
yearly basis, to evaluate rice paddock water use efficiency. It should be adopted to
confine rice growing to the least permeable sotls.

Joseph and ‘Havanagi (1988) studied Evapotranspiration (ET), pan
evaporation (E) and ET/E were at different stages of crop growth in rice, during
different seasons under shallow water table conditions. Seasonal ET in rice ranged

from 45.23-57.12 cm under tank irrigation with shallow submergence of 1-5 cm
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standing water in the field. Water use and ET were greater in the first half of crop
growth. The ET/E ratio for the crop season ranged from 0.76-1.06.

Mishra and S/harma (1997) conducted an experiment on integrated nutrient
management was initiated during 1980, involving 3 levels, i.e., O, 50 and 100%
recorn'mended NPK (120, 50 and 40 kg/ha) through fertilisers, 10 t/ha FYM, 13 kg
blue green algae applied singly and in conjunction under rice-wheat and rice-winter
maize cropping systems. In the 10™ vyear of cropping, evapotransplratlon and
percolation rates of the rice field increased with increasing level of fertilisers and
continuous use of FYM either separately or in combination. However, addition of
blue-green algae reduced the evapotranspiration rate. With respect to growth
stages, the rate of evapotranspiration was maximum in rice-wheat and in rice-
winter ma-ize cropping systems at milking stage and thereafter it decreased. The
percolation rate was found to increase with [apse of time from planting of rice.

" Radersma et al. (1996) reported the literature data on crop parameters and
environmental conditions that determine .transpiration for four crops (oil palm,
-cocoa, maize and rice) and evaporation are analysed since land use changes from
perennial to annual crops, and vice versa, may affect water balances, in particular
through changing evapotranspiration rates, with great implications for modelling.
Direct comparison of evapotranspiration rates published in the literature is difﬁcult '
since differences in soils and climate make data incomparable. Transpiration at leaf
scale and soil evaporation, as well as evaporation of intercepted rainfali, have been
computed using these data and were scaled up to canopy scale to level out
variation among crops owing to crop characteristics. The objective was to quantify
evapotranspiration of the crops under identical environmental conditions at two
temporal scales : daily and annually. Differences in annual evapotranspiration
between perennial and annual crops occurred since perennia.l crops transpire
during the dry season which, although at low rates, was still considerably higher

than evaporation rates from bare and dry soils. The degree of soil cover with
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vegetation in space and time is of major importance in the evaluation of
differences in annual evapotranspiration caused by changes in land use.

Sahoo et al. (1996) reported the reference crop evapotranspiration (ET at
the 20% probability level for the existing climatic conditions) and crop coefﬁciént
values (K.) were measured for rice, groundnuts, mustard [Brassica' juncea],
sesame, green gram [Vigna radiata], black gram [V. mungo], potatoes, tomatoes,
cauliflowers, cabbages, radishes, onions, cucumbers, pumpkins, brinjals
[aubergines] and beans (green) [Phaseolus vulgaris] grown in the command area
‘of Kacharamal minor (Orissa), and their crop water requirements were determined.
monthly ET was highest (175.91 mm) for Aug. and aman rice in June and lowest
(26.42 mm) for green gram and g}oundnuts }n December. Seasonal ET values were
highest (598.32 mm) for aman rice and Iowest_(140.37 mm) for radish.

Zhou et al. (1993) constructed a model of evapotranspiration of paddy rfce
using leaf area and meteorological data. The model gave a ciose estimate'of
evapotranspiration, had a smaller error than Penman-Monteith model and did not
require the wind speed observations used in the Penmaﬁ-Monteith model.
Sensitivity analysis of parameters showed the model to be practical and reliable.
During the growth period, evapotranspiration peaked at jointing and panicle

emergence to flowering stages.

2.3 CROP WATER USE

Hira et al. (1996) reported that the Indian Punjab (1.5% of India) has the
largest canal irrigation system of India, 0.85 million shallow tubewells, and
experiences phases of rising of groundwater tables, water logging, salinity, and
falling water tables, putting the future of the Punjab farmer, irrigated agriculture,
and the Central Punjab agriculture in danger. Reasons for these problems were
analysed and remedial measures for altering evapotranspiration of rice, and

recharging groundwater by canals, suggested.
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Kurray (1998) conducted the field trial on Pusa Basmati 1 taking different
levels of irrigation and fertiliser doses and tested the evapotranspiration, growth
"development, yield and yield attributes ET.. He reported that increasing the level of
irrigation increased the grain yield. Improving the fertiliser dose increased the‘
production. Lysimeter with higher doses of fertiliser .recorded increased
evapotranspiration and crop coefficient at different growth stages. |
_ Mathew Jose et al. (1991) conducted a field experiment during the summer
and rainy seasons (kharif) of 1988 to find out the effect of timing of initial flooding
and nitrogen on dry seeded bunded rice. The best irrigation schedule for dry
seeded bunded rice was the flooding at 35 days after showing followed by post
flood schedule of irrigation 1 day after the disappearance of water. Nitrogen
application in 3 splits — 50:25:25 and 25:50:25% of 100 Kg N/ha at 20 days after
showing, active tillering and panicle-initiation stages respectively recorded higher
grain and straw vyield.

. Reddy M. N. et al. (1987) carried out a field investigation at the Agricultural
Research Station, Maruteru (A.P.) during 1984-86. Continuous flooding (3-5 cm
depth) was found to be significantly superior in increasing grain yield and in
reducing weed growth over saturation regime. Marked decline in yield was not
noticed by irrigating the crop even four days after disappearance of water.
Howe\/er, flooding the field five days after complete recession of water caused a
reduction of 38.9% in grain yield. The water use efficiency was highest under
flooding one day after disapp_earance of water and lowest in continuous flooding.
Weed growth v;fas reduced under prolonged flooding. Continuous submergence
regime though suppressed grass and sedge population, stimulated broad leaved
weeds.

| Prasad U.K. et al. (1992) conducted a_ 2-year experiment with direct seeded
rice (Oryza sativa L.~) at Pusa with 4 levels of irrigation (3, 5, 7 days drying after

disappearance of 7 cm ponded irrigation water and a rainfed control) along with 4
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N levels (0, 40, 80 and 120 kg/ha). Rice field can be dried even upto 7 days after
disappearance of irrigation water with a grain yield of 19.13-21.29 g/ha and set
return of Rs. 2,648-3,014/ha against similar yields at 3 or 5 days drying. However,
rainfed control showed a significant decrease in grain yield compared with the
other drying periods. Response to N was recorded up to 80 kg N/ha, with a rice
yield of 22.19-23.70 g/ha compared with 24.10-25.28 g/ha at 120 kg N/ha, both
being at par with each other. Water-production function and growth characﬁer
were also significantly decreased due to raihfed control and lower levels of N in
most of the cases.

Rathore et al. (1996) reported that shortage of water in eastern madhya
- Pradesh, India is caused by uneven distribution of rains, significant gaps between
rain events and field water losses rather than from low seasonal or annual rainfall
totals. The results of water balance studies in a 1.05 ha field, with a 0.09 ha farm
pond (which stored excess water from the wet season) showed that 28-37% of
seasonal rainfall was available as surface runoff from a microcatchment 90.66 ha
growing soybean, groundnut and pigeonpea [Cajanus cajan] for collection in the
pond. This was sufficient to prevent draught stress in rice in a 0.30 ha area and for
the establishment of chickpea (Cicer arietinum) and mustard (Brassica nigra) (in
0.90 ha) in the post-rainy season. Soybean, groundnut and pigeonpea, grown in
the microcatchment during the rainy season, utilised respectively 371-726, 364-733
and 535-920 mm water in evapofranspiration (Et) and deep percolation (P). Rice
grown below the pond required 23-317 mm water in different seasons to save the
crop from in-season draught stress which occurred during the vegetative and
reproductive stages. The -water requirement (E; + P) of rice was 816-1342 mm in
different seasons. Residual soil moisture after rainy season soybean, groundnut
and rice was sufficient (172-203 mm) to support post-rainy season crops of
chickpea and mustard. Losses of moisture from the soil surface layer after harvest

of rainy season crops were rapid (7-23 mm), which necessitated a light irrigation
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(21-45 mm) for the establishment of chickpea in the post rainy season. The water
balance results of soybean-mustard, groundnut-mustard and groundnut-chickpea
were nearly identical to soybean-chickpea cropping. Similarly, the water balance of
rice-mustard was identical to rice-chickpea in Vertisols.
~".Singh R. D. et al. (1994) conducted an experiment during 1986-87 and
1987-88 at Pusa to evaluate the irrigation requirements of different rice based crop
-sequence. There was a positive gain in nitrogen and potassium in all the crop
sequences at different levels of winter and summer irrigations but phosphorus
balance was négative. Maximum nitrogen balance was recorded under rice-gram-
green gram (128 kg N/ha) cropping sequence, whereas maximum potassium
balance was under rice-maize-black gram (184 kg K/ha). Phosphorus bélance sheet
showed a loss in all the crop sequences. Maximum loss of phosphorus was
recorded under rice-potato-green gram sequence.
- Singh et al. (1992) conducted an experiment during 1986-87 and 1987-88
at Pusa to evaluate irrigation requirements of different rice_ based crop sequence. A
significant in yield equivalence and net return due to different crop sequence was.
observed. Maximum vyield equivalence (145.66-and 159.46 g/ha) was recorded in
rice Rs. 15,534 and Rs. 18,193/ha during 1** and 2™ years respectively. This value
was recorded when irrigaﬁon was scheduled with.3 days disappearance of ponded
water in rice, 1.2 IW:CPE ratio in potato and 2 irrigations at :7.0 and 40 days after
sowing in green gram with a total quantity of 131,80 and 188.91 cm/ha of water in
all 3 érops of the sequence. Maximum quantity of water (145.80 and 188.55
cm/ha) was required by rice-maize) Zea mays)-blackgram (phaseoulus mungo L.)
but the income was less than former sequence, though it was higher than
remaining 3 sequences. Minimum yield equivalence (66.93 and 77.88 g/ha) and net
profit (Rs. 7.971 and Rs. 10,198/ha) were recorded in rice-chickpea green gram
sequence. Water use efficiency was also higher in rice-p'otato-green gram) 110.51

and 113.24 kg ha-cm) than others.
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~ Verma (1999) conducted the field experiment during kharif 1999 at Roorkee
on Pusa Basmati 1 taking different level of fertiliser, determine the
evapotranspiration, crop coefficient tested the growth development, yield and yield
attributes. He found that the application of copper improved the growth and
development in crop, lysimeter with higher dose of fertiliser recorded increased
evapotranspiration and crop coefficient at different growth stage.

Wahab K. et al. (1992)‘ carried out an experiment during the winter (Rabi)
seasons of 1986 and 1987 at Killikulam. The soil was gra\)elly clay, having a
medium fertility status. Azolla was applied as dual crop at 100 g/m2 at 7 days after
transplanting and allowed to grow. It was incorporated at 30 days aftgr
transplanting. Blue green algée (BGA) was épplied at 7‘ days after transplanting @
12.5 kg/ha. Continuous submergence (5 cm) resuited in the highest grain vield
during both the seasons, followed by irrigation given immediately after the
disappearance of ponded water. The straw vyield also shqwed similar results. Nayak
et al. (1981) and Prasad and Sharma (1984) also reported similar results. Water
consumption was the highest under continuous submergence during both the
years, followed by -irrigation given immediately after the disappearance of ponded
water. There was no significant difference between 75% recommended dose of N
+ biofertilizers (Azolla or BGA or-a combination of both) and 100% recommended
dose of N. This indicates saving of 25% of fertiliser N. The results indicate that
continuous submergence can be beneficial under conditions of liberal supply of
water. Irrigating rice crop (5 cm depth) immediately after the disappearance of
ponded water can be practiced under conditions of limited water supply to get
maximum benefit. Applications of Azolla or BGA to rice crop saves 25% fertilizer

nitrogen.
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2:4; Fertilizer Management
While advocating use of higher fertilizer which is essential for full yield
expres;sion of the high-yielding,. dwarf varieties, research emphasis has always
been for determining the economic optimum dose, need based ap;alication of
various fertilizer nutriehts, enhancement of nutrient-use efficiency and conjunctive

use of organic and inorganic sources.

Increased Fertilizer N-Use Efficiency

Modified urea materials have been tried in flooded rice. Granulated compost
and urea supergranules (USG) have been found to yield around 0.8 tonne/ha more
than prilled'urea.' Coafed urea materialic, have also similar yield advantage. Results
of the IRRI-sponsored INSURF tria.ls, for instance, indicate applicatioﬁ of 50 kg
N/ha through best splits to give 4.3 tonnes/ha compared with 4.7 and 4.9

‘tonnes/ha in respect of sulphur-coated urea and urea supergranules.

Nitrogen Management in Rainfed Ecologies
- With the présent—déy price of fertilizers and rice, a rate of 30 to 40 kg N/ha
- with a ceiling of 60 kg N/ha in rainfed uplands has been found optimum to realize
grain yields in the range of 2.5-3.5 tonnes/ha with a vbeneﬁt : cost ratio of 4:5.
Withholding basal dose application of 50-60% of N 3 weeks after planting,
incorporation into soil, 20-25% when the crop is 40-45 days old and rest at boot-
leaf stége reveai graih responses ranging from 26 to 54 kg/kg N (depending on the
‘rainfall patterns), with an average of 37 kg grain kg N.

In alluvial deltaic soils of average fertility, application of 30-40 kg N/ha has
been found to be-optimum with ceiling at 60 kg N/ha for rainfed low-lands
.~(intermediate and semi-deep water regimes). If the above moderate nitrogen
application is coupled with good management, it is possible to achieve an yield of
4 tonnes/ha. Sub-surface application at sowing has proved better than split

application. For the transplanted crop, application of N in nursery at 100 kg/ha
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enables the crop later to tolerate submergence. Where split application of N as
urea has not been found effective, aeep placement in a single dose at planting
either as urea supergranules or as granulated compost (55 N) has been found
quite effective. Since urea supergfanule is still not adopted widely because of
application problem, granulated compost and coated urea material are becoming

popular.

Integrated Nutrient Management

Excessive and exclusive dependence on inorganic sources. for N nutrient
over the years have introduced new problems threatening soil productivity on a
sustaiﬁable basis. Breaking from the age-old practice of using organic manures
either alone or along with inorganic sources has resulted in the depletion of soil
organic carbon content to much lower than the critial level and thus induced
deficiency of micronutrients like Zn, S etc. Incorporatiqn of 6000-8000 kg green
matter to the soil has been found to be equivalent to the application of 40 kg N/ha
through inorganic fertiliser. Combination of organic manures such as farmyard
manure.(FYM) of green-manure crop with inorganic N sources substitutes the latter
40-50% besides substantially reducing the cost on nutrient input. Signiﬁcantly,
continued pracﬁce of integrated nutrient management has helped sustain the
productivity level of rice soils in different parts of the country without lowering the

level of N-use efficiency.

Fertilizer Economy through Appropriate Rice-based Cropping Systems
Application of P and K fertilizers in rice-rice and rice-wheat rotations either
in rainy (kharif) or winter season (rabi) or in both the seasons does not influence
the grain yield of kharif rice significantly indicating that it is economical to apply P
and K fertilizers to rabi crop (wheat or rice) and ziﬁc to kharif rice in such

rotations.
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Nitrogen A
'Nitrogen Fertility Status of major Rice-Growing‘ Soils : Soil samples
collected fronﬁ top 20 cm layer of 19 rice-growing farms across the country were
analysed, revealing more.than 60% of the soils to be low in their N-supplying
capacity.

Nitrogen transformation and balance in flooded rice soils : The stable
isotopic (N) studies with a lowland rice showed that rice derives 69% of its total N
need from éoils and the rest frdm applied fertilizer or manure. About 40-60% of
the N Aapplied through chemical fertilizer is lost through various pathways — 23% of
the applied N by ammonia volatilization, 15% by denitrification and 2% by
leaching. The N mineralization from organic residues has -been >found to be
influenced by seasqnal conditions and residue characteristics. Application of urea
or green-manuré N enhances the soil N uptake by rice. Application of organic

manures of wider C : N ratio immobilizes mineral N present in soil or applied

through fertilizers.

Loss of Appfied Fertilizer N in Lowland Rice Fields : Loss of urea N applied in
3 splits to kharif rié:e has been estimated. in field experiments conducted at
different locations. The loss by ammonia volatalization ranges from 1 to 4%, by
,leachiﬁg 8 to 14% and by denitrification, immobilization and other unknown
mechanisms together 43 to 61%. The losses are more in light textured and alkaline
soils. These Iosses could be considerably reduced by using coated or modified urea

in place of prilled urea as N source.

Advantage of Coated or Modified Urea Materials as N Source for Lowland
Ricé : Multilocation field experiments conducted over several years to evaluate
various N fértilizers for lowland rice reveal application of neemcake-coated urea,
gypsum-coated urea, mussorie rockphophate-coated urea or urea supergranules in

single basal dose to be significantly superior to prilled urea applied in‘
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recommended splits. Under farmers practice of field to field irrigation, basal as well
as split application of neemcake-coated urea reduces N losses and increase n
uptake by rice.

Nitrogen Release Pattern and Efficiency of Organic Manures in Low Land
Rice : The N release pattern of FYM, rice straw, sesbania and Gliricidia
fncorporated in submerged rice soil and their efficiency as N sources have been
compared with that of urea in a series of field experiments. While urea has been
found superior to all the organic manures during rabi seasons, greeh manures are

as effective as urea for kharif rice.

Efficient N Managemeént Practices for Wet-seeded Rice : Totél N
requirement of wet-seeded rice .(established in the main fleld by sowing of.
sprouted seeds) has been found to be similar to that of the transplanted crop.
-Wet-seeded rice, however, requires very little or no supply of fertilizer N during tﬁe
first 3-4 weeks. Much of the fertilizer N supplied through basal dose is not utilised

by the crop and instead lost from the root zone.

Efficient Use of (Native) Soil N in Lowiand Rice : Rice derives almost two-
thirds of its total N from native soil N pool even when recommended level of
fertilizer N is épplied. Mineral N availability in rice soil and its use by different rice
varieties have been studied at Hyderabad. In the absence of fertilizer N use, 0-45
cm soil profile supplies to rice crop about 60 kg mineral N/ha. About 45% of this N
resides below the top 15 cm layer of the profile. Efficiency of soil N use varieé with
cropping season, and also with varieties. Late-maturing varieties like Pranava and
Salivahana, for instance are more efficient user of soil N than early maturing ones
like Aditya and Prasanna. If medium-duration varieties yield more than 3 tonnes
grain/ha without using any fertilizer N, early-maturing one yield only 1 tonne
grain/ha. In other words early ones like Aditya and Prasanna require 120 kg

fertilizer N/ha to produce same vyields as Pranava.
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The effect of fand subimergence on the growth and yield of rice

Studies have been undertakén by many workers to determine the effect of
land submergence on the growth and yield of rice (Bhatia and Dastane, 1971;
Asana and Sarin, 1968; Singh et al., 1967; Bal, 1935; Chakladhar, 1946;
Choudhary and Singh, 1963; Vamadevan and Dastane, 1968; Choudhary and
Pande, 1966, 1968; Ghildyal and Jana, 1967; Rajale and Prasad, 1970; Pande and
Singh, 1969; Pande and Mitra, 1971; Lenka et al, 1971; Sen and Dutta, 1967,
-Vemadevan and Manna, 1971; Satyanarayana and Ghildyal, 197(5; Datta and
Shinde, 1965; Mahapatra, 1968; Nelliat and Dastane, 1970; Mane, 1969; Rao,
- 1971; Jha, 1972). The majority of the above workers state that the submergence is
beneficial to the rice crop. Soil saturation appears to be sufficient for> good yields
under low atmospheric demands, whereas flooding seems to be essential under
high atmospheric evaporative demands (Ghildyal and Jana, 1967; Jana and

Ghildyal, 1969).

The dépth of submergence
The advantages of land submergence led the workers to initiate work to
know the optimum depth of submergence for obtaining the maximum yield.
Ganguli (1950) working in Assam reported that the water level of 7.62 cm
throughout the growth period of rice was the best, whereas Pillai (1958) inferred
that the maintenance of 5.08 cm of standing water, with frequent changes, with

fresh water resulted in high rice production.

| In the black soil of Siruguppa, Mysore (Anonymous, 1970), submergence
under 5 cm deep water resulted in the highest grain and straw yields obtained
under the following three treatments :
(a) 5 cm submergence, (b) saturation to hair-cracking, and (c) flowing water

A thin layer of water is sufficient to maximize the yield of rice; no additional
advantage occurs from very deep submergence, which entails only wastage of

water.
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Bhatia and Dastane (1971) found that a depth range up to 0-4 cm seems o
be the optimum for high-yielding dw.arf rice.

The above workers further added that for dwarf rice varieties, deeper
submergence rﬁay be harmful, as shown above. Pande and Mitra (1970) found that
the grain yield of rice was better under submergence than under meter saturaﬁon
during summer and spring and also that the crop under shall~ow submergence (5 +
3 cm) gave as good a yield as deep submergence (10 £ 3 cm).

Ghildyal and Jana (1967), on the basis of pot experiments, observed in
general that"the highest yield was obtained during a cool and dry season, with 0-3
cm of water, Pande and Singh (1972) from Kharagpur found that shalloyv
submergence was better than deep submergence. “ |

The results of the experiments conducted recently under the All-India Co-
ordinated Scheme for Research on Water Management and Salinity 9Yadav, 1972)
have shown that the field submergence under water 5 to 10 cm deep does not
produce any significant difference in the yield and hence, shallow submergence up
to 5 ¢cm is economical.

From an experiment conducted at Bhubaneswar on a sandy loam soil with a
pH of 4.9. Sahu and Rout (1969) reported that the lowland rice (T1242) gave the
maximum yield when the soil was kept submerged under 15 cm of water. The vield
was reduced by 26.4% under field capacity and 29.2 at 75 percent available
moisture as compared with the yield under deep continuous submergence, through
the efficiency per unit of water used was higher from the first two treatments.

“Nephade and Ghildyal (1971) observed in a laterite sandy clay loam soil
with a pH of 5.1 at Kharagpur that the yield of rice was higher under shaliow
flooding (3 cmQ than under deep flooding (15 cm). Chandra Mohan (1970) from
Tamil Nadu reported that among the various depths of submergence, the 5 cm
depth of water proved, in general, to be the optimum depth of submergence for

getting the best yield.
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According to Ghose et al. (1956), a small quant-ity of water used at shqrter
intérvals was more beneficial to the rice crop than larger quantities at Iong_er
intervals.

The results of studies made at Kharagpur on a laterite soil (pH 5.4,
hydraulic conductivity, 0.51 cm/hr, of low fertility 0.04%N, 0.0055% available P
and 0.1% available K) under the Co-ordinated Project for Research on Water
management and Salinity show that during the monsoon season, shallow
submergence and deep submergence were as good as saturation for ‘IR.8' rice
because of the effect of rains, low evaporative demands, but during summer,
shallow submergence scored over deep submergence or saturation.

The work done at Chakuli (sandy loam soil), Orissa at Siruguppa Iheavy
black soil with 50% clay), Mysore and at Roorkee (alluvial soil), Uttar Pradesh,
under fhe Co-ordinated Scheme (Yadav, 1970) showed that submergence up to 5
and 10 cm did not show any significant difference in yield, and therefore,
submergence upto 5 cm only was economical.

The resulté discussed above show that for tall rice varieties, a slightly higher
depth of submergence may be tolerated, whereas for new dwarf high-yielding rice

varieties, a depth of 5 cm is enough to get a good yield.

Effect of partial submergence

Since the continuous submergence of the field involves a huge quantity of
assured water, many workers started experiment to find out the critical period of
land submergence for economizing on water.

According to Singh et al. (1935), Gho;h and Bhattacharya (1958), Sen and
Dutta (1967), Vamadevan and Dastane (1968), Chaudhary and Pande (1968), tiller
initiation primordium initiation and flowering are the most critical stages. A
shortage of water during these stages could reduce grain yield appreciably.

Therefore, submergence at these stages should be practiced. Further, Ray and

43



Pande (1969) emphasized the point that the flowering stage was the most critical
period. '

Experiments were conducted, using the variety 'IR.8" in the daula season
(January-May 1972) on a medium-textured soil at Chakuli (Orissa) and in
February-June 1972 and july-October 1972 on a lateritic soil at Kharagpur (West
bengal) to study whether submergence (5+2 cm) was required throughout the
growth period or only at certain growth stages. The data revealed that the highest
grain yield at Chakuli was obtained when the soil moisture was maintained at
saturation till tillering, followed by submergence under 5 cm- of water till
harvesting. Continuous submergence did not how any additional advantage, while

continuous sat:uration till ﬁowéring brought abdut a 'reduction in thé yield.
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| Chapter | 3

===

MATERIALS AND METHODS

This chapter deals with the materials and methods adopted in the conduct
of the experiment during Kharif 2000 on demonstration farm of WRDTC located in

the campus of the University of Roorkee, Roorkee, India.

3.4 SITE
The site of the experiment is located at Iatitude of 29°52' N and longitude of

77°54' E and the elevation is 262 m.

3.2 EXPERIMENTAL LAYOUT
The experiment was laid out with 3 irrigation levels, 3 fertiliser treatments

and 3 replication. Details are shown in Fig. 1.

3.3 FIELD PREPARATION
Field preparation done by puddling for nursery and then transplanting the

crop.

3.3.1 Nursery

Nursery was prepared giving three ploughing with tractor drawn cuitivator.
Irrigation water was first ponded on 11™ June 2000 and puddiing was done. 4 Kg
DAP and 4 kg MOP was applied in the nursery area of 50 sq. m on 15" June 2000.
The seed used in nursery was 5 kg of Pusa Basmati-1, The total depth of water
used in the nursery was 1512 mm and total rainfall received during nursery was
434.6 mm The nursery to tran:splanted area ratio was 1:20. Hence the depth of

irrigation water used was 75.6 mm. Details are given in Annexure —.1.
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3.3.2 Transplanting

The seedling grew in the nursery from 16.6.2000 to 20.7.2000 for 35 days.
The two seedlings were planted per hill maintaining a random spacing of about 15
cm x 20 cm. The field was prepared for transplanting by puddling the field on 21.7-
2000 with 120 mm watering. |

3.4 FERTILISER APPLICATICN

The fertiliser was used in nursery and field as described below :

(1)  Nursery was fertilised with 4 kg DAP and 4 kg MOP in basal dressing
at the time of puddling. _

(2) Field : The experimenta—l field had the fertility of green maﬁure given
before preparation of field.
Fertiliser application :
Fi = 50kg/ha N
F, = 100 kg/ha N
F; = 150 kg/ha N
1/3 nitrogen and full dose of P & K was applied at the time of
puddling. The nitrogen was applied; 1/3 at tilling and 1/3 at
flowering. A uniform dose of 60 kgs P,Os, 60 kg K,O and 25 kgs/ha
ZnSO4 was applied in the plot.

3.5 IRRIGA;TION

The irrigation was scheduled to be applied to the plot as per the treatments
described below :
| I, = @ 40 mm/irrigation

I, = @ 80 mmy/irrigation

I; = @ 120 mm/irrigation

Weeds were removed manually as and when required.
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3.6 SOIL ANALYSIS

The soil of the field was analysed for its soil textural class, pH and electrical
conductivity. The root zone depth of soil was sampled to study the profile
character of the soil. The soil was analysed as sandy loam in texture and pH and Ec

being normal.

3.7 WEATHER

Weather parameters were recorded daily on agrometerological lab of the
WRDTC demonstration farm from the date of nursery (16.6.2000) til! the harvest.
The weather data was used for calculation of evapotranspiration of reference crop
(Ero) by modified Penman method mentioned in FAO 24 Weather parameters data

and Ero calculation are given in Annexure 11,

3.8 LYSIMETRIC EXPERIMENT

Cylindrical plastic drums of 54 cm ¢ and 85 cm length were used as a
lysimeter and embedded in the field. The lysimeter filled with soil resembling their
proﬁle.condition existing in the plot. The lysimeter were placed in I;F;, I;F, and
I;Fs. Lysimeter were saturated and flooded to 15 mm depth of water. In each
lysimeter 6 hills were transplanted with 2 seedlings each. Water level was
‘maintained with the help of pointer fixed in the lysimeter.

The evapotranspiration of the crop was recorded daily in each lysimeter. On
the clear day addition of water was recorded as evapotranspiration of the crop rice
(Etxc), where on the rainy day, rainfall minus removal of water from the Lysimeter

was recorded as crop evapotranspiration.

3.9 . Computation of Reference Cfop Evapotranspiration (Ero) by
Modified Panman Method
. As already mentioned in the Chapter III of this study that for the areas

where measured data on temperature, humidity, wind and sunshine duration or
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.radiation‘s are available, the Modified Panman method is accep’&ed to give the

satisfactory result. This method would offer minimum possible error of +10% in

summer and upto 20% under low evaporative conditions.

Due to this reason, the Modified Panman method is adobted in this study.
The relationship recommended in the Modified Panman method is given by

where

Ero = Reference crop evapotranspiration in mm/day

3.9.5
(2)

W Temperature-related weighing factor

f(u) = Wind related function

(ea — &4) = Difference between the saturation vapour pressure at mean air
temperature and the mean actual vapour pressure of the air,
both in m bar.

c = Adjustment factor to compensate for the effect df day and night

“weather conditions. -

Description of Variables
Yapouyr Pressuire (e, — e4)

Air humidity affects Ero. Humidity is expressed as saturation vapour

pressure deficit (e, — eg), i.e., the difference between the mean saturation water

vapour

pressure (e,) and the mean actual water vapour pressure (eq).

Air humidity data are reported as relative humidity (RHmax and RHmin in

percentage) and its time of measurement is important. In our case, the relative

humidity measured at 9.30 is considered as ‘RHmax’ while the same measured at

2.30 hrs is considered as ‘RHmin’.

)

a wind

Wind Function f(u)
The effect of wind on Ero has been studied for different climates resulting in

function [f(u)] given by an expression as
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f(u) = 0.27 (1 + U/100) »
where U is 24 hr wind run in km/day at 2m height.
Where wind dats is not collected at 2 m height then appropriate corrections
to be applied to the expression given for f(u) as above. But in our case the wind

data is measured at 2 m height so no correction factor is needed to apply.

(<) Wéighting Factor (i-W)
(1-W) is a weighting factor for the effect of wind and humidity on Ero.

Values and (1-W) as related to mean temperature and altitude are available in the

“ready reckoner table given in FAO-24.

(d) Weighting Factor (W)
W is the weighting factor for the effect of radiation on Ero. Values of W as
related to mean temperature and aititudes are available in the ready reckoner table

given_ in FAO-24.

(e) Net Radiation (Rn)

Net radiation (Rn) is the difference between all incoming and outgoing
radiation. It can be measured, but such data are seldom available. Rn can be
“calculated from solar radiation or sunshine hours (or degree of cloud cover0,
temperature and humidity data.

Following relatibnships are recommended and may be used in the
determination of net radiation (Rn).

Rn = Rns = Ry
Ras = 0.75R,
Rs = (0.25 + 0.5 n/N) Ra

and Rny = f(T) x f(eq) x f(n/N)

where,

Rns IS net shortwave radiation
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Rs is'solar radiation

R, Is extra terrestrial radiation in mm/day and dependent on latitude and
time of the year only.
n/N is the ratio of actual (n) to maximum possible (N) sunshine hours
Rn is net Iongwave radiation and can be determined from available
temperature (T), vapour pressure {eq) and ratio n/N.
f(T), f(eq) and f(n/N) are the functions of temperature, vapour pressure and

ratio n/N and can be determined from the tables available.

() Adjustment Factor (c)

The ‘Penman equation given assumes the most common conditions where

- radiatibn is medium to high, maximum relative humidity is medium~ to high and

moderate daytime wind about double the night time Wind. However, these
conditions are not always met. |

Therefore correction to Panman equation is required. This correction is
made by applying adjustment factor (c) to thé Panman equation. -

A table is available showing values of ¢ for different conditions of RHmax, Rs,

Uday and Uday/Unlght-

3.9.2 Procedure of Computation and Sample Calculation
- The procedure laid down in “Guidelines for predicting crop water
requirements — FAO-24, publication 1992” for the modified Panman method to
compute evapotranspiration (Ero) is followed in this study. The tableé given in the
aforésaid guidelines are used in the calculations. |
A sample caiculation is illustrated below for the 20" July 2000.
The climatic data of July 2000 is shown at page no. iv of Annexure No. II

and this data is used to calculate E+o.
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Steps of Calculations - . - : : -
(1) Maximum air temperature in °C = 32.0 (from climatic data)
(2) Minimum air temperature in °C = 25.0 (from climatic data)
(3) Mean air temperature in °C = (32.0 + 25.0)/2 = 28.5 (calculated)
(4) Maximum relative humidity (RHmax%) = 85 (from Table No. 6a calculated)
(5) Minimum relative humidity (RHmin%) = 73 (from Table No. 6a calculated)
(6) Mean relative humidity (RHmean%) = (85 + 73)/2 = 79 (calculated)
(7) Average wind speed in km/day (u) = 71 (climatic data)
(8) Wind speed (day) in m/sec = 0.23 (calculated)
(9)  Sunshine hours (n) = 4 (from climatic data)
(10) Maximum possible sunshine hours (N) = 13.9 (from Table no. 11)
(11) Saturation vapour pressure (&,) in mbar corresponding
to mean temperature of 28.5°C = 38.95 (from Table No. 5)
(12) Actual vapour pressure (e5) = (e, x RHmean)/100
= (38.95 x 79)/100 = 30.77 (calculated)
(13) Vapour pressure deficit (e,-e4) = 38.95 — 30.77 = 8.18 (calculated)
(14) Wind fuhction f(u) = 0.27 (1 + u/100) = 0.46 (calculated)
(15) Extra terrestrial radiation (R.) corresponding to latitude 29°52' N and month
july in northern hemisphere = 16.8 (From Table No. 10)
(16) Ratic n/N corresponding to sunshine hour 4 = 0.29 (calculated)
(17) Short wave radiation R; = (0.25 + O.S n/N) R, = 6.61 (calculated)
(18) Ry =0.75R; = 0.75 x 6.61 = 4.96 (calculated)
(19) Function of temperature f(T) corresponding to mean
temperature 28.5°C = 16.40 (from Table No. 13)
(20) Function of vapour pressure f (eq) corresponding to
eq = 30.77 = 0.10 (from Table No. 14)
(21) Function of sunshine duration f(n/N) corresponding

to n/N = 0.29 = (.36 (from table no. 15)
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(22) Net I‘ongwa\}e radiation Rn = f(T) x f(eq) x f(n/N) = 0.59 (calculated)
(23) ‘Net radiation R, = Rss = Rn = 4.37 (calculated)
(24) Adjustment factor ‘C’ correspeonding to RHmax = 850/0, Rs = 6.61,
Uday = 0.23 and Uday/Unight = 4 = 1.04 (from Table No. 16)
(25) Weighing factor W co}responding to mean temperature 28.5°C
and altitude 260 m = 0.78 (from Table No. 9)
(26) 1-W=1-0.78 = 0.22 (calculated)
(27) Ero = C[W xR, + (1-W) x f(u) % (e,-e4)] iIn mm/day = 4.41 (calculated)

3.10 GROWTH AND DEVELOPMENT STUDY
3.10.1 Plant Height )
Plant height was recorded at 20 days interval with the help of metre scale.
‘The height of plant was measured as average height of plant.
3.10.2 Tiller Number
The tiller number per hill recorded at 20 days interval from the two hills in

each plot and average tiller number was recorded.

3.10.3 Leaf Area Index

Leaf Area Index (LAI) was calculated at 20 days interval. The length of {eaf,
breadth of leaf measured and shape factor was developed. The number of leaves
per hill were counted to calculate LAI as mentioned below. |

(Hill no./'M2 x leaf no./hill x Av. leaf length x Av. leaf width x shape factor
LAI =

10*

3.10.4 Rooting Depth
Soil sample was coliected between two hills of plant upto depth of 1.2 m.
Soil samples were collected in the block of 15 cm each and presence of root in the

different layers was seen with naked eyes and recorded as the rooting depth.
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3.11 YIELD AND YIELD ATTRIBUTES

3.11.1 This was recorded from 1 m? area by counting the numbers of matured
earhead before the harvest.

3.11.2 Filled grain per earhead

This was recorded by taking 10 earhead sample from each treatment and

counting the number of filled grains per earhead.

3.11.3 Unfilled grain per earhéad

This was counted from 10 earhead collected from different treatments for

unfilled grains per earhead.

3.11.4 Test Weight

1000 grains were collected from each treatment from sample and its weight

was recorded.

3.11.5 The husk was removed from the seed and the weight of husk and kernels

were separately recorded to compute the hulling percent.

3.11.6 Yield
Yield was recorded harvesting the plants of 1 m? area from each treatment.
The grains were dried in the sun. Weight was recorded for the estimation of

yield per hectare.
3.12 QUALITY

3.12.1 Length of Kernel

After the hulling of grains, 6 kernels weré collected from each treatment
and the kernels were put on the graph sheet and average length of 6

kernels was recorded.
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3.12.2 Breadth of Kernel
" The 6 kernels were collected from each treatment and the kernels were put

on the graph sheet and average breadth of kernel was recorded.

3.13 WATER USE EFFICIENCY

Water use efficiency was measured as Irrigation Water Use Efficiency
(IWUE = grain yield (kgs)/irrigation applied (m?®) and Total Water Use Efficiency
(TWUE = grain yield (kgs)/total water applied (m?).

3.14 ANALYSIS OF VARIANCE

Data collected on growth and development of paddy plant at every 20 days
interval and yield attribute Aar‘nd quality at harvest were analysed statically with
factorial design using Indostat Agronomy Pack Software. The analysis of Variance.

"Table used was as follows :

C. Factor : C.V.

Source of Sum of Mean sum
d.f. F. value F. Prob.
variance squares of squares
Block 2
F 2
I 2
FxI 4
Error 17
Total _ 27 _

3.15 GRAPHICS AND CURVE FITTING
Graphics regression, correlation and curve fitting of the data was done

using Microsoft Excel and Curve Expert.
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Chapter 4

OB3SERVATIONS

Observations recorded during the experiment are discussed in this chapter.

4.1 WEATHER AND HYDRAULIC CONDITION

Weather and hydraulic conditions recorded were rainfall (mm), Ero (mm),

evaporation (mm), average ground water level (m), 'sunshine (hrs), average

temperature (°C) and humidity (%) are presented in Table 4.1. The total rainfall

was 1180.60 mm, Ero was 736.20 mm, average ground water level varied between

‘0.76 m to 3.00 m, average sunshine varied between 4.32 hrs to 10.20 hrs and

average humidity varied between 53.50% to 81.45%.

Table 4.1 : Weather and hydrologic condition during experimental period
(61/06/2000 —25/10/2000)

Period Rainfall Eto Evap. Av. GWL | Sunshine HUmidfty

(date) mm) - {(mm) {mm) (m) (hrs) (%)
1.6-10.6 224.80 57.97 30.4 1.72 8.40 72.65
11.6-20.6 10.00 63.90 33.6 2.56 8.60 71.45
21.6-3Q.6 123.80 58.34 27.3 3.00 8.25 71.35
1.7-10.7 66.60 60.89 27.1 1.79 8.60 73.80
11.7-20.7 234.20 47.53 18.0 0.73 5.00 78.50
21.7-31.7 112.20 48.07 24.4 0.90 4.32 81.36
1.8-10.8 39.00 61.26 28.6 0.76 . 10.20 76.35
11.8-20.8 128.60 | 46.31 25.4 1.02 6.10 81.45
21.8-31.8 273.40 46.39 22.8 1.26 4.91 77.36
1.9-10.9 68.40 45.01 27.7 0.88 7.25 74.20
11.9-20.9 0.00 50.19 26.9 1.52 8.30 70.55
21.9-30.9 10.6 49.43 27.4 1.97 9.35 64.95
1.10-10.10 0.0 47.23 24.7 2.35 9.85 63.45
11.10-20.10 0.0 © 39.10 24.0 2.68 9.75 53.50
21.10-25.10 0.0 19.17 8.80 2.94 8.65 60.30
Total 1291.60 | 736.29 377.10 - - -
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4.2 TOTAL WATER USE

The total water use recorded‘in different treatments of irrigation is given in
Table 4.2. There were three treatments I, I, and I3 which recorded water use of
1231.40 mm, 1431.40 mm and 1631.40 mm respectively. The period in which the

water use recorded maximum was in the last decadal of August 2000.

Tabie 4.2: Total water use (Zrrigation and rainfall) in rice

Period I L. I Total Average
date) (Fs-Fs) (Fs-Fs) | (Fo-Fa) (F1-F3) ()
(mm) (mm) (mm) (mm)

11.6-20.6 85.6 " 85.6 85.6 256.8 85.6
21.6-30.6 12.8 12.8 12.80 38.4 12.8
1.7-10.7 66.6 66.6 66.60 199.8 66.6
11.7-20.7 234.20 234.2 234.20 702.6 234.2
21.7-31.7 112.20 112.2 112.20 336.6 112.2
1.8-10.8 79.0 119.0 159.0 357.0 119.0
11.8-20.8 | 1286 128.6 128.6 385.8 128.6
21.8-31.8 273.4 273.4 273.4 820.2 273.4
1.9-10.9 684 | 684 68.4 205.2 68.4
11.9-20.9 40.0 80.0 120.0 240.0 80.0
21.9-30.9 50.6 90.6 130.6 271.8 90.6
1.10-10.10 | . 0.0 0.0 0.0 0.0 0.0
11.10-20.10 80.0 160.0 240.0 480.0 160.0
21.10-25.10 0.0 0.0 0.0 0.0 0.0
Total 1231.40 | 14314 1631.4 4294.2 1431.4

4.3 EVAPOTRANSPIRATION
'Lysimetric experiment conducted with three treatments and

evapotranspiration during different periods of growth is presentéd in Table 4.3.
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‘The average, the total evapotranspiration was 621.21 mm. The daily average
varied with the growth stage. Last decadal of September recorded maximum

average actual evapotranspiration, i.e., 9.40 mm/day.

Table 4.3 : Crop evapotransp_iration (mm) in rice grown under different

fertility treatments in Lysimeter.

Period ' patly Total
(date) I,F; I;F, I,F3 Average (mm)
(mm)

28.7-31.7 9.98 8.73 917 2.32 9.29
1.8-10.8 46.62 45.81 480.03 4.68 46.82
11.8-20.8 50.88 45.60 56.81 5.11 51.09
21.8-31.8 54,70 48.07 57.18 4.85 53.31
1.9-10.9 | 74.33 67.42 93.37 7.83 78.37
11.9-20.9 85.16 78.23 109.40 9.09 90.93
21.9-30.9 86.96 183.19 112.01 9.40 94.05
1.10-10.10 - 80.42 78.38 103.15 8.73 87.31
11.10-20.10 79.84 78.30 96.96 8.50 85.03
21.10-25.10 23.67 23.33 28.04 5.00 25.01
Total ' 592.56 557.06 714.12 - 621.21
Average 6.58 6.19 7.93 - 6.90

4.4 CROP COEFFICIENT

The crop coefficient developed from three different lysimeters are given in
Table 4.4. The overall average crop coefficient throughout growing period recorded
- was 1.46. The Lysimeter that received nitrogen application (150 kg/ha) recorded
1.68 and the Lysimeter received nitrogen application (100 kg/ha) recorded 1.32.
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Table 4.4 : Crop coefficient (K.) of rice grown under different fertility

treatments in Lysimeter

Period ) o :

(date) | Lysi. 1 Lysi. 2 Lysi. 3 Average
28.7-31.7 " 0.77 0.67 0.71 " 0.72
1.8-10.8 0.76 0.75 0.78 0.76
11.8-20.8 1.10 10.98 1.23 .1.10
21.8-31.8 1.18 1.04 1.23 1.15
1.9-10.9 1.65 1.50 2.07 1.74
11.9-20.9 1.70 1.56 2.18 1.81
21.9-30.9 1.76 1.68 2.27 1.90
1.10-10.10 1.70 1.83 2.41 1.98
11.10-20.10 2.04 2.00 2.48 2.17
21.10-25.10 1.23 1.21 1.46 1.30
Total 13.89 13.22 16.82 14.63
Average 1.39 1.32 1.68" 1.46

4.5 -LEAI'= AREA INDEX IN LYSIMETER

Leaf area index was measuréd at 20 days interval and is recorded in Table
4.5. The maximum leaf area index was recorded at 60 days after transplanting.
Treatment also considerably varied in the LAI.» The maximum was recorded in

treatment I,F; (5.90) and minimum was recorded in treatment ile (4.88) at 60

days after transplanting.

Table 4.5 : Leaf area index of rice grown in Lysimeter

. Period LF, 1L,F, L.F,
(date) S

20 dat 1.58 1.81 T2.31

|40 dat 4.35 T 407 5.20

60 dat 4.92 4.88 5.90

80 dat 2.05 1.91 ©2.49
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4.6 YIELD AND YIELD ATTRIBUTES
“Yield and yield attributes- of the rice grown in lysimeter on an area of

2290 cm? are recorded in Table 4.6. The average biomass production was 357 g.

Table 4.6 Yield and yield attributes of rice in Lysimeter-

Observation - I1F, I,F, I,Fs Average
Grain wt. (g) 122 95 58 92
Straw wt (g) . 260 315 220 265
Total wt (g) 382 410 ; 278 357
G:S 0.47 0.30 0.26 0.34
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4.7 ~PLANT HEIGHT
The plant height recorded at 20 days interval from the date of transplanting

under different treatment is presented in Table 4.7.

Table 4.7 : Plant height (cm) recorded in rice grown under different
fertility and irrigation treatments

Treatments 20 dat 40 dat 60 dat 80 dat 100 dat

I,FRy 42 60 68 80 80
I,FyRy 39 55 67 83 82
IsF1R, - 33 52 71 85 83
I:FoRy 43 60 76 87 87
I,FoRy ’ 40 51 75 87 87
I5FoRy 34 52 79 88 87
I,F3R; - 42 60 73 86 86
I,F3Ry . 42 55 75 87 85
IsF3Ry 38 62 74 87 85
I4F1Rs 45 55 75 87 87
I,FiR, 48 57 73 91. 90
| IsFiR2 40 55 78 87 87
1,F.R; 37 60 77 86 85
I,F.R, 37 60 73 85 84
IsF.R; . 38 53 80 87 85
I,F3R, 45 57 80 89 88
I,FsR, 45 58 75 94 92
15F3R, 40 65 81 89 89
I,F1Rs 41 65 81 89 88
I,F1R3 | 38 60 75 83 82
I5FiR; 33 56 75 86 85
I,F2R3. - 40 62 - 79 87 85
I;FR3 - 37 56 69 ‘ 90 88
I3F2R3 ) 40 53 77 89 88
I,FsR3 X 40 60 79 87 87
‘1oF3R3 40 : 62 76 - 90 38
IsF3R3 41 67 81 S0 88
Test of Sig
F N.S. Sig. N.S. N.S. N.S.
I Sig. N.S. N.S. ' N.S. N.S.
FxI ~ N.S. Sig. N.S. N.S. N.S.
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4.8 TILLER NUMBERS PER HILL

Tillers recorded at 20 days interval after transplanting the data is presented

in Table 4.8.

Table 4.8 : Tillers/hill recorded in rice under different fertility and

irrigation treatments

Treatments 20 dat 40 dat 60 dat 890 dat 100 dat
I,FiRy 9.5 7 7.5 7.5 7.0
I,F1Ry 10.0 7 - 6.5 6.5 7.0
I;FiR, 8.0 7.5 6.5 8.5 8.0
I;F.Ry 12.0 10.5 8.5 9.0 8.5
L,FoRy . 9.5 8.0 10.0 9.5 9.0
I3FRy 7.5 8.5 8.0 9.0 9.0
I,F3Ry 8.5 6.5 7.0 8.0 8.0
‘I,F3Ry 4.0 10.0 9.0 7.0 7.0
IsF3R, 9.5 13.5 8.0 8.5 8.0
I,FiR; 9.0 10.0 7.0 11.0 7.5
I,FiRs 11.5 7.5 7.0 8.5 8.0
I;F1R, 10.0 9.0 9.0 8.5 8.0
I,FR, 9.5 8.0 7.0 7.5 7.0
I,F3R, 9.0 8.0 7.5 9.5 9.0
I5F;R; 8.0 7.5 10.0 6.5 7.0
1,FsR; 11.0 9.5 8.0 8.5 8.0
I,F3R; 10.5 8.5 7.0 7.5 7.0
I3F3R; . 9.5 9.0 9.5 9.0 8.5
IFiRs 9.0 8.0 9.0 7.0 7.0
I;F4R3 9.5 8.5 8.5 9.0 8.5
I5F1R; 8.5 7.0 7.5 8.5 8.0
I1F.R3 9.0 9.5 7.5 7.5 7.5
I,F3Rs 8.5 6.0 8.5 7.5 7.0
I3F2R3 11.0 8.5 8.0 8.5 8.0
I;F3R3 8.5 10.0 10.5 11.0 10.0
I,FR;3 9.0 9.0 7.5 7.5 8.0
T;F3Rs 11.5 9.0 11.5 8.5 8.0
Test of Sig

F N.S. N.S. N.S. N.S. N.S.
I N.S. N.S. N.S. N.S. N.S.
FxI N.S. N.S. N.S. N.S. N.S.
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4.9

LEAF AREA INDEX

Leaf area index recorded at 20 days interval from the date of transplanting

under different fertility and irrigation management and presented in Table 4.9.

Table 4.9 : Leaf area index

Treatments

20 dat

40 dat 60 dat 80 dat 100 dat

I1F3Ry 1.38 3.08 2.46 1.17 1.04
I.FiRs 1.80 2.32 2.00 1.70 1.38
I:FiRy 1.11 2.20 2.18 1.96 1.25
I;FR, 0.74 3.05 3.92 1.28 1.35
IFR; 1.29 2.37 4,99 2.02 1.30
I;F.R; - 1.44 2.67 . 2.95 2.72 1.81
I:F3R, 0.73 2.30 3.27 1.96 1.45
IFsRy 1.01 2.41 3.34 1.43 1.00
T5F:R, 1.36 5.24 4.86 3.24 1.75
I:FiR, 1.80 2.41 3.94 1.74 0.89
I,FsR, 1.78 3.63 3.20 2.29 1.44
I;F1R; 1.75 3.91 3.69 2.62 1.27
I1F2R; 1.08 2.58 2.50 2.08 1.60
I,F.R, 1.03 2.58 2.53 2.85 1.31
IsF2R, 0.68 1.65 4.47 1.54 1.17
I;F3R, 1.94 3.77 ° 3.85 2.19 1.76
I,F3R, 1.74 2.63 2.03 1.76 1.44
I;F3Ry 1.58 2.75 5.30 3.16 1.71
I,FR3 1.26 2.65 4,32° 2.06 1.13
I,FsR; 1.57 2.23 3.65 2.12 1.43
TaF1R3 1.39 1.69 3.83 3.45. 1.29
I,F:R; 1.61 3.35 3.70 2.49 1.15
I,F2R; 0.91 2.17 3.57 1.76 1.10
I3F3R3 1.20 2.65 3.47 2.59 1.36
I,F3R3 1.46 3.96 5.90 3.13 2.10
I,F3R3 1.49 3.36 4.41 1.73 1.48
I3F3R; 1.93 2.72 5.09 2.07 1.49
Test of Sig

F ' Sig. N.S. N.S. N.S. Sig.
I N.S. N.S. N.S. Sig. N.S.
FxI N.S. N.S. N.S. N.S. Sig.
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4.10 ROOTING DEPTH

Rooting system recorded at 20 days interval after the transplantation and

data is presented in Table 4.10.

Table 4.10 : Rooting. depth (cm) recorded in rice

Treatments 20 dat 40 dat 60 dat 80 dat
I,F1R; 30 55 88 90
I,F1Ry 28 44 90 85
I3F1Ry 25 48 85 88
I1FRy 30 55 98 87
IFRy 27 55 100 89
LFR; 27 60 80 93
I1F3Ry 29 55 95 85
1.F3Ry 28 65 92 92
I3F3Ry 28 60 90 95
_I1F1Rz - 30 75 89 93
I,FiR2 32 60 92 100
IsF1R; 28 58 90 95
I1F2R2 27 55 88 95
I,F2R, 25 55 82 98
I3F2R2 27 55 82 100
T:FR, 30 60 81 99
I,F3Rs. 30 75 83 100
I3FsR; 28 60 82 99
I;FiR3 40 60 84 85
-I,F{R3 27 55 85 86
I3FR3 28 55 85 88
I;F2R;3 .30 58 86 95
IoFR3 26 65 84 98
I3F2R3 29 62 83 99
I;F3R3 30 58 89 100
IoF3R;3 28 60 88 102
I3F3R3 27 57 85 105
Test of Sig -

F N.S. “N.S. N.S. Sig.
I Sig. N.S. N.S. N.S.
FxI N.S. N.S. N.S. N.S.
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4.11 DRY MATTER

The dry matter recorded at 20 days interval after transplantation and

present in Table 4.11.

Table 4.11 : Dry matter (gm/hill) recorded in rice

Treatments 20 dat 40 dat 60 dat 80 dat 100 dat
[1FRy , 2.52 4,92 19.60 18.95 20.0
IFiRy 1.79 6.44 18.71 20.50 20.55
I3FiR, 1.34 4.16 12.30 16.00 17.10
I;FRy 2.24 7.95 18.49 25.60 26.0
I,FoRy 2.44 7.65 "15.90 24.60 27.10
I3FR; 1.51 6.68 11.75 20.50 22.50
IiF3Ry 1.84 7.37 11.52 19.25 21.25
LFR, 2.16 7.26 15.75 27.50 29.50
13F3Ry i 2.23 5,10 15.44 26.60 28.75
I,FiR> 2.51 8.79 18.59 23.10 24.00
I,FiR; 1.70 6.82 16.89 21.75 22.10
I3FiR; 1.65 4,77 15.36 20.90 21.10
I1FR, 1.30 . 7.47 15.82 23.50 25.40
LFR, 1.05 7.30 14.30 20.00 21.50
I3FR; - 1.05 6.52 14.15 29.75 30.50
I;F3R; 2.07 0.22 20.41 22.90 24.70
I,FsR; - 1.62 6.98 21.11 28.90 30.40
I3F3R; 1.85 6.61 22.61 20.75 23.10
I,FiR3 1.38 8.54 15.54 23.00 23.00
I,FiR; 1.17 6.84 18.84 22.75 22.80
IsF1R3 1.18 6.38 15.70 22.75 " 23.50
I,FoRs 1.10 11.25 14.84 21.25 22.70
I,F.R; ‘ 1.60 5.46 14.7S 20.50 22.50
I3F.R3 1.09 7.89 17.01 19.50 21.80
[,F3R3 1.56 5.25 18.01 25.60 27.40
I,FaR; 1.11 6.89 13.13 23.90 26.80
I3F3R; . 1.30 7.11 14.72 25.00 26.30
Test of Sig _

F - N.S. N.S. N.S. N.S. Sig.
I N.S. NS N.S. N.S. N.S.
FxI N.S. N.S. N.S. N.S. N.S.
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4.12 YIELD AND YIELD ATTRIBUTES

The data recorded on grain yield, straw yield, filled grain, unfilled grain per
earhead, test weight of grain, grain length, grain width, test weight of kernel,
kernel length, kernel width, etc. are presented in Table 4.12.

Table 4.11 : Dry matter (gm/hill) recorded in rice

) E

2 - - - ~E = ~ g 7

2 22|22 |pf|od|E€ ko< E|2E |28 =238 2 | 2|25 % |3

3 |65|vs |“E|P2|G28 T TE|FTE|R|TE¥E| S |58 | % | B |3

= & g
LR, | 23.2 | 615 | 61 | 59 | 120 | 21.82 | 11.0 | 2.08 | 16.36 | 8.17 | 1.67 | 74.97 | 0.51 | 4.89 | 0.37 | 298
- IoFRy 27.0 60.0 68 64 132 21.59 10.67 2.0 16.25 8.00 1.83 75.26 0.52 4.37 | 0.45 264
TFR, | 344 | 825 | 86 | 63 | 149 | 20.78 | 10.5 | 2.08 | 15.56 | 8.33 | 1.67 | 74.87 | 0.56 | 4.98 | 0.42 | 322
13F2Ry 26.8 99.75 54 61 115 21.92 10.67 2.0 16.38 | 8.17 1.83 74.72 0.47 | 4.46 | 0.27 335
LR, | 19.2 | 6375 | 55 | 86 | 141 | 20.54 | 10.83 | 2.08 | 15.53 | 8.00 | 1.83 | 75.60 | 0.39 | 4.37 | 0.30 | 272
I3FRy 22.0 90.0 71 55 126 23.41 10.67 2.08 17.90 8.16 1.83 76.46 0.56 | 4.45 | 0.24 326
TAR: | 29.0 | 110.25 | 44 | 64 | 110 | 23.41 | 10.83 | 1.83 | 17.92 | 8.33 | 1.67 | 76.54 | 0.40 | 4.98 | 0.26 | 330
LFR, | 248 | 960 | 56 | 49 | 105 | 21.22 | 10.33 | 2.0 | 16.33 | 8.50 | 1.67 | 76.95 | 0.53 | 5.08 | 0.26 | 323
TR | 20.4 | 1110 | 36 | 68 | 124 | 20.42 | 10.50 | 2.0 | 15.43 | 8.67 | 1.83 | 75.56 | 0.45 | 4.73 | 0.18 | 378
LAR; | 200 | 6075 | 54 | 56 | 110 | 19.91 | 10.67 | 1.83 | 15.25 | 8.50 | 1.67 | 76.79 | 0.49 | 5.08 | 0.33 | 216
TFR, | 183 | 77.25 | 44 | 61 | 105 | 15.13 | 10.83 | 2.0 | 11.80 | 8.33 | 1.83 | 77.99 | 0.50 | 4.55 | 0.24 | 292
TFR: | 230 | 8025 | 53 | 72 | 125 | 20.85 | 10.6 | 2.0 | 16.23 | 8.00 | 1.8 | 77.84 | 0.42 | 4.44 | 0.29 | 282
IsFaR2 25.6 ?5.00 68 56 124 19.08 10.67 2.0 14,42 | 8.00 1.83 75.57 0.55 | 4.37 | 0.34 241
LFR; | 27.6 | 75.00 | 106 | 45 | 151 | 2253 | 10.50 | 2.0 | 16.96 | 8.67 | 1.67 | 75.27 | 0.70 | 5.19 | 0.37 | 258
I;FR2 25,7 66.00 81 45 126 22.52 11.0 2.0 16,93 8.17 1.67 75.17 0.64 | 4.89 | 0.39 278
LFR; | 23.5 | 9225 | 62 | 56 | 118 | 18.45 | 10.33 | 1.83 | 14.29 | 8.83 | 1.67 | 77.45 | 0.52 | 5.28 | 0.25 | 358
I,FiR; 25.7 103.5 78 60 138 | "19.34 10.4 2.0 15.04 | 8.00 1.8 77.76 0.56 4.449 | 0.25 334
“FfaR: | 357 | 117.0 | 78 | 54 | 132 | 2040 | 10.8 | 1.83 | 1532 | 9.70 | 1.67 | 75.09 | 0.42 | 5.80 | 0.30 | 358
I;F;R;' 33.9 82.50 103 45 148 20.82 10.4 1,95 16.17 8.50 1.75 | 77.66 0.69 4,85 [ 0.41 308
LFR; | 27.3 | 87.75 | 64 | 57 | 121 | 21.37 | 10.5 | 1.83 | 16.28 | 8.00 | 1.67 | 76.18 | 0.53 | 4.79 | 0.31 | 293
I3FRy 29,3 71.25 60 66 126 19.68 10.83 1.83 15.27 8.17 1.83 77.59 0.48 | 4.46 0.41. 259
LFR; | 23.3 | 8175 | 40 | 56 | 96 | 20.94 | 11.00 | 1.83 | 1594 | 8.33 | 1.67 | 76.12 | 042 | 4.98 | 0.28 | 311
I;FaR; 36.4 81.75 | 100 55 115 20.27 10.33 2.16 15,65 | 9.83 1.83 77.20 0.87 5.37 | 0.44 309
TFR, | 35.2 | 78.00 | 37 | 91 | 128 | 2032 | 10.67 | 2.6 | 15.16 | 9.67 | 1.83 | 74.60 | 0.29 | 5.28 | 0.45 | 320
I1F3R, 35.7 86.25 62 76 138 18.45 10.2 2.0 14.05 | 8.40 1.6 76.15 0.45 5.25 | 0.41 334
LFR; | 30.0 | 81.00 | 90 | 66 | 156 | 20.62 | 11.0 | 2.0 | 16.22 | 6.50 | 1.67 | 78.66 | 0.58 | 5.08 | 0.37 | 348
LER, | 324 | 83.25 | 76 | 62 | 138 | 19.13 | 10.0 | 2.0 | 15.16 | 8.33 | 1.83 | 79.24 | 0.55 | 4.55 | 0.38 | 357

Test of
Sig

F NS. | Slg. | Ns. | NS, | N& | Ns. | N5 [ NS, | NS, | NS | Ns. | Ns. | NS | Ns. [ NS, | Sig.
1 NS. | NS. | Ns: | NS. [ Ns. | N5. | NS. | NS. | N5. | NS. | NS. | NS. | NS. | NS. | NS. | Ns.
Fx1 NS, | Ns. | NS, | NS. | N5. | NS | N5 | Ns. | N5 | Ns. [ NS. | NS. | Ns. | NS. | Ns. | Ns.
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4.13 WATER USE EFFICIENCY

Data recorded on water use efficiency are presented in Table 4.14.

Table 4.13 : Water use efficiency

Yield Water use Efficiency (Kgs/m?3)
Treatments . - — - N
(gam/ha) Irrigation Total (irrigation + rainfall)

I;FiRy 23.2 0.84 0.15
I;F1Ry . 27.0 0.56 0.15
13F1Ry 34.4 0.51 0.17
I,F1R, 20.0 0.73 0.13
I,FiR; 18.3 0.38 0.10
I3F1R, 23.0 0.34 0.12
I;F1Rs 33.9 1.23 0.22
I,FiRs 27.3 - 0.57 - 0.15
I3F1R3 29.3 0.43 0.15
Average 26.26 0.62 0.13
I,FR, 26.8 0.97 0.17
I,FRy 19.2 0.40 0.11
I3F;R, 22.0 0.32 0.11
I,FR; 25.6 0.93 0.16
I,F:R, 27.6 0.58 0.16
IR, - 25.7 0.38 0.13
1,F.R3 23.3 0.84 0.15
I,F2R; 36.4 0.76 0.21
"I3F3R;3 35.2 0.52 0.18
Average 26.86 0.63 0.15
I,F3R; 29.0 1.05 0.18
I,F3Ry 24.8 0.52 0.14
I:F3R, 20.4 0.30 0.10
I.F:R; 23.5 0.85 0.15
I,F3sR, 25.7 0.54 0.14
IsF3R, 35.7 0.53 0.18
1,F3R; 35.7 1.29 0.23
I,F3R;3 30.0 0.63 0.17
I3F3Rs - 32.4 0.48 0.16
Average 28.57 0.68 0.17
Test of Sign

F - N.S. Sig
I - N.S. "N
FxI - N.S. N

&7




Chapter 5

RESULTS AND DISCUSSIONS

This chapter deals with the results obtained and discussions made on

various observations recorded during the experiment.

5.1 WEATHER AND HYDROLCGIC CONDITION

The weather and hydrologic condition that prevailed during the experiment
period (nursery preparation to harvesting) was 1291.60 mm rainfall, 736.29 mm
Ero , 377.10 mm evaporation. The ground water table ranged between 0.73 M to
3.00 M. Thé sunshine was between 4,32 hours to 10.20 hours and humidity
between 53.50% to 81.45%. This indicates that the rainfall was much higher than
Ero s0 there was shortage of water in the crop. It indicated that the season was no
suitable for ['iv'ce-crop. The pattern of occurrence of various elements of weather
and hydrologic condition is shown in Fig. 5.1 and Table 4.1. Results ére in

conformity to the reports of Kurray (1998) and Verma (1999).

5.2 TOTAL WATER USE

-'The pattern of total water usﬂe presented in Fig. 5.2 and Table 4.2 indicates
that July 2000 and August 2000 received sufficient rainfall and no irrigation was
‘needed. Whereas September and October period needed irrigation. The total water
use (irrigation and rainfail} was 1231.40 mm, 1431.40 mm and 1631.40 mm in I,
1> and Is respectively. This indicates that the sufficient water available for rice crop.
Similar results were also reported by Bali and Uppal (1995), Kurray (1998), Verma
(1999), Reddy, M. N: (1987), Singh et al. (1992).

5.3 EVAPOTRANSPIRATION

,.The evapotranspiration of rice grown in Lysimeter under different
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Fig. 5.1: Weather and Hydrologic Condition of the Demonstration Farm during experimental
g period (Kharif 2000)
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treatments presented in Fig. 5.3 and Table 4.3 indicated that nitrogen influenced

" the cbnsumptive use favourably because. of its increased plant growth. The

evapotranspiration increased linearly from th_e date of transplanting to- maturity _:
irrespective: of the treatments it received. There was not much difference in theJ
evapotranspiration demand upto first decadal of August 2000 but afterwards all the
treetments started showing chénge in the evapotranspirative 'deman'd. The
.maximum evapotranspiration was 714.12 mﬁw in the Lysimeter No. 3 and minimum
was 557.06 mm ‘in Lysimeter No. 2. Results are in gonfOrﬁqity to the reports of
baker et al. (1997), Allavena (1'995), Adachi et al. (1995), Humphreys et al.
(1994),' Joseph and Havahagi (1988), Mishra and Sharma (1997), Rodersma et al.
(1996), Sahoo et al. (1996), Zhou et al. (1993), Bhardwaj et al. (1992), Kurray
© (1998) and Verma (1999).

5.4 CRdP COEFFICIENT (K.) | '

"The crop coefﬂcient recorded under different treatment and plants grown in
Lysimeter are presented in Fig. 5.4 and Table 4.4. The 10 days average calculated
'throughdut the growing period and there was a linear increase in the value of crop
coefficient. It was recorded as 0.72 in the beginning and it rose to 2.17 at the time
of maturity and at the time of harvest, it .reduced to 1.30. Different treatment
recorded different crop coefficients the maximum was 2.48 in the treatment
receiving nitroéen 150 kg/ha. The variation in coefficient values could be attributed
to the growth of plants and the longevity of their leaves. Results are in -conformity
to the reports of Baker et al. (1997), Allavena (1995), Adachi et al. (1995),
, Humphreys et al. (1994), Joseph and I'Havanagi (1988), Mishra and Sharma (13897),
Rodersma et al. (1986), Sahoo et al. (1996), Zhou et al. (1993), Bhardwaj et al.
| (1992), Kurray (1998) and Verma (1999). |

5.5 PLANT HEIGHT

The plant. height recorded ‘ at 20 days .interval after transplanting under
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different treatments is présehted in Fig. 5.5 and Table 4.7. The effect of irrigation
application was significant at 20" day whereas the nitrogen application left a
sighiﬁcant éffect at 40" day ob'seryation. The plant height through fertilisation has '
been reported by Bhagat et al. (1991), Bhattacharya et al. (1992), Kalita and Goéoi
(1994), Kurfay (19985, Reddy and Reddy (1992), Verma (1999), Subhash et al.
(1997):

5.6 TILLERS/HILL

The data presented in Fig. 5.6 and Table 4.8 indicate that the application of
irrigation and nitrogen ha_as no effect. The méximum number of tillers/hill were
recorded at the end of 20 days. The report confirmed with Reddy and Reddy
(1992), Bisht et al. (1991), Bhattacharya et al. (1992), Chandra (1997), Hazarika et
al. (1996), Kalita and Gogoi (1994), Kul'mi (1992), Kurray (1998) and verma
(1999). '

5.7 LEAF AREA INDEX |
Leaf area index data presented in Fig. 5.7 and Table 4.9 showed
‘inconsistently response of‘ irrig.atio.n appl?cation’ and nitrogen application. It was
increased up to 60'_days and declined marg‘inally later because of senescence and |
leaf fall. Leaf area index has been also reported by Hussain et al. (1989), Kurray

(1998), Kulmi (1992) and Verma (1999).

5.8 ROOTING DEPTH. |

Data. presented in Fig. 5.8 and Table 4.10 shows inconsistent: respohse of
irrigation and nitrogen application on root depth. Improved rooting depth with
appropriate nutrient application has been also reported by Hazarika et al. (1996),

Husséin et al., Kulmi (1992), Kurray (1998) and Verma (1999).

5.9 DRY MATTER/HILL

Dry matter production recorded at different stages of growth and presented
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in Fig. 5.9 and Table No. 4.11 indicated that there was no effect of irrigation
application and only at the time Ao>f harvesting nitrogen showed its significant
inﬂuence. the result reported by Raju et al. (1992), A. A Ahmed et al. (1992),
Kulmi (1992), Biswas and Banerjee, Kurray (1998) and Verma (1999). |

5.10 YIELD AND YIELD ATTRIBUTES

Data presented in Fig. 5.10, 5.11 and Table 4.12 indicated a sngnn’cant
mﬂuence of fertilizer on straw only and the grain yield. Filled graln per earhead,
‘infilled grain per earhead, spikes per earhead, test weight of gram, grain length,
grain width, test weight of kernel, kernel length, kernel width, etc. were not ‘
significant. Because the crop was damaged by sudden attack of disease at grain

formation stage.

5.11 WATER USE EFFICIENCY _

The average water use efﬁeienc;r were recorded 0.62 kg/m°, Qﬁ.63 kg/m3,
and 0.68 kg/m® with Fy, F, and Fs, resbectively without rainfall and 0.13 kg/m?,
0.15 kg/m? and 0.17 kg/m? with rainfall. It shows that the fertilizer application of
nitrogen with 150 kg/ha gives higher efficiency. Results are in conformity with the

‘reports of Adachi et al. (199501, Verma (1999).

5.12 CORRELATIONS STUDIES

Correlation matrix prepared from the yield and yield attributes is presented

- in Table 5.1. The grain yield had a significant correlation with the kernel length,

“kernel length width ratio and grain straw ratio, percentage of filled Qrain correlate.
with the filled gram per earhead, kernel length width ratio correlate with the kernel"_
Iength test werght of kernel correlate with the test welght of grain and the sprke
correlate with the filled grain per earhead. Same correlation also has been reported

by Kurray (1998), Verma (1999).
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Chapter 6
SUMMARY AND CONCLUSIONS

Te study on water and nutrient management in rice was conducted during
the Kharif 2000 at WRDTC Demonstration Farm, Universify vof Rborkee, Roorkee
(Uttaranchal), India. The treatment consisted three .level.s of nitrogen and three
levels of irrigation applications.

The nitrogeh application were used

F, = S50kg/haN -
F, = 100 kg/ha N
F; = 150 kg/ha N

The irrigation application were used -

I; = 40 mm/irrigation
I, = 80 mm/irrigation
I = 120 mm/irriaation o !

1/3 nitrogen and full dose of P and K was abplied at the time of puddling.
The nitrogen was applied{ 1/3 at tillering and 1/3 at flowering. A uniform dose of
60 kg P.Os, 60 kg/ha K0 .and 25 kg/ha ZhSO4 was applied ;n fhe plot. Data weré
collected and‘results obtained are summarised as following. ’
(1)  Total water use (irrigation + rainfall) (11.6.2000 to' 25.10.2000) in
| different irrigation treatmentsfwasﬂ 1231:40 mm, 1431.40 mm and
1631.40 mmin I, I, and'ig'respectively. Rice crop received sufficient
rainfall upto first decadal of September and after that for the rest of |
the period there was no rain, therefore needed irrigation.
(2) Evapotranspiration of a reference crbp (Eto) was calculated as

230.2‘7 mm during nursery and 613.25 during the period of crop. The
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(3)

4

(5)

(6)

@)

(8)

rainfall during nursery was 434.60 whereas during the cropping
period was 632.20 mm. There was sufficient rainfall during nursery
so no irrigation was needed. )

The Lysimetric observation revealed remarkable difference in the
pattern of crop evapotranspiration (E;c) grown in the different
treafments. The crop evapotranépiration were 592.56 mm, 557.06
mm and 714.12 mm in the Lysi1, Lysi2 and Lysi3, respectively. -

The crop coefficient (K.) was recorded as 1.46 on an average and
1.39, 1.32 and 1.68 in the Lysi1, Lysi2 and Lysi3, respectively..

The leaf area index was recorded in the plants grown in Lysimeter.
The average leaf area index was 1.82 at 20 dat, 4.44 at 40 dat, 5.17
at 60 dat and 2.12 at 80 dat. The maximum leaf area index was
recérded in the Lysimeter in which 150 kg/ha nitrogen was applied.
The average plant height was 39.92 cm at 20 dat, 58.07 cm at 40
dat, 75.62 cm at 60 dat, 87.25 cm at 80 dat and 86.22 m at
harvesting. The fertiliser application showed the response at the age
of 40 dat and the irrigation showed the response at the age of 20
dat. The ihteraction of a fertiliser and irrigation showed the response
at the age of 40 dat after that no response of fe&iliser and irrigation.
The average tiller/hill wés recorded 9.5 at 20 dat, 8.5 at 40 dat, 8.2
at 60 dat, 8.3 at 80 dat, 7.98 at the time of harvesting. We saw that
there is no appreciable change in the tiller number, from 20 dat to
harvesting.

The average dry matter/hill was 1.64 gm/hill at 20 dat, 6.94 gm/hill

at 40 dat, 16.34 gm/hill at 60 dat, 22.85 gm/hill at 80 dat and 24.16
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(9

(10)

(11)

(12)

gm/hill at the time of harvest. Fertiliser showed the response at the
time of harvest.

The average leaf area index recorded was 1.37 at the age of 20 dét,
2.83 at the age of 40 dat, 3.68 at the age of 60 dat, 2.19 at the age
of 80 dat and 1.38 at the time of harvest. The fertiliser application
significant at the age of 20 dat and at the time of harvest and the
irrigafion application significant at the age of 80 dat.

The average rooting depth was recorded 28.66 cm at the age of 20
dat, 58.51 cm at the age of 40 dat, 87.25 cm at the age of 60 dat
and 94.11 cm at the age of 80 dat. The fertiliser application
significant at the ége of 80 dat and the irrigation application was
significant at the age of 20 dat.

The average grain vield, straw vyield, earhead/m? filled
grain/earhead unfilled grain/earhead, grain weight/1000 nos, kernel
weight/lOOQ nos, spikes per earhead, grain length, grain width,l
kernel length, kernel width were recorded as 27.23 g/ha, 83.52 g/ha,
307.5/m?, 66.2, 61,9, 20.55 gm, 15.69 gm, 128.1, 10.62 mm, 1.98

mm, 8.45 mm and 1.71 mm, respectively.. Fertiliser application

' significant only for straw vield.

The average water use efficiency recorded for irrigation was
0.64 kg/m? and for (irrigation + rainfall) was 0.15 kg/m?. Fertiliser

application significant for irrigation + rainfall.

Based on the above observation, the findings can be summarised as below :

(1)

Application of nitrogen showed an insignificant change in the growth

and development of crop.
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(2) Application of irrigation also did not affected the growth and
development of crop because it rained constantly during the growing

period.

(3) Damage of the crop due to disease at grain formation stage was

maximum in plot recelving maximum dose of nitrogen.
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Annexure -|

Total wafer use in nursery of rice during kharif 2000

Date - Imigation Rainfall Runoff TWUN- GTWUN Eto Ratio

D G mm _ (mm) _ (mm)  (mm) _ TWUNEG

11/6/00 412 0 0 412 . 4120 6.34 64.98 °
12/6/00 . 360 0 0 360 772.0 6.28 57.32 .
13/6/00 - 380" .0 -0 380 © 11520 . 6.96 54.60
14/6/00 0 0 0 0 1152.0 4,78 0.00
15/6/00 360" 5 0 365 1517.0 3.38 107.99
16/6/00 0. 0 0 0 1517.0 - 4.79 0.00
17/6/00 0 0 0 .0 1517.0 7.37 0.00
18/6/00 0 -0 0 0 1517.0 = 7.58 0.00
19/6/00 0 0 0 . 0 1517.0 8.59 0.00
20/6/00 0 5 0 5 1522.0 7.23 0.69
21/6/00 0 4 0 4 1526.0 6.82 0.59
22/6/00 0 0 0 0 1526.0 7.42 0.00
23/6/00 0 5 0 5 1531.0 7.53° 0.66
24/6/00 0 0 0 0 1531.0 6.98 0.00
25/6/00 0 - 11 0 11 1542.0" 6.93 1.59
26/6/00 0 3.8 0 3.8 1545.8 3.90 0.97
27/6/00 0. 0 0 0 15458 4.78 0.00
28/6/00 0 100 0 100 16458 . 536 °  18.66
29/6/00 © 0 0 0 0 1645.8 3.23 0.00
30/6/00 0 0 0 0 16458 . 5.90 0.00
1/7/00 0 0 0 0 1645.8 6.68 0.00
2/7/00 ) 10 0 10 1655.8 5.90 1.69
3/7/00 . o - 0 0 0 1655.8. 727 - 0.00
4/7/00 - 0 0 0 ) 1655.8 7.60 0.00
5/7/00 0 0 0 0 1655.8 6.72 0.00
6/7/00 0. 0 ‘0 0 1655.8 6.93 0.00
7/7/00 -0 23.6 0 23.6 1679.4 5.71 4.13
8/7/00 0 0 0 0 1679.4 6.16 0.00
9/7/00 © 0 33 0 33 1712.4 3.71 8.89
10/7/00 0 0 0 0 1712.4 4.21 0.00
11/7/00 0 52 0 5.2 1717.6 5.05 1.03
12/7/00 . - 0 . 0 0 0 ,1717.6 5.41 0.00
13/7/00 .0 53.4 0 53.4 1771.0 7.10° 7.52
14/7/00 0 0 -0 0 1771.0 7.94 0.00
15/7/00 ‘0 0 -0 0- 1771.0 575 0.00
16/7/00 0 47 0 47 1818.0 3.33 14.11
17/7/00 0- 109 0- : 109 1927.0 . 2.96 36.82
18/7/00 0 13 0 13 1940.0 2.87 4.53
19/7/00 0 4 "0 4 1944.0 2.71 1.48
20/7/00 0 2.6 0 2.6 1946.6 441 0.59
TOTAL 1512 434.6 0

1946.6 - 230.27 8.45

'Total depth of irrigation(mm)  =1512

Area transplanted(times) - =20
‘ Total rainfall {mm) o = 434.60
Depth of irrigation (mm) =75.6

Total nursery water use (mm) =610.20
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Height

Anova for 20 dat

XX

source of varience d.f. S.S. m.s. F.value F.prob

f 2 40.51 20.25 2.09 0.15

i 2 87.62 45.81 4.52 0.02

f*i 4 33.03 8.25 0.85 - 0.51

Error 18 174.66 9.7

Anova for 40 dat

source 'of varience d.f. S.s. m.s. F.value F.prob

f 2 94.29 47.14 5.35 0.01

i 2 44 .51 22.25 2.53 0.1
i 4 174.37 43.59 4.95 0

Error -18 158.66 8.8

Anova for 60 dat

source of varience d.f. S.S. m.s. F.value F.prob

f 2 56.51 28.25 217 0.14

i 2 89.18 44,59 3.43 0.05

f*i "4 12.59 3.14 0.24 0.21

Error 18 234 13

Anova for 80 dat

source of varience d.f. S.S. m.s. F.value F.prob

f 2 43.62 21.81 2.83 0.08
i 2 9.18 4.59 0.6 0.56

f*i 4 7.7 1.92 0.25 0.9

Error 18 138.66 7.7 '

Anova for 100 dat

source of varience d.f. S.S. m.s. F.value F.prob

f ' 2 32 16 2.06 0.15

i .2 1.55 0.77 0.1 0.9

f*i 4 3.1 0.77 0.1 0.98

Error 18 140 7.77

Annexure -5



Tiller Number

Anova for 20 dat

xXX1

source of varience d.f. S.S. m.s. F.value F.prob
f 0.96 0.48 0.37 0.69
i 2 0.57 0.28 0.22 0.8
f*i 4 0.59 1.65 1.25 0.32
Error 18 23.66 1.31

.Anova for 40 dat
source of varience d.f. S.S. m.s. F.value F.prob
f . 2 11.16 5.58 277 0.08
i 2 3.38 1.69 0.84 0.44
f*i 4 8.77 219 1.09 0.39
Error 18 36.33 2.01

_Anova for 60 dat

source of varience d.f. S.S. m.s. F.value F.prbb
f 2 *5.24 2.62 1.61 0.22

i 2 29 1.45 0.89 0.42
f*i 4 4,64 1.16 0.71 0.59
Error 18 29.33 1.62

‘Anova for 80 dat

source of varience d.f. S.S. m.s. F.value F.prob
f 2 0.05 0.02 0.02 0.98

i 2 1.16 0.58 0.4 0.67
f*i 4 6.11 1.52 1.05 0.4
Error 18 26.16 1.45

“Anova for 100 dat
source of varience d.f. S.S. m.s. F.value F.prob
f 2 0.9 .0.45 0.8 0.46
i ‘ 2 0.25 0.12 0.21 0.8
f*i 4 4.03 1 1.79 0.17
Error - 18 10.16 0.56




Dry weight .

Anova for 20 dat

source of varience d.f. S.S. m.s. F.value F.prob
f 2 1.37 0.66 0.75 0.48
i 2 2.49 1.24 1.35 0.28
f*i 4 2.95 0.73 0.8 0.54
JError 18 -16.62 0.92
'Anova for 40 dat
source of varience d.f. S.S. m.s. F.value F.prob
f 2 6.09 3.04 1.59 0.23
i 2 13.32 6.66 3.47 0.05
f*i 4 4.27 1.06 0.56 " 0.69
Error 18 34.59 1.92
Anova for 60 dat
source of varience d.f. S.S. m.s. F.value F.prob
f 2 16.88 8.44 0.99 0.39
i 2 11.45 5.72 0.67 0.52
f*i 4 22.67 5.66 0.66 0.62
|Error 18 154.13 8.56
Anova for 80 dat
source of varience d.f. S.S. m.s. F.value F.prob
f 2 52.64 26.32 2.51 0.1
i 2 7.15 3.57 0.34 0.71
f*i 4 28.4 7.1 0.68 0.61
Error 18 188.66 10.48
Anova for 100 dat
source of varience d.f. S.S. m.s. F.value F.prob,
f 2 95.75 47.87 5.75 0.01
i 2 8.08 4.04 0.49 0.62
1E*i 4 34,56 8.64 1.04 0.41
Error 18 150 8.33




Leaf area index

Anova for 20 dat

source of varience  d.f. S.S. m.s. ©  F.value F.prob
f : 2 0.96 -0.48 3.69 0.04
i 2 0.02 0.01 0.09 0.91
f*i 4 0.24 0.06 0.46 0.76
Error -18 2.34 0.13 .
Anova for 40 dat
source of varience d.f. s.s.. m:s. F.value F.prob
f : 2 2.37 1.18 1.84 0.18
i 2 0.64 0.32 - 0.5 '0.61
f*i R 4 1.03 0.25 0.4 0.8
(Error 18 11.65 0.64 .
Anova for 60 dat
- |source of vérieﬁce d.f. S.S. ‘m.s, R.value F.prob
f 2 - 442 2.21 2.3 0.12
i 2 2.17 1.08 1.13 0.34
f*i 4 .. 3.66 10.91 0.95 " 0.45
Error 18 17.26 "~ 0.95
Anova for 80 dat
' source of varience d.f. S.S. " m.s. F.value - F.prob .
f- ‘ 2 0.15 0.07 025 077
i 2 '12.22 1.11 3.56 0.04
f*i 4 1.72 0.43 1.38 0.28 -
Error 18 5.63 0.341
Anova for 100 dat
source of varience d.f. " s.8. m.s. F.value - F.prob
f 2 0.54 0.27 6.33 0 .
i 2 0.08 0.04 0.98 0.39
f i 4 0.56 . -0.14 332 - 0.03
- |Error 18 0.77 0.04 . .-

xxiit




- Rooting depth

.Anova for 20 dat

source of varience d.f. S.S. m.s. F.value F.prob
f 2 22.22 11.11 1.97 0.16
i 2 54.88 - 27.44 4.88 0.02
f*i 4 27.55 '6.88 1.22 . 0.33
Error 18 101.33 5.62 :
Anova for 40 dat
source of varience  d.f. s.S. m.s. F.value  F.prob
f 2 96.29 48.14 1.36 0.28
i 2 23.18 + 11.59 0.33 0.72
f*i © 4 333.92 83.48 2.36 0.09
Error 18 637.33 ' 35.4

" Anova for 60 dat
source ol; varience  d.f. S.S. m.s. . F.value  F.prob
f 2 14 - 07 0.02 0.97
i 2 © 90.96 ©45.48 1.6 0.22
f*i 4 64.14 16.03 - 0.57 0.69
Error 18 510.66 28.37
Anova for 80 dat

‘|source of variehce d.f. ‘S.8. -m.Ss. F.value "F.prob.
f C 2 257.55 128.77 4.01 1 0.03
i 2 62 31 0.96 0.4
fri 4 16.44 (4.1 0.13 0.97
Error 18 578.66  32.14 :
Anova for straw yield
source of varience d.f. 5.S. m.s. F.value F.prob
f 2 3095.72 1547.86 10.16 o
i 2 160.61 80.25 0.53 - 0.59
f*i 4 - 366.59 91.64 0.6 0.66
Error 18 - 2742.33  152.35

XXtV




Anova for grain yield

source of varience  d.f. . S.S. m.s. F.value F.prob
f 2 25.88 12.94 0.34 0.71
i : ’ 2 29.24 14.62 0.38 0.68-
f*i - 4 31.05 7.76 0.2 0.93
- |Error 18 690.22 38.31
Anova for filled grain / earhead
source of varience d.f. s.S. m.s. F.value F.prob
f 2 20.47 10.03 0.03 0.97
i ‘ 2 712.51 356.25 0.99 0.38
f*i 4 1894.59 470.64 . 1.32 0.3
Error : 18 6456.66 358.7
. Anova for unfilled grain /earhead
source of varience ., d.f. S.S. m.s. F.value F.prob
f 2 8.07 4.03 0.03 - 0.97
i ' Lo 2 129.4 64.7 0.43 0.65
f*i 4 282.81 70.7 0.47 0.75
Error S 18 2726.66  151.48 /
- "Anova for spikes / earhead
source of varience  d.f. © 8.8, m.s. F.value  F.prob
f 2 77155 38.77 0.16 0.85
i o 2 60555 302.77 1.22 0.31
f*i .4 - 78155 195.38 0.79 0.54
Error 18 4468 248.22
Anova for test wt. Of grain
source of varience d.f. S.S. m.s. F.value F.prob
f 2 717 3.58 1.06 0.36
i 2 1.33 0.66 0.2 0.82-
i 4 5.68 1.42 0.42 0.79
Error 18 61.19 3.39

XXV




'Anova for grain length

source of varience d.f. S.S. m.s. F.value F.prob
f 2 0.24 0.12 1.57 0.23
i 2 0 .0 0.05 0.94
f*i 4 0.13 0.03 0.44 0.78
Error 18 1.38 0.07 :

Anova for grain width

source of varience d.f. S.S. m.s. F.value F.prob
f 2 0.04 0.02 2.38 0.12

i 2 0.03 0.01 1.85 0.18
f*i 4 0.02 0 0.64 0.64
Error - 18 0.16 0

Anova for test wt. Of kernel

source of varience d.f. S.S. “m.s. F.value F.prob
f 2 2.16 1.08 0.61 0.55

i 2 0.5 0.25 0.14 0.86
f*i 4 4.03 1 0.57 0.69
Error, 18 - 32.12 1.78

Anova for kernel length :

source of varience d.f. S.S. " m.s. F.value F.prob
f 2 .0.72 0.36 1.36 0.28

i 2 0.22 0.11 0.42 0.66
f*i 4 1.12 0.28 1.05 0.4
Error 18 4.8 0.26

Anova for kernel width

source of varience -d.f. S5.8. m.s. F.value F.prob
f 2 0.01 0 1.42 0.26

i 2 0.02 0.01 1.63 0.22
f*i 4 0.01 0 0.58 0.68
Error 18 0.11 0

XXVL
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- Anova for water use efficiency(irrigation)

source of varience d.f. s.S. m.s. " F.value |, F.prob
f 2 .0.02 0.01 0.51 0.61

i 2 1.47 0.73° 32.93 0
f*i 4 0.02 0 0.32 0.86
Error. - 18 0.4 0.02

Anova for water use efficiency (irr+rain fall)

source of varience d.f. S.S. m.s. F.value F.prob
f 2 0 0 0.28 0.76
i .2 0 0 1.52 0.24
f*i 4 0 0 0.33 0.85
Error 18 0.02 0

xxviil
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