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1. Introduction

Soil puddling is, to datc, an inevitable part of land preparation for wetland transplinied
rice. It has certain advantages in terms of weed control, ease of transplanting, and minimizulion
of loss of water and nutrients from the soil through percolation and leaching. Nonctheless,
puddling is time-, energy-, and capital-intensive. In addition, it creatcs soil physical conditions
that are not suitable for crops [ollowing wetland rice, and hence, may not be desirable in
wetland nice-dryland cropping systems (Sharma et al., 1988).

The physico-chemical environment of a flooded, puddled soil. although favoruble for
rice, is in many ways unsuitable for upland crops. Puddling delerioratcs soil structure, decrenses
soil aeration and water permeability, increases soil strength, and accclerates (he formation of
plowpans resulting in restricted root development (Hundal and Dc Datta, 1981). The chanpes in
soil physical conditions create an environment which is unfavorable for a drylund ciop
following wetland transplanted rice. High moisture content and more compact soil aller pudiied
flooded rice resulted in a poorer establishment, growth and yield of corn comparcd (0 comn
grown alter unpuddled flooded rice (Syarifuddin and Zandstra, 1978).

No-till and minimum-till systems were found to produce rice graim yields similu as
those with conventional puddling (De Datta er al., 1979; Rodrigucz and Lal, 1979), Mimnum
tillage may substantially reduce the land preparation period for rice (Brown and Quuairill,
1973). Reduced tillage may increase grain yields of wheat by incrcasing the infiltration of witler
into the soil (Hamblin and Tennant, 1979) while at the samc time deereasing the ntineralizution
of N (Dowdell and Cannell, 1975). In some cases, however, puddling was found (o be cssential
for higher rice yields (Dayanand and Singh, 1980; Sharma and De Datta, 1980). These
contradictions arose because of variations in weed and crop management and in soil physical
properties.

Rice may be grown under continuous submergence or rainfed conditions, \lnder
continuous submergence, about 60 to 70% of the total water applicd is lost through duep
percolation and only a small proportion, 30%-40%, is utilized consumptively (IHukkeri and
Pandcy, 1977). The utility of keeping the field continuously submerged has been questioned by
several workers (Hukkeri and Sharma, 1980; Jha ef a/., 1981 and Mishra ¢f af., 1990). Wuter
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being a costly input, its economic use is of utmost importance. Intermittent irigation niy be
more practical than continuous submergence in this respeci.

Physical properties play an important role in soil produclivity. The sclection of efficient
soil cultivation practices and delermination of the conditions of their usc require i thorongh
study of the physical properties of soils and their dependencc on the conditions and the changes
arising under cultivation. Development of appropriale tillage practices can play a crilical robe in
energy and time savings and in making the best use of available water stored in the soil polile
at the cnd of the wet season (Hundal and De Datla, 1981). For a belter understanding ol soil-
water-plant relations under the rainfed situation, there is a need to charactcrize drying palterns in
paddy soils in the presence of an actively growing crop. Such information provides the buasis lor
the selection of suitable post-rice crops that are of appropriate growth duration and that can
tolerate the expected moisture stress conditions.

Along with the maintenance of proper soil moisture, proper ferlilizer management is
also desirable as it 1s one of the most important factors in rice cullivation. Ever increasing, costs
of inorganic fertilizers necessitates the improvement of the efficiency of utilization ol the
applied fertilizers by nice. Since N is the major limiting element in soils of Bangladesh, it is
important to determine the most appropriate N rate for rice under given waler regimes.

Tillage has a considerable impact on the level of N nutrition derived from the soil hy the
crop. Some studies indicated a reduction in N availability with minimum tillage (Phillips o7 «f.,
1980). This reduction was attributed to leaching loss and retarded decomposition and N releuse
from organic residues accumulating on or near the soil surfacc. Denitnfication (Dora, 198(h) und
immobilization (Rice and Smith, 1982) aiso have been identified as instrumental in depressing
N availability in minimum tillage soils. On the other hand, a greater responsc of wheat (o N with
minimum tillage has been observed under drought than under normal weather conditions (Read
and Warder, 1974).

Tillage, imgation and fertilizer constitute the major components of energy input in a
crop production system. With increasing encrgy costs it bccomes imperative to evolve cnergy
efficient crop management systems. There are some reports that within certain limits waler und
nutrients substitute for each other (Prihar er al., 1989) and lillage increases clficiency of waler
and fertilizer use (Sharma, 1985). In spite of the importance of the intcractions of muoishire

regime, tiflage and N fertilization in the production of rice and non-rice crops, little rescarch has
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been done in Bangladesh addressing these issues although the existing cropping systems in the
country are essentially wetland rice-based cropping systems. In view of this, the present
research work was designed to study:
1= the effects of varying combinations of tillage practices, moisturc regimes uinl N
fertilizer rates on some soil physico-chemical propertics and N availability in
soils;
2. the effects of the interactions of tillage, N fertilization and moisture regiines on

the growth, yield and mineral nutrition of transplanted rice and post ricc wheal.
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—
2. Review of Literature
2.1.  Scope and limitation of tillage systems
= Tillage implies mechanical disturbance of the soil in preparation for crop production.

The Soil Conservation Society of America (1982) delined various tillage practices as (ollows:

a. Conventional tillage: The combined primary and secondary tillage operattons normally
performed in preparing a seedbed for a given crop in a given geographical area.

b. Reduced tillage: System in which the primary tillage operation is performed in
conjunction with special planting procedure to reduce or eliminate secondary tillage

-5 operations; less mechanical disturbance of soil than is done in conventional tillage.

G Minimum tillage: The minimum soil manipulation necessary for crop production or
meeting the necessary tillage requirements under the existing soil and climatic
conditions.

d. No-tillage: A method of planting crops that involves no seed bed preparation other than
opening of the soil for planting the seed at the intended depth; usually involves opening

= a narrow slit or punching a hole into the soil; chemical weed control is normally used;
also called slot planting or zero tillage.

The reason for tillage usually centered around the need to control weeds miore than
anything else (Russel, 1965). Other important reasons include creation ol a suitable soil
structure for crop establishment, incorporation of surface crop/weed residues and fertilizers,

- acration of the soil, pest control, and stimulation of root growth. On the other hand, tillage is
time, energy and capital intensive.

During the late 1940's attempts were made to use chemicals in place of cultivation to
eliminate or severely suppress the existing vegetation and this facilitated the establishment of
crops without resorting to traditional tillage operations (Blevins, 1986). From the early 1960's

> researchers have given more attention to no-tillage or reduced tillage tcchniques lor the
following reasons:-

a. No-tillage systems reduce labor/energy cost and eliminate moisture loss that are

associated with conventional tillage at planting.
b. No-tillage ensures stands of second or third crops under restricted rainfall

patterns.
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¢ Delayed seedling/planting with conventional tillage causes considerable

reduction in yield

d. No-tillage can maintain better soil structure and reduce soil erosion.

There were no-till farming long before the discovery of tillage tools. Forms of reduced
or minimum tillage have been used for centuries and are still practiced today. No (illage
contributes Lo the success of double cropping by enabling the second crop to be cstablished with
the least delay. No-tillage culture not only minimizes time but also minimizes labor and cost of
land preparation. Phillips (1984) showed a 50% labor reduction in land preparation and planiing
n favor of no-tillage. However, in other areas zero tillage produce similar and often lower crop
yields than conventional tillage (Koehler er @/.,1983; and Malhi er a/. ,1988). Minimum tillage
has been shown to be an effective means of controlling erosion, reducing evaporation and in
some cases, increasing infiltration and soil moisture storage (Johnson e «f., 1984; Andraski et
al., 1985).

As with most systems, no-tillage has some limitations which include its needs for a
higher level of management practices. Fertilizer usage and timing may vary from that of
conventional systems. Technologies that provide a sound planting depth, seed-to-soil contact,
and seed cover in the absence of loose pulverized soil delivered by tillage need to be used. Weed
control is considered as a major problem in no-tillage crop culture and shifts in weed population
may be more pronounced. More herbicides nceded in NT. Plant pests tend to be ol more
consequence in untilled soils with crop residue at the surface than in conventionally tilled soil
(Lal, 1981).

Sanchez (1973b) emphasized that puddling or wet tillage of the soil is donc exclusively
for the cultivation of wetland rice. It is the transformation of soil aggregates into a uniform mass
accomplished by applying mechanical force to the soil at a high moisture content. Puddling of
the soil facilitates easy transplanting, control of weeds, prevention of excessive percolation,
increase the capacity of the soil for supplying nutrients to the rice plant, and reduction of losses
of applied N. This process frequently results in the creation of semipervious sub soil layers or
pans. These not only restrict internal soil drainage and create difficulties for the establishment of
subsequent crops but also limit the depth of root penctration of the subsequent crop. [t increases
the water requirement at the planting stage. It is a labor and energy consuming practice, and it

also reduces the effective growing time left for the non-rice crops in a multiple cropping sysiem,
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The limitations of puddling rice soils are in restricting root development when the soil shirinks
and cracks at the early stage of nce growth in rainfed systems, and a slow water loss patiern

after rice harvest which may limit rotation with other crops.
2.2.  Effect of tillage and moisture on soil physical properties

Physical properties play an important role in soil productivity. Soil physical properties
are described by many characteristics which are sometimes difficult to determine. The
characteristics most suited for large scale determinations are bulk density, porosily, and
moisture retention capacity of the soil (Gordiyenko and Kostogryz, 1990).

Tillage operations are aimed at improving the soil physical conditions lor sced
germination, seedling establishment and support through (he growth and yield production
periods. Tillage should produce a soil tilth that provides crops with air and water, and produces
low mechanical resistance to crop roots. Soil properties most commonly affected by the tillage
systems are sofl water retention and movement, soil density and porosity, infiltration, structure,
organic matter, pH, microbial activity and nutrient distribution and availability (Blevins, 1980).

Soil density and porosity have a profound influence on air and water movement and the
potential productivity of a given soil. Past research on this subject gave contrasting results when
compared over a wide range of soil types and climatic conditions. In Bangladesh Matin and
Uddin (1994) reported increased soil bulk density with ploughing and soil depth while Rahman
(1991) found little influence of tillage on soil bulk density on a grey flood plain soil. In the
humid temperate zone of U.S.A., long-term cropping systems showed no net change in bulk
density resulting from the lack of tillage in a medium textured soil (Blevins er af., 1984). In
contrast, a comparison of the effects of no-tillage with conventional fall plow tillage in
Minnesota on a clay loam soil produced a different picture (Gantzer and Blake, 1978). This
finer textured soil had significantly greater bulk density in spring and fall in no-tillage treated
plots than that in conventionally tilled plots. At a number of sites in Great Britain, under direct
drilling of grain crops, a pronounced increase in bulk density was developed at 0-15 cm sotl
depth (Cannell er al., 1980). Studies of soil properties of a latosol influenced by lillage versus
direct dnlling in Parana', Brazil (Vieira, 1981) showed higher bulk density and shightly lower
porosity in the direct drilled plots than in the conventionally tilled plots. Hallowang and Dexter
(1991) reported reduced soil strength and bulk density by tillage. Yoshida er ¢/. (1991) obscrved

greater bulk density, soil hardness and proportion of the solid phase in the superficial layer of
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the no tillage plots. The physical properties of the soil were not influenced by tillage below the
15 cm soil depth.

Narang et af., (1992) found higher soil strength in top layers in no-till plots than the
conventional tillage plots of wheat crop at 3 weeks after sowing. The higher soil strength in the
top layers in no- till plots occurred primarily due to undisturbed condition obtained aficr the
harvest of rice crop in puddled field. Rahman (1991) working with wheat and rice in
Bangladesh reported the influence of tillage depth on soil penetration resistance (SPR) and
found greater SPR values just bellow each tillage depth . Greater SPR values just below cach
tillage depth indicated that tillage caused a dense layer due to the combined effect of tillage and
puddling. Formation of these dense layer enables the top soil to store more water thus obtaining
better yields with dry season crops and better utilization of limited irrigation. Matin and lddin
(1994) found the largest resistance values at 18 - 24 cm depth indicating the presence of a
ploughpan. In Bangladesh, development of a plough pan is particularly prominent in soils which
are puddled for transplanted rice cultivation ( Brammer , 1980 ; and Rahman and [slum ,1987 )

Cannell and Ellis (1977) working with wheat in Great Britain, concludcd that no-lillage
(direct dnlling) compared with conventional tillage resulted in a reduction in total porc space
and that a large portion of the remaining pores were filled with water. Similar studics by
Douglas er al. (1980) showed lower total porosity and less volume of transmission pores in
direct drilled plots on a clay soil. Zero tillage experiments in Netherlands (van Ouwerkerk and
Boone, 1970) showed that untitled soils were usually denser than plowed soils and that the mean
soil pore space was lower in untilled plots. According to Hamblin (1987) tillage generally (cnds
1o decrease the bulk density and increase the total porosity of the surface soil. Porosity increases
as aggregates are broken up into smaller sizes by tillage. Ike and Arena (1990) reporied less
aggregale stability and soil porosity and greater bulk density under tractor plowed cultivation.

Generally, in moisture retention curves, as the tension is increased from zcro, , the
moisture content of soil decrease due the draining of the large pores initially and progressively
followed by the smaller pores. The amount of moisture release for each increment of the fension
also gives the proportion of pores with in a given size range. The moisture retention curves of
the soils of Ganges river flood plain remained near saturation having about 50 percent
volumetric moisture content up to a tension of 50 cm of water ( Joshua and Rahman , 1983 ).

According to Hannan (1995) and Mollah, ( 1995 ), the moisture retention curves of all the soil
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profiles of Modhupur Tract remained near saturation up to 0.1 kPa metric potential. Lal (1986)
found that soil moisture retention for the 0-1 em and 1-2 cm layer was influenced by tillage
method, while that of the 2-5 cm layer was not. In the 0-1 cm depth, the soil from no-till plots
retained more water than puddled treatments at all suctions. In the 2-5 cm layer there was slight
or no effect of tillage on moisture retention.

The physical properties related to the storage of soil water and movement play a
significant role in determining soil management for better production ( Scotter ef «/. 1979 } Soil
physical properties such as sand , silt, clay, gravel contents, and bulk density resulted in a high
variability in soil water conductivity ( Babalola , 1978 ). Nyborg and Malhi (1989) obscrved
greater water content in zero tillage compared with conventional tillage plots. In spile of lower
airfilled porosity and higher bulk density values, the no-tillage treatments still had higher
volumetric water contents and higher number of bio-channels (Blevins ef a/., 1984). In growing
corn and soybean after puddled flooded rice it was observed that during planting, soil moislure
content decreased as tillage intensity increased and zero tillage maintained a higher moisiure
content (45%) than did medium tillage (39%) and complete tillage (36%). But at 50 days after
sowing, soil moisture content was found similar in all treatments in both crops regardlcss of
tillage method (JRRI, 1979). On the contrary, by planting soybean afier rice, Syari{fuddin and
Zandstra (1978) reported the lowest soil moisture content with zero tillage and relay planting at
40 days after sowing. Rahman and Islam ( 1987 } observed higher water storage in clay loam
soil of Modhupur Tract in deep tilled plots compared to no tilled ones at the end of 70 days
drainage pertod. Higher moisture content in zero tillage was also reported by Saputro (1987) for
soybean and mungbean grown after wetland rice. Mondal , ( 1986 ) reported no effect of lillage
practices on soil moisture content in a silty clay soil cropped to grain. A higher watcr use
efficiency of wheal in deep tillage than conventional tillage was reported by Gerk and Morrison
Jr. (1984)

Soil temperature is an important environmental factor in influencing plant growth.
Surface residues in a reducced tillage system decrease soil water evaporation thus furnishing a
more moist and cooler environment. In general, soils are cooler in no- tillage fields during curly
spring resulting in slower wheat growth rates than in plowed fields (Dao and Nguyen, 1989).
Bhagat ef al.,(1994 ) found higher soil temperature with puddled soil. Ojcniyi (1986) reported

no significant differences in soil temperature due to soil tillage. However, Blevins (1986)
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observed a lower soil temperature in reduced tillage systems- an advantage in the tropics where
surface temperatures commonly exceed the optimum.,

Alternate wetting and drying also influences soil propertics. Aragon et al. (1990)
reported that at the end of a water stress period, bulk density in the upper 2 cm of soil increased
from about 0.62 g/cc in continuously flooded plots to about 1.23g/cc in stress plots. Bulk density
was refatively lower at deeper soil layers. Reflooding reduced the bulk density at a shallower
depth but not to the level of continuous flooding. Wet tillage or puddling is one of the most
characteristic features of wetland rice cultivation and is widely assumed to be essential for rice
production. Soil puddling lowers soil permeability and substantially increases the water
retention capacity of soil (Sanchez, 1976; De Datta and Karim 1979; and Wickham and Singh,
1978). During puddling coarser aggregates are broken down, no capillary pore space is
destroyed, microvoids increase and apparent specific volume decreases. A puddled soil holds
more water at a given soil moisture tension than its natural status duc to the decrease of
hydraulic conductivity and free percolation of water (Gildyal, 1977). Mishra er a/. (1991)
reported an increased bulk density and enhanced microporosity due to puddling. He also pointed
out an increased soil moisture retention capacity at all suctions up to 15 bars ¢xcept at saluration
(0 bar) under puddling.

Percolation of the soil is one of the most important physical propertics (Parr and
Bertrand, 1960). Percolation has been reported to vary from 0.1 to several hundred mm ™' (
Sharma and De Datta 1992 ) and is influenced by a variety of environment and soil related
factors (Wickham and Singh, 1978). The magnitude of the decline in percolation depends on
soil texture, structure, clay mineralogy and organic matter content. Lal (1986) observed that
percolation of water through rice soil is essential. Percolation ratc 5.0 to 20.0 mm day ' is
necessary for high yield ( De Datta, 1981, and Hasegawa ef al.,1985 ). The Possible benefit of
higher percolation rates to rice growth are thought to be due to the removal of phytotoxin from
the root zone ( Govindasamy and Chandrasekaran, 1979 and, Patel and Ghildayal, 1981) ),
increase in the oxygen concentration in the rhizosphere, and an increase in the root activily (
Alva and Peterson, 1979). Higher percolation rate also decreasc the rcdox potential by
cnhancing soil microbial activity (Takai ef al.,1974). Puddling of rice fields reduces percolation
losses (Sharma and De Datta,1985; and Aggarwal er al.,1995). Gham (1978) reporied a mean

seepage and percolation rate of 1.7 mm day™' in a silty clay soil during rice growing period in
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dry season. Puddling eliminates large soil pores and therefore decrcase the hydraulic
conductivity of soil (Sharma and De Datta, 1985). Compaction and shearing by farm
implements may create a compact zone often called plowpan (Moorman and Vanbsceman,
1978). In addition settling and consolidation of dispersed clay particlcs may occur (Sharn and
De Datta,[985 ; and Adachi 1992). Both compaction and clay translocation reducc the
percolation rate. The scaling of macro pores with fine particles (ranslocated during puddling
predominantly caused the formation of a semi-impermeable layer just beneath the puddlcd (op
soil. This semi-impermeable layer is the single most important layer and ts responsible for (he
low percolation rate of well puddled soil (Toung ef @/.,1994). A reduction of percolation rate
through puddling by a factor of 500 in a silty clay loam soil was reported by Woperics et
al.(1992b). Osari ( 1988 ) found a reduction factor of around 500 to 700 times in a volcanic ash
paddy soil. Singh er al., (1993) also reported a decreased percolation rate by up to 61.7% in
clayey soil.

In growing wheat after puddled flooded nice Karim et a/. (1983) found a [aster rate of
mfiltration through the soil profile in deep tillage treatment and Shaha et «/. (1991} reported an
increased infiltration rate with the increase in tillage intensity. Reddy ef al., (1983) observed Lhat
deep ploughing increased water intake, which in turn cnhanced root growth and enhanced
yields. Rahman and Islam (1987) noticed that deep tillage to 15 ¢m or more resulied in
increased infiltratton. Infiltration rate was increased with deep ploughing as compared with
shallow tillage and this increase was possible due to decementation of the profile by deep
cultivation (Vital ef ¢/.,1983). Maurya (1986) observed a higher infiltration rate in thc minimum
tillage than conventional tillage. Several workers have also reported higher infiltration rate and
cumulative intake of water under zero tillage as compared to normal cultivalion (Brai et
al.,1983; Mishra and Singh,1985). Goss ef al. (1978) observed rapid infiltration of water to a
depth between 0.5 and 1.0 m in direct drilled (no-tillage) cereal cropped soil, whercas in
ploughed soil, movement was restricted to the tilled zone. Radcliffe er al. (1988) meuasured
significantly higher infiltration rate in no-tillage. Ghuman and Lal (1984) observed (hat
depending on initial soil moisture contents, infiltration rate changed from 4.6 to 42.9 cm hour™
for tilled plots compared to 15.0 to 120.0 cm hour™ for no-tilled treatments might be duc to

higher porosity and more intensive microflora activity.
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In a field study with a clay soil, Mambani ez al. (1990) found that puddled soiis had
more cracks and dried up at the surface more rapidly than did the untilled soils. But, Shariny e
al. (1988) reported that zero and minimum tillage plots dried faster than puddled plots after

they were drained at harvest and also the higher surface cracking in puddled plots.
2.3.  Effect of tillage and moisture on nutrient availability

Puddling is the transformation of soil aggregates into a uniform mass accomplished by
applying mechanical force to the soil at high moisture content. Under these condition (he
availability of N, P, K, Ca, Mg, Fe, Mn and S is higher, the supply of Cu, Zn and Mo is
adequate and injurious concentration of Al, Mn, Fe, Co, and organic acids are absent
(Ponnamperuma, 1977).

Saroch and Thakur (1991) pointed out that puddling of chemically weeded plots
increased the available N and puddling of hand weeded plots increased the available P conlent
of soil. The calcium level of west African soil tended to increase over that found in conventional
tilled soils ( Lal, 1981). Similar results have been observed in Southern Brazil by Muvilti
(1981). Hargrove et al. (1982) also reported higher calcium content at the surface soil with no
tillage than with conventional tillage. Minimum tillage can result in larger concentrations of P
and K in the surface layer than are present following moldboard ploughing (Moschler ¢ «f.,
1975). With no-tillage the surface applied fertilizer is not moved except by water and by
diffusion. Hence the concentration of P and K are highest in the upper 5 cm of soil and then
decline rapidly with soil depth. Magnesium is not affected appreciably by tillage.

The upper soil under no tillage generally is wetler, cooler, higher in organic maller,
microorganisms, P and K and somewhat higher in acids than in a comparablc soil that is tilled
(Thomas and Frye, 1984). Under these conditions the mineralization rate tends to be lower
because the soil is not disturbed and the organic residues remain on the surface where
decomposition is slower. Hence especially in the spring, there is usually less nitrate in the soil in
unfertilized no tillage soils than in similar tilled soil (Rice and Smith, 1982). Reduction in N
availability with minimum tillage was reported by Gordon and Rickerl (1992). This reduclion
was attributed to leaching loss and retarded decomposition and N rclcase from residue
accumulating on or near the soil surface. Denitrification and immobilization also have been

identified as depressing N availability in minimum tillage soils. On (he other hand, greuter
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response to N with minimum tillage have been observed under drought than under normal
weather condition.

According to Thomas and Frye (1984) N efficiency is less, the amount of leaching of
nitrate and the basic cations accompanying it is apt to be slightly higher in no- tillage than in
conventional tillage. When soil is tilled, the breakdown rate of organic matter is incrcased
tremendously for a short time. As organic matter is decomposed, N, P and S are mineralized at a
rate which roughly corresponds to the relative quantities present. There have been reports of S
deficiency in no-tillage when no deficiency was observed in conventional tillage (Kochler ef al.
, 1977). The extent of S deficiency due to no-tillage is not known but in arcas where S
deficiency is suspected it would very likely be worse under no-tillage just as N deficiency (with
no N applied) is usually worse with no-tillage. Lal e a/. (1990) observed lower pH, but higher
concentration of P, exchangeable K and Mg in the surface layer of no-tillage plots than plow il
treatments.

Higher organic matter and reduced erosion under no-tillage favor the availability of Zn.
Micronutrient availability under no-tillage is less of a problem than it is under conventional
tillage (Thomas and Frye, 1984).In soil that undergoes wetting and drying, the reduction and
oxtidation of Fe and Mn compounds is cyclic (Patrick and Reddy, 1978). Higher denitrification
losses under alternate wetting and drying indicates that N compounds may also undergo the
oxidation-reduction cycle, particularly in the presence of crop residues as the energy sourcces for

microorganisms (Buresh et al., 1976).

2.4. Tillage levels, moisture regimes, N fertilization and their interactions on rice crop
performance.

2.4.1. Tillage practices

Effects of tillage on rice yield are unclear. Some investigators reported incrcased yield
while others found insignificant or no increase in yield with tillage. In tropical Asia wherc most
rice is grown rainfed, it is believed that puddling minimizes the risk of yield reduction duc to
drought (De Datta, 1981). Satter (1978) reported an increase in grain yield of rice with
increasing number of ploughing from 2 to 3 in Bangladesh. Ogunremi ¢f af. (1986) ohscrved
more leaves, productive tillers and dry matter yield of upland rice in ploughed plots. In a ficld

with clay loam soil, Mambani ez a/. (1990) found increased grain yield with tillage. Panda ¢r al.
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(1994) and Bhagat ez a/. (1994) also reported increased grain yield with puddling. On the olher
hand, Mabbayad et al. (1968) demonstrated (hat yield, panicle number and percent of sterile
spike lets of rice were nol significantly different from soil prepared by zero, minimuni and
conventional tillage. Rodrigues and Lal (1985) observed no effect of tillage on grain yicld of
rice in four out of five experiments. Griffith er al. (1986) ;Lal (1986) and Aggarwal ef al.( 1995)
also reported no effect of lillage on crop yield. Sharma ef al. ( 1995) found reduced (illage as

more cost effective than conventional tillage.

Rodriguez and Lal (1985) and Lal (1986) reported lower root density of rice in no-till
plots compared to conventional tillage. Sharma et al. (1988) stated increased root length density
of rice with increasing intensity of tillage. On the contrary, Mambani er al. (1990) reporied a
decreased root length density with dry and wel tillage compared with zero tillage. Lce and Jung
( 1993) reported higher root density of rice in the upper 10 cm of soil in the no tillage treatinent.
Lower root density of rice at 18 —24 cm depth of soil was reported by Matin and Uddin (1994),
Gajn et al. (1992) pointed out that puddling coarse textured soil in rice culture induces high bulk
density in sub surface layers which impedes root growth of the subsequent crop and cause
nutrient and water stresses.

2.4.2. Moisture regimes

Water is the most important single factor in production of rice and wheat. Sene Wiratne
and Mikkelsen (1961) compared growth of rice plants in submerged and upland soils. Al the
early growth stage of rice, plants grew larger in the non submerged upland soils than in the
submerged soil. But later, there were more increases in tiller number, plant height, and leaf area
in the submerged soil than in the upland soil. De Datta (1981) showed that most rice variclies
maintained better growth and produced higher grain yiclds when grown in looded soils.

It is believed that the peak water demand of rice is between maximum tillering and the
grain filling stages. Moisture stress throughout the entire growth period reduced the grain yield
to 20-25% of the yield of the continuos flooded plot { De Datta, et al. 1973a). When moisture
stress was allowed to develop only between the maximum tillering and heading stage, (he grain
yield remained relatively high. The reduction in grain yield was more related to (he duration of
moisture stress than to the stage of plant growth at which the stress occurred. Castillo ¢ al.
(1992) reported significant reductions in straw and grain yields of rice with waler deficit at 15 to

35 days after transplanting (DT). Aragon ef al. (1990) observed decreased plant height and dry
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matter production of rice at 65 DT with decrease in total water applied during the stress period,
Perhaps this was a consequence of poorer root and shoot growth and reduced N fertilizer
efficiency under limited water supply.

Continuous submergence produced significantly higher straw and grain yield of rice
followed by irmgation given immediately after the disappearance of ponded water (Saikia ind
Dutta 198%; Wahab and Danel, 1992). Increasing soil water slress from continuous
submergence to rainfed decreased the straw and grain yields of ricc (Mishra et af., 1991).
Continuous submergence and irrigation a day after infiltration of ponded waler gave compurable
grain yields of rice and the increase of interval between infiltration and irrigation from 1 to 3
days or more declined the yield by 9 to 12q/ha (Sandhu er al., 1980). Grain yields did not vary
greatly with 4-8 days interval between irrigation (De Datta et al., 1973b). Grain yield however,
dropped to 1 tha, or more when the irrigation interval is increased to 10 days. Singandhupe ind
Rajput (1990) observed that maintenance of 7 cm irrigation water afler 1 day drainuge,
increased grain and straw yield compared with 6 days drainage.

According to Aragon et al. (1984) grain:straw ratio tended to decrcase and percent
sterility tended to increase with increasing stress treatment; 1000 grain weight decreased with an
increase in moisture stress. Salch (1991) reported that with the use of supplementary irrigation,
rice yield in the Aman season could be increased by upto 70% depending upon the aniount,
distribution and intensity of ranfall. The need for supplemental irrigation was much higher
during the latter part of the growing season than earlier as the probability of rainfall mecting the
crop water requirement decreased from 85% at the vegetative to 21% at the ripening stage.
Mambani ef al. (1990) found increased grain yield of rice with tillage in the field cxperiment
with clay loam soil where moderate moisture stress occurred.

[n dry soil, mechanical impedance is the dominant stress factor, such as a loss ol soil-
root contact, roots and soil particles shrinks as they dry, which may lower the supply of mincral
nutrients (Faiz and Weatherly, 1982). Yellamanda Reddy and Kuladaivelu (1992) rcported
higher root volume and root dry weight under continuous submergence than under dricr
moisture regimes. In addition, root growth might have been inhibited by decreased N efficiency
due to alternate wetting and drying. In medium textured soil, tillage do not allect nice root

growth under and adequate moisture regime. While in stress condition, high mtensity tiflage
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methods increased root length density where zero tillage and one rototilling produced contrary
effect (IRRI, 1986).

2.4.3. Nitrogen fertilization

Nitrogen fertilization is highly corrclated with yields and is a major factor in world crop
production. A considerable body of research has indicated the positive response of rice, whcat
and sorghum to N fertilization (Locke and Hons, 1988; Saikia and Dutta, 1989; Castillo ¢t «.,
1992; Malhi et al., 1992). In general, grain yield increases with N addition upto a certain level.
The response of a crop to added N is largely influenced by variety, soil fertility, environmental
factors, and management practices. However, because rice is grown in diverse land and water
management systems, tillage practices for land preparation vary with the system. The traditional
method of tillage for lowland rice is plowing and puddling. De Datta (1981) pointed out that in
rice growing areas of temperate regions, where soils are not puddled, grain yields are

consistently high.

Davis and Cannell (1975) and Buchholz and Hanson (1982) rcported signilicant
interactions between tillage and fertilizer N in crop production. According to them vecro tillage
may require more fertilizer N to produce crop yields similar to those under conventional tilluge.
Lal (1986) observed that puddling treatments yiclded more rice at a low level of N than no till
treatment, while, Syarifuddin and Zandstra (1978) observed higher corn yicld on unpuddled
flooded soil than on puddled flooded soil under complete tillage in abscnee of fertilizer.

A survey made by a group of agricultural economists (Auden and Barker, 1973)
reported that N and water level were the two major factors constraining yield of rice in some
Asian countries. Sheik Dawood et al. (1990) reported significant influence of irrigation und N
on grain yield of rice. Higher grain yield was obtained at higher level of N when the field was
irmgated to 5cm depth of water immediately after disappearance of ponded water followed by
irrigating once in 2 days. Nageswara and Raju (1987) also found that fooding 1 or 2 days alter
disappearance of ponded water increased the grain yield of rice over flooding 4 days alter
disappearance of water at a higher rate of N fertilizer, while, Aragon er ¢l (1990) found no
significant interactions between N and water management in terms of plant height and tilier and
panicle numbers of rice. Castillo et al. (1992) also reported no significant inleractions between

N and water levels on straw and grain yield of rice. On the other hand Khan et af. (1992) found
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optimum rice yield with medium fertilizer dose and keeping soi! moisture regimes [rom iicld
capacity (o saturation. Nitrogen application aggravated the effects of severe moisture stress
(Aragon ef al., 1990). Root mass density increase several fold in zones where concentration of
nutrients, especially N are high (Marshner, 1986).

2.4.4. Nitrogen availability in soils

Various fractions are present in the inorganic N pool of a wetland soil. These lorms,
however, constitute an extremely dynamic N system in the soil, which is affected by physical,
chemical and microbial reactions. The predominant form of inorganic N in wetland soils is
NH,'. Although the rice plant absorbs N from the soil both as NH;" and N0y, the conlents of
these ions in a soil sample frequently do not reflect the soil N supplying capacily throughout the
growing period. The available N status in wetland rice soils is influenced by many chemical and
biological processes. Flood water impedes oxygen diffusion, creating an aerobic-anacrobic
system within which nitrification-denitrification occurs (Ponnamperuma, 1977). Nilrificalion
takes place only in the surface oxidized layer or the rhizosphere in a continuousty flooded soil.
The differentiation of oxidized and reduced soil layers was first reported by Pearsall (1938). The
surface oxidized layer can vary from O to 2-3 cm. in thickness, depending on the oxygen
concentration in the flood water and oxygen consumption (Howeler and Bouldin, 1971). For
simplification, the oxidized rhizosphere of the rice plant is included with the aerobic soil and
flood water (Bouldin, 1966). In flooded soils, the product of mincralization is mainly NH, . The
reaction, however, proceeds to form NO;-N when oxygen is adequate. Accumulated NO/ is
prone to loss by denitrification and leaching upon soil flooding. The determination of N11,-N
mineralized in anaerobic conditions may give a good estimate of the amount of N available to
the wetland rice crop (De Datta and Craswell, 1982).

Fertilized rice obtains 50-80% of its N requirement from the soil; unfertilized rice
obtains an even larger proportion, mainly through mineralization of organic sources. Thus, rice
depends pnimarily on the mineralization of organic sources for its N (Broadbent, 1979). De
Datta et al. (1968) reported higher "N recovery in pots than in the field. Basal, surface
application in general, produced the lowest values for "N recovery (7-38%). Recovery is
improved with split application (35-61%), delayed application (27-77%), or deep placenient
(18-68%). Even with good management practices, only 30-50% of the [entilizer nitrogen

recovery by rice was reported by Prasad and De datta (1979). The breakdown of organic maltter
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that leads to the liberation of ammonium ions into the solution phase procceds at a much slower
rate in a flooded soil than in an aerobic soil. The quantity of N mineralized from OTganic sources
during the growing period of a lowland rice crop is larger than that for a similar period of an
upland crop. The greater part of the N mineralized during a season appears as NH.-N within two
weeks of submergence if the temperature is favorable and the soil is not strongly acid or very
deficient in available P (De Datta, 1981).

Cultivation accelerates the oxidation of organic matter in soils and generally results in
higher NO;-N in the profile. Cultivation may also decrcase the rates of denitrification,
immobilization and leaching of NOs-N (Rice and Smith, 1982). Data from Sanchez (1973 a)
indicaie that puddling decrease losses of applied N from soil.

The moisture regime of a soil is critical for the mineralization of organic N. Soil drying
prior to flooding changes the pattern of soil mineral N rclease. Studies by Sahrwat (1983) have
shown that soil drying enhances soil N mineralization and thus its availability (o rice. Thus,
careful water management is necessary to avoid either N deficiency or cxcessive loss of organic
matter accompanying rapid mineralization. Under flooded soil conditions, NO;-N was
reduced to NHy4-N and consequently resulted in higher concentration of NH;-N as a resull of the
reducing environment (Sarker et al. 1991). Tn a saturated soil water regime, when the soil
environment was relatively oxidized, the domination of NO;-N over NH;-N occurred. George et
al. (1993) reported that in tropical rice lowlands, soil NOj; is lost during the transilion ftoin the
dry to the wet season. After soil flooding, NOy is lost by leaching or by denitrification to N> and
N,O gases (Muskina ez al., 1993). Severe N losses have been shown to occur in soils subjccted
to periods of alternate drained and flooded conditions. Increasing the frequency of changing
from aerobic to anaerobic conditions will increase the loss of N. Repcated cycles of llooding
and drying to field moisture caused N losses up to 20% of the total (Reddy and Patrick, [975).

Because of its relative immobility in soil, NH4-N is retained in the soil surface layer and
can become temporarily unavailable for plant use when the soil surface dries out (Mason, 1992).
Buresh et al. (1993) pointed out that water deficit at 15 to 35 DT and 41 to 63 DT in a rice
growing season compared with continuous flooding, significantly reduced extractable N, in
the top 30 cm soil layer and resulted in a small NO; accumulation. Soil NO: = which
accumulated during the water deficit, rapidly disappeared after flooding. The N loss due to soil

drying and flooding decreases with increasing crop age apparently becausc of incrcased
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competition by rice with soil micro-organisms for NH;" and N0y The NH;" fixing capacily of
the soil increased as the rate of NH;" application was increased but the percentage of recovery
of NH," remained more or less constant (Sahrawat, 1978). The results may vary depending on
mineralogical make up of the soil.

The denitrification rate in undisturbed soil is linearly related to soil water content (Rice
and Smith, 1982). Because the water content of untilled soil is higher, the rate of biological
denitrification can be expected to be higher than that in tilled soil. The cffect can he small in
well drained soils or very large in poorly drained soils. Gordon and Rickerl (1992) reporicd (hat
the tillage system employed has a considerable impact on the level of N nutrition derived rom
the soil by the crop. Some studies have shown a reduction in N availability with minimum
tillage. This reduction was attributed to leaching loss and residues accumulating on or near the
soil surface. Denitrification and immobilization also have been identificd as depressing N
availability in minimum tillage soils. On the other hand, a greater responsc to N with minmimum
tillage have been observed under drought than under normal weather conditions. This was due
mainly to a greater moisture storage in minimum tillage soils. The slow release of nutrients, ion
leaching, accumulation of organic residues and lessened disturbance of the plow layer all
decrease N availability under reduced tillage (Dick, 1983).

According to Rice and Smith (1982) and Murdock (1986), N in a minimum Gllage
system tends to be less available. There is slower mineralization, higher denitrification und
greater leaching which decreases the availability of N. The N mineralization tends to be slower
because the soil is not as greatly disturbed and the organic residues remain on the surface where
decomposition is slower. Hence there is usually less NOs™ in unfertilized soil under reduced
tillage as compared to similar conventionally tilled soils. Leaching of NO; is also favored under
reduced tillage due to a higher soil waler content and more rapid water infiltration. Leaching of
NO;" occurs when evaporation is exceeded by rainfall. Sahrawat (1983 ) found that the N
availability of unfertilized soils was not affected by continuous flooding or soil drying und
flooding one or more times during the growing season as judged by crop growth and N uptake.
Perhaps soil drying compensated for small N losses that occurred because of nitrification-
denitrification by enhanced mineralization.

De Datta and Craswell (1982) reported that in wetland soils a distinct concentration

gradient of NH4-N following deep placement of urea may exist for 4 weeks or morc. During the
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first 2-3 weeks after transplanting, when the rice plant's N requircment is low, il may be
adequately met from the native N pool or from the outer defused zonc of soil-urca reuction
having low NH4-N concentration or from both. This is because the rice roots genelally avoid
proliferation through the soil-urea reaction zone of steep NH,-N concentration gradient.

Sarker ef af (1991) found significantly higher amount of NH,-N under flooded soil (han
the saturated soil water regime throughout (he growing period of rice. They also reporied an
increase in NHs-N concentration upto 40 DT and then decreased. They also reported a decicase
in NO; content from 20 to 40 DT and then an increasing tendency upto harvest. According to
Bhardwaj and Singh (1992) the NH.-N content in soil was the highest at lillering stage of the
crop and it declined subsequently upto crop maturity. Its content incrcased with an incicasc in
the N level. The decrease in NHs-N content after tillering stage was attribuled to its uplake by
plants, gaseous losses as NHj or incorporation of NHy-N into microbial tissues. The NO-N
content in soil was quite low varying from 2.5-5.9 ppm at tillering slage and it deercased with
time. Nitrogen application enhanced NO;-N content at initial stages, but al maturity, treatment
differences leveled off.

George et al. (1993) reported that NH4-N release from recycled residues peaked within
three to four weeks of incorporation e, land preparation. Although rice responded 1o increased
NH;-N levels, rice N requirement was small at this early stage to substantially bencfit from the
higher amount of NH4-N released. Availability of fertilizer N to rice decrcascd rapidly following
ftooding, usually dropping to a very low level within 30-40 days (Mikkelsen, 1987). Afler that
the crop is dependent on NH,-N released by mineralization of soil organic matier and to a lesser
extent, on clay fixed NH4-N. Ammonium is reported to be less variable than NO; ™ in cultivated

soil (Mclntyre, 1967).
2.4.5. Nitrogen nutrition of crops

Nitrogen absorption from soil by rice is greatly influenced by varietal type, availability
of N and climatic factors (Murayama, 1979). Syarifuddin and Zandstra (1978) reported
increased growth and accompanying high absorption of N by rice from soil where N availability
was high. They also reported an increased concentration of K and decreased P, Mn and Zn
concentrations in corn with N fertilizer application. A linear relationship between N
accumulation and N fertilizer rate was observed by Locke and Hons (1988) in both stover und

grain of sorghum. The increase i fertility level increased the N and P uptake both in seed and
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stover, because the increase in the supply of these nutrients not only incircased their
concentration in plant but also resulted in higher dry matter accumulation and sced yicid. The
results are in consonance with those of Narang and Singh (1985). Application of fertilizer N
increased the N uptake of wheat due to increase in crop yield (Flower et al., 1990; Gauer o7 ul.,
1992). Good relations between total N uptake and applied N were also reporicd by Gordon and
Rickerl (1992) and the response was found linear in different tillage systems.

According to Viets (1972) the quantity of soil water affects the nutrient concentration in
soil solution and rate of nutrient movement to the root by diffusion and mass flow. A positive
influence of increasing irrigation level on N concentration in seed, flower head, leaf and stent of
safflower was observed by Zaman and Das (1991) while Virendar and Agarwal (1991) reported
a depressive effect of irrigation on N concentration in barley. Syarifuddin and Zandstra (1978)
reported increased Fe and Mn concentrations and decreased Zn concentralion in rice under
flooded soil conditions. Increasing irrigation level increased N and P contents in sced and stover
of mustard (Tommer and singh., 1992), while a decreased N content of wheat duc (o increased
water supply was reported by Gauer et al. (1992). The effect of cyclic submergence produced a
significantly higher N content in grain of rice over continuous submergence (Saikia and Dulita,
1989).

Among the water regimes, alternate wetting and drying cycles had the lowest N uptuke
owing to N Joss through sequential nitrification and demtrification (Pillai and De 1979; Aragon
et al. 1990). Total N uptake was found higher in 1-day drainage compared to 6-day drainage by
Sigandhupe and Rajput (1990). More N uptake under 1-d drainage may be due to higher
mobility or inorganic mitrogen in soil solution and hence facilitated absorption by plant roots.
Whereas under 6-day drainage, increased moisture stress might have resulted the plant roots to
spend more energy to extract an unit amount of N. Similar trend was also observed by Biswas
and Mohapatra (1980) and De Datta (1981).

Significant influence of water regime by N fertilizer interaction on grain nitrogen
concentration of rice was reported by Caslillo ef al. (1992). In the absence of applied N, grain N
concentration was similar for continuously flooded and at 15 to 35DT water deficit treatment
while in the presence of applied N water deficit at 15 to 35DT significantly reduced grain N
concentration. Campbell ef al. (1977) reported a higher N concentration in wheat with increase

N fertilizer under irrigated condition. Sharma et al. (1992) found maximum N uptake al (he
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highest irrigation frequency coupled with the highest nitrogen rate and a linear positive rclalion
between water use and nitrogen uptake.

Nutrient uptake is a function of soil water availability and root proliferation, bath of
which are influenced by tillage. Crops whether grown under conventional or reduced tillage
usually do not vary in N uplake (Terman 1979). Low yield and reduced N may occur in no-
tillage system if the soils are too heavy (Baryeh, 1983). Higher concentration and uptake of N
by rice and wheat were observed in deep tillage treatment by Rahman and Islam (1987). Crops
whether grown under conventional or reduced lillage usually do not vary in nitrogen uptukc if
the yields are identical (Ellis and Howse, 1981). Nitrogen uptake by soybean as well as scsame
were not significantly different under different tillage levels (Sarder, 1990). A higher total and
slightly low P concentration in barley was reported by Malhi et /. (1992) under conventional
tillage than zero tillage while Ellis and Howse (1981) reported no effect of tillage on P
concentration in spring barley and winter wheat. There was no consistent paltern in the N I* and
K contents of maize grown under the zero, minimum and conventional tillage methods (.indsay
et al., 1983). Cannell and Graham (1977) also reported no significant ¢ffect of tillage on NI* or
K concentration in growing shoots or grain of winter wheat. On the other hand Oguiremi ¢f af
(1986) reported higher uptake of nutrients in upland rice with ploughed plots. Higher uptakc of
N, P and K of puddled flooded rice than that of unpuddled flooded and non-flooded rice was
observed by Syarifuddin and Zandstra (1978). They also reporied significantly reduced
concentration of Ca, Mg, Fe, Zn, Mo, B and Al and increased concentration of K in com leaf
tissue under no-tillage condition. Conventional tillage treatments had generally higher N P and

K levels in plants than either zero or minimum tillage treatments (Lindsay et af., 1983).
2.4.6. Nitrogen use efficiency

Nitrogen utilization by rice at the farm level is affected by soil, crop, environmental and
management factors (De Darta, 1978). Numerous expeniments have shown that the elficiency at
which the N is utilized by wetland rice is only about 30-50% of the apphed fertilizer N and in
many cases even less { Prasad ef al., 1970; Sanchez et a/.,1973; De Datta, 1978). Two aspccts,
such as recovery rate of the applied N in the rice plant and the efficiency of absorbed N for griin
production should be considered in increasing the productive efficiency ol the apphed N
(Murayama, 1979). Increasing N level decreased N use efficiency of wheat (Clarke e al., 1990;

Guer et al., 1992). Virendar and Agarwal (1991) reported a decreased %N rccovery with an
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increase in fertilizer N level and found maximum production effictency of barley with lower

level of applied N,

The physiological efficiency (kg grain produced/kg absorbed N) and agronomic
efficiency (kg grain produced/kg applied N} are significantly influcnced by water regime. As a
result of reduced grain yield agronomic efficiency declined with water deficit (Castillo ¢ al.,
1992; Bharmbe et al., 1992). Improved moisture condition increased N usc c¢lficicncy (NUE)
both through increased yield potential and improved N mobility in the soil (Black, 1966;
Marshall and Holmes, 1979; Gauer et a/., 1992).

In upland rice, Olofintaye (1980) found better N usc efliciency under zero tillage than
under minimum or conventional tillage when split application was done. Nitrogen [ertilizer was
used more efficiently in no-tillage than conventional tillage corn, when evaluated on the basis of
yield response in fertilized plots (Phillips ef al., 1980; Frye et al., 1981). Greater fertilizer use
efficiency for no-tillage maize production than with conventional tillage was also reporied by
Lal (1981). Welles (1984) stated that at the highest rate of fertilizer N, and al all rates of P and
K, no-till increased the efficiency of applied fertilizer. On the other hand IRRI (1977) and De
Datta e al. (1979) reported considerably lower nitrogen fertilizer efficiency with zero tillage
than with conventional tillage as measured by increase in grain yield ol rice. No-till systems
were found less efficient in utilization of N as these systems were morc vulnerahle to
denitrification (Aulakh ef al,1984 and Bhuiyan, 1986), leaching (Thomas er al.,1980) and
possible volatilization (Mengel et al.,1982) compared to conventional tillage.

2.5. Evapotranspiration

The combined losses of water resulting from plant transpiration and surface cvaporation
lead to what is known as evapotranspiration (ET). It is also commonly relerred to consumptive
water use (Michael, 1978). The amount of water available to the roots of rice plants depends on
the balance between rainfall and evaporation and the relationship between soil moisture content,
water potential conductivity, effective rooting depth and water table (Yoshida, 1979). The (ood
and Agriculture Organization (Doorenbos and Pruitt,1977) suggested Blancy-criddle, radiation,
Penman, and Pan evaporation methods to calculate potential or refercnce crop
evapotranspiration (ETg) from available climatological data. ET; is defined as the rate of
evapotranspiration from an extensive surface of 8-15 cm tall, green grass cover of uniform

height, actively growing,, completely shading the ground and not short ol water (Michael,
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1978). The effect of crop characteristics on crop water requirements is given by the crop
coefficient (Kc), which presents the relationship between reference crop cvapotranspizalion
(ETo) and actual crop evapotranspiration, or ET = K¢ ET (Dorenbos and Pruitt, 195T),

In several countries, U.S. weather Bureau class A pan or sunken pan (installed in the
rice field) data have been corrclated with actually measured ET. Evaporation pan provides
measurement that integrates the effect of solar radiation, wind, temperature, and humidity on
evaporation from a specific open water surface. To eliminate the effcct of these meteorological
factors, the values of potential evapotranspiration and ET have been divided by the value of [pan
cvaporation (PE). These ratios can then be used to compare the dilfcrence between variety,
cropping season, and latitude (Tomar and O’ Toole, 1979). The ET-PE ration in rice slarts
around 1: O after transplanting, shows a first peak (1.1 and 1.3) at the maximum tillering stage,
and a maximum value at about heading stage. The value at heading time become 1.4 -1.5 in
Malaysia and 1.7 in the Philippines (Tomar and O’ Toolc, 1979). On the average this value is
1.43 for tropical countries. It is 1.33 for Japan and 1.37 for Australia ( Evans , 1971). Thus, on
the average this ratio is 1.0 at the time of transplanting, reaches 1.15 aficr 15-20 days. and aftain
a maximum of 1.3-1.4 at about heading (De Datta, 1981). Tomar and O’ Toole (1979)
concluded that over the whole rice crop growth period, ET from low land rice ficlds s more
than open pan evaporation during that period. They suggested the relationship: ET = 1.2 P1..

Karim and Akhand (1982) computed the ETg and ET for rice, wheat and Potato from
available 10 years meteorological data of Bangladesh for different scason and location using
modified Penman method. The variations among the locations in a specifiecd month wrc not
wide. Generally maximum values of ETo were obtained during the month of April and May and

the minimum values were in the month of December and January.
2.6. Wheat after Rice

2.6.1. Scope and limitation

Rice — Wheat is the main cropping system of the sub-tropical agro — ecozones where
assured irrigation is available . This system is practiced on about 23 million hectarcs comprising
10.3 million hectares in China, 10.5 million hectares in India, 1.5 million hectare in Pakistan,
0.5 million hectare each in Nepal and Bangladesh and 0.05 million hectare in Bhutan (Singh and

Abrol ,1995). In Bangladesh , rice alone covers about 80% and rice - wheat together oceupried
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over 83% of the total cropped area . Over 80% of the total wheat area preceded by transplnted
Aman (Saunders 1991). In several parts of Bangladesh, rice and wheat are grown sequentially in
the same field in the same farming year, in one or another of several distinct cropping paltum.
Yield in this sequence in several years , and averaged over all Bangladesh have been aboul 3.4
t/ha of rough T.Aman rice, and 2.6 tha of unmilled wheat grain (Huke ez «/.,1993 ) Wheat yicld
in this cropping pattern are also some of the poorest in the region. The physical limitations
imposed by puddled soil have been recognized as the major cause of poor establishment ind
yield of post rice crops in Asia (Woodhead, 1990)

Puddling 1s associated with the breakdown of soil aggregates during wel cultivation
(Adachi ,1990). After drainage of the surface water prior to rice harvest, the water content of the
surface soil decreases, which is accompanied by a relatively rapid increase in redox polcnlial
(Maghari,1990) and a slower increase in soil strength (JRRI, 1988).The structure of the pudled
layer becomes massive as the soil dries. Puddling also results in the formation of compacted soil
layer below the puddled zone, whose strength increase very rapidly as the soil dries, limiting the
depth of root exploitation ( IRRI 1986 ).Thc resulting poor stands is one of the factors in poor
yield of rice. Another factor is the low N availability resulting from extensive removal of
mineralized N by rice and microbial immobilization of N applied to the following wheat crop
(Meelu et al., 1979). Crops grown in low land soil after rice harvest may also suffer [rom
deficiencies of other plant nutrients and from a lack of suitable micro organisms, such as
rhizobia, or VA mycorrhiza, which may not survive prolonged water logged condition.

In imigated nice- wheat system , soils become aerobic after rice harvest and high levels
of NO» are expected in such soils. These are prone to losses by excessive irrigation and rain
(Modgal et al., 1995). The rate of N mineralization is greatest during the wet season. It
increased exponentially with increasing soil moisture content from 5 to 23% indicating (hat N
mineralization is moisture limited in dry lands ( Singh and Singh, 1994 ). Cultivation accelerites
the oxidation of organic matter in soils and generally results in higher NO. N in the profile .
Cultivation may also decrease the rates of denitrification , immobilization and leaching of NO); -
N ( Rice and Smith, 1982 ).

The month wise distribution of rain fall of Bangladesh indicates the wheat growing

season ( November — March ) as the driest period of the year. Unfortunately 60 - 65% ol the
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total wheat area still remains with out irrigation and is dependant on residual moisture {Ahmed
et al., 1986). Soil moisture stress is reported to adversely affect the wheat yield (Islam 1990 ),
2.6.2. Soil moisture profile of Bangladesh soil

The amount of soil moisturc available for plant growth is considered to be the moisiure
held in the range from field capacity to permanent wiiting point. Soil moisture profile refers to
the sum of the available moisture in the different individual horizon of a profile. Soil muisture
supply in tumn depends on rainfall, soil moisture storage, evaporation and the flooding und
drainage regime of the site. The soils of river flood plain area of Bangladesh are uniquu in
retaining extraordinary amounts of available moisture in the profile (Joshua and Rahman, 1983
and SRDI, 1986).

Most of the soils of Barind and Modhupur tract of Bangladesh are generally heavy
textured ranging from silty clay to clay. The available moisture in the root zonc of 100 cm.
depth of these soil is well below the (otal evapotranspiration of rabi crops. Therefore, rainfed
rabi crops in these area in general is not feasible. Higher moisture content at both field capacity
and wilting point may causes the low available moisturc for Madhupur and Barind tract soils
(Joshua and Rahman, 1983 and Rahman ef a/., 1991).

On the other hand, silt loam is the dominant soil scries of Tista flood plain, old
Brahmaputra and old Mcghna estuarine flood plain soils. The available soil moisture storage of
silt loam 1s very high. Soil moisture storage in a root zonc of 100 cm depth 1s sufficient for
almost all rabi crops to be grown in the deeper phase of all soils on the flood plain except the
silty clay soils. Furthermore, the surplus soil moisture storage with additional recharge from
high water tables enables crops to be grown well before the pre monsoon raining in the Nlood
plain areas (Joshua and Rahman 1983; and SRDI,1986). Expansion of wheat cultivation largely
depends on the efficient utilization of soil residual moisture. Karim ez «/., (1980) reporied that a
considerable potential moisture is available in the surface layer of Bangladesh soils which

remains to be utilized by wheat plant.
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2.6.3. Tillage practices, moisture regimes, N fertilization and their interactions on wheat
crop performance.

2.6.3.1.Tillage practices

Tillage has been used in crop production to obtain a seed bed physically, chemically,
and biologically suitable for plant growth. The requirements for optimum soil tilth varics widely
with cropping systems, soil type and climatic conditions. Howcever, to date, the elfeet of tillage
on yields are unclear. In some experiments , tillage caused insignificant or no increasc in yicld (
IRRI, 1989 ). In other experiments, deep tillage produced significant yield incrcase (IRR1, 1988
and Karim ef al., 1983 ). Zero tillage or minimum tillage produccd crop yiclds ol harley
comparable with or superior to those under conventional tillage, and also improved soil wuter
conservation (Malhi et al., 1992). Majid et a/. (1988) pointed out that zero tillage was equivalent
to traditional tillage in regard to wheat yicld when Lhe crop was planted at the same time. and
was superior economically in terms of power use. Reduced tillage may increase grain yicld of
sorghum by increasing the infiltration of water into the soil (Hamblin and Tennani, 1979),

while at the same time decreasing the mineralization of N (Dowdell and Canncll, 1975).

No tillage sowing method of wheat after rice gave significantly higher grain yicld than
that of conventional tillage practices (Ahmed and Chatha, 1992). Direct drilling of whcal aiter
paddy harvest produced higher yield than that that sown with CT (Shafiq e al., 1995). Farly
sowing and minimum tillage produced higher grain yield of wheat (Shaha er ¢/, 1991). Dhinam
and Sharma, (1986) compared zero tillage with traditional tillage for wheat alter rice and
concluded that dwect drilling with zero tillage economically saves the [armer substuantial

production cost and makes wheat cultivation after rice morc profitable.

Karim et af. (1985) tested wheat under minimum and conventional tillage systems alter
wetland rice in Bangladesh and found higher yield in mintmum tillage than conventional tillage
in the silty clay loam soil. The tillage method have not shown any significant yield differences
in sandy clay loam soil. When minimum tillage was compared with one, three, and live
ploughing minimum tillage was found promising in establishing wheat after wet land rice (
Mondal 1986 ). Yield advantages of wheat from minimum tillage practices under both ramn led
and irrigated wetland rice in different locations have also been reported (Khan ef a/., 1985 L'The

yield of directly drilled wheat, rap and muster, safflower, wintcr maizc and lentil on silty loam
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soil of West Bengal , India was found as good as thc yield from conventional tillage (
Chatterjee, 1985 ). Muskina et al. (1993) pointed out no effect of tillage or interactions among
variable of soil properties, crop growth and N uptake by corn. On a fertile and deep soll, tillage
was shown to be unnecessary. Roy and Sarker (1993) and Prihar ez «/. (1996) also reporicd no
effect of tillage on the grain yield of wheat. On the other hand Singh ef a/. (1993) |, Das ef al (
1993 ) and Shafiq er al. (1995) reported higher yield with increased tillage . Narang ef al. (1992)
also reported higher yield under conventional tillage system than under no- till system at all (he

levels of N.

The effect of three tillage treatments, minimum, conventional and deep lillage were
compared relative to yield of wheat, water use efficiency and cost ol production on a Crey
Terrace Soil of Bangladesh under rainfed and irrigated conditions. In the irrigated arca a
maximum yield of 3.33 t/ha was produced from conventional tillage, but in the rainfed arca,
maximum yield of 2.25 t/ha, a 36% increase in yield over the conventional tillage was obtained
from deep tillage. Cost of production of 100 kg grain was much higher, $7.5, in the ramied
conventional tillage compared to $4.5 in deep tillage with maximum water use cfficiency of
294.6 kg/ha/cm. The higher wheat yield resulting from deep tillage sufficient (o break the
plowpan n the rainfed experiment was likely due to improved adaptation of the plant to utilize
residual soil moisture through a large number of roots distributed in the deep layers of soil

profile ( Karim ef al., 1983)

Gajn er al., (1992) reported increased rooting depth and density of wheat with tillage
regimes. Adeoye (1982) reported more vertical penetration of maize roots in deep tilled soils. In
general soil strength was the major cause of reduced root growth under the no tillage (reaiment
(Mahata et al., 1992). The root distribution pattcrn in wheat is adversely alTected under o rice-
wheat system and wheat roots are more concentrated in the surface layer compared (o a maize-
wheat system due to the formation of hard pan (Sur et a/., 1981). Narang ef al. (1992) rcporied
less rooting density in zero tillage than conventional tillage and found maximum rooling density
to the plough layer with -, or with out - , nitrogen. Under tilled soil condition higher roofing
density induced by plough - sole layer n surface layer has also been reported by Ehlers ct al {
1981).
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2.6.3.2. Moisture regimes

Better performances of wheat, maize and barley with irrigation than without irrigation
have been reported by several investigators (Singh ef a/.,1991; Khalil and Rahaman. 1991;
Nandal and Agarwal, 1991). Averaged over cultivation treatments, imigation has a positive
effect on grain yield and quality (Matejikova, 1990). Singh et al. (1991) reported taller plants
height and better yield attributes of wheat, viz., number of effective tillers, grains/ear and griin
weight/ear with irrigation than without irrigation. Increased root length and roof density of
wheat plant with irrigated plots compared to no irrigated plots werc also reported by Khaltl ind
Rahman ( 1991 ).

(Matejikova, (1990) also reported the highest yield of winter wheat with irrigalion
and tillage with a depth of 0.22m while without irrigation the highest yield was obtained with
shallow tillage to 0.15m. On the other hand Karim ef al. (1983) found maximum grain yicld
of wheat in irrigated area from CT but in the rain fed area from deep tillage. Videonavic ef
al., (1986) also reported increased corn yield with irrigation in conventional tillage than
minimum tillage. Rahman and Islam , (1991) rcported increased grain yield of wheat with
increastng tillage depth and fund no interaction of irrigation and tillage.

2.6.3.3. Nitrogen fertilization

In general , grain yield increases with N application up to a certain limit . A considerable
body of research has indicated the positive response of rice , wheat and sorghum to N
fertilization ( Locke and Honse , 1988 ; Castillo et al. , 1992 ; Narang er al. , 1992 ). Rool mass
density of wheat at different growth stages incrcased with the application of N ( Verma and
Acharya , 1996 ).Wells (1984) showed that , for corn, less fertilizer N was required under
conventional tillage than under no-tillage system to reach maximum production attainable.
Dickson et al., ( 1996 ) also reporied that, additional N and P arc required to maximi«e yicld of
no — tillage wheat following rice. Grain yield from no-till plots at the high ratc of fertilizer N
exceeded that from conventionally tilled plots by a greater margin than was obscrved with
either zero N or lower rates of fertilizer N. A likely explanation is that soil moisture beciume
more yield limiting in conventional tillage than in zero tillage, making it possible [or grain yield

of no-tillage plots to reach higher levels with additional fertilizer N. Locks and Hons (1988)
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reported that at low N rates, conventional tillage produced more stover and grain of sorghum but
at high N rates tillage differences did not occur. Nitrogen was more likely to be limiting to grain

sorghum production under no-tillage than under conventional tillage.

Zero ltillage produced significantly less barley yicld than conventional tillage when N
fertilizer was not applied (Nyborg and Malhi, 1989). On the other hand, yiclds of the zero tillage
plots approached those of the conventionally tilled plots when N was added. Neveriheless, the
yields were often similar under both tillage treatments when the plant available N levels were
apparently sufficient. Videonovic er al. (1986) found the highest yield increase due 1o fertilizer
application in minimum tillage, somewhat lower when the rotovator was used and the lowest in

conventional tillage. This indicated decreascd fertilizer effect under more intensive soil lilluge,

Behera and Sharma (1991) reported a significant influcnce of the intcraction of irrigalion
and fertility levels on the grain yield of wheat. Lower levels of irrigation with higher levels of
fertility resulted in reduced grain yield. This indicated that with increasing fertility levels a
higher quantity of irrigation water was needed by the crop to realize full yicld potential. The
effects of fertilizer and irrigation water were complementary 10 each other in increasing the
yield of wheat. Karim er a/. , (1985 ) reported a high order yield response of N fertilizer under
optimum water supply. The interaction cffect of irigation and N lcvels was also found
significant on the grain yield of wheat by Lathwal er ¢/. (1991). They reported that under all the
levels of N adequate irrigation produced higher yield compared with imited irrigation. Both the
imgation regimes produced significantly higher grain yield with 120 kg N/ha than with 40 or 80
kg N/ha. This was attributed to a greater production of photosynthates and their translocation to
the sink under adequate irrigation and higher doscs of N. Irrigation and N interactions showed
that for the same yield level of wheat less N was required in a more frequent irmigation regime
compared with less frequent immgation regimes (Gajn ef al, 1992). A positive co-relalion
between moisture supply and grain yield of wheat was reported by Gauer et al. (1992). They
stated that the grain yicld with 0 and 120 kg N/ha were 1.7 and 2.59 t/ha, respectively at
moderate soil moisture and 1.64 and 3.12 t/ha at higher moisture levels.

There are some reports that within certain limits, water and nutrients substitute for cach
other and tillage increases efficiency of water and fertilizer use (Sharma, 1985). For a given

yield level, higher inputs of water and N are required under zero tillage than under conventional
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tillage (Gajri ez al., 1992). In absence of crop residues, tillage of coarse texturcd low organic
matter soil increased the water and fertilizer N efficiency in wheat following rice through its
favorabie effects on root and shoot growth.

Development of appropriate tillage systems, and water and [ertilizer management
practices for rnice and wheat can play an important role in energy and time savings as well as in
increasing the productivity of rice-wheat cropping systems in Bangladesh. The effect of tillage,
water regimes, N fertilization and their interactions on soil properties, nutrient availability, and
mineral nuirition of rice and wheat have been studied in details in other countries of the world.
But little work under the specific agro-ecological conditions of Bangladesh has been done in
this respect. Considering the importance of tillage, water regimes and [ertilizer managcement
practices in crop production, research to develop appropriate tillage. water and fertilizer
management practices for nice and wheat, the major cercal crops of Bangladesh, dcscrves

special attention.
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3. Materials and Methods

This study was conducted at the central experimental station of the Bangladesh Rice
Research Institute (BRRI} at Gazipur during the period from July 1992 1o May 1994 and from
July 1998 to March 1999. The soil is a claycy, mixed, non acid Acric |laplaguept (Zijevellt,
1980). Six experiments involving ricc and wheat were conducted.

3.1. Description of the Experimental site
3.1.1. Location

The BRRI experimental farm in Gazipur is located about 35 kin north of the capital
city of Dhaka. The farm lies between 23759 01" 10 23 59' 16" North latitude and 90 24" 35"
to 90" 24' 40" East longitude. The clevations s &4 m ahove mwean sca level. The
experimental farmm has an area of 7(}.85 heclares.

3.1.2. General physiography and geology

The BRRI farm is representative of the level upland arcas sub-regions 28d and 281 of
the Madhupur Tract, Agro-ecological zone 28 (ALZ28). The Madhupur Tract is underlain by
the Madhupur clay consisting ol Tertiary and Pleistocene ftidal and marine alluviem
{(UNDP/FAQ, 1988). The soil conditions are surprisingly heterogencous. Grey Terrace soils
occupy about 15% ol the Madhupur Tract.

3.1.3. Present land use/ vegetation

Mainly rainfed transplanted HYV As followed by local transplanted aman variclies.
Rainfcd As followed by mashkalai or mustard, with jacklruit (rees on ficld boundaries are
also important crops in some arcas. HYV Boro lollowed hy 1YV Aman on irrigated land.
Sugarcane, Khanf ground nut { grown to prodhice sced ) miesta, wheat and rabi crops are
locally important. In the BRRI farm, rice is the dominant crop with sonte patches planted 1o
wheat and legumes as rotational and green manure crops.

3.1.4. Climate

The climalte of the experimental station belongs (o tropical monsoon characterized by
three dislinct seasons. The monsoon or rainy season (May (o Octaber) 1s warny and humid
and receives about 90 percent of the total annual rainfall during the period in the form of
occasional thunder showers. The winter or dry season {November o February) is cool and

dry and reccives about 2 percent of the total annual rainfall mostly as oceasional drizzles.
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The pre-monsoon or hot season prevails from March to April. The rainfall and air
temperature (maximum and minimum) data were collected from weather report section of
Plant Physiology Division, BRR1, Gazipur and presented in figure 1. The annual rainfall for
the year 1992, 1993 and 1994 at Gazipur were 1523, 2679 and 1495 mm respectively. Mean

monthly temperatures of the warmest and coldest months were recorded in April (31° C) and

January (16° C).

3.2. The soil morphological characteristics of the experimental site
A soil profile was opened by digging a pit up to a depth of 150 cm at the experimental
site. with coordinates 23° 59' 09" North latitude and 98" 24' 03" East longitude. The

morphological profile of the soil is presented in Appendix Tablel and Picture 1.
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Plate 1. A profile of the soil at the experimental site.
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The taxonomic classification of the soil is presented v Appendix Table 2. The soil of
experimental site represents (he Chhiata serics, a major soit series of the Madhupur Tract.
The soil developed from Madhupur clay. The parent materaal is a deeply and strongly
weathcred, leached and strongly mottled clay. The A horizon is grayish brown to grey, silly
clay to clay in texture. The soil siiucture is weak, line to medium sub angular blocky. The B
honizon is light grey, silty clay in exture. The soil structne 1s weak, medivm and coarser sub
angular blocky, probably due to difference in timie and mode of deposition, al the depth of
35-70 cm somc cmbedded calcarcous gravels were observed. ‘The buried C horizon is grey in
color and silty clay in texturc; the structure is weak., medium to course angular and sub
angular blocky. Mottles and Fe/Mn concretions arc prominent in this hortzon (Appendix
Table I).

Soil samples for laboratory analyses werc collected ol [S em incretnenls from surface up
to 105 cm depth. Somce important characteristics of the soil ol the experimentil sile are
presented in Table 1. Throughout the profile the soil iexture is silty clay, with the exception that,
al the 15 o 30 cm depth, the texture is clay. While the particle density was homogenous
throughout the profile, a higher bulk density at the |5-30 ¢ni deplth gives the impression of some
compaction or the existence of a hard pan. The surface and sub-soils urc slightly acidic to
ncutral in reaction. The organic matter content is low at the suiface (1.08%) which decreased
further in the lower horizons. The general fertility status of the soil is poor with very low N,
low P and medium K contents. The fertility level of the soil decreases with increasing soil

depth ( Table 1).
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and performance of transplanted rice.

The experiment was conducted in the transplanted aman (T. Aman) season of 1992. The
objective of the study was to determine the effect of tillage and N levels and their interactions on

the availability of N in wet soil and on the growth, yicld and N nutrition of irmgated rice.

Table 1. Some important characteristics of the soil of the experimental site.
Soil Soil | Field pH | Bulk Particle | Poro | CEC Organic Available nutrients
depth fextu | capacity density | density | sity | (me/10 | matter N P K
(cm) re (Yo, w/w) (Vg/cms) (g:’cm") (%) 0g soil) | (%)
mg/kg soil me/100g
~
soll
0-15 Sity 32 6.9 1.40 2.62 46.6 262 1.08 13.21 1086 0.26
clay
15-30 clay 32 6.9 1.58 2.63 389 235 0.82 10.78 923 024
30—-45 Silty 32 7.0 1.54 2.64 416 198 0.67 1003 876 0.24
& clay
45 -60 Silty 31 7.0 1.55 2.64 413 172 0.45 894 850 021
clay
60-75 Silty 31 69 1.56 2.64 394 120 0.38 846  7.54 0.20
clay
75-90 Silty 32 68 1.60 2.65 396 113 0.36 709 701 019
- clay
90-105 Silty 31 6.5 1.60 2.65 398 124 0.29 6.02 6950 017
clay
3.3. Experiment 1. Effect of tillage and N levels on available NH4- and NOs:-N in soil
and on the growth, yield and N nutrition of wetland rice.
- Hypothesis: Tillage intensity and applied N levels influence N availability in soil
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3.3.1. Experimental design and tieatments

The experiment was laid out in a split-plot desipn with four 1eplications. Tillage

treatments were assigned (o the main plots and N levels ta the sub-plots. The sub-plot size was

5mx 4.5m.
Treatments

Tillage levels

Ty = Zero tillage (ZT) i.c. no land prepiration: The plots were submerged for 3 days
belore transplanting to make the soil soft cuough for facilitating transplantation
of rice scedlings under zero tillage situation. The existing weeds were cleancd
manually.

T>= Reduced tillage (RT). two  ploughing and two ladderng: The plots were
submerged and ploughed twice with o country plough 3 ¢ belote transplanting
followed by two laddering 1 d befne (ransplanting, The plots were then kept
submerged.

Ts;= Conventional lillage or puddling (C ), (ive ploughing and four laddering : The

plots were submerged and ploughed thrice with a country plough followed by

two laddering 3 d before transplanting and agamn ploughed (wice followed by

two ladderings | d hefore planting. ‘I'he plots were then kept submerged.
Nitrogen levels

Four N levels (), 60, 80 and 100 kg per hective were used as the N treaiment.
3.3.2. Experimental proceduie

Afler establishing the tillage treatments, levees were consliuceled te create 48 plols each
S5m x 4.5m.an size. Nitrogen lertilizer (urea) was applicd in 3 cqual splits, once basally
(broadcasl just before transplanting and ncorporalvd), once 25 days afier tansplanting (DAT)
and finally 45 DAT. All plots rcecived basal doscs of P, K, S and Zn at the ratc of 26, 33, 20
and 5 kg/ha as triple super phosphate, muriate ol potash, gypsum and zine sulfale respectively.
All basal fertilizer doscs were applied in the morning ol the day of transplanting. The fertilizers

were thoroughly mixed with the soils and the plots were leveled inanuilly before transplanting.
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A modern rice (Oryza sativa L.) variety, BRI, with a giowth duration of 140-145 days
was used as the test crop. Scedlings were raised in wel scedbed with appropriate measures
againsl pesl inlestation, Forty-day-old scedlings were trausplanied at the rate of 2-3 scedlings
per hill at a spacing of 20 cm x 20 c¢m. All plots were kept suhmerged under 3-5 cm water
during growing period. However the standing water was druned out from he plats 10 days
before harvest. The crop was kepl weed frec by two hand weddings 20 and 35 DAT. The rice
crop was kepl pest free with the application of (he insccticide Dinzinon 10 G at the rate of 17

kg/ha 40 DAT.
3.3.3. Soil and plant sample collection, processing and analysis.

Soil samples (0-15 cm) (rom each block weie collected once before treatment
application and oncc aller harvesl, air dried and sicved for physico-chemical analysis. For NHs-
N and NO;-N determination, soil from cach individual plot was sampled al [5-day intervals
during the crop growth period (15, 30, 45, 60, 75 90 and 105 DA'l'), using 1he core sampling
technique. Al cach time samipling, 4 random soil samples per plot at a depth of 0-15 ¢cm were
collected for one compasitc sample. Just after collection, (he samples were mixed (horoughly
and sub-sampled for KCI extraction and moisture deternunstion. Aboul 20 g wet soil was
extracted with 2N KCI solution, the volume was mudle up to 100 ml and the concentrations of
NH4-N and NO;-N were determined by micro-Kjeldhal distillation method as described by
Bremner (1965). Straw and grain samples were collected Irom cach plot. Straw samples were
washed with distilled water and dried at 70°C in an oven lor 48 hours and were ground using a
Wiley micro-mill. Prior (o analysis, samples ware oven dricd al 60°-70"C for 24 hours. The

plant samples were analysed for N,
3.3.4. Data collected

A. Soil paramcters: Texture, bulk density, particle density, total porosity, organic carbon,
organic matter, CLC, pEl. available P, exclumgeable K, total N, ammonium-N and NO»-
N in soil.

B. Rice plant growth paramcters: Plant heipht was measued Irom the ground level to the
tip of the tallest leaf or panicle from four randomly sclected sample units consisting of
four consecutive hills in (wo consccutive rows per plot at the active tillenng stage (35

DAT) and at maturity. The sample units were sclected from oulside the harvest area.
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Tillers and panicles were counted on cach of these sample hills. Tiller numbers were
counted at 35DAT and at maturity, and the panicle nwnhers at muturity. Panicles from
these 16 hills samples {from cach plot werce used for yreld component anatysis

Grain and straw yicld: The crop was harvested fron i 5mi” area at the center of each plot
when about 80-90% ol the grains fumed golden yellow . The haryested hills from each
plot were threshed, and (he gratns were cleancd dricd for 2-3 days, and weighed.
Immediately afier taking the grain weight [rom cach plot the grain moisture content was
determined, and the grain weight was adjusted o 14% maoisture level. The straw was
sun-dried for almost a week before weighimg

Yield components: Panicles from 16-hill suniples stiled earlicr were separated for yield
component analysis, and threshed by hand. T'he grains were sun-dried for 2-3 days. The

following yield contributing characters were determined :

I. Total number of panicles/m’
1. Number of spikelets/paniclc
1. Percentage of unfilled spikelets

v. Weight of 1000 filled spikelets.

Nitrogen nutrition: Shoot at 35 DAT and straw and grain samples al maturity were
analyzed for nitrogen concentration,

Nitrogen uptake and usc cllictency:

1. Nitrogen uptake kg/ha was determiiied using estimates of percent nilrogen

content in each of straw and grain tissue and (heir dry matter yield

il Efficiency of fertilizer nitrogen was calculated hased on kg grain per kg applied
nitrogen

1. Percentage of N recovery based on kg absorbed nitrogen over 100 kg applied N.

v. Efficiency of utilization based on kg grain uver kg absorbed nilrogen.

Experiment 2.  Effect of irrigation and N levels on soil physical properties and

the growth, yield and minecral nutrition of rice.

Hypothesis: Water regimes influence soil properties which modifies the effect of

applied N doses on the performance of transplanied rice,
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The experiment was conducted in the Boro scason ol 1993, The objective of this
experiment was to determine the effect of irrigation and N levels and their interactions on soil

physical propertics, N availabilily in the soil and on fhe growih, yicld and nutrien! status of rice.
3.4.1. Experimental design and treatments

The experiment was laid out in a split plot design with lour replications. Irrigation levels
were uscd as the main plot and N levels as the subplol. The subplol was Sni x 3m in size.

Treatments
Moisture regimes

I, = Continuous submergence under 3-5 em waler (CS).
l2= " Apply irrigition 4 days aller disappeianee ol standing water (4 DW),
Iy=" Apply inigition 7 days aller disappearance ol standing waler (7 DW),
Iy= Apply irrigation 10 days afcr disappearance ol standing water (10 DW).
Nitrogen levels
Four nitrogen lcvels (0, 40, 80 and 120 kg /ha) were used as the N (reatments.
Since [20 kg N/ha 1s the maximum recommended dose by BRR1 lor Boro rice in the BRRI [arm

site, no higher dose than 120 kp/ha has taken into consideralion.
3.4.2. Experimental procedure

After thorough puddling and levehng, levees were comstructed Lo creale 64 plots cach
Sm X 3m. Dikes were constructed between main plts by placing polyethylene shects up to 15
cmi soil depth to control seepiige among irrigation lreated plols. Nitrogen lertilizer (uren) was
applicd m 3 cqual splits, once 15, once 40 days alier transplanting (DAT) smd finally 60 DAT.
All plots received basal doses of I'. K, S and Zn al the rate ol 26, 34, 200 and S kg/ha as tipple
super phosphate, muriatc of potash, gypsum and zinc sulfule respectively. All basal fertilizer
doses were applied one day belore transplanting. The fertilizer were thoroughly mixed with the
solls and the plots were leveled manually before transplanting,.

A modem rice (Oryza sativa L.) variety, BR3, with i growth duration of 170-175 days
used as the test crop. Scedlings were raised in wet seedbed and protected {rom pest infestation.
Fifty five-day-old scedlings were transplanted at the rate of 3-d scedlings per hill at 20 cm x 20

cm spacing. The crop was kept weed free by two lund weddings 20 and 40 DAT. The plants
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were also proteeted from pest infestation by applying insecticide Furadon 3 G at the rate of 17
kg/ha 21 DAT and Malathion (57 1:C) at the rate of | L/ha S0 DA

All plots received water as per nmigation treatment. The CS plots were kept submerged
under 3-5 cm standing water (hroughout the growing scasim. The other irrigated plots were
irrigated at the respective days afler disuppearance ol standing water, The lirst disappearance of
ponded waler occurred 32 DA'T and the first irrigation was applicd 36, 39 and 42 DAT as per
treatment requirements. The 4DW and 7DW irnigated plots were kept submerged until the
disappearance of standing water o’ 10 DW plots o maintain (he irrigation cycle. A (otal of 4
urigation cycles 32-42, 48-58, 72-82 and 92-102 DAT were nuinfained throughout the growing
period. The last irrigation was applicd 102 DAT and the crop was harvested 120 DAT. At each
irrigation time the amount of water applicd 1o cach individual plot was measured. The rainfall
data was also recorded. The cumulative water used for cacli treatiment including rainfall is
presented in Fig.4. [vapotranspiration (ET) was calculated by multiplying the potential or
reference crop evapotranspiration (1°To) and crop co-cllicient (Key. T = Ke. 1To as suggested
by Doorenbos and Pruitl, (1977). 'I'he ETo and I<e vatues were tuken [romy Karim and Akhand
(1982} and presented in Appendix Table 3 and 4.

3.4.3. Seil and plant sample collection, processing and mualysis.

Soil samples (0-10 and 10-20 cm) from cach individual plot were collected at different
intervals during the crop growth period using the core sampling tecchnigue for sotl moisture
content, bulk density, and porosity determination, l‘or NIL-N and Noi-N cstimation, soil from
cach individual plot was samplcd at 45 and 65 DA'T. Samples were collected 3 days aller urea
top dressing. Four randomly collected soil samiples from cach plol were used as one composite
sample. Immediately aRer collection, the soil samples were nixed (horoughly and sub sampled
for KC1 extraction and moisturce determination. About 20 priom wel soil was extracted with 2N
KC1 solution, the volume was made up to 100 ml und the concentration of NI and NOjy -N
were determined by micro-Kjeldahl distillation method (Birenmer, 1965). Plant samples were
collected from 4 randomly sclceted sample unit consisting of 4 consccutive hills in 2
consccutive rows oul side the harvest arca of each plot at 45 DAT (Active tllering stage), 65
DAT (Panicle initiation stage) and at harvest. The plant samples were washed with lap water to

remove soil particles, followed by dislilled water, wiped wilh paper towel dricd at 70°C in an
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oven for 48 hours and were ground using a Wiley micromill. rior to analysis, samples were

oven dried at 60°-70°C for 24 hours.

Rool samples for O to 30 ¢m soil depth were colleeted fiom the center of each plot using

40 em long and 10 cm - dia metal core. Each soil core was halved cross wise. The core sampler

was placed over a plant after harvest in such a way that the planl was in the center, Each soil

core was cul in to three 10 cm lengths and root length was casured by using iechnique

described by Newman (1966). Routs were then dried at 70"C for Vd and weighed.

3.4.4. Data Collected

A.

Weaiher data: Rainlall and pan evaporation data were collecied from weather
reporl section of physiology division, BRRI, Guzipur (The data were recorded
from mecteorological observatory of BRRI H()  situated within 500 M of

experimental siic).

Soil parameters: The soil samples collected at different growth slages were
analyzed for soil moisture content, hulk density, (©otal porosity and, N1, and
NO: -N concentration.

Rice plant growth paramcter: Plant height was measured (rom the ground level
to the tup of the tallest leaf or pawicle frony randomly selecied four sample unit
consisting of 4 consccutive hills i 2 conscentive lines per plot at active tillering
(45 DAT), panicle initiation stage (65 DA'T) aud maturity. The sample units
were selected from out side of harvest arca. ‘Illers and panicles from cach of the
4 hills of 4 samplc unit were also counted at 45 and 65 DAT and at maturity
from the same sample unit used for plant height measurement. Root length
density and rool miss from 0-30 cm soil depth at maturity.

Grain and straw yicld: When about 80-90"q of the grain in the panicle become
straw-colored, the crop was harvested from S’ area at the center ol each plot.
The grains werc (hreshed, cleaned, dried and weighed separately. The grain yield
was adjusted to 14, moisture content while the siraw was sundiied for almost a
week before taking weight and were reported as 1/hi basis.

Yield component: Panicles [rom |6 hills were separated lor yield component

analysis and then threshed by hand and determine the following parameters.
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1. Tolal number of panicles/in',
i1 Number of spikclet/panicle.
1L Percentage of unfilled spikclets.
iv. Weight of 1000 filled spikelcts.

Es Mineral nutrition: The shoot at 45 aid 65 DA were analyzed for nitrogen and
the straw and grain at harvest were analyzed lor N, P, K, Ca, Mg, Mn, Zn and
Cu.

G. Nitrogen uptake and use efficiency: e method ol data collection were the
samc as in experimenl |.

= 3.5.  Experiment3.  Eficet of tillage on soil physical properties and on the yield and
mineral nutrition of rice under irrlgated and rainfed conditions.
Hypothesis: THlage intensity influence soil physical propertics, and thus, the
mineral nutrition and vicld of transplanted rice under varving water
regines.

The experiment was conducted in the scason of T Aman 1993, The objective of his
study was to determine the effect of tillage and wuler levels on soil physical properties and the
growth, yield and mineral nutrition of rice.

3.5.1. Experimental design and (reatments
The experiment was Jaid oul in a split-plot design with 4 replicaions. lragation levels
-
were used as the main plot and tillage treatment as e suh plot. The sub plot size was 9m x Sm.
Treatment
Moisture regimes
I, = Trrigated (IRG). Irrigation was applicd as and when reguired.
- I = Rainfed (RIF). No irrigation was applicd during the crop growing period

except at lind preparation.
Tillage level
T, = Zero tllage (ZT} i.e. no land preparation. The plots were submerged 3 d
before transplanting to make e soil soll e¢nough for triunsplanting

scedlings ol rice. The existing weeds were eleaned manually.
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5
I

> Reduced tillage (RT), two ploughing and (wo laddering: The plols were
submerged and ploughed twice with counny plough 3 d before planting
loltowed by two laddering | d hefore planting. The plots were then kept
submerged.

Ts= Conventional tillage (CT), five ploughing sand fow laddering: The plots
were submerged and ploughed thrice with country plough followed by
two laddering 3 d beforc transplanting and apain ploughed twice
followed by (wo ladering | « belore (ransplanting, ‘The plots werc then

kept submerged.
3.5.2. Experimental procedure

Afier establishing the tillage (reatments, levees were constructed 1o create 24 plots cach
9m x 5m. Dikes were constructed between main plots by plicing polycthytene sheets up to 15
cm soil deplh to control seepage wmong irrigated and raimfed plots. Nitrogen fertilizer (urca) al
the rate of 80 kg/ha was applied in 3 equal splits once basally .once 25 DAT and finally 45
DAT. All plots reccived basal doscs of P, K, S and Zn at the rate ol 25, 34, 20 and 5 kg/ha as
triple super phosphate, murialc of potash, gypsun and zine sullate respectively. The applied
fertilizers were thoroughly incotporated and plots were leveled manually hefore transplanting.

A moderm rice (Oryza sativa L.) variety, BRI, with 140-145 days growth duration was
used as the test crop. Seedlings were raised in wethed and prateciad [rom pest infestation. Thirty
three-day-old seedlings were ttansplanted al the vate ol 2-3 seedlings per hill at a spacing ol 20
cm x 20 cm. The crop was kept weed [ree by hand weeding and protected from pest infestation
by applying insecticide as and when required. Irrigated plots were kept submerged with 3-5 ecm
water depth through out the growing period and the waler was draimerl out 10 days before
maturily. Al each trrigation tine, the amount ol water apphied (o cach individual plot was
tecorded. Rainfed plots remained submerged up to 75 DAT with rain water. The crop was
harvest at 104 DAT. The rainfall data was also recorded. The cumulative water used in each
treatment including rainfall is presented in Fig. 14.

The evapotranspiration was calculated in the sume way s in the experiment 2. The
percolation rates of soil were measured in tillage ticated plots using a double ring
infiltrometer and measuring the [all of water level with tiie by a point gauze. The depth of

waler in both inner and ouler ring was maintained roughly cquvilent and was about 5-7 cm
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through out the period of observation. The initial rcading was tuken one liour after
adjustment of waler level in the inner ring and the procedue was continued. On the first day,
the percolation measurcments were laken atintervals of 1, 2, <4, 6 and 8 hours and then af
noon at each day. The pereolation measurement were taken (or o period of 26 days during the
ricc growing scason. [n estimating the percolation rate, the vainlall and the panevaporation
were taken into consideration. 'I:olul dischage ol water lor a day were recorded as
percolation for that period.

Soil penetration resistance (SPR) was measured by pocket penctrometer. In each
treatment, a soil pit about 30 cm deep was excavaled to measure (the penctrometer resistance at
an interval of 5 cm. Several measurements were made at cach «epih to obtain an average value.
The piston needle of the penetromeler was pushed into the soil at right angles to the vertical soil
surface until penetration reached the calibration groove and recorded the value in MPa scalce
(Davidson, 1965). Soil temperature (0-10 and 10-20 ¢cm) from cach mdividual plol were
recorded al 15 day intervals during the crop growing period (15, 30, 45, 60, 75 and 90 DAT)
using the himelallic soil thermometer (Taylor and Jackson, 1965), The readings were recorded

at noon each day.
3.5.3. Soil and plant sample collection, processing and nmilysis

Soil samples { 0-10 and 10-20 em) from each individual plot were collected at 25 -day
intervals during thc crop growing period (0, 25, 50, 75 and 100 DAT) using lhe core sampling
technigue to determine the physical characteristics of soil. Aler drain out standing water at
harvest, soil sample from 0-10) cm layer was collected al 5-duy intcrvals [rom cach tillage
treatment Lo determine the drying rate by estimaling gravimelric moisture content. Straw and
grain samples from cach individual plot were collected at lurvest and dricd and ground for
chemical analysis. -

3.5.4. Data colleccted

A. Weather data: Rainfall and Pancvaporation data were Collected from the same
source as in experiment 2.

B. Soil parameters: Percolation rate, soil moistine content, bulk density, moisture
retention capacity, soil penctration resistance, soil temperature and soil drying

afler drainage.
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€. Grain and straw yicld of rice.
D. Mineral nutrition of rice : Nitrogen, I’, K, Ca, My, Fc, Mn, Zn & Cu of straw

and grain at harvest,
3.5.5. Statistical analysis

Analysis ol vartance (ANOVA) as of splil plot design was applied 1o all sets of collected
data of experiment 1, 2 and 3 (o test treatment variation. Mcan comparison was done by
Duncans' Multiplc Range Tesl (DMRT) with (LOS level of probability (Gomez and Gomez,
1984).

3.6. Experimentd4.  Effcct of water regimes, lllage systems and N levels on soil
physical properties and on (he growth, yvield and mineral

nutrition of post-rice wheat,

Hypothesis: Water regimes, tilluge intensity, applied N doses and their
interactions  influence soil phyvsical properties, and hence, the

performance of post-rice whedal,

The experiment was conducted in the rabi scason, 1994 in (the same layout of the last T.
Aman experiment keeping the tillage (reated plols constant, The objective ol this experiment
was to dctermine the cffect of tillage and N fertilizalion wider two water levels and their
intcractions on so1l physical propertics and the prowth, yield and mincral nulrition of post rice

wheat.
3.6.1. Experimental design and treatments
The experiment was conducled in a split-split plot design with 4 replications. lrrigation

levels were used as the main plot, tillage practices as (he sub-plot and N levels as the sub-

subplots. The sub-subplot size was Sm x 3m.
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Treatments

Moisture regimes

[y =  lmgated (IRG). Irrigation wus applicd once at sowing, once 25 days after
sowing (DS) and finally 60 DS.

[ = Rainfed (RI¥). No irrigation was applicd dwiing growing period except at
sowing.

Tillage levels

T, Zero tillage (ZT). No land preparation. The seeds wete sown below 2-3
cm depth in furrows (3 - 5 cm wide) prepined by hand 1o0ols.

T:= Reduced ftillage (RT), thice plonghing and  two  laddering: Two
ploughing with a country plough Tollowed by one laddering and again
one plough followed by another laddering

Ty = Conventional tillage (CT), five ploughmy and lour laddering: Three
ploughing with a country plough lollowed by two laddering and again
ploughed twice followed by Iwo laddering,

Nitrogen doses

Three N levels 0, 100} and 140 kg/ha were used as N (reatments,
3.6.2. Experimental procedure

Land preparation was done 15 days after T.Aman rice harvest. Tillage treatments were
cstablished first and (hen the levees were constructed (o make 72 individual plots. Nitrogen
fertilizer (urca) was applicd in 2 splits to wrigated plots, 2/4rd at tand preparation and 1/3rd at
1st irrigation time while to rainfed plots the complete dose of N Tertilizer was applied basally.
All plots received basal doses of I, K, and S at (he rate of 30, 33 and 20kg/ha as triplc super
phosphate, muriate of potash and gypsum.

A modern wheal ({riticum aestivumy varicty, Kinchan, with a growth duration
of 100-105 days was used as the (est crop. Seeds were trealed with Vitay ax-200 at the rate of
3g/kg wheat before sowing to prolect seedlings from dilTerent seed and soil born diseases. For
ali tillage systems, secds were broadeast on the siwne day into finrows made by hand tools at 20
cm apart from linc to line at the rate of 130 kg sced/ha, One day aller sowing, an irrtgation with

35 mm water was applied to all plots (o germinate the seeds untlormly ad then twa irrigation
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one with 50 mm at 25 DS and another with 60 mm at 55 DS were applied 1o (he irrigated plots.
The rainfed plots reccived no irrigation waler. The crop was kept weed free by hand weeding
and protected from pest infestation by applying insccticide as and when required. Plants were
thinned at 20 and 35 DS. The amsount of rainfall occurred duning growing period was also
recorded. The cumulative water used in each treattent ineluding vainfall is given in Fig. 21. The
infiltration rate of soil was measured in all the tillage (reated plots using a double ring
infiltrometer and mcasuring the (all in water with time by a poinl gauze (Karim e al. 1988),
Two metallic rings, each of 30 and 50 cm in diamecter, were driven into the soil to a depth of
about | 5cm by keeping a steel plate over both the ring and hanuncring uniformly and slowly.
Water was added (o the circular compartment between the (wo rings, which acted as a buffer.
To avoid disturbance in the soil, a polycthylene sheet was placed on the soil surlace inside
the 1mer ring and then walter was added aup 1o about 20.0 cin height and the polyethylene
sheet was removed carcfully. The inittal reading was taken one minute aller the addition of
water in the inner ring and the procedure was continued. The nfliltration measurements were
taken at intervals of 1, 2, 5, 11). 20 and 30 mmutes and contimued up (o 400 minutes. The
Cumulative mfiltration and inlake rates were computed and platted in praphs. The crop was

harvested at 103 DS.
3.6.3. Secil and plant sample collection, processing and analysis

Soil samples (0-10 and 10-20 cm.) from cach individual plot were collected at 20-day
intervals duning the growth period (0, 20, 40, 60, 8O, and 1000 DS ) using the core sampling
techniquce (o deternime bulk density and moistwie cantent. Straw and grinn samples from cach
individual plot were collected at harvest. Plant samples were dricd amd then pround fer chemical
analysss.

3.6.4. Data collected

A. Weather data: ‘T'he rainfall and pan cvaparotion data collected from the same
source as in experinient 2.

B. Soil parameters: [nliltration rate, cumulative inliliration, moisture content and
bulk density from different soil depth.

Growth paramcters: Plant height and number of tillers per m’ al maximum

tillering (35 DS) and booting stage (55 DS) and al maturity.
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Straw and grain yicld of wheat.

E. Yield componenis:
i Number of panicles per m”
. Number of spike lets per panicle
il Percentage of unfilled spike lets

iv. Weight of 1000 lilled spike lets,

F. Mineral nutritton: Straw and graim siuples wore analyzed tor N, P, K, Fe, Mn,
Zn and Cu concentration.

G Total N uptake wncl usc cfficiency. The method ol data collection were the same

as in experiment 1.

3.6.5. Statistical analysis  Analysis of variance (ANOVA) us of splil split plot design was
apphed to all sets of collected data to tes! (reatment viniation. Mean comparison was
done by DMRT and L.SD (Gomez and Gonez, 1984} with 0.05 level of probability.
ANOV A of all important data are presented in Appendis ables 8. 1- 8.30.

3.7. Experiment 5. Tillage and Nitrogen effects on wetland rice performance.

Hypothesis: Tillage depth influcnces sone soid plivsical properties, and thus
the effect of applicd wutrients wond vield of wetland rice may be Y

L TE—

maodified.,

The experiment was conducted in the wel scason ol [99K, The objective of this study
was to determine the effect of tilluge depth and N levels on some soil physical properties and
the yield of rice.

3.7.1. Experimental design and (reatments:

The experiment was laid out in a split-plot destpn with 3 replication. Tillage

trcatments were used as the main plot and N levels as the sub plot. The sub plot size was 3.4

mx 6 m.
Treatments:

T, = Zcro tillage (ZT), no land preparation: In Z°1" trcahient, water was retamed in the
plots for several days to make the soil soft cnough lor transplanting rice

scedlings. The existing weeds werce cleaned nvanially.
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T = Conventional tillage (CT), five ploughing and lonr Laddering: The plots were
ploughed thrice with a country plongh followed by (wo laddering 3 days before
transplanting and again ploughed twice followed by two laddering 1 day before
transplanting. The soils were thoroughly puddled so that (ransplanting of rice

could be done easily. The ploughing depth were 10-12 ¢m,

T3 = Deep tllage (DT), one spading, three ploughimg and fowr laddering: The land
was opened first by spading and then submerped Inllowed by two laddering and
again ploughed thrice with a power tiller followed by two laddering. The

ploughing depth was 20-22 cm.

Nitrogen levels
Four N levels 0, 60, 80 and 100 kg per hectare were used as (he N treatment.
3.7.2. Experimental procedure:

After establishing the tillage (reatments, levees were constructed (o ereate 36 plots each
3.4 m x 6 m. All plots received hasal doses of I, K, S and Zn at the rates of 26, 35, 20 and 5
kg/ha as tniple super phosphaic, muriate of potash, gypsiin and zine sulfate, respectively.
Nitrogen fertilizer (urea) was applied 1 3 equal splits once basally, once 25 DAT and finally

50 DAT.

A modem rice (Oryza sabiva L)) variety, BR11, with u growth duratton of 140-145
days was used as the test crop. Scedlings were vaised i a wet seedbed and protected from
pest infestation. Thirty four-day-old scedlings were transplanied at the rate of 2-3 seedlings
per hill at a spacing of 20 cm x 20 cm. The crop was kept weed [ree by hand weeding and
protected from inscct infestation by applying insceticides as and when required. The plots
were kept submerged to a depth of 3-5 cm walter throughout (he growing period. The water

was drained out a week before harvest.

The percolation rates of soil were meastned in the nun plots using a double ring
infiltrometer and measuring the (all of water level with time by a point gauge in the same
way as in Experiment 3. Bulk density was deteonnned by obiinning undisturbed sotl sample

of known volume and dividing (he oven-dry soil niss by the ficld volune ol the samples. To



wheat.

The experiment was conducted in the rahi scason, 1998-99 on a lerrace soil at the

experimental farm of the Bangladesh Rice Resewrch Institute, Gazipur. This soil has a well
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‘
determine bulk density of dif{erent soil layers, undisturhed soil cores were collected at 5 em
interval up (o 30 em depth with the help of nuannally aperated core simpler. The soil was
trimmed to the exact volume ol the eylinder and oven dried at 105"C (Bluhe | 96S).
<~ 3.7.3. Data collected:
1. Soil parameters: Percolation rate and soil bulk densiy
2. Grain and straw yields: The crop was harvesied from o Sm” arca at the center of cach
plot when about 80-90% of the grains turned golden yellow. Ihe straw and grain
yields were determined in the same way as in Expersient |1,
——— 3. Yicld components: Panicles from 16 hills were separated for yield component
analysis and then threshed by hand and (he Tollowing parameters were determined.
i Total number ol panicles/m”
i, Number of filled grains/panicle
iii. Percentage of unlilled grains
iv. Weight of 1000 Nllcd grains
3.7.4. Statistical analysis:
Analysis of variance (ANQVA) applicable for the split plot design was performed for
all sets of collected data to test treatment variation. Mcan comparison was done by DMRT
. and LSD (Gomez and Gomez, 1984) at the 0.05 Tevel of prohability.,
|
| 3.8. Experiment 6. Tillage nnd irrigation c¢ffeets on some soil physical properties and
the perlormance ol post -rice wheat.
| Hypothesis. Depth of titlage and water vegines and their intevactions influence
some soil physical properties, and hener the performance of post- rice

developed 5-7 mnches thickness compact layer fommed at ahout 15 ¢m below the soil surface

duc to convenlional puddling for transplanted rice cultivation. The morphological profile



Dhaka University Institutional Repository 51

character of the soil are given in Appendix Table I. After harvest of transplanted aman rice

wheat was planted. The objective of this experiment was to determine the effect of tillage

depth under two water regimes on some soil physical properties and the growth and yield of

post -rice wheat.

3.8.1. Experimental design and treatments

The experiment was conducted in a randomized complete block design with 4

replications. There were three tillage treatments and two water regimes as follows:

Treatments
Tillage levels

T1:

Minimum tillage (MT): Only one shallow ploughing with a country
plough which scrapped the surface soil. The ploughing depth was 2.5-
3.5 cm. The seeds were sown below 2-3 cm depth in the furrow (3-5

cm wide) prepared by hand tools.

Conventional tillage (CT), five ploughing and four laddering: The land
was opened first by ploughing twice with a country plough followed
by two laddering; then tilled with a power tiller thrice followed by two

laddering. The ploughing depth was 12-14 c¢m.

Deep tillage (DT), five ploughing and four laddering: The compact
layer below 15 cm depth of the profile was broken with a disc tractor
followed by two harrowing and then two laddering. Thereafter, tilled
with a power tiller twice followed by two laddering. The ploughing
depth was 20-22 cm.

Moisture Regimes

I|:

Imigated: Two irrigation, one with 7.0 cm water 16 days after sowing
(DAS) and another with 7.5 cm water 46 DAS were applied lo the
concerned plots on the basis of calculated ET using the modified
Penman equation . During each irrigation total volume of water was

measured by a long throat flume.
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L= Rainfed: The rainfed plots 1cceived no irrigation, The rainfall data
during the growing season wus recorded. No rainfall occutred during

the wheal growing period.
3.8.2, Experimental procedurc

Following the tillage (reatments mentioned ubove, levees were constructed to make
individual plots. Nitrogen fertilizer (urca) was applicd i 2 splits Lo irrigated plots, 2/3" at

rl

at |

N

land preparation and 1/3 "irngation time while to rainfud plots the complete dose of N
fertilizer was applied basally. All plots reecived basal doses of I, K, and S at the rate ol 30,

33 and 20 kg/ha as triple supper phosphate, muriate of potash and gypsum, respectively.

A modern wheat (Triticum aestivum) vaniety, Kanchin, with o growth duration of
100-105 days was uscd as the lest crop. Sceds were trealed with the fungicide Vitawiax-200
at the rate of 3g/kg wheat belore sowing to proteet scedlings [rom dillerent seed and soil
born diseases. For all tillage levels seeds were broadeast on (he same day into furrows made
by hand tools 20 em apart (linc to line) at the rate o 130 Ky seed/ha, The crop was kepl weed
frec by hand weeding and protecied from inscet infestatson by applying insccticide as and
when required. Plants were (hinned 25 and ) DAS. I'he mbiltration rale of soil was
measured in all the tillage treated plots using a donble ring mlitirometer nnd measuring in the
[all in water depth with time by a point gauge exactly in the sume way as in Experiment 4.

The cumulative inftltration and intake rates were computed and plotted in graphs.

To cstimale the depletion of soil profile maisture, ficld soil motsture content and bulk
density were determined for each of the experinental plots during the wheat growing season.
Soil samplcs were collected from cvery 15 cm depth segments upto 60 em by using the core
sampling technique al 15-day intervals. Moisture contenls of the soil samples were
determined by using the standard thermo-gravimetric method and seil moisture was
calcujated on weight hasis (w/w). Moisture content on volume basis (Qv) was cstimaled by
multiplying the moisture content on weight basis with (he conesponding bulk density (1Db)
values and depth of walter (cm) per 15 em segment ol soil was ealculated. The changes in soil

walter content with time at o particular depth (€060 ¢m) was recorded. The soil water

depletion (diffcrence in initial and final moisture content ;. S) ol cach depth interval was thus 9
M kil

calculated for the wheat growing period. Total water use by tie wheat crop was calculated by

/
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water batance cquation as described by Turk and Flull (1980), Totad water use ~ IW 1 PP - S

R~ DP where, ITW is the irrigition water, P is the precipitation, S is the dilference in initial
and final moisture (Qv) of the root zone (soil water depletiony. R is the runofT and DP is the
deep percolation. Runoff and decp percolation wore assmined 1o be negligihle in Ihe present

investigation during wheat growing period.

Water use efficiency was calculated on grain yicld hasis and cxpressed as the ratio of
grain yield to water used. Root length density was deterimined up o 60 e soil depth with
segments of 10 cm at harvest. Kool samples were collected fronn the cenler of cach plot using
40 cm long and 10 cm diameter mictal core. To obtain rool samples, core smnpler was driven
in to the soil at desired site of a (reatment where plants were standing and were then taken
out. The shoots were cut from the ground surface 1ach soil core was cul into 10 ¢m tength
and kept in a plastic bowl containing a solution of 5 percent sodinn hexametaphosphate for
4-6 hours. After that, the roots were washed and rool length was measured by using
technique described by Newman (1966). The root length densily was determined as the ratio

of root length to volume of soil and expressed in cm cm*
3.8.3. Data collected:

A Weather data: Rainlall data weic collected [rom the weather report scction of

Plant Physiology Division, BRRI, Guzipur.

B. Soil parameters: Iniiltration rate, cimulative miidhation al, moisture content

and bulk density for soil moisturce deplelion,

C. Growlh paramelers and yield comiponents Raol length density, plnt height,
¥ i\ S 2

number of tillers per m™ and number of pimeles per ™ al harvest, number of

filled grain per panicle, percent unfilled prams and weight of 1000 filled

grains.
D. Straw and grain yiclds.
E. Water use efficiency
3.8.4. Statistical analysis:

Analysis of variance (ANOV A} as of RCIE design was applicd 1o all sets ol collected

data (o 1cst treatment variation. Mcan comparison was done by DMRT and 1.SD (Gomez and
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Gomez, 1984) at the 0,05 ievel of probability. ANOVA of all important data are presented in

Appendix Table 10.1-10.8.

3.7. Soil and Plant Analytical Methods.

Standard analytical procedures followed by Soil Science Laboratory of Bangladesh Rice

Research Institute were used to analyses the soil and plant samples. The analytical methods

were sclected considering the condition of experimental site. For example the soil pH was 6.9.

For such an almost neutral soil the Olsen method of determining available P was considered

most appropriate. The analytical methods are presented in table 2, 3 and 4.

Table 2. Analytical methods used for chemical analysis of s0il

Determination

Methods

Reference

pH

CEC

Organic carbon

Organic matter

Total Nitrogen

Inorganic N (NH4 and NO»)

Available Phosphorus

Exchangeable K

Glass electrode ( I'I so1l:H,O ratio }
pH meter

Ammonium acetate saturation
followed by KCl extraction
Walkley - Black wet digestion
Walkley — Black wet digestion
Micro-Kjeldahl distillation

(Steam distillation Methods)

Micro-Kjeldahl distillation
{Steam distillation Methods)

Olsen NaHCO,; method
Extracted by 1 N neutral ammonium

acetate and determined by atomic
absorption spectrophotometer

Peech (1965)

Chapman (1965)

Allison (1965)

Broadbent (1965)

Bremner (1965)

Bremner (1965)

Olsen and Dean (1965)

Pratt (1965)
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4. Results and Discussion

4.1. Experiment 1. Effect of tillage and N levels on available NH;- and
NO;-N in soil and on the growth, yield and N
nutrition of wetland rice.

4.1.1. Physico-chemical characteristics of soil

Changes in some physico-chemical characteristics of post harvest wetland rice soil due
to tillage treatments are shown in Table 5. The pH, cation exchange capacity (CEC) and NH;4
and NO,-N of so1l were higher under conventional tillage (CT) than those under reduced (RT)
or zero tillage (ZT). Possible development of more continuous pores between the surface and
sub surface under ZT may lead to more rapid passes of soluble nutrients deeper in to the soil
profile then when soil is tlled, i. e. CT (Kay, 1990). Greater nitrate leaching and deep
penetration of water and NO; — N through large pores in the no-tilled soil than that of tilled soil
( Wells, 1984 ) may explain the findings of higher NO; — N content in CT compared to no
tillage (NT) plot soil. On the other hand the organic C, available P and exchangeable K contents
of soil were higher under zero till than those in tilled plots. Similar results were reported by
other investigators ( Lal er al., 1990; Gordon and Rickerl, 1992; and Hargrove et al., 1982).
These changes in soil characters were attributed to a slower release of nutnients, ion-leaching,
accumulation of organic residues and less disturbance of the plough layer under ZT or RT. The
bulk density of post harvest soil at 40% moisture content was higher and the total porosity was
lower in zero tilled plots than those in tilled plots. Similar results were reported by Hamblin
(1987), Hallowang and Dexture (1991) and Yoshida et al. (1991). The other soil parameters

were not markedly affected by tillage treatments.



wetland post rice soil.
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Table 5. Changes in some physico-chemical characteristics of previously tillage treated
- Properties Initial 1soil Post harvest sample”
R ZT RT &r
pH 6.89 6.80 6.85 6.92
CEC (cmol H/100 g soil) 27.90 27.43 27.85 28.10
" Organic carbon (%) 1.05 117 1.06 1.04
Organic matter (%) 1.81 2.01 1.83 1.80
Total nitrogen (%) 0.08 0.08 0.08 0.08
NH4-N (mg/kg soil) 8.26 7.42 7.68 7.75
NOs-N (mg/kg soil) 195 1.88 1.92 212
a Available P (mg/kg soil) 10.00 10.22 10.02 9.98
Exchangeable K (cmol H/100 gram 0.26 0.28 0.26 0.24
soil)
Particle density (g/cm’) 2.66 2.66 2.66 2.65
Bulk density (g/cm") 1.13 1.26 1.23 122
- Total porosity (%) 57.5 52.6 53.50 54.00
Particle size analysis (%)
Sand 11.80 11.81 11.79 11.76
I Silt 44.40 44.42 44.42 44.44
- Clay 43.80 43.77 43.79 43.80
Texture Silty clay Silty clay  Silty clay Silty clay

'Moisture content 51.5 %; “Moisture content % 40 %
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4.1.2. Kinetics of NH4-N

The kinetics of NHs-N in soil is presented in Fig.2 and Analysis of variance in
Appendix Table 5.1 — 5.7. The NHs-N concentration al all N levels increased sharply at 15 DAT
and the value remained almost unchanged up to 30 DAT and decreased thereafier up to
maturity. The reduction was sharp from 30 to 60 DAT and then declined at a slower rate up to
maturity. Application of N fertilizer significantly influenced the NH4-N concentration in soil. It
increased with the increased rate of N fertilization. High NH4-N content was also maintained at
higher N levels throughout the growing period. However, the difference narrowed down with
time. Irrespective of N levels, tillage systems influenced the NH4-N content in soil at early
growth stage (15 to 30 DAT) when increasing tillage inlensity increased the NH4-N content, but
with time the tillage effect became insignificant.

The higher concentration of NH4-N in soil at early growth stage of rice was duc to a
lower uptake of N by the young seedlings. The sharp reduction in NH4-N content from 30 to 60
DAT may be attributed to an increased uptake of NHs-N by the vigorously growing plants,
gaseous losscs of NH3 and mineralization of NHy by soil microorganisms. Other investigators
also reported similar findings (Sarker ef @/., 1991; Bhardwaj and Sing, 1992; and George et al.,
1993). Slower N mineralization and more denitrification in zero or reduced tillage may have
been responsible for the lower NHs-N  concentration in ZT or RT plots at early growth stage.
Rice and Smith (1992) and Gordon and Rickerl (1992) also observed lower NH4-N

concentration in soil under ZT or RT.
4.1.3. Kinetics of NO;-N

The changes in NO;-N content in soil at different growth stages of rice are shown in Fig.
2 and ANOVA in Appendix Table 5.8 - 5.14. The NO;-N content in soil was quite low varying
from 0.52 to 2.10 ppm during the growing period. Tillage treatment had little effect on soil NOs-
N content. However, the increasing level of N application enhanced NO;-N content in soil and
the trend was maintained throughout the growing period. It was observed that, irrespective of N
level and tillage system the NOs-N content in soil decreased sharply between 0 to 15 DAT and
remained almost unchanged upto 30 DAT and then increased between 30 to 60 DAT. With
further advancement of growth period, NOs-N declined gradually upto 90 DAT and then again
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Fig.2. Effect of Tillage system and applied N levels on the kinetics of
NH4-N and NO3-N in wet land rice soil(0-15cm)during T. Aman.
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from the submergence of soil. Under a reducing condition, NOs-N existing in the soil was
rapidly lost by denitrification. Some loss may also have occurred due to leaching. Moreover, the
NHs-N formed due to mineralization could not be oxidized to NO3-N in the reducing
environment. These results are in agreement with those reported by Sarker ef al. (1993). The
increase in NO3;-N content from 30 to 60 DAT may be explained by the fact that the vigorously
growing rice roots created an oxidizing atmosphere in the soil which permitted the oxidation of
NH;-N to NO;-N. The decrease in NO3-N from 60 DAT to 90 DAT was apparently due to the
release of reducing substances accompanying oxygen depletion before Mn (I1V) and Fe (III)
oxides could mobilizes their buffer capacity (Ponnamperuma 1972). Besides, the uptake of
NOs-N by the rice plants may also have contributed to the decrease in NOs-N content between
60 and 90 DAT,

4.1.4. Rice growth parameters
4.1.4.1.Plant height

Tillage and N interactions significantly influenced the rice plant height both at 5 weeks
after transplanting (WT) and at maturity (Table 6a and Appendix Table5.15 — 5.16). At 5 WT,
plant height under zero (ZT) and conventional tillage (CT) increased with an increase in applied
N up to 60 kg/ha level while under reduced tillage (RT) the increasing trend continued up to 80
kg/ha applied N. At maturity applied N at the rate of 60 kg/ha significantly increased plant
height over no N treatment under any tillage system but no further increase was observed
beyond this N level. Plant height increased with an increase in tillage intensity when N fertilizer
was applied, but in the absence of N fertilization no effect of tillage was observed. Thus,
puddling, i.e., high intensity tillage, appeared to increase the effictency of N fertilizer in terms of

plant growth.
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Table 6a. Eflect of tillage and N levels on plant height of rice (BR11) at different growth

stages in T.Aman.
Plant height (cm)
Applied N (kg/ha) Tillage system
Zero Reduced Conventional
SWT
0 52bA 52¢cA S0b A
60 59a AB 57bB 60 a A
80 S8aA 60a A 60a A
100 57aB 60a A 60aA
CV for main plot = 3.1% and CV for sub plot = 3.3%
Maturity
0 95b A 97b A 98b A
60 105aB 108 a AB 110a A
80 104aB 110a A 110a A
100 105aB 110aA 109 2 AB

CV for main plol = 1.7% and CV for sub plot = 3.3%

For each growth stage, in a column means followed by common small letter(s) and in a row means

followed by common capital letter(s) do not ditfer significantly at 5% level by DMRT,

4.1.4.2. Tiller number

Tillage and N fertihization significantly influenced tiller production of rice (Table 6b and
Appendix Table 5.17 — 5.18). Under similar tillage systems N fertihzation significantly increased tiller
production over the no N treatment. Under ZT and CT no difference in tiller production was observed
among N levels while under RT 80 and 100 kg/ha applicd N produced statistically similar numbers of
tillers which were significantly higher than with 60 kg N/ha. Differences in tillage system did not
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influence tiller production at 0 and 60 kg/ha applied N level while at the higher levels of N (80 and 100
kg/ha} the tiller number was higher in the puddled soil than that in the unpuddled soil. This was true at
both 5 WT and maturity. These results indicated that the rice plants utilized fertilizer N more efficiently
when the soil was puddled. Similar findings were reported by Qgunremi er af. (1986).
-
y Table 6b. Effcct of tillage system and N level on tiller production of BR11 rice at different
growth stages in T.Aman.
Tiller no./m’
Applied N (kg/ha) Tillage system
" Zero Reduced Conventional
SWT
0 198 b A 226 c A 21lbA
60 270a A 296 b A 298a A
- 80 272aB 3322 A 305a A
100 273aB 338a A 309a A
CV for main plot = 15.1% and CV for sub plot = 3.2%
Maturity
e S
0 170b A 180c A 177b A
60 205a A 212b A 218a A
80 204aB 232a A 228a A
100 207a2B 232aA 2292 A

CV for main plot = 6.4% and CV {or sub plot = 4.8%

For each growth stage, in a column means followed by common small letter(s) and in a row means

followed by common capital letter(s) do not differ significantly at 5% level by DMRT.
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4.1.4.3.Yield components

Application of N fertilizer significantly increased the panicle number irrespective of
tillage treatment (Table 7 and Appendix Table 5.19). Panicle number increased with 60 kgN/ha
without further increase beyond this N level with ZT and CT, but under RT, panicle number
increased upto 80 kg N/ha. At zero and low N level (60 kg/ha), tillage treatment did not affect
panicle number while at higher levels of N (80 and 100 kg/ha), RT produced higher number of
panicles than with ZT or CT. Tillage system did not influence the number of spikelets per
panicle but there was a significant positive effect of N fertilization (Table 7 and Appendix Table
5.20). Regardless of tillage system, application of 60 kg N/ha significantly increased the number
of spikelets per panicle over N control, but further increase was not observed beyond this N
level.

Tillage system and N fertilization significantly influenced the level of grain sterility in
BR11 rice (Table 7 and Appendix Table 5.21). Nitrogen fertilization did not influence the
sterility percentage under ZT, but under RT and CT, the increasing the N dose up to 80 kg/ha
increased grain sterility percentage (Table. 6) .At zero and low N level (60kg/ha), tillage
intensity had no significant effect on grain sterility percentage, but at the higher N levels (80 and
100 kg/ha).increasing level of tillage intensity increased grain sterility. According to Tanaka et
al. (1964) two factors may determine the vield of rice plants; the total spikelet volume in which
starch may accumulate and the amount of starch which actually accumulates in spikelets. The
former generally is increased by N application, but the later does not necessarily increase with
an increase in N level. This may be the reason of higher grain sterility percentage at higher N
levels. Tillage system and N level cither singly or in combination had no significant effect on

the weight of 1000 filled grains of BR11 rice (Table 7 and Appendix Table 5.22).
4.1.5. Grain and straw yields of rice

Tillage methods and applied N levels significantly affected the grain and straw yield
of rice (Fig. 3 and Appendix Table 5.23 - 5.24). The grain and straw yield showed increased
trend with increasing N dose with in tillage method. The grain yield response to N rate was
quadratic at ZT and CT but linear at RT (Fig. 3.), while for straw yield quadralic response
model gave the best fit under all tillage methods. The figure 3 and the Appendix Table 5.23
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Table 7. Effect of tillage system and N level on yield components of rice (BR11) in
T.Aman.
Applied N Tillage system
(kg/ha)
Zero Reduced Conventional N-mean

No. of panicle/m’

0 158b A 162c A 162b A 161
60 183a A 186 b A 193a A 187
80 182aB 206a A 193 a AB 194
100 183aB 214a A 194 aB 197

CV for main plot = 4.6% and CV for sub plot = 5.8%

No. of grains/panicle

0 99 115 101 105b
60 126 130 123 126 a
80 127 129 124 127 a
100 128 130 125 128 a

CV for main plot = 6.1% and CV for sub plot = 10%

Grains sterility percentage

0 28aA 27cA 26b A 27
60 28a A 28bc A 27b A 28
80 28aB 29 ab AB JlaA 29
100 29aB 31aAB 32aA 31

CV for main plot = 5.7% and CV for sub plot = 4.6%

1000 filled grain weight (g)

0 23 22 22 22
60 23 22 23 23
80 23 22 23 23
100 23 23 23 23

CV for main plot = 4.1% and CV for sub plot = 2.5%

For each parameter, in a column means [ollowed by common small letter(s) and in 2 row means
followed by common capital letter(s) do not differ significantly at 5% level by DMRT.
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clearly indicates the interaction between tillage and N levels in case of grain yield and
this interaction was due to linear response of N under RT. However, no interaction was

observed between tillage and N rate incasc of straw yield (Fig. 3).

Nitrogen fertilization increased grain and straw yield under all tillage systems. Under ZT
and CT, N application of 60 kg/ha significantly increased grain yicld over N control, but no
appreciable yield increase was observed at higher N levels. However, with RT yield increase
continued up to 100 kg N/ha. With moderate level of N, (60 and 80 kg/ha) grain yield was not
influenced by tillage system, but with 0 N and high N (100 kg/ha), RT plots produced
significantly higher grain yield than ZT plots and equaled CT plots. At all N levels, straw yield
was similar under RT and CT, but this yield was remarkably higher than that obtained under ZT
( Fig. 3).

The application of N fertilizer led to better nutrition of the rice crop throughout its
growth period, enhancing vegetative growth, increasing the number of panicles per unit area and
spike lets per panicle, finally resulting in increased grain and straw yields. A higher yield on
tilled soil than on untilled soil when no N fertilizer was applied probably resulted from the
release of more available N when the soil was tilled. A higher yield on tilled soil than on no-
tilled soil at a high rate (100 kg/ha) of N fertilizer suggests that a higher fertilizer N dose would
be required on a no-(ill than on a tilled soil to obtain comparable yield. A higher yield increase
(Table 8) due to N fertilization under ZT (43-44%) in comparison with RT (24-42%) and CT
(33-39%) indicates a decreased fertilizer effect in tilled soil. Applied N levels beyond 60 kg/ha
did not remarkably increase the grain yield of rice with in ZT and CT, but at RT applied N
appreciably increased the grain yield from 124% at 60 kg/ha N level to 142% at 100 kg/ha N
level. It 1s assumed that when lower dose of N (60kg/ha) fertilizer was applied in RT, fertilizer
granules are distributed deeper in to the soil and introduced to a larger volume of soil in
comparison with ZT resulting the dilution effect of N fertilization. On the other hand, intensive
tillage (CT) may have enhanced mineralization increasing soil N availability and decreasing the
effect of applied N fertilizer than that of RT. These may explain the higher increasing rate in
grain yield production under RT than those of ZT and CT with increasing level of N fertilizer
beyond 60 kg/ha. Videonovic et af. (1986), and Nyborg and Malhi (1989) also reported reduced

fertilizer N effect under more intense tillage.
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The increased number of panicles/m” and 1000 filled grain weight (Table 7) as well as the
increased concentration of total N in shoot and grain (Table 9) and total N uptake ( Fig. 4) of
rice under RT than those of ZT and CT with increasing level of N may support the result.

Contradictory results as to tillage effect on rice yield have been reported by different

investigators.
Table 8. Grain yield increase (%) due to N fertilization under different tillage systems'
Applied N Grain yield increase due to N fertilization
(Kg/ha)
ZT RT ey
60 143 124 133
80 143 135 136
100 144 142 139

1/ Grain yield at zero N = 100%

Some Investigators reported similar rice grain yield under no-till, minimum till and
conventional till systems (Mabbayad, 1968; De Data et al., 1979; Rodriguez and Lal, 1979;
Griffith et al., 1986 and Lal, 1986), while others reported a higher grain yield of rice on puddled
soil (Dayanand and Sing, 1980; De Data, 1981; Sharma and De Data, 1986). On the other hand
Hamblin and Tennant (1979) reported increased grain yield under the reduced tillage system.
Significant interactions between tillage and N in crop production were reported by Davis and
Cannel (1975), Buchholz and Hanson (1982) and Lal (1986). According to them, zero tillage
may require more N fertilizer [or crop yields similar to those under tilled soil as observed in the

present experiment.
4.1.6. Nitrogen nutrition of rice.
4.1.6.1.Nitrogen concentrations in shoot, straw and grain.

The N content of shoot at varicd from 1.60 - 2.32% and that of straw from 0.37 t00.50%.
Grain N content ranged from 0.91 to 1.13% (Table 9 and Appendix Table 5.25 — 5.27) . The N

content of shoot and grain was significantly influenced by tillage and N fertilizer
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Table 9. Effect of tillage system and applied N level on the N content (%) of shoot, straw
and grain of BR11 in T. Aman.
Applied N (kg/ha) Tillage systems
Zero Reduced Conventional N-mean
Shoot (SWT).
0 1.60b B 20laA 200a A 1.87
60 1.81aB 205aA 20laA 1.96
80 2.12a A 2202 A 2142 A 2,16
100 228aA 232aA 228a A 2.29

CV for main plot = 12.2% and CV for sub plot =9.1%

Straw
0 0.40 0.38 0.37 038b
60 0.49 0.50 0.47 049a
80 0.48 0.50 0.48 049a
100 0.48 0.50 0.49 0.49a
CV for main plot = 5.9% and CV for sub plot = 6.1%

Grain
0 094b A 095bA 091cA 0.93
60 0.99ab A 1.02b A 1.04b A 1.02
80 1.01abB 1.09ab A 1.10ab A 1.07
100 1.02aB l.ila A 1132 A 1.09

CV for main plot = 3.4% and CV for sub plot = 5.0%

For each parameter, in a column means followed by common small letter(s) and in a row means

followed by common capital letter(s) do not differ significantly at 5% level by DMRT.



Dhaka University Institutional Repository 69

interactions while the straw N content was influenced by N fertilizer level only. Fertilizer N
level had no effect on shoot N concentration under RT or CT, but under ZT the application of 60
kg N/ha significantly increased the N concentration. Increasing the N fertilizer dose beyond 60
kg/ha did not increase the shoot N content further. The N content of shoot 1n tilled plots was
higher than that of shoot in no-tilled plots when N fertilizer was not applied or applied at a low
rate (60 kg/ha). With a higher dose of N (80 or 100 kg/ha) tillage system did not affect the N
concentration of shoot.

The straw N content was not influenced by tillage methods. Application of 60 kg N/ha
significantly increased the straw N content over the zero N treatment irrespective of tillage
system, but no further increase was observed at the higher N rates. Nitrogen fertilization
increased the N content in grain under all tillage systems. At zero or low N level (60 kg/ha),
tillage systems did not affect the grain N content, while at the higher levels of applied N (80 or
100 kg/ha), increasing the intensity of tillage increased the grain N concentration.

Increased N concentration in shoot, straw and grain of crops with application of N
fertilizer up to a certain level were also reported by other investigators (Locke and Hons, 1982
and Bhardwaj and Singh, 1992). A higher N concentration in the rice plant grown on puddled
soil was also reported by Syarifuddin and Zandstra (1978). The observed low N accumulation in
the rice plant under a no-tillage system supported the contention that N is less available in no-

tillage soils (Locke and Hons, 1988).
4.1.6.2. Nitrogen uptake and N use efficiency

At zero or low level of N fertilization (60 kg/ha) tillage method had no effect on the total
N uptake of rice while at a higher level of applied N (80 or 100 kg/ha) the rice plants from tilled
plots absorbed significantly higher amount of N than no-till plots (Fig.4 and Appendix Table
5.28). Nitrogen fertilization significantly increased the N uptake of rice over N control plots
irrespective of tillage system. However, N uptake increases with increasing N dose varied with
tillage system. Under ZT, the application of 60 kg N/ha significantly increased the total N
uptake over N control, but no additional increase was observed with higher N doses, while
under RT and CT, N uptake increased with increasing level of N up to 100 and 80 kg /ha,
respectively.

Better vegetative growth coupled with increased dry matter yield and higher N content

in rice tissue on N fertilized soil compared with the plots receiving no fertilizer N may explain
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the higher N uptake of rice on N fertilized soil under all tillage systems. Similar results were
reported by Gordon and Rickerl 1992. A higher N accumulation in rice in tilled soil than in no-
till soil at higher N levels, indicated a possible limitation in N availability in no-till soils as
suggested by Syarifuddin and Zandstra 1979 and QOgunremi et al. 1986.

The effect of tillage and N fertilizer interaction were found significant on the agronomic
efficiency of fertilizer N 1.e. kg grain produccd per kg N applied. Increasing dose of N decreased
the agronomic efficiency of N fertilizer under ZT or CT, but this was not true incase of RT
(Fig.4 and Appendix Table 5.29). Irrespective of tillage system, increasing N dose decreased
the efficiency of N utilization i.e., physiological efficiency (kg grain produced per kg absorbed
N). This efficiency was higher under ZT than that under RT or CT (Fig. 4 and Appendix Table
5.30). Tillage and N fertiizer dose individually influenced N recovery in rice. Irrespective of
tillage system, increasing level of N fertilizer decreased the N recovery percentage which,
however, reached a plateau beyond 80 kg/ha (Fig.4 and Appendix Table 5.31). On the other
hand tillage intensity increased the N recovery percentage at any applied N level.

The decrease in N use efficiency with increasing level of N fertilizer has also been
reported by Clarke ef a/. (1990). An increased efficiency of N utilization in terms of kg grain
produced per kg absorbed N under ZT was also observed by Wells (1984), and may be

attributed to a decreased total N uptake with no-till than with tilled soil
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4.2. Experiment 2. Effect of irrigation and N levels on soil physical
properties and the growth, yield and mineral
nutrition of rice.

4.2.1. Moisture regime

Figure 5 show the cumulative water from land preparation to maturity and water loss
through evapotranspiration from transplanting to maturity. The cumulative water added was the
sum total of estimated from water supplied by irigation and that added (rom rainfall.
Evapotranspiration (ET) was estimated by multiplying the potential evapotranspiration (ETo)
and crop coefficient (Kc) value as suggested by Karim and Akhand (1982). The continuous
submergence (CS) treatment received a total of 891 mm water while 4 DW, 7 DW and 10 DW
(1. e. 4, 7 and 10 days after disappcarance of slanding water) received 742, 696 and 628 mm of
water respectively. Evaporation was the same for all treatment levels. The amounts of water
supplied by imigation were different for the different treatment levels, but the amount of rain

water added from rain fall (160 mm) was the same for each treatment.
4.2,2. Development of moisture stress

For all irrigation treatments except CS, the pomt of disappearance of standing water was
considered as the initiation of moisture stress situation. Such situation, referred as DW, was
imposed 4 times duning the crop growing period with diffcrent span of stress period Fig.6).
While there was no moisture stress in CS, in the 4DW, 7DW and 10 DW there were 16, 28 and
40 stress days respectively at different growth stages of rice. In general, moisture stress during
the growing period was relatively low at 10-20 ¢m soil depth compared with 0-10 cm soil depth
(Fig.7) partly due to capillary nse of ground water and less soil water extraction by roots. Wind
(954) reported that under favorable circumstances tn a heavy clay soil, a capillary rise of 3 1o 4
mm per day is possible. Visual sympioms of moisture stress were not very evident in terms of
leaf tip drying or leaf rolling. Nevertheless, the degree of soil cracking increased with increased

moisture stress.

4.2.3. Soil moisture content, bulk density and porosity
Soil moisture content was determined gravimetrically (w/w), at two soil depths 4 times
in each moisture stress ¢ycle. The difference in soil moisture content among the water reatments

were not appreciable in Ist cycle (32-42DAT) but the difference became distinct with time and
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with an increase in the number of stress cycle (Fig.7) .The highest moisture content was
recorded under CS throughout the growing season both at 0-10 and 10-20 ¢m soil depth (Fig. 7).
An increase in the stress period decreased the moisture content in each drying and wetting cycle.
Within the same treatment, increasing number of stress cycle decreased the soil moisture
content, and the decrease was more marked at 0-10 ¢cm soil depth.

The changes in soil moisture content under different moisture regimes were much lower
at 10-20 cm soil depth than those at 0-10 cm soil. Compared with 10-20 cm soil depth, the top
0-10 cm soil had a higher moisture content throughout the growing period under saturated
condition. On the other hand, under moisture stress condition, the top 0-10 ¢cm soil had a lower
moisture content than that at 10-20 cm depth during the 3rd (72-82 DAT) and 4th (92-102
DAT) stress cycles partly duc to capillary rise from water Table and less soil water extraction by
roots. Reflooding after each moisture stress cycle increased the moisture content but not to the
level of previous flooding indicating the hystrresis effect of the soil. According to Brady (1974),
this phenomenon may be attributed to the entrapment of air as a soil is rewetted. This clogs
some pores and prevents effective contact between others. Also soil colloids shrink as the soil
dries and upon rewetting do not always give the same kind of pore configuration.

The bulk density of soil under CS remained almost unchanged throughout the growing
peried (0.96-1.10 g/cc) while under moisture stress the bulk density varied to a great extent
(0.96-1.63 g/cc) under different moisture regimes. Compared with CS, the soil under moisture
stress treatment had a higher bulk density (Fig. 8). In general, re-flooding at the end of each
moisture stress cycle under different Moisture regimes reduced the bulk density but not to the
level of previous flooding. Similar findings were also reported by Aragon ez a/. (1990).The total
porosity under CS was mostly unaffected during the growing season and the values were 64% at
planting and 59% at maturity. Moisturc stress, however, had a marked effect on porosity. From
Fig. 8, it is clear thatl increasing siress period decreased porosily under different moisture
regimes. Reflooding at the end of each moisture stress cycle increased the total porosity but not

to the level of previous flooding.
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4.2.4. Ammonium N in soil

The effects of moisture regimes and applied N levels on exchangeable NH4-N at 2
depths of the soil at the active tillering (45 DAT) and panicle initiation (65 DAT) stages of rice
are shown i Fig. 9 and ANOVA in Appendix Table 6.1 — 6.4. Moisture regime and N level
interaction effect on NHy-N content in soil was significant at 45 DAT while at 65 DAT the
interaction effect was not significant at any soil depth. At 45 DAT the NH4-N in top 0-10 cm
soil layer increased with increasing N dosc and reached a plateau beyond 80 kg/ha applied N
under 10 DW while under other moisture regimes the increasing trend continued up to 120 kg
N/ha. On the other hand, in the 10-20 c¢m soil layer N fertilization did not affect the NH4-N
content in soil under 10 DW while under other moisture stress treatments the NH;-N increased
with increasing N dose. Bhardwaj and Sing (1992) also reporied increased NH4-N with an
increase in N level in rice soil.

Water deficit significantly reduced NH4-N in both soil layers at 45 DAT. In the top 0-
10cm soil layer, water deficit period slightly affected the NH,-N content in soil under zero
applied N but under 40, 80 or 120 kg N/ha the concentration of NH,-N were found to be in
order CS>4 DW>7 DW=>10 DW (Fig. 9). In the 10-20 cm soil layer the NH4-N content was
generally much lower than in the upper soil layer, but the treatment effects were found to be
similar as those in the upper layer (Fig. 9). The effect of moisture stress in decreasing NH4-N
content in soil in both layers was more pronounced under the highest level of applied N (120
kg/ha) followed by that under moderate (80 kg/ha) and low level (40 kg/ha). The effect was
minimum under zero added N.

AT 65 DAT, the NHs-N concentration in soil were much lower in the 0-10 cm layer
than those at 45 DAT. The NHy-N content of soil at the 10-20 cm depth, however, appeared to
have changed little during the peniod from 45 to 65 DAT (Fig. 9). The treatment effects in both
soil layers were by and large similar at 45 DAT and 65 DAT. A neghgible effect of moisture
stress on the NHy-N content of soil at zero or low level (40 kg/ha) of applied N was also
reported by Sahrwat (1983). Perhaps soil drying compensated for small N losses that occurred
because of nitrification-denitrification by enhanced mincralization. A decrease in NH4-N due to
wet-dry cycles compared with continuous submergence was observed by olher investigators
(Sarker et. al., 1991, George et. al., 1993; and Buresh et. al., 1993). The decrease in soil NHs-N

duc to soil drying probably resulted from increased nitrification. According Buresh et. al.
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Fig. 9. Effect of water regime and applied N level on NH4/N concentration
at two soil depths at the active tillering and panicle initiation stages of
BR3 in Boro.
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(1993), under aerobic conditions the NH;-N is oxidized to NO:-N and under anaerobic
condition the resulting NOs is lost through denitrification. Soil NOy which accumulated during
water deficit, rapidly disappeared after flooding. To the contrary, other scientists (Fillery and
Viek, 1982; IRRI, 1982; and Khind and Ponnamperuma, 1981) reported no effect of altermate
drying and flooding on NH4-N content in soil.

The sharp reduction in NHs-N content at 65 DAT, may be atiributed to : (i) increased
uptake of NH4-N by the plants because of more active growth; (ii) increased transpiration
correlated with nutrient uptake (O'Toole and Baldia, 1982); (iii) Gascous losses of NH;y or
incorporation of NH4-N into microbial tissues (immobilization). Rapid increase in plant height
(Table10) , Tiller number (Table 11 ) and water consumption interms of evapotranspiration (
Fig. 5 ) from 45 DAT to 65 DAT may support the results. Moreover, soil drying and subsequent
flooding which occurred in the moisturc stress treatments might also have increased N loss
through the mitrification-denitrification process (Reddy and Patrick, 1975). Other investigators
also reported the similar results (Sarker ez. «l., 1991; Bhardwaj and Sing, 1992; and George et.
al., 1993).

4.2.5. Nitrate N

Compared with NH¢-N concentration, the NO3-N concentration in both soil layers at all
plant growth stages were negligible (Fig. 10 and Appendix Table 6.5 — 6.8). At 45DAT,
moisture regimes or N treatment did not affect the NOs-N concentration in the top 0-10 cm soil
layer, while in 10-20 ecm soil layer, the NO;-N concentration decreased with soil moisture stress
regardless of N treatment. At 65 DAT, NO;-N concentraiion in the top 0-10 cm soil layer
increased with an increase in the N dose irrespective of moisture regime while in the lower soil
layer moisture stress beyond 4 DW decreased NO;-N concentration in soil. In general, 10-20
cm soil layer had a higher soil NOs-N concentration than the top 0-10 c¢m soil layer at 65DAT.

Soil drying followed by [loodmg might have moved some nitrate downward through the soil.

4.2.6. Rice plant growth and agronomic characteristics

4.2.6.1.Plant height

During the active tillering stage of rice, plant height was not affected by N treatment in

10 DW, while under the other moisture regimes plant height increased with an increase in the N
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fertilizer dose (Table 10 and Appendix Table 6.9 — 6.11). Under CS, rice plants in plots
receiving 80 or 120 kg N/ha were significantly taller than those in plots receiving 0 or 40 kg
N/ha level, while under 4 or 7 DW, increasing doses of N fertilizer increased the plant height
which reached a plateau beyond the 80 kg N/ha level. In general, the plants were taller under CS
than under any other moisture regimes regardless of the applied N dose. The plant heights were
statistically similar with the lower N doses (40 and 80 kg N/ha) but with 120 kg N/ha,
increasing the length of the stress period decreased plant height significantly.

At the pamicle initiation stage, the applied N increased plant height under all moisture
regimes (Table 10). Increasing N upto 120 kg/ha increased plant height under moderate
moisture stress (4 DW) while under other Moisture regimes applied N upto 80 kg/ha increased
plant height which leveled off with a further increase in the N dose.

At maturity too, taller plants were observed in N treated plots irrespective of moisture
regime (Table 10). Applied N upto 120 kg/ha increased plant height under CS, while under the
other moisture regimes plant height increased with increasing N upto 80 kg/ha.. At the highest
level of applied N (120 kg/ha), different moisture stress treatments produced plants of similar
height which was significantly lower than that under CS, while at other N levels the tallest
plants were observed with the 4DW and the shortest with 10 DW trcatment.
4.2.6.2. Tiller production

Tiller production increased consistently from the active tillering to the panicle initiation
stage, and then decreased at maturity (Table 11 and Appendix Table 6.12 — 6.14 ). The
application of N increased tiller production. At the active tillening stage, tiller production under
CS increased with applied N upto 80 kg/ha, while under other moisture regimes the trend
continued upto the 120 kg N/ha level. At the panicle initiation stage, tiller production increased
with increasing level of N upto 120 kg/ha under CS and mild moisture stress (4 DW) while
under moderate and intense moisture stress(7 DW and 10 DW), the increasing trend continued
upto 80kg N/ha. At maturity, the number of tillers per unit area was greater the higher the N
dose was across the moisture regimes.

The effect of moisture stress on tiller production at a given N dose was generally not
statistically significant (Table 11). However, a slightly increase in the number of tillers per unit

area was mostly noticed with an increase in the intensity of stress.
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Table 10. Effect of moisture regimes and N levels on the plant height (cm) of BR3 at
different growth stages in Boro.
Applied N Moisture regimes
(kg/ha)
CS 4 DW 7DW 10DW
Active tillering stage (45 DAT)

0 295b A 255¢cC 263 cBC 27.3aB

40 31.8b A 283bB 28.5bc B 28.3aB

80 353aA 313aB 313aB 29.5 aB

120 348aA 335aB 305ab C 27.5aD

CV for main plot = 6.4% and CV for sub plot = 6.0%

Panicle initiation stage (65 DAT)

0 433cA 388dB 41.3c AB 44.3 bA

40 483b A 433cB 46.5b AB 44.8bAB
- 80 545aA 520bA 523aA 50.5 aB

120 57.0a AB 58.5aA 543aB 48.5 aC

CV for main plot = 6.4% and CV for sub plot = 5.0%

Maturity

0 75.0cB 795b A 72.0b BC 70.8 bC
o 40 77.5¢c AB 79.8b A 74.8 b BC 73.8 bC

80 84.8b AB 85.8aA 82.8a AB 87.8 aB

120 91.5aA 848aB 84.8 aB 84.8 aB

CV for main plot = 2.5% and CV for sub plot =2.7%

For each growth stage, means 1n a column followed by common small letter(s) and in a row followed by
common capital letter(s) do not differ significantly at 5% level by DMRT.
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Table 11. Effect of moisture regimes and N levels on tiller production of BR3 at different
growth stages in Boro.

Applied N Moisture regimes
(kg/ha)

CS 4 DW 7DW 10 DW

Active tillering stage (45 DAT)
0 195¢cB 201 d AB 198 d AB 223d A
40 274b A 260c A 273c A 251cA
80 334a A 317b AB 337b A 307bB
120 3442 A 347a A 365aA 3672A
CV for main plot = 1.2% and CV for sub plot = 3.5%
Panicle initiation stage (65 DAT)
0 222dB 228d8B 235«c B 338c A
40 330cB 375¢ AB 356 b AB 403 b A
80 401b A 442b A 441a A 447 a A
120 488 a A 501aA 475a A 340a B
CV for main plot = 16.4% and CV for sub plot = 8.0%
Maturity

0 195d A 196d A 193d A 188d A
40 22308 228¢cB 228cB 253cA
80 273bB 272bB 275bB 308b A
120 319a A 333aA 317aA 333aA

CV for main plot = 5.8% and CV for sub plot = 3.8%

For each growth stage, means in a column followed by common small letter(s) and in a row followed by
common capital letter(s) do not differ significantly at 5% level by DMRT.

4.2.6.3. Root length density

The vertical distribution of roots of the mature rice plants in terms of root length is

shown in Fig. 11 and ANOVA in Appendix Table 6.15 — 6.17 . Regardless of moisture regime

or N dose about 90% of the total root length was distributed 1n the 0 to 10cm soil layer. The

roots did not grow very dcep, but were still present at the 20-30 cm soil depth although very
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mimmally. The application of N increased the rool length irrespective of moisture regime in the
0-10 and 10-20 cm soil layers, while in the 20-30 cm soil layer, no effect of either moisture
regime or N level on the rool length density was observed. Regardless of the N dose, the
moisture stressed plots gave lower root length values than the CS plots. This was due to
increased soil strength resulting from increased bulk density and decreased moisture content in
the moisture stress plots (Fig. 8). In addition, root growth in stressed plots might have been
adversely affected by decreased N efficiency due to alternate wetting and drying. Aragon et al.
(1990) also reported similar results. Although the measurement of bulk density at the 0-10 cm
depth would not tell about the existence of a hard pan in the soil, it is not impossible thal such
situation existed here. Nevertheless, the impact of higher bulk density at the surface soil of the
moisture stressed plot is evident. However, clearer understanding on the existence of hard pan

may be obtained from Expertment 5.
4.2.6.4. Root mass density

The distribution of root mass in the different soil layers is shown in Fig.11 and ANOVA
in Appendix Table 6.18 — 6.20. Like root length density about 90-95% of the total root mass
was found within the shallow depth of 0-10 ¢m with the remaining 5-10% root mass distributed
in the deeper soil layers. In the 0-10 ¢cm soil layer, under all moisture regimes, the application of
N increased the root mass. The greatest root mass was observed with 120 kg N/ha and the
smallest with zero N. The effect of moisture regime on rool mass was not consistent for the
different N levels. Without applied N, moisture stress decreased the root mass, but with 40 or 80
kg N/ha moisture stress imposed by the 10 DW treatment increased the root mass. On the
otherhand, with the higher dose of applied N (120 kg/ha), moisture regimes had no influence on
root mass density. In the 10-20 cm soil layer, the root mass increased with increasing level of N
fertilization and decreased with moisture stress. Neither moisture regimes nor N dose affected
the root mass density in the deeper (20-30 cm) soil layer. These results confirm the findings of

Chamuah and Dey (1988).
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4.2.6.5. Yield components

Increasing level of N fertilization 120 kg/ha increased the panicle number per unit area
under all moisture regimes (Table 12 and Appendix Table 6.21). Moisture stress in general
appeared to have a negligible elfect on panicle production. The number of grains per panicle
was unaffected by N fertilization upto 40 kg N/ha, but beyond this level, an increase in the
number of grains per panicle was observed (Table 12 and Appendix Table 6.22). Irrespective of
the N dose, moisture stress significantly decreased the number of grains per panicle. Under all
moisture regimes, applied N increased the 1000 grain weight (Table 12 and Appendix Table
6.23). Under CS, increasing the N dose upto 120 kg/ha increased 1000 grain weight while under
the other moisture regimes,1000 grain weight reached a plateau beyond the 80kg N/ha level. In
the absence of applied N, moisture regime did not affect the 1000 grain weight. Water deficit for
10 days (10 DW) decreased 1000 grain weight at 40 and 80 kg/ha applied N while at 120 kg
N/ha, 1000 grain weight was decreased with an increase in length of the stress period beyond 4

days.

Nitrogen fertilizer did not influence the percentage of unfilled grains under the most
intense moisture stress (10 DW). However, at other water treatments N application upto 40
kg/ha significantly decreased the stenlity percentage, but no [urther decrease was observed with
mcreasing N dose upto 120 kg/ha (Table 12 and Appendix Table 6.24).. The higher 1000 grain
weight and lower grain sterility under adequate to moderate soil moisture than under limited
water supply may be attributed to greater photosynthesis and source-to-sink translocation of
photosynthates under the former condition than under the later. Increased number of panicles
per unit area, and grain per panicle, 1000 grain weight, decreased grain stertlity with applied N,
and decrease of number of grains per panicle and 1000 grain weight under moisture stress have
also been reported by other investigators (Yoshida and Hayakawa, 1970; Aragon ef al., 1984).
On the other hand, Aragon et a/. (1990) found no significant interactions between N and water

management in terms of plant height and tiller and panicle production of rice.
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Table 12. Effect of moisture regimes and N level on the yield components of BR3 rice
grown in Boro,

Applied N Moisture regimes
(kg/ha)

CS 4 DW 7DW 10 DW N-Mean

No. of panicles/m’

0 186d A 195d A 183d A 183d A 186
40 224c A 225c A 224c A 235c A 227
80 263bB 262bB 265bB 287b A 269
120 305aA 316a A 303aA 3032 A 307
CV for main plot = 8.7% and CV for sub plot = 3.6%
No of grains/panicle

0 76 74 69 68 72¢
40 79 77 74 74 76 ¢
80 88 80 83 79 82 b
120 93 89 84 85 88 a
W-mean 84 A 80 AB 77B 76 B 79

CV for main plot = 8.7% and CV for sub plot = 8.5%
100 filed grain weight (g)

0 26.1cA 26.1bA 261b A 255cA 25.9
40 269c A 273bB 26.7b AB 26.2 bc 26.7
80 284b A 283aA 275aAB 26.8abB 28.0
120 293aA 292aA 279aB 272aB 28.4

CV for main plot = 2.8% and CV for sub plot =2.2%
Unfilled grains (%

0 26a A 28a A 25aA 25aA 26
40 21bA 25bA 21bA 23aA 22
80 20bA 22b A 2IbA 23aA 22
120 20bB 22b AB 20bB 25aA 22

CV for main plot = 18.1% and CV for sub plot = 10.5%

For each component, means in a column followed by common small letter(s) and in a row means
followed by common capital letter(s) do not differ significantly at 5% level by DMRT.
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4.2.7, Grain and straw yields of rice

Moisture regimes and applied N levels significantly affected the grain and straw yield of
rice (Fig.12 and Appendix Table 6.25 — 6.26). The grain and straw yield showed increased trend
with increasing N doses under all Moisture regimes. The grain yield response to N rate was
quadratic (Fig.12), while for straw yield linear response model gave the best fit under all
moisture regimes (Fig.12). The figure 12 and the Appendix Table 6.25 clearly indicates the
interaction between moisture regimes and N doses incase of grain yield, and this interaction was
due to increased yield gap with the increase of N rates among the moisture regimes. Incase of
straw yield, the response of N were observed in two distinct groups of moisture regimes CS -
4DW and 7DW — 10DW where the yicld gap was narrow with in the group but wider between
the group.

The apphcation of N increased the grain yield of rice over the no N treatment under all
moisture regimes (Fig. 12). Grain yicld consistently increased with successive additional doses
of applied N up to 120 kg/ha under all moisture regimes. With a given N treatment, there was
generally a gradual decrease in grain yield with an increase in the length of the period of
imposed water stress. With zero applied N, grain yield was statistically simitar under CS and
mild to moderate stress (4-7 DW), but this yield was significantly higher than that obtained
under the most prolonged stress (10 DW). With 40 kg N/ha, increasing level of moisture stress
from CS to 10 DW consistently decreased the grain yield, while with the higher doses of N (80
and 120 kg/ha) increasing level of moisture stress up to 7 DW decreased the grain yield, but
prolonging the stress period to 10 DW did not result remarkable yield decrease. Like grain yield,
N application also increased the straw yield under all Moisture regimes. In general, there was a
gradually decreasing yield with increasing soil moisture stress under any given N dose.

The increased grain yield due to N application may be attributed to increased panicle
number per unit area, number of grains per panicle and 1000 grain weight (Table 12). The
adverse effect of moisture stress on total spike lets/panicle and 1000 grain weight may partially
explain the reduction of grain yield due to moisture stress. A higher straw yield with increased
N fertihization may be attributed to greater tillering. Similar findings were also reported by
Saikia and Datta (1989); and Wahab and Daniel {1992).

Moisture regimes and N levels interaction shows that for the same yield level, less N

was required in a more frequent moisture regimes compared with less frequent moisture regime.
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It is generally agreed that the relative response obtained from a given increment of N is related
to the supply of moisture. A medium to high level of N fertilization aggravaled the effects of
moisture stress(Aragon et al. 1984). Severe water deficit may mask the benefits derived from
additional N fertilizer which is beneficial under well watered condition. This may explain the
observed consistent yield increase with successive additional doses of applied N under zero and
lower soil moisture stress and the yield stagnation with higher dose of N under more intense soil
moisture stress. Consistently increased grain yield with successive additional doses of N was
reported by Dalai and Dixit (1987). A higher grain yield with higher level of N under
continuous flooding or under a high soil moisture level was reported by Nageswara and Raju
(1987) and Sheik Dawood et . (1990), while Castillo et al. (1992) reported no significant
interactions between N and moisture regimes on the grain yicld of rice.

4.2.8. Mineral nutrition of rice
4.2.8.1. Nutrient concentrations

The maximum N concentration was found in shoot at 45 DAT and the minimum in
straw (Table 13 and Appendix Table 6.27 — 6.30). The highest N concentration in shoot at
45DAT can be attributed to (i) high plant demand as a result of aclive root and shoot growth and
concentration effect due to low dry matter. It is likely that N absorption by plants continued
vigorously at this active vegetative stage. It may be recalled here that a relatively high NH4-N
concentration in soil was observed at this growth stage (F1g.9).

An increase in the N dose increased the concentration of N in shool at 45 DAT and in
grain rcgardless of moisture regime (Table 13). According to Patrick and Reddy (1976), the
application of fertilizer N establishes good crop growth and root system, which aids the
extraction of larger proportions of soil N. The higher N concentration in shoot and grain with
increasing level of applied N may also be related to a higher amount of available N in soil. The
present results are in agreement with those of Locke and Hons (1988); and Bhardwaj and Sing
(1992).Nitrogen concentration in shoot at 65DAT was significantly influenced by moisture
regime and N interactions. Increasing level of N increased the N concentration and reached a
plateau beyond 80 kg N/ha under the longest period treatment (10 DW), while under the other
moisture regimes the increasing trend of N concentration continued upto 120 kg applied N/ha.
With 80 kg N/ha, the shoot N content under 7 DW was significantly lower than that under 10

DW, while with other N levels the effect of moisture regime was not marked.
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Table 13. Effect of moisture regimes and N levels on the N content (%) in the shoot, straw
and grain of BR3 rice in Boro

Applied N Moisture regimes
(kg/ha)
CS 4 DW 7 DW 10 DW N-Mean

Shoot at 45 DAT
0 241 245 2.37 221 2.36d
40 2.64 2.74 2.68 2.76 270 ¢
80 2.84 2.98 3.24 322 3.07b
120 321 3.20 3.29 3.68 324a
CV for mam plot = 12.9% and CV for sub plot = 7.2%

Shoot at 65 DAT
0 138d A 1324 A 1.33d A 1.31cA 1.33
40 1.69¢c A 1.69c A 1.63¢c A 182bA 1.71
80 1.96b AB 2.02bAB 1.88b B 224a A 2.03
120 225aA 221aA 229aA 230aA 2.26
CV for main plot = 14.4% and CV for sub plot = 5%

Straw
0 0.43 0.42 0.40 0.35 0.40
40 0.44 0.40 0.39 0.36 0.40
80 0.45 0.39 0.39 0.35 0.40
120 0.45 0.40 0.43 0.35 0.40
CV for main plot = 23.9% and CV for sub plot=8.1%
Grains

0 0.79 0.76 0.81 0.79 0.79b
40 0.79 0.77 0.82 (.82 0.80b
80 0.78 0.79 0.84 0.84 0.81 ab
120 0.82 0.84 0.86 0.84 0.84a

CV for main plot = 5.3% and CV for sub plot = 5%

For a given plant part, column means followed by common small letter(s) and row means followed by
common capital letter(s) do not differ significantly at 5% level by DMRT.
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The P, K, Ca and Mg in straw and grain as affected by moisture regime and N levels are
presented in Table 14 and ANOVA in Appendix Table 6.31 — 6.38. Regardless of N level,
moderate to intense moisture stress(7-10 DW) decreased the P content both in straw and grain
compared with CS and 4 DW. Tommer ef al. (1992) reported similar results for mustard. The K
content of straw was influenced by water and N interaction while Moisture regime alone
influenced the grain K content. In general, Lhe straw K content increased with increasing N dose
under CS and mild to moderate moisture stress(4 to 7 DW), but decreased under the most severe
stress (10 DW) treatment. On the otherhand, the straw K content increased with increasing
severity of moisture stress with 0 and 40 kg N/ha, but with the higher N levels, reduction in
the straw K content occurred as the moisture stress period increased from 7 to 10 days. In
case of grain K content, consistent decrease was observed as the moisture stress period was
increased from 0 (CS) to 10 days (10 DW), irrespective of the applied N level. Almost no
effect of N application under any Moisture regime was observed in this regard. The Ca
content of straw was not affected by N application under any Moisture regime, but with a
given N dose, the straw Ca content tended to decrease with increasing severity of moisture
stress(Table 14 ). To the contrary, the grain Ca content was clearly affected by both N dose
and moisture regime. Under CS, the grain Ca content remained unaffected by N application,
but when moisture stress of different intensities was imposed, an increase in the grain Ca
content occurred with N application upto 80kg/ha and then a sharp decrease at 120 kg/ha was
observed. With all applied N dose, the grain Ca content increased consistently as the
moisture stress increased in severity.

The Mg content in straw tended to decrease with an increase in the N dose especially
under moisture stress while that of grain remained unaffected by N fertilization (Table 14).
Moisture stress increased the straw Mg content at lower N levels (0 or 40 kgN/ha), but with
higher N doses motsture stress appeared to have no effect. The grain Mg content showed a

decreasing tendency with increased moisture stress irrespective of the applied N level.

384954
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Table 14. Effect of moisture regimes and N levels on P, K, Ca and Mg contents in straw
and grain of BR3 in Boro.
Applied N Moisture regimes Moisture regimes -
{kg/ha)
cs 4DW |7DW |10DW |cs 4DW | 7DW | 10DW
Phosphorus(%) -
Straw Grain -
0 0.08 0.08 0.06 0.05 0.24 0.24 0.21 0.21
40 0.09 (.08 0.05 0.05 0.24 0.24 0.22 0.21
80 0.09 0.07 0.04 0.04 0.24 0.23 0.21 0.19
120 0.08 0.06 0.05 0.05 0.24 0.22 0.20 0.21
W mean 0.08 A 0.07 A 0.05B 0.05B 024 A 023A 021B 0201
Potassivuin{%)
0 1.88cC 2.04cBC  227bAB 2.622A 0.25 0.20 0.21 0.20
40 203bcB  2.23bAB = 2.44aA 2.51abA  0.25 0.21 0.20 018
80 2.15abB  2.37bAB  2562A  243bAB 025 0.22 0.19 0.18
120 227aA  2.56aA 252aA  245abA  0.24 0.22 0.20 0.19
W mean 2.08 230 2.44 251 0.25 A 021B 020BC 0.19¢
Caleium(%)
0 0.14 0.18 0.13 0.11 013 016 019 022
40 0.14 0.16 0.12 0.10 013 017 .020 022
80 0.14 0.13 0.11 0.11 013 018 021 021
120 0.15 0.13 0.13 0.12 013 015 015 019
W mean 0.14 A 0.15A 0.12B 0.11B 013 016 018 021
Magnesium (%o}
0 0.26 0.29 0.30 0.29 0.15 0.14 (.15 0.12
40 (.24 0.26 0.28 0.29 0.14 0.15 0.14 0.13
80 0.26 0.26 0.26 0.26 0.14 0.16 0.13 0.12
120 0.27 0.28 0.28 0.24 0.16 0.14 0.14 0.13
W mean 0.25 0.27 0.28 0.28 0.15A 015A 0.14A 0.12 18

For each element, means in a column followed by common small letter(s) and row means followed by a common
capital letter(s} do not differ significantly at 5% level by DMRT.
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Table 15. Effect of moisture regimes and N levels on micronutrient contents in straw and
grain of BR3 in Boro.
Applied N Moisture regimes Moisture regimes
{kg/ha)
cs 4DW |7DW |10Dw |cs [4pw [7DW |1oDW
{ron (ppm)
Straw Grain
0 75 64 63 68 148 178 116 151
40 77 67 66 63 167 173 115 136
80 78 70 56 64 184 173 111 119
120 65 69 71 69 219 162 129 149
W mean 74 68 64 66 180A 171 AB 118 C 139BC
Manganese(ppm)
0 313 aB 547 aA 546 aA 504 bA 39 55 57 50
40 343 aB 536 aA 546 aA 523 bA 40 55 59 49
80 367 aB 514 aA 536 bA 535 bA 42 54 59 48
120 326 aB 559 aA 556 aA 628 aA 40 60 55 58
W mean 337 539 546 547 40B S6A 58 A 51 A
Zinc (ppm)
o0 32 41 37 53 41b 15 15 14 14
40 38 42 39 51 42b 15 14 14 14
80 e 42 40 58 44ab 14 13 15 15
120 42 53 47 59 50a 16 14 15 15
Copper (ppm)
0 2.6 6.2 KR 6.5 355 75 54 9.7
40 3.0 5.9 43 6.4 39 7.9 6.4 9.5
80 34 9.5 48 6.2 4.4 8.2 72 9.3
120 3.3 6.9 S: 6.8 36 8.1 72 10.3
W mean 32C 6.1 AB 45BC 6.5 A 38C 79B 6.7B 97A

For each element., means in a column followed by common small letter(s) and in a row means followed by
common capital letter(s) do not differ significantly at 5% level by DMRT.
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The Fe, Mn, Zn and Cu concentrations in straw and grain as affccted by
moisture regimes and N levels and their interactions are shown in Table 15 and ANOVA in
Appendix Table 6.39- 6.46. Moisture regimes and N levels either in singly or in combination
had no effect on Fe content in straw while that in grain decreased with an increase in the
moisture stress period regardless of the N level. The Mn contents in straw was influenced by
moisture regime and N interactions. Under the most severe moisture stress(10 DW) applied N
increased Mn concentration in straw while under the other moisture regimes the effect of N
fertilization was found to be inconsistent. The straw Mn content was the lowest under CS with
all given N dose. The straw Mn content increased with increasing moisture stress regardless of
the N dose. The same was true for the grain Mn content. Applied N increased the Zn content in
straw lirrespective of moisture regimes. The grain Zn content was unaffected by N dose or
moisture regime. The Cu content of both straw and grain increased substantially over CS with
increasing moisture stress period. Copper is released into the soil solution on submergence
(IRRIL,1973) but may decrease in concentration due to precipitation, not of CuS or Cu;S as
earlier believed but of cuprous ferrite Cu;Fe, O, ( Lindsay, 1979 ) which may be the cause of

increased Cu content in grain and straw with increasing water stress.

4.2.8.2.Nitrogen uptake and use efficiency

Figure 13 and Appendix Table 6.47 — 6.50 illustrate the effects of moisture regimes and
N levels on the total N uptake and N use efficiency of rice. Increasing level of N application
increased the N uptakc under all moisture regimes. The highest N uptake was observed under
CS regardless of the N dose. The total N uptake decreased consistently as the period of imposed
moisture stress was prolonged. The influence of moisture stress on N uptake was found to be
more prominent at a relatively high level of applied N (80 or 120 kg/ha) than at zero or low
level N application. A higher N uptake under CS than that under some degree of moisture stress
was due to the exploitation of a larger volume of soil by rice plants by virlue of stronger root
growth in length and volume as well as due to higher grain and straw yields. A greater mobility
of inorganic N in soil under CS facilitated easier absorption of N by the plant roots, whereas
under moisture stress the plant roots probably had to spend more cnergy to extract a unit
amount of N. Similar trends in rice were observed by Saikia and Datta (1989); and Sharma et a/.

(1992).
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The agronomic efficiency (kg grain produced per kg applied N}, physiological
efficiency (kg gram produced per kg N absorbed), and apparent plant recovery of applied N
were significantly influenced by moisture regime and N fertilizer interactions (Fig. 13).
Application of 40kg N/ha, increased the N use efficiency (physiological) over zero N under all
moisture regimes. However, the efficiency value decreased with a further increase in the N dose
except under 4DW where N use efficiency increased up to 80 kg/ha applied N and then
decreased with a further increase in thc N dose. The lowest physiological efficiency was
recorded under severe moisture stress(10 DW) with 120 kg N/ha, and the highest under 4 DW
with 80 kg N/ha.

[rrespective of moisture regime, the agronomic efficiency of N decreased with
increasing level of applied N. For a given N dose, the agronomic efficiency of the applied N
was the highest under CS (Fig. 13). Similar results have been reported by Clarke et al. (1990)
and Gauer et al. (1992). The plant recovery of applied N, referred to as apparent N recovery
and determined by the difference in plant accumulation of N at maturity between N fertilized
and N control plots, significantly decreased as the N dose increased from 40 to 80kg/ha.
However, no marked decrease occurred in going from 80 to 120 kg N/ha. This was true for
all moisture regimes. For any given N dose, the apparent N recovery was the highest under
CS, which decreased significantly under the mildest imposed moisture stress (4DW).
Although prolonging the stress period from 4 to 7 days further reduced the plant recovery of

applied N, the magnitudes of reduction were not as high.
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4.3. Experiment 3. Effect of tillage on soil physical properties and on
the yield and mineral nutrition of rice under
irrigated and rainfed conditions.

4.3.1. Cumulative water added

Figure 14 show the cumulative water added from land preparation to maturity and water
loss through evapotranspiration from transplanting to maturity. The cumulative water added was
the sum total of estimated from water supplied by irrigation and that added from rainfall.
Evapotranspiration (ET) was estimated by multiplying the potential evapotranpiration (ETo) by
crop co-efficient value as estimated by Karim and Akhand (1982). During land preparation all
treatments received the same amount of water (100 mm) supplied by irrigation. During crop
growing period no irrigation water was added to rainfed plots but at irrigated plots, 100 mm
water was added by irmgation (Fig. 14). Rainfall was uniformly distribuied over the growing
season and the crop received a total of 535 mm rain water from transplanting to maturity out of
which 533 mm was received within 80 DAT. Even during the critical reproductive stage of the
crop, sufficient rainfall occurred, and the crop was doing very well. A total of 635 mm watcr
was received by the rainfed and 735 mm by the irrigated plots. A total of 474 mm water was
consumed in the process of evapotranspiration during the growing scason,

4.3.2. Physical properties of soil
4.3.2.1. Percolation

Tillage practices influenced the percolation rate of the soil (Table 16). Puddling
decreased the percolation rate and it decreased as of tillage intensity increased. The
percolation rate of the soil was minimum in CT while the maximum percolation rate was
recorded in ZT plots. Puddling eliminates large soil pores and, therefore, decreases the
hydraulic conductivity of the soil (Sharma and De Datta, 1985 ). Compaction and shearing by
farm mmplements may create a compact sub-surface zone often called "plough-pan"
(Moormann and van Breeman, 1978). In addition, settling and consolidation of dispersed
clay particles may occur (Sharma and De Datta, 1985 and Adachi, 1992 ). Both compaction

and clay translocation may reduce the percolation
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Plate 2. The author is measuring the height of water level ina
double ring intiltrometer for percolation/infiltration
during rice (top) and wheat (below) growing period.
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rate in puddled soil. According to Toung ez al.{ 1994) the sealing of macro pores with fine
particles translocated during puddling predominantly caused formation of a semi-permeable
layer just beneath the puddled top soil. This semi-permeable layer was mostly responsible for
the low percolation rate of the well puddled soil. A reduction of percolation rate through

puddling was also reported by Ossari (1988), Wopperics ctz;i) (1992b) and Singh etal.|(1993).

Table 16. Effect of tillage system on percolation rate of a silty clay soil during wet season.

Tillage systcms Depth of ponding No. of observations Pcrcolation rate

water (cm) (mm day '1)
Zero 5-7 26.00 1.89
Reduced 5-7 26.00 1.50
Conventional 5-7 26.00 127
LSD (.05) 0.16

4.3.2.2. Soil moisture content

The effects of tillage and moisture regime on soil moisture content (%, w/w) of two
soil layers during the growing period of T.Aman rice are shown in Fig 15. In the 0-10 cm soil
layer the highest moisture content was recorded under conventional tillage (CT) followed by
that under reduced tillage (RT) and that under zero tillage (ZT). This was true for both
rainfed and irrigated conditions throughout growing season. A higher soil moisture content
under CT than in RT or ZT was also reported by Sharma ef al. (1988). Under any given
tillage system, the soil moisturc remained almost constant from transplanting to 75 DAT and
thereafter declined sharply to less than the field capacity (FC) level by 100 DAT. This trend
was also observed in the lower soil layer (10-20 cm) under both nrigated and rainfed
conditions. In the deeper (10-20 cm) soil layer, the soil moisture content differed little among

the tillage systems.



70

60§

50

40|

30

20

70

60

50|

40

301

20

Dhaka University Institutional Repository

Moisture content (9,w/w)

103

Tillage systems & FC
— Zero —+ Reduced
* Conventional = Field capacity
r-—'-'—-'-_-—-- —_——— -
- =
| ———— e —————
i—”/——""’ B S —
Irrigated, 0-10 cm. Rainfed, 0-10 cm. \

/}_:;f

//--"—.:-’-———-': -
o

Irrigated, 10-20 cm.

Rainfed, 10-20 cm.

N\

0 25 S0 s

100 O 25 S50 75

Days after transplanting

100

Fig. 15. Changes in soil moisture content with time at two soil depths under
irrigated and rainfed conditions as influenced by tillage systems

in T. Aman.



Dhaka University Institutional Repository 104

4.3.2.3. Bulk density

The effects of tillage and moisture regime on the bulk density (BD) of soil over time are
shown in Fig 16. In the top 0-10cm soil layer, BD under RT was almost similar as that under CT
but was lower than that under ZT in both irrigated and rainfed conditions. This was true for the
period from transplanting to 7SDAT. The soil BD in the top 0-10cm layer in both irrigated and
rainfed conditions remained almost unchanged from transplanting to 75DAT, and then
increased sharply at 100 DAT under dry condition. At this stages, the differences among tillage
systems narrowed down to almost nil. This sharp increase in BD occurred due to a sharp
decrease in soil moisture content (Fig. 15). In the 10-20 cm soil layer, tillage system affected
BD very little in both irrigated and rainfed conditions. This may due to less disturbance of lower
soil with tillage practices and similar soil moisture content among the tillage treated plots.
Unlike in the top soil layer, BD in the 10-20 cm layer decreased initially sharply and then
gradually during the period 0-75 DAT. Thereafter, like in the 0-10 ¢cm layer, BD increased
sharply until 100 DAT.

4.3.2.4. Moisture retention capacity

The effect of tillage (averaged over moisture regimes) on moisture retention capacity of
soil in the top 0-10cm layer is shown in Fig 17. At any time the soil in puddled plots (CT)
retained more waler than did the soil under RT or ZT under all tension except 0 bar (saturation).
Under 0 bar suction, the water retention was the highest with ZT. Moisture retention at all
tensions decreased gradually with time. Mishra et al. (1991), showed that puddling decreased
the hydraulic conductivity of soil. This might have been the cause of the relatively high moisture
retention by the soil under CT (puddling) in the present experiment. As crop growth proceeded,
the soil micropores were increasingly being sealed by the fine roots as well as by sediments
deposited by the percolating. On the other hand, organic matter decomposition progressed
leading to granular structure formation which enhanced macroporosity of soil {Naphade and
Ghildayal, 1971). This increase in macroporosity increased soil hydraulic conductivity and

mfiltration rates which may
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explain the decreasing soil moisiure retention with the progress of time. These soil moisture
retention data indicate that the water deficits encountered under rainfed condition were not
critical for optimum rice yield. The moisture tensions for most of the time remained below 0.1
bar and only at harvest reached values between 0.33 and 1.5 bar.

4.3.2.5. Soil penetration resistance (SPR)

The effect of tillage on SPR of wet (at transplanting) and dry (post harvest) soil are presented
in Fig. 18. Under wet condition the increase of tillage intensily deceased the SPR. Under all
tillage systems, SPR increased with soil depth. However, the trend in change in SPR due to soil
depth were different with different tillage systems. Under ZT, the SPR differences among soil
layers were not marked, but under RT and CT, SPR increased quite sharply with depth in the
soil. More disturbance of top soil with tillage practices may explain the results. Similar finding
were also reported by Sharma et al. (1988) for a clay loam soil. Under dry condition, the
previously puddled soil had higher SPR than unpuddled soil at all soil depth and the SPR
decreased with increase soil depth at all tillage systems. The changes in SPR was more
prominent at surface soil. Relatively higher moisture content at lower soil depth may explain the

results.
4.3.2.6. Soil temperature

Soil temperature values as affected by tillage during the growing period of T. ‘/Aman rice
are presented in Fig.19. Puddling decreased the soil temperature in 0-10cm soil fayer, but in the
10-20 cm layer, the tillage effects were not consistent. In general, soil temperature was higher in
the top 0-10 cm layer than in the 10-20 cm layer throughout the rice growing period. Ojeniy1
(1986) reported no significant differences in soil temperature due to tillage while Blevins (1986)
observed a lower soil ternperature in reduced tillage systems. The differcnces in soil temperature
among the tillage methods were probably due to differcnces in soil organic matter content. The
soil in the surface layer of the ZT plots had a higher organic matter content than the soil under

CT, which may explain the higher soil temperature under ZT than CT.
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4.3.2.7. Soil drying after drainage

Figure 20 (Appendix Table 7.1 — 7.6) show the moisture content of soil in the 0-10 cm
layer as a function of time after (he plots were drained. At any time during the post-drainage
period, the soil moisture content was higher under CT than under RT or ZT in that order. The
puddled soil maintained a higher moisture content because it had a higher water retention
capacity than non puddled soil. The puddled soil starled cracking by the second week after
drainage. Surface cracking under ZT was less severe than that under puddling (CT). Mambani et

al. (1990} also reported such findings.
4.3.3. Grain and straw yields of rice

Moisture regimes influenced the grain and straw yield of rice. Irrespective of tillage
systems irrigated plots produced higher grain and straw yield than those of rainfed plots
(Table 17 and Appendix Table 7.7 — 7.8. The differences in the grain and straw yields among
ZT, RT and CT under both immgated and rainfed conditions were not statistically significant.
Results reported by earlier investigators in this respect are inconsistent. Ogunremi er al.
{1986), Lal (1986) and Mambani et @/.(1990) found increased rice yield with increasing
tillage intensity while Griffith ef a/.(1986) and Sharma er a/.(1988) reported no significant
effect of tillage on the dry matter yield of rice.

Table 17. Grain and straw yield (t/ha) of BR11 rice as affected by moisture regimes average

over tillage systems.

Moisture regimes Grain yield Straw vield
Irrigated 3.70a 4.62a
Rain fed 3.37b 4.26b

Column means followed by common letter do not differ significantly at 5% level by DMRT,
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4.3.4. Mineral nutrition of rice
4.3.4.1. Nutrient concentration

The effects of moisture regimes and tillage systems on the N, P, K, Ca and Mg content
in the straw and grain of BRI11 rice are presented in Table 18a and ANOVA in Appendix
Table7.9 — 7.18. The N content of straw was lower in plants in puddled plots than in unpuddled
plots regardless of moisture regime. Irrespective of N levels, the grain N content was higher and
straw N content was lower under irrigated condition than under rainfed situation. The P, K, and
Ca contents of straw and grain were not allected by moisture regimes and tillage levels.
Irrespective of moisture regime, an increase in tillage intensity decreased the straw Mg content,
but the grain Mg content was not affected by moisture regime or tillage level.

The micro nuirient (Fe, Mn, Zn and Cu) concentrations in the straw and grain of BR11
rice as affected by moisture regimes and tillage methods are shown in Table 18b and ANOVA
in Appendix Table 7.19 — 7.26. The concentrations of Fe, Mn, Zn and Cu were higher in straw
than in grain. Moisture regime or tiltage level did not effect the Fe, Mn and Cu concentrations in
straw and grain. However, moisture regime and tillage interactions significantly influenced the
Zn concentration in straw. Under both irrigated and rainfed condition, the straw Zn
concentration was lower for CT than for ZT or RT. Moisture regimes did not alfect the siraw Zn
content under ZT or RT, but under CT the Zn content was higher under iimigated condition than
that under rainfed condition. An increase in tillage intensity decreased the Zn concentration in

grain regardless of moisture regime.
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Table 18a.  Effect of moisture regimes and tillage on the N, P, K, Ca and Mg contents of straw
and grain of BR11 in T.Aman.

Tillage Straw Grain
system
Rainfed | Irrigated T-mean | Rainfed | [migated | T-mean
Nitrogen(%)
Zero 047 0.43 045a 092 0.98 0.95
Reduced 0.45 0.37 040b 090 0.95 0.92
Conventional (.43 0.37 0.40b  0.89 0.93 0.91
W- mean 0.45 A 0.39B 090 B 0.95 A
Phosphorus(%)
Zero 0.04 0.05 0.05 0.24 0.25 0.24
Reduced 0.05 0.05 0.05 0.25 0.25 0.25
Conventional  0.05 0.05 0.05 0.26 0.24 0.25
Potassitimn(%)
Zero 2.44 2.59 2.50 0.32 0.31 0.31
Reduced 2.64 2.59 2.60 0.30 0.31 0.32
Conventional ~ 2.69 2.76 2.72 0.33 0.31 0.32
Calcium(%)
Zero 0.17 0.14 0.15 0.06 0.05 0.06
Reduced 0.14 0.14 0.14 0.08 0.05 0.06
Conventional  0.15 0.17 0.16 0.06 0.06 0.06
Magnesium(%)
Zero 0.18 0.17 0.18a 0.12 0.13 0.12
Reduced 0.16 0.18 0.17ab 0.12 0.13 0.13
Conventional 0.14 0.17 0.16b  0.13 0.13 0.13

For each element, means in a column followed by common small letter(s) and in a row
followed by common capital letter (s) do not differ significantly at 5% level by DMRT.
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Table 18b. Effects of moisture regimes and tillage methods on the micronutrient
concentrations in the straw and grain of BR1J in T.Aman.
Tillage Straw Grain
& system
Rainfed | Irrigated | T-mean Rainfed Irrigated T-mean
Iron(ppm)
Zero 5 55 55 106 55 117
Reduced 58 55 56 107 127 117
e Conventional 49 55 52 91 126 109
Manganese (ppm)
Zero 269 353 361 39 42 41
Reduced 342 372 357 44 45 44
- Conventional 304 375 340 40 43 41
Zinc{ppm)
Zero 81 aA 83 aA 82 23 25 24 a
Reduced 77aA  77bA 77 23 23 23 ab
Conventional 67 bB 78 abA | 72 22 18 20Db
Copper(ppm)
Zero 34 34 34 2.6 2.8 257
Reduced 3.8 34 3.6 2.8 3.0 29
o Conventional 3.6 3.6 3.6 2.7 3.0 2.9

Means in a column followed by common small letter(s) and in a row followed by common capital

letter(s) do not differ significantly at 5% level by DMRT.
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4.3.4.2. Nutrient uptake

Uptake of nutrients were calculated from percent concentration and dry matter
production. The influences of tillage and moisture regime on N, P, K, Ca, Mg, Fe, Mn, Zn and
Cu uptake by rice plant are presented in Tables 19a and 19b and ANOVA in Appendix Tables
7.27-7.35. Tillage treatments did not affect the uptake of most nutrients. However, a
significantly higher amount of N, P, K, Mg, Fe, Mn and Zn were taken up by the rice plants
under irrigated condition than under rainfed situation at different tillage levels. The effect of
tillage and moisture regime interaction was found significant on Ca uptake by rice. Under ZT
and RT condition irrigated plot extracted higher amount of Ca than rainfed plots while under CT
moisture regime did not influence the Ca uptake. Tillage treatment did not affect the Ca uptake
under rainfed condition, while under irrigated situation higher amount of Ca was absorbed by
rice plant in CT plot than those of other tillage treatments. There was higher uptake of Zn by
rice grown 1n no-tilled soil than the tilled soil, irrespective of moisture regime. Neither moisture
regime nor tillage level influenced the Cu uptake of nce.

Rice grown in imgated plots had generally taken up higher amount of nutrients than the
rainfed plots under different tillage treatments (Table 19a and 19 b). This was obviously due to
more favorable soil moisture condition in the irrigated plots. Relatively higher soil moisture
content and lower soil bulk density during growing season may have improved the soil physical
condition for root growth and increased nutrient availability irrespective of tillage levels. A
possible greater mobility of nutrients in soil under irrigated condition may facilitate easier
absorption of nutricnts by the plant roots, whereas under rainfed condition the plant roots
probably had to spend more energy to extract a unit amount of nutrients. Besides improved dry
matter production with improved moisture condition may also be the reason of greater nutrient

uptake under irmgated condition.
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Table 19a. Effect of moisture regime and tillage on total N, P, K, Ca and Mg uplake (kg/ha)
by BR11 in T.Aman.

Tillage Moisture regimes(I)
treatment(T) T-mean Diff.
Rainfed ] Irrigated
N uptke

Zero 4925 53.95 51.60 -4,70
Reduced 47 .88 54.51 51.19 -6.63
Conventional 48.84 51.63 50.23 -2.79
I-Mean 48.65B 5336 A 51.01 -4.71
CV(b)=3.1%

P uptake
Zero 9.87 11.39 10.63 -1.52
Reduced 10.56 11.29 10.93 -0.73
Conventional 10.98 11.37 112 -0.39
[-Mean 1047 B 11.35A 10.91 -0.88
CV (b)=6.2%

K uptake
Zero 114.03 128.45 121.24 -14.41
Reduced 121.55 132.82 127.18 -11.27
Conventional 126.90 139.30 133.10 -12.40
I-Mean 120.83 B 133.52 A 127.17 -12.69
CV (b)=8.7%

Ca uplake
Zero 9.15a 836b 8.75 0.79
Reduced 8.57 a 8.38b 8.47 0.20
Conventional 8.56 a 9.85a 9.20 -1.29
1-Mean 8.76 8.86 8.81 -(.10
CV (b)=5.4%

Mg uptake
Zero 11.68 12.68 12,18 -0.99
Reduced 10.84 12.90 11.87 -2.05
Conventional 10.75 12.27 11.51 -1.52
I-Mean 11.09B 12.61 A 11.85 -1.52

CV (b)=6.79%

For each element, means in a column followed by common small letter (s) and in a row
followed by common capital letter (s) arc not significantly different at the 5% level by
DMRT.
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Table 19b. Effect of moisture regime and tillage on total Fe, Mn, Zn and Cu uptake (kg/ha)
by BR11 rice in T.Aman.

Tillage Moisture regimes(I)
treatment(T) T-mean Diff,
RF ] Imgated

Fe
Zero 0.64a 0.78 a 0.71 a -0.15
Reduced 0.65a 0.78 a 071a -0.13
Conventional 0.56 a 0.78 a 0.67a -0.22
I-Mean 061 B 0.78 A 0.70 -0.17

CV (b)=10.6%

Mn
Zero [.70 a 1.78 a 1.74 a -0.08
Reduced 1.60 a 1.92 a 1.76 a -0.32
Conventional 1.44 a 1.89 a 1.67 a -0.45
[-Mean 1.58B 1.86 A 1.72 -0.29
CV (b)=12.6%

Zn
Zero 042a 0.47 a 0.45a -0.05
Reduced 0.40 ab 0.44 ab 04206 -0.04
Conventional 0.37b 043b 0.40Db -0.06
[-Mean 0.40B 045 A 0.42 -0.05
CV(b)=51%

Cu
Zero 0.02 0.03 0.02 -0.00
Reduced 0.03 0.03 0.03 0.00s
Conventional 0.02 0.03 0.03 -0.01
[-Mean 0.02 0.02 0.03 -0.00

CV (b)=20.5%

For each element, means in a column followed by common small letter (s) and in a row
followed by common capital letter (s) are not significantly different at the 5% level by
DMRT.
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4.4. Experiment4.  Effect of moisture regimes, tillage systems and N levels
on soil physical properties and on the growth, yield and
mineral nutrition of post-rice wheat.

4.4.1. Cumulative water added

Figure 21 show the cumulative water added (irrigation and rainfall) and
evapotranpiration occurred during the growing period of wheat from sowing to maturity. At

sowing, 35 mm water was applied to each plot for uniform seed germination. Besides this, each

irrigated plot received a total of 110 mm irrigation water during the crop growing period out of

A

which 50 mm was appliéd at 25 DS and 60 mm at 55 DS. The rainfed plots did not receive any
imigation water. Both irrigated and rainfed plots received a total of 83 mm of rain water each out
of which 65.2 mm was received at 72 DS, 8 mm at 82 DS and the remaining 9.8 mm at 96 DS.
During the period from sowing to maturity, a total of 228 mm water was added to imigated and

118 mm (o rainfed plots. The estimated evapotranspiration was the same for all plots, which was

24] mm during the growing period from sowing to maturity.
4.4.2. Physical properties of soil

4.4.2.1. Infiltration

Infiltration refers to the process of water entry into the soil, generally by downward flow
through all or part of the soil surface. The rate of this process determines how much water
will enter the root zone, and how much if any, will be lost by runoff. In the present
mvestigation, the infiltration rate (IR) and the cumulative infiltration (CI) were studied.
Tillage practices influenced the IR (Fig.22 ). During the imitial 1 minute, the lowest IR (25.5
mm min"') was observed in the CT plots and the highest rate was observed in the ZT plots. In
general, IR decreased with increasing tillage intensity. With the progress of time, IR
decreased rapidly in all tillage treated plots. Initially the IR through the soil profile was faster
in all tillage treated plots which decreased linearly up to 50 minutes and thereafter decreased
very slowly. The time of attaining steady IR was also different for different tillage
treatments. In the CT, the steady rate of IR was attained earlier compared with the RT or ZT
plots. At the end of 400 minutes IR ranged between .29 mm min” in CT and 0.43 mm min’
in ZT (Fig.22).
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The relationship between the IR of the soil and elapsed time was obtained as

CT: IR=25.971 t 7% (R?=0.9912)

RT: IR=34.152t °7 (R?=0.9847 )

ZT: IR=26:159 t =% R2=0,9678 )
In all cases, the value of R’ was close to unity indicating that relationship between IR and
elapsed time would be well represented by the function I=at™
Where IR= infiltration rate, a= intercept, t= elapsed time and n= slope

Tillage practices also influenced the CI of the soils (Fig. 23). It was evident from the
figure that the CT at a given time decreased with tillage intensity in the order CT < RT < ZT.
After 400 minutes, CT ranged from 36.95 cm in CT to 60.67 cm in ZT. The relationship
between CI and elapsed time was found to be opposite that between IR and elapsed time. For
CT, RT and ZT the relationship was obtained as

CT: CI=3.0006 t “*'® (R* = 0.9944 )

RT: CI =3.5521 ¢ "*"° (R* = 0.9874)

ZT : CI=3.0659 1 ** (R* = 0.9976)

In this case too, the value of R’ was very high and close to unity implying that CI was
functionally related to elapsed time as Cl=at"

where, "CI" 1s the cumulative infiltration, "t" is the elapsed time and "a" is the intercept and
"n" is the slope. The magnitude of "a" indicated the infiltration at t= 1 and "n" its rate of
increase. It was observed that the value of "a" varied for different tillage treatments and the
value of "n" decreased with increasing tillage intensity. In general, there was no definite
trend in the variation of "a" and "n" values for different tillage treatments.

The CI and IR decreased with increasing tillage intensity. Although the initial IR was
higher and differed in different tillage treatments, it decreased with time to be more or less
compare able in all the treatments at the end of the study period. The ZT and RT plots were
observed to have cracks from the soil surface to the plough pan and the initial higher IR and
CI were probably due to intake of water through the cracks. Besides this, the higher IR and
CI in the ZT compared to RT and CT were attributed to higher number of bio channels
(Blevins et al. 1984), higher porosity and more intensive microflora activity (Ghuman and

Lal, 1984) in no tilled soi] than those of RT and CT soil.
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Restricted movement of water to tilled zone and the disruption of continuity of soil pores due
to tillage practices ( Goss ef al. 1978 ) may also be the reason of higher IR and CI in no tilled
soil. These results were also in agreement with the findings of Maurya (1984), Brar ef al.
(1983), Radcliffe e al. (1988) and Ghuman and Lal (1984) where they observed higher IR
and CI of water under ZT as compared to normal cultivation.

4.4.2.2. Soil moisture content.

The changes in soil moisture content with time in two soil layers are shown in Figure 24.
[n the 0-10 em soil layer, soil moisture content fluctuated widely over time under both irrigated
and rainfed conditions. Very little differences in soil moisture content among the tillage
treatments were observed, especially in the upper soil layer (0- 10 cm). The soil moisture
content remained below field capacity through out the crop growing season except when
irrigation was applied or rainfall occurred. At sowing and carly growth stage (21 DS) the
irrigated and rainfed plots had almost similar soil moisture content irrespective of tillage
system, but later the irmigated plots had a higher soil moisture content than the rainfed plots
under all tillage system. A higher soil moisture content in the irrigated piots indicates the
replenishment of depleted water by irrigation. On the other hand the soil moisture content in the
rainfed plots depleted with plant growth starting from sowing to 71 DS and was replenished
with rain water only at 73 DS but again the soil moisture content decreased with time up to
maturity. Under the rainfed condition the wheat plants suffered from moisture stress during the
vegetative and early reproductive stage from 42 DS 1o 71 DS and this was ultimately reflected
in dry matter production.

The soil moisture content in the 10-20 cm layer depleted with plant growth up to 63 DS
and then increased at 84 DS and again declined at maturity in both irrigated and rainfed
conditions. The increased soil moisture content at 84 DS was due to rainfall that occurred at 72
and 82 DS. The irmigated and raimfed plots had almost similar moisture content in the 10-20 ¢cm
soil layer throughout the wheat growing season. The fluctuation in moisture content with time
in the 10-20 cm soil layer was less than that in the 0-10 em layer. Also, unlike in the 0-10 cm
layer, some effect of tillage on so1l moisture content was observed in the lower (10-20 cm) soil
layer. A higher soil moisture content was observed in the more intensely tilled plots during the

period from 20 DS to maturity of the crop.



Dhaka University Institutional Repository

124

Moisture content(%,w/w) Moisture content{%,w/w)
45 Tillage systems and FC -

— Zero —— Reduced
40 40

- Conventional = Field capacity
35 35!

\ A h X £ 4

b
30 30
25 25
20 20
15 b 15 ,
Irrigated, 0-10 cm. Rainfed.0-10cm

10 10

0 20 40 60 80 100 o 20 40 60 80 100
45 45
40 40
35 35
30 30
25 25
20 20
b i k= Rainfed,10-20 cm

Irrigated,10-20cm. ainreq, cm.

10 10

a 20 40 60 80 100 o] 20 40 60 80 100

Days after transplanting

Fig. 24. Tillage effects on the changes in soil moisture content with time at
two soil depth under irrigated and rainfed condition during the

growing period of wheat.



Dhaka University Institutional Repository

125

4.4.2.3.Soil bulk density | ORI

The bulk density (BD) of soil generally increased gradually with time from the day of
sowing to 60 DS, then fell sharply at 80 DS, and again increasing sharply until maturity of the
crop (Fig.25). This was true for both irmgated and rainfed conditions. At sowing and 25 DS the
irrigated and rainfed plots had almost similar soil BD under any tillage sysiem, but after 25 DS
the rainfed plots had a higher soil BD than the similar irrigated plots. A higher soil BD in the

rainfed plots than in the irmigated plots was due to the lower soil moisture content in the former

than in the later. A_:t_ all growth stages of wheat, the soil BD was generally higher with the lower
tillage intensity. For example, the BD density was always higher under ZT than that under RT
or CT. Decreased soil BD with intensified tillage tillage was also reported by Hallowang and
Dexter (1991}, and Yoshida et. al. (1993).

4.4.3. Wheat growth and agronomic characteristics
4.4.3.1. Plant height

Plant height of wheat was increased gradually with time up to maturity at all treatment
levels. Tillage and nitrogen levels variously affected plant height under irrigated and rainfed
conditions at different growth stages (Table 20 and Appendix Table 8.1 — 8.4). In general, N
fertilization increased the plant height at all growth stages. At the maximum tillering stage N
fertilization mcreased the plant height under all tillage systems and water levels except RT
under rainfed situation where applied N did not exert any influence on plani height. Under
irrigated condition applied N up to 100 kg/ha under ZT and 140 kg/ha under RT or CT
increased the plant height significantly over zero N. Under rainfed situation, plant height under
ZT was increased with 140 kg/ha applied N and under CT with 100 kg/ha. Compared with ZT,
CT decreased the plant height at 100 kg/ha apphed N under irrigated condition while under
rainfed situation CT decreased the plant height from RT when N fertilizer was not applied.
[rmigation increased the plant height with applied N 100 kg/ha under ZT, with 140 kg/ha under
RT and without N under CT.

At the booting stage, the increasing levels of applied N up to 140 kg/ha under CT
increased the plant height under irrigated condition while under the other tillage systems in both

irrigated and rainfed conditions the plant height was increased with 100 kg/ha applied N.
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Table 20. Plant height (cm) of wheat as affected by moisture regimes, tillage systems and
N levels at different growth stages.

Applied N
(kg/ha) Growth stages
Maximum tillering Booting Maturity
Imigated | Rainfed Irrigated | Rainfed Imgated Rainfed
Zero tillage
0 27 bA 25 bA 45 bA 42 bA 83 bA 73 cA
100 36 aA 26 bB 63 aA 50 aB 101 aA 86 bB
140 34 aA 31 aA 62 aA 56 aA 102 aA 94 aA
Reduced tillage
0 25cA 28 aA 39cA 40 bA 72 bA 73 cA
100 31 bA 30 aA 62 aA 52 aB 96 aA 87 aA
140 36 aA 28 aB 59 bA 53 aA 96 aA 83 bB
Conventional tillage
0 27 bA 20cB 44 cA 45 cA 82 cA 67 cB
100 28 bA 31 aA 55bA 56 aA 87 bA 93 aA
140 32 aA 27bA 61 aA 48 bB 102 aA 87 bB
CV for sub plot (b) = 11.4% CV for (b) =3.0% CV for (b)=6.3%
CV for sub-sub piot (c) = 10.3% CV for(¢) =10.1% CV for (c)=6.4%

Under each growth stage and tillage system. means in a column followed by common small letter(s) and

in a row followed by common capital letter(s) do not differ significantly at 5% level by DMRT.

Growth stages Comparison LSD (.05)
Max. tillering 2-T means at each 1 X N 5.00
Booting 2-T means at each I X N 6.00

Maturity 2-T means at each ] X N 8.00
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Conventional tillage decreased the plant height from ZT or RT at 100 kg/ha applied N under
imigated condition and at 140 kg/ha under rainfed situation. hirigation increased the plant height
with 100 kg/ha applited N under ZT and RT and with 140 kg N/ha under CT.At maturity, plant
height were similar with 100 and 140 kg/ha N and significantly greater than with no-N
treatment under ZT or RT while under CT plant height increased with increasing level of N
supply up to 140 kg/ha under irrigated condition. Under rainfed situation, applied N up to 100
kg/ha increased plant height which decreased with additional supply of N under RT or CT, but
under ZT increasing level of N up to 140 kg/ha increased plant height significantly. In the
absence of N fertilization, ZT and CT had similar plant height which was significantly greater
than that under RT under irrigated condition, while under rainfed situation tillage levels did not
influence plant height. At 100 kg N/ha, ZT and RT had statistically similar plant height which
was greater than that under CT in irrigated condition, but in rainfed situation tillage did not
influence plant height. At 140 kg N/ha, tillage systems did not differ in respect of plant height
under irmigated condition while under rainfed situation ZT had the tallest plants followed by CT
and RT. The plants were taller in irrigated plots than those in the rainfed plots with 100 kg
applied N/ha under ZT and with 0 and 140 kg/ha under CT.

4.4.3.2. Tiller number.

The numbers of tillers as affected by moisture regime, tillage system, N fertilization and
their interactions are presented in Table 21 and ANOVA in Appendix Table 8.4-8.6. Production
of tillers decreased gradually with time from maximum tillering slage to matunty. At the
maximum tillering stage, tiller production was influenced by moisture regime x tillage system
and moisture regime x N level interactions. The tiller number decreased with increasing fillage
intensity under irrigated condition while under rainfed situation tillage systems did not influence
tiller production. Compared with rainfed situation, the tiller number was higher with irrigation
under ZT while under other tillage systems moisture regime did not show any effect on tiller
production. The moisture regimes x N level interactions indicated that increasing level of N
supply increased the tiller number under imigated condition, but under rainfed situation N

fertilization had no effect on tiller number.
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Table 21. The number of tillers/m” at different growth stages of wheat as influenced by
moisture regime, tillage system, N level and their interactions.
A. WX T and W X N Table of means for tillers at maximum tillering stage.
Tillage Moisture regimes Applied N Moisture regimes
systems {(kg/ha)
Imigated Rainfed Irrigated Rainfed
Zero 867 aA 582 aB 0 630 cA 576 aA
Reduced 667 bA 715 aA 100 763 bA 665 aA
Conventional 740 abA 605 aA 140 880 aA 661 aB
CV for sub plot = 25.2% and for sub-sub plot = 16.1%
B. W X T and T X N Table of means for tillers at booting stage.
Tillage Moisture regimes | Applied Tillage systems
systems N kg/ha)
Irmigated | Rainfed Zero | Reduced | Conventional | N-
mear
Zero 670 aA 487aB 0O 541 459 548 516 b
Reduced 511bA  567aA 100 583 586 541 570 ab
Conventional 585abA 544 aA 140 610 573 605 596 a
CV for sub plot = 19.5% and for sub-sub plot = 16.6%
C T X N Table of means for tillers at maturity
Applied N (kg/ha) Tillage systems
Zero Reduced Conventional N-mean
0 509 489 500 499 b
100 501 578 577 552 a
140 533 532 539 535 ab

CV for sub plot = 10.3% and for sub-sub plot = 13.4%

Under each section { A,B,C ) means in a column followed by common small letter(s) and those in a row
followed by common capital letter(s) do not differ significantly at 5% level by DMRT.
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During booting stage, N fertilization alone, and moisture regime x tillage system
interaction significantly influenced the tiller number. Under irrigated condition, ZT produced
the highest number of tillers followed by CT and RT while under rainfed condition tillage
systems did not affect tiller production. Irrigation produced higher number tillers compared with
rainfed situation under ZT, but under the other tillage systems moisture regime did not affect the
tiller number. Irrespective of moisture regime applied N 140 kg/ha produced the highest number
of tiller followed by 100 kgha and no-N treatment. Tiller number at maturity was not
influenced by moisture regime and tillage’s system. Irrespective of moisture regime and tillage
system, applied N at 100 kg/ha significantly increased the tiller number over no-N treatment,
and then no further increase was observed with additional N.
4.4.3.3.Yield components

The yield components of wheat as affected by tillage systems and N levels under
irrigated and rainfed conditions are shown in Table 22 and ANOVA in Appendix Table 8.7-
8.10. Irrespective of moisture regime or tillage system, applied N at 100 kg/ha significantly
increased the number of panicles per unit area and then declined with a further increase in N
application. Nifrogen fertilization increased the number of grains per panicle over no-N
treatment. Regardless of tillage system and moisture regime, increasing level of applied N
beyond 100 kg/ha decreased the weight of 1000 filled grain. Irrespective of tillage systems and
applied N levels, irrigated plots had higher number of panicles/m2, grains/panicle and 1000
grain weight than that of rainfed plots. Under irrigated condition, applied N at the rate of 100
and 140 kg/ha decreased grain sterility percentage (GSP) while under rainfed situation GSP
decreased with 100 kg/ha applied N and again increased with a further increase in the N dose.
Compared with irrigated plots, GSP in rainfed plots was higher at the higher level of N
application {140 kg/ha). Tillage x N level interaction indicated that, under ZT, N fertilization
decreased GSP; under RT, GSP decreased with the application of N up to 100 kg/ha, and then
increased with a further increase in the N dose while under CT no effect of applied N was
observed. Increasing tillage intensity increased GSP at the highest level of N supply (140 kg/ha),

while at other N levels no effect of tillage practices was observed.
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Effect of moisture regimes, tillage systems, N levels and their interactions on
yield component of wheat grown after T.Aman rice.

A W X N Table of means for panicles/m’, grains/panicle and 1000 grain weight.

Applied Moisture regimes N Mozsture regimes N Moisture regimes N
N(kg/ha) mean mean mean
Irmgated | Rainfed Irmgated | Rainfed Irigated | Rainfed
Panicle/m’ Grain/panicle 1000 grain weight (g)
0 517 429 473b 16 13 15b 5023 48.61 49.42za
100 581 470 526a 23 22 22a  50.19 4769  48.94ab
140 524 474 499ab 26 21 23 a 48.40 4747 47.941
W-mean 541A 4588 22A 19B 49.61A  4792B
CV for sub plot (b) = 11.9% CV for (b) = 16.7% CV for (b) =4.3%
CV for sub-subplot (c) = 14.3 CV for{c)=15.6% CVfor(c)=4.1%
B. W x N and T x N Table of means for % unfilled grains.
Applied N Moisture regimies Tillage systems
(kg/ha)
Irrigated Rainfed Zero Reduced Conventional
0 36aA 29aA 39aA 2.8aA 3.0aA
100 20bA 22bA 1.7b A 2.1 bA 2.5 aA
140 23bB 32aA 2.1bB 34aA 2.7 aAB

CV for (b) = 48.5% and CV for (c) = 34.6%

Under each section { A.B,C ) means in a column followed by common small letter(s) and those in a

row followed by common capital letter(s) do not differ significantly at 5% level by DMRT.
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4.44. Grain and straw yields

Irrigation, tillage and applied N significantly influenced the grain and straw yields of
wheat (Fig.26 and Appendix Table 8.11-8.12). Under irrigated condition the grain and straw
yield were not influenced by tillage systems at any N levels . While under rainfed situation, the
CT plots produced higher straw and grain yield than those of ZT and RT plots at 100 kg N/ha.
Under irrigated condition relatively higher soil moisture content (Fig.24) and lower soil bulk
density (Fig. 25) during growing season may have improved the soil physical condition for root
growth and increased nutrient availability irrespective of tillage condition. These may have
masked the effect of tillage treatments under irrigated condition, and hence no significant yield
differences among the tillage treatments were observed.

Under irrigated condition in the ZT system, the grain and straw yields increased with
applied N up to 100 kg/ha over zero N while in the RT and CT systems this trend of increasing
yield with applied N continued up to 140 kg/ha. Under rainfed situation, the grain and straw
yield under ZT and RT systems increased with increasing dose of N up to 140 kg/ha while in the
CT systems the yields increased up to 100 kg/ha applied N and then decreased with a further
increase in the N dose. Considering grain yield with zero N application as 100%, the yield
increase under irrigated condition amounted to 78% with 100 or 140 kg/ha in the ZT system
(Table 23). The highest yield increases due to N application (100, 140 kg/ha) were found under
RT (88 and 92%) and the lowest under CT (73 and 77%). This indicates decreased N fertilizer
effect under more intensive tillage systems. One of the reasons for this was that N fertilizer
applied in minimum tillage remained in the surface layer of the soil where most of the roots
were confined. If tillage is performed using a plough, the N fertilizers granules are distributed
deeper into the soil and diluted. Moreover, intensified tillage may have enhanced mineralization
increasing soill N availability and decreasing the effect of applied N fertilizer on the crop.
Nyborg and Malhi (1989) and Videonovic et al. (1986) also reported reduced fertilizer N effect
under more intense tillage.

Yield increase due to N fertilization was relatively greater under rainfed condition than
irrigated condition. These were 82 and 126% i ZT, 79 and 106% in RT and 145 and 123 in CT
with 100 and 140 kg N/ha, respectively (Table 23). Grain yield under ZT increased with
increasing N doses at a faster rate than that under RT or CT. This reflects a relatively favorable

growing condition under no-tillage in rainfed condition.
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Fig.26. Effect of water regimes, tillage systems, N levels and their
interactions on the grain and straw yields of wheat.
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A likely explanation is that, soil moisture becomes more yield-limiting in tilled soil than in ZT
making it possible for grain yield under ZT to reach higher levels with additional fertilizer N.

Under irrigated condition, the grain yield achieved with 140kg N/ha in ZT was less than
that achieved with 100 kg N/ha in RT (Table 23). Under rainfed condition applied N at 100
kg/ha in CT produced more yield than 140 kg/ha applied N in ZT or RT. These observations
shows that tillage increased the N use efficiency. Tillage x N interactions indicate that a higher
N rate may be required under ZT to produce wheat yield similar to that under RT or CT. Similar
findings were also reported by Phillips ez. al. (1980) and Wells (1984). The irdgated plots
generally produced significantly higher grain and straw yields than the rainfed plot under the
different tillage and N levels. This was obviously due to a more favorable soil moisture
condition in the irrigated plots. The zero N treatment under irrigation produced higher yield than
rainfed condition. For the same yield level a lower N dose was required in irrigated condition
compared with rainfed situation. Similar findings were reported by Behera and Sharma (1991)
and Gayri et. al. (1992).

Table 23. Grain yield increase due to N fertilization under different moisture regimes and
tillage systems',

Applied N Grain yield increase (%) due to N fertilization
(kg/ha)
Irrigated Rainfed
ZT RT CL ZT RT CT
100 178 188 173 182 179 245
140 178 192 177 226 206 223

'Grain yield at zero N = 100%

4.4.5. Mineral nutrition of wheat

4.4.5.1. Nitrogen

Applied N up to 100 kg/ha under ZT and up to 140 kg/ha under RT increased the N

concentration in straw while under CT no effect of N fertilization was observed in this regard
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(Table 24 and Appendix Table 8.13 ). At 140 kg/ha applied N, the highest concentration of N in
straw was observed under RT, while at other N levels, tillage systems exerted no effect on the
straw N content. The N concentration in grain(Table 24 and Appendix Table 8.14) was
increased with increasing dose of N up to 140 kg/ha regardless of irrigation and tillage system.

A relatively lower concentration of N in straw of wheat under the ZT x O-N treatment

combination supported the contention that N is less available in no-till soil (Locke and Hons,

1988).

4.4.5.2.Phosphorus

The P concentration in grain was influenced by T x N and W x T interaction (Table 24
and Appendix Table 8.15 and 8.16)). Irrespective of moisture regimes, increasing level of N
application upto 140 kg/ha decreased the P content in grain under zero tillage system, while
under RT and CT systems, applied N at 100 kg/ha decreased the P content over no-N treatment,
and then no further decrease was observed with additional N. Increasing tillage intensities
mcreased the P content in grain under irrigated condition regardless of N levels, while under
rainfed situation the P content was found inconsistent. Inconsistent effect of tillage on the P
content in dry matter of cereal crops was reported by several investigators. According to Malhi
et. al. (1992) conventional tillage resulted in a slightly lower P concentration in barley than zero
tillage while, Ellis er. a/. (1981) pointed out no effect of tillage on the P content in spring barley

and winter wheat.
4.4.5.3. Potassium

Nitrogen fertilization did not influence the K content in straw under any moisture regime
or tillage system (Table 25 and Appendix Table 4.17 — 4.18). On the other hand, tillage systems
did not influence the K content under irrigation when N was not applied, but with applied N, RT
had significantly higher K content than ZT or CT. Under rainfed condition, tillage systems did
not influence the K content in straw. The straw K content in N treated plots was higher under
irigated condition than under rainfed condition in RT, but in the other tillage system moisture
regime did not affect the straw K content. Increasing tillage intensities increased the K content
in grain at all N levels under irngated condition, while under rainfed condition a decreasing

trend in K content was observed with increasing tillage intensity. In the ZT and RT systems, the
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grain K content was found to be lower under imrigated condition than that under rainfed
condition, but in the CT it was the other way round.

Table 24. Interaction effect of moisture regimes, tillage systems, and applied N levels on N
and P contents in the straw and grain of wheat grown after T.Aman rice,

A. T XN and W X N Table of means for N content in straw and grain.

Applied N Tillage systems Moisture regimes

(kg/ha) ZT RT CT [rrigated Rainfed N-mean
Straw(%) Grain(%)

0 0.27 bA 0.30bA 032aA 2.07 221 2.14¢

100 0.35 aA 0.32 bA 031aA 227 2.25 226b

140 0.32 aB 0.38 aA 0.32aB 2.38 243 240a

B. T' XN and W X T Table of means for P content in grain.

Tillage systems Applied N (kg/ha) Moisture regimes
0 100 140 Imgated Rainfed
Grain
Zero 047aA 042aB 038bC  041bB 0.43 aA
Reduced 0.43bA 040aB 040abB 042 abA 0.40 bA
Conventional 047aA 042aB 043aB (.45 aA 0.43 aA

Under each section(A,B,C), means in a column followed by common small letter(s) and those in a row

followed by common capital letter(s) do not differ at 5% level by DMRT.
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Table 25. Effect of moisture regime, tillage system, N level and their interactions on the K
content in straw and grain of wheat grown after T.aman rice.

Applied N (kg/ha) Straw-K (%) Grain- K (%)
Irrigated Rainfed Irrigated Rainfed
Zero tillage
0 1.56 aA 1.37 aA 0.35 aA 0.37 aA
100 1.56 aA 1.47 aA 0.32bB 0.36 aA
140 1.59 aA 1.43 aA 0.30bB 0.33 bA
Reduced tillage
0 1.57 aA 1.37 aA 0.38 aA 0.36 aA
100 1.95 aA 1.51 aB 0.34 aA 0.34 aA
140 1.96 aA 1.59 aB 0.33 aA 0.34 aA
Conventional tillage

0 1.58 aA 1.34 aB 0.38 aA 0.34 aB
100 1.61 aA 1.59 aA 0.36 aA 0.32 aB
140 [.59 aA 1.56 aA 0.35aA 0.33 aA

Means in a column followed by common small letter(s) and in a row followed by common capital

letter(s) do not differ significantly at 5% level by DMRT.

Component
Straw

QGrain

Comparison
2-Tmeans ateachI X N
2-T means at eachI X N

LSD(.05)

0.16
0.02
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4.4.5.4. Micronutrients

The Fe content in wheat straw and grain was the highest under RT followed by that
under CT and ZT irrespective of moisture regime and N level (Table 26 and Appendix Table
8.19 — 8.22). Tillage intensity increased the Fe content in grain under irrigated condition and
decreased under rainfed condition. Nitrogen x moisture regime interaction effects indicated that
applied N at 100 kg/ha increased the grain Fe content which decreased with a further increase in
the N dose under irrigated condition, while under rainfed condition the higher level of applied N
(140 kg/ha) increased the grain Fe over 0 and 100 kg/ha N. The grain Fe content was
significantly higher under irrigated condition than that under rainfed at 100 kg N/ha, but at the
other N levels no effect of moisture regime in this regard was observed.

The concentration of Zn in straw decreased with increasing tillage intensity under
imgated condition while under rainfed situation the Zn content increased from ZT to RT but
declined with CT (Table 26). Nitrogen fertilization did not influence the Zn content in straw
under irmgated condition, but under rainfed condition N application significantly decreased the
same from the no-N treatment. Regardless of N fertilization, increasing tillage intensity
increased the grain Zn content under irrigated condition but under rainfed situation no effect of
tillage was observed. Compared to irrigated plots, wheat in rainfed plots had a higher grain Zn
content under ZT, but under RT or CT moisture regime did not influence the grain Zn content.

Under imgated condition N application significantly increased the Mn concentration in
straw with all tillage system, but generally an opposite effect of N was observed in this regard
under rainfed condition (Table 27 and Appendix Table 8.23 — 8.24). Tillage systems did not
affect the straw Mn content at any N level under irrigated condition, while under rainfed
condition, increasing tillage intensity in absence of applied N decreased the straw Mn content.
The concentration of Mn in grain was influenced by tillage x N interactions (Table 26).
Nitrogen application decreased the Mn concentration in grain irrespective of tillage system. The
highest grain Mn content was observed under ZT, which decreased consistently with increasing
tillage intensity. Nitrogen application significantly increased the Cu content in straw under
irrigated condition, while under rainfed condition straw Cu content decreased with increasing N

dose (Table 28 and Appendix Table 8.25 — 8.26).
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Table 26. Interaction effects of moisture regimes, tillage systems and N levels on the Fe
and Zn contents (ppm) in straw and grain of wheat grown after T.Aman rice.
A Table of means for Fe content in straw and grain (ppm).
Tillage Moisture regimes Moisture regimes | Applied Moisture regimes
systems N
(kg/ha)
Imgated | Rainfed | T-mean | hrigated | Rainfed Imigated | Rainfed
Straw Grain Grain
Zero 174 178 176 b 43 bB 56 aA 0 45 bA 47 bA
Reduced 221 215 218a 58 aA 46 bA 160 57 aA 45 bB
Conventional 184 185 185b 52abA  46bA 140 51 abA 56 aA

8. WX Tand W X N Table of means for Zinc content in straw and grain (ppm).
Tillage Moisture regimes Moisture regimes | Applied Moisture regimes
Systems N (kg/h)

Irrigated | Rainfed | Trrigated | Rainfed Irrigated | Rainfed
Straw Grain Straw
Zero 34 aA 30 bA 44 bB 53 aA 0 32 aB 36 aA
Reduced 32abB  40aA 53 aA 49 aA 100 32aA 32bA
Conventional 31 bA 30 bA 52 aA 50 aA 140 34 aA 31 bA

For each element and component (straw and grain), means in a column followed by common small

letter(s) and in a row followed by common capital letter(s) do not differ significantly at 5% level by

DMRT.
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Table 27. Effect of moisture regime X tillage system X N level interactions on Mn content
in straw and effect of T X N interactions in grain Mn content of wheat grown
after T.Aman rice.

A W X T XN Table of means for Mn in straw (ppm)
Tillage Applied N (kg/ha) Moisture regimes
Irngated Rainfed
Zero 0] 17 bB 31 aA
100 18 bA 20bA
140 25 aA 19 bB
Reduced 0 25 bA 23 cA
100 24 bA 29 aA
140 28 aA 26 bA
Conventional 0 20 cA 22 aA
100 23 bA 21 aA
140 27 aA 21 aB
B. T X N Table of means for Mn in grain(ppm)
Applied N Tillage systems
(kg/ha)
Zero Reduced Conventional
0 49 aA 44 aA 49 aA
100 46 aA 44 aA 41 bA
140 46 aA 45 aA 39bB

Under A and B, means in a column followed by common small letter(s) and in a row followed
by common capital letter(s) do not differ significantly at 5% level by DMRT.

Component

Comparison

LSD (.05)

Straw

2-T mcans at each W X N

8
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Compared to irrigated treatment, the rainfcd treatment had a significantly higher concentration
of Cu in straw at 0 or 100 kg/ha N, but at the higher N no significant difference between the
moisture regimes was observed. Under irrigated condition the Cu concentration in grain
increased with increasing tillage intensity, but under rainfed condition a decreasing trend was
observed. With ZT, the grain Cu content was significantly lower under irrigated condition than
rainfed condition, but under RT or CT, the moisture regimes differed minimally in terms of
grain Cu content.

Table 28. Effect of moisture regime, tillage system, N level and their interactions on the
Cu content in straw and grain of wheat grown after T.Aman rice.

Applied N Moisture regimes Tillage systems Moisture regimes
(kg/ha)
Irrigated Rainfed Imgated Rainfed
Straw (ppm) Grain(ppm)
0 3.04 bB 3.59aA Zero 3.65bB 493 aA
100 3.00bB 3.33bA  Reduced 445 aA 4.59 aA
140 3.27 aA 3.18 bA  Conventional 4.87 aA 4.36 aA

Under each component (straw and grain), means in a column followed by common small letter(s) and in

a row followed by common capital letter(s) do not differ significantly at 5% level by DMRT.
4.4.6. Total N uptake and use efficiency

4.4.6.1. Total N uptake

Averaged over tillage systems successive increases in the N dose up to 140 kg/ha
significantly increased the total N uptake under both irmigated and rainfed conditions (Table 29
and Appendix Table 8..27 — 8.30). A significantly higher amount of N was taken up by the

wheat plants under irrigated condition than under rainfed condition at all applied N levels.
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Table 29. Effect of moisture regimes, tillage systems, N levels and their interactions on the

N uptake, percent N recovery and N use efficiency of wheat grown after T. Aman
rice.

A. W X N Table of means for N uptake (kg/ha) and physiological efficiency of N
(kg grain/ke absorbed N).

Applied Moisture regimes Moisture regimes
N (kg/ha)

Imgated Rainfed Irrigated Ralnfed [ —

N uptake physiological efficiency of N

0 51 cA 36¢B 41 37 39 2
100 104 bA 74 bB 37 16 37 h
140 112 aA 85 aB 36 34 S
W-mean 38A J6B
CV for sub plot (b) = 15.1% CV for (b) =10.3%
CV for sub-sub plot (¢c) = 11.4% CV for (c) =6.1%

B. WXN and T X N Table of means for % N recovery (kg N uptake/100 kg applied N).

Applied Moisture regimes Moisture regimes
N (kg/ha)

Irrigated | Rainfed Zero | Reduced | Conventional
100 53 aA 38 aB 42 aB 42 aB 52 aA
140 43 bA 35 aB 40 aA 42 aA 36 bA

CV for (b) = 39.6% and CV for (c) = 25.6%

C. W X T X N Table of means for agronomic efficiency of fertilizer N (kg grain/kg

applied N)
Tillage Applied N (kg/ha) Moisture regimes
systems
Irrigated | Rainfed

Zero 100 17ab 11 ab

140 12 bA 12 aA
Reduced 100 20 aA 11 aB

140 15bA 11aB
Conventional 100 17 aA 19 aA

140 13 bA 11 bA

CV for (b) = 34.2% and CV for (¢} =21.1%

Under each section (A,B,C), means followed by common small letter(s) in a column and by capital
letter(s) in a row do not differ significantly at 5% level by DMRT.

Component Comparison LSD(.05)

kg grainkg applied N 2-T means at each W X N -
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The total N extraction (kg/ha) ranged from 51 to 112 in imrigated condition, and 36 to 85 in
rainfed condition. An increase in the N dose increased the N uptake, because the increase in the
supply of N not only increased the N concentration in plant but also resulted in a higher dry
matter production. These results agree well with those of Gordon and Rickerl (1992).

A reduction in N uptake with water deficit can be atiributed to (i) decreased plant
demand as a result of reduced growth and (ii) decreased transpiration which is correlated with
nutrient uptake (O'Toole and Baldia 1982). The maximum N uptake at the highest level of N
supply coupled with irrigation was also reported by Sharma et. al. (1992).

4.4.6.2.Nitrogen use efficiency

Increasing level of N application decreased the physiological efficiency of N (kg
grainvkg absorbed N) irrespective of moisture regime and tillage system Irrigated plots had
higher physiological efficiency of N than that of rainfed situation regardless of tillage
systems and N levels (Table 29). The percent recovery of added N (kg absorbed N/100 kg
applied N) was influenced by water x N and tillage x N interactions. An increase in the N
dose from 100 to 140 kg/ha significantly decreased the percent N recovery under irrigated
condition while under rainfed condition the N levels did not affect N recovery (Table 29).
The N recovery was greater under irrigated condition than under rainfed condition at all N
levels. Increased dry matter production with improved moisture condition may be the reason
of greater N recovery under irrigated condition. Similar findings were also reported by Guer
et al.(1992). Under ZT or RT, the N use efficiency (NUE) in terms of kg grain per kg applied
N was significantly lower at the 140 kg/ha N than 100 kg/ha N under irrigated condition, but
under rainfed condition, no difference between the two N doses was observed, while under
CT, NUE was higher at the lower N dose (Table 29). Irrespective of tillage systems, NUE
was generally higher under irrigated condition than under rainfed condition. Greater yield
potential and improved N mobility in the soil under irrigated condition may explain the
result. Increased NUE and percent N recovery under adequate moisture over water deficit

were also reported by Guer ef al. (1992).
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4.5. Experiment 5. Tillage and Nitrogen effect on wetland rice performance
4.5.1. Physical properties of soil
4.5.1.1. Percolation

Percolation of the soil is one of the most important physical properties (Parr and
Bertrand, 1960). Percolation has been reported to vary from 0.1 to several hundred mm day-'
(Sharma and De Datta, 1992) and is influenced by a variety of environment and soil related
factors (Wickham and Sing, 1978). The magnitude of the decline in percolation depends on
soil texture, structure, clay mineralogy and organic matter content. Lal (1985) observed that
percolation of water through rice soil is essential. In general low percolation rate (<2mm day-')
was observed in all treated plots in this study (Table 30). Tillage practices influenced the
percolation rate of the soil. The percolation rate of the soil was maximum in ZT plots while the
minimum percolation rate was recorded in CT plots. In the puddled soils, percolation rate
increased with increasing tillage depth.Compaction and shearing by farm implements may
create a compact subsurface zone often called plough pan (Moormenn and vanBreeman, 1978).
In addition, settling and consolidation of dispersed clay particles may occur (Sharma and De
Datta, 1985 and Adachi, 1992). Both compaction and clay translocation may reduce the
percolation rate in puddled soil, while partial breaking of dense impervious pan by deep tillage
may enhance the percolation rate.

Table 30. Effect of tillage level on percolation rate of a silty clay soil during T. Aman rice

culture.
Tillage practices Depth of ponding Number of Percolation rate
water (cm) observation (days) (mm day ™' )
Zero Tillage 5-7 25 1.84
Conventional Tillage 5-7 25 1.45
Deep Tillage 5-7 25 1.66

LSD (.05) 0.17




Dhaka University Institutional Repository

147

4.5.1.2. Bulk density

At transplanting, bulk density (BD) values varied considerably for different tillage
treatments in surface and subsurface soil layer up to 15-20 cm soil depth. Conventional tillage
influenced the BD up to 10-15 cm layer and DT influenced the same up to 15-20 soil layer
while no remarkable influence was observed under ZT treatment with increasing depth of
profile (Fig. 27). The highest BD in the layers up to 15-20 ¢m soil depth was observed in plots
having ZT followed by CT and DT plots. Bulk density under CT was almost similar as that
under DT but was lower than that under ZT up to 10-15 cm soil depth. With increasing depth
of profile, BD increased considerably as compared to corresponding values in surface layer
under all tillage treatments. Bulk density under CT increased gradually from 0.90 g/cm’ at 5-10
cm layer to 1.15g/em’ at 10-15 cm layer and then sharply to 1.55g/cm” at 15-20 cm soil depth.
Bulk density under DT, increased gradually with the increased of soil depth from 0.85 g/cm’ at
0-5cm layer to 1.05g/cra’ at 15-20 cm soil Jayer and then sharply to 1.53g/cm” at 20-25 ¢m soil
depth. The differences among tillage treatment narrowed down at lower soil depth below 10-15
cm soil layer under ZT and CT and 15-20 ¢m soil layer under DT,

At harvest, BD in the 0-15 c¢m soil layers under CT and in the 0-20 ¢m soil layers under
DT increased substantially as compared to corresponding values at planting. Like the BD
values at planting, the highest value of the soil BD at harvest was observed in plots having ZT
followed by CT and DT up to 15-20 cm soil depth and then with further increase of profile
depth, the differences among tillage levels narrowed down to almost nil. Unlike the planting
time, the differences in BD at harvest ranged with in narrow limits in different tillage treated
plots. The results presented above indicated that different tillage treatments had considerable
influence on bulk density, both in the surface and subsurface layers of the profile. The decrease
in BD in tilled plots may be atiributed to tillage which made the soil loose and porous. The
increased bulk density in the surface and subsurface layers of the profile at harvest as
compared to corresponding values at planting may be due to settling of soil particles with time.
Saito (1995) and Ganur (1989) also reported the increased BD in puddled soil with time. At
transplanting the increased BD in ZT (1 .58g/cm3) and in CT'1.55g/cm’) at 15-20 cm soil layer
may indicate the presence of compact layer. Working with soils of different regions of

Bangladesh Rahman et ¢/, (1992), Hannan (1995) and Mollah (1995) also reported the
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presence of compact layer of high BD formed at shallow depth (10-15 cm) below the surface in
almost all the soils.
4.5.2. Yield components

Application of N fertilizer increased the panicle number irrespective of tillage
treatment. Panicle number increased with the increase of N levels up to 100 kg N/ha in ZT,
while under CT and DT, panicle number increased up to 80 kg N/ha (Table 31 and Appendix
Table 9.1). Regardless of N levels, tilled plots produced higher number of panicles than no
tilled plots. Tillage levels did not significantly influence the number of filled grain per panicle
but there was a significant positive effect of N fertilization (Table 30 and Appendix Table 9.2).
Irrespective ftillage levels, application of 60 kg N/ha significantly increased the number of
spikelets per panicle over N control, but further increase was not observed beyond this level.
Tillage levels and N level either singly or in combination had no significant effect on the
weight of 1000 filled grain of rice (Table 31 and Appendix Table 9.3).

Tillage levels and N fertilization significantly influenced the percent unfilled grain of
BR11 rice (Table 31 and Appendix Table 9.4). Irrespective of tillage levels, application of 80
kg N/ha significantly increased the sterility percentage over N control but further increase was
not observed beyond this N level. Regardless of N levels, tillage treatment reduced the grain
sterility percentage over no tillage treatment. The total spikelet volume in which starch may
accumulate and the amount of starch which actually accumulates in spikelets; are the two
factors which may determine the yield of rice (Tanaka et a/. 1964). The former is generally
increased by N application, but the latter does not necessarily increase with an increase in N

level. This may be the reason of higher grain sterility percentage at higher N levels.
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Tillage systems
Applied N
(kg/ha) ZT CT DT N-Mean
No. of panicles/m2
0 187 207 194 196
60 192 220 212 208
80 207 223 241 224
100 217 216 218 217
T-Mean 201 216 216 211
No. of filled grains/panicle
¢ 80 88 91 86
60 95 105 108 103
80 %6 102 104 101
100 103 104 106 104
T-Mean 94 100 102 98
1000 grain weight (gram)
0 22 23 23 22
60 23 22 23 23
80 23 23 22 23
100 22 23 23 22
T-Mean 22 23 23 22
Percent unfilled grain
0 26.7 24.3 253 254
60 28.0 25.7 27.0 26.9
80 3il-3 26.9 28.0 28.4
100 30.0 28.6 29.0 292
T-Mean 29.0 264 27.3 27.6
Parameters CV (b) Comparison SED LSD (5%)
No. of panicles/m2 5.9% 2-Nmeansateach T  10.0 21.0
2-N means 6.0 12.0
Filled grain/panicic  11.0% 2-Nmeansateach T 9.0 18.0
2-N means 5.0 11.0
1000 grain weight 3.1% ns
% unfilled grain 7.3% 2-N means ateach T 1.6 34
2- N means 0.9 20
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4.5.3. Grain and straw yield

Tillage and applied N levels influenced the grain and straw yield of rice (Fig. 28 and
Appendix Table 9.5 and 9.6). The quadratic response model gave the best fit of grain and straw
yield to N rate under all tillage systems. At all tillage methods, application of 60 kg N/ha
significantly increased the grain and straw yield over N control, but no appreciable yield
increase was observed at higher N levels. Irrespective of N levels, CT produced the highest
yield followed by DT and ZT. The yield gap between tilled and no tilled plots was wider at 60
kg N/ha and then the differences narrowed down with further increase of N levels. Though the
CT and DT plots produced better yield but the values were statistically similar with the yield
obtained with ZT.

The application of N fertilizer led to better nutrition of the rice crop throughout its
growth period enhancing vegetative growth, increasing the number of panicles per unit area
and spikelets per panicle (Table 31) finally resulting increased grain and straw yields. A hgher
yield on tilled soil than on untilled soil when no N fertilizer was used probably resulted from
release of more available N when the soil was tilled ( Fig. 2.). A higher yield on tilled soil than
on no-tilled soil when N fertilizer was applied suggest that a higher fertiltizer N dose would be
required on a no-till than on a tilled soil to obtain comparable yield . Similar findings were also
observed in Experiment 1. Relatively favorable soil physical conditions for root proliferation as
indicated by low soil bulk density in CT and in DT in comparison with ZT (Fig. 27) may also
explain the better rice yield in CT and DT. The better rice yields either with CT or with DT due
to favorable soil physical condition for root proliferation were also reported by Choudhury et
al., (1985) and Rahman and Islam, (1987).

Considering the grain yield with ZT system as 100%, the yield increase due to tillage
practice ranged between 3% and 16% (Table 32.). The highest yield increase was found under
CT (16%) with 60 kg applied N/ha and the lowest (3%) under DT with 80 kg N/ha. Nitrogen
fertilization influenced the benefit of vield increase due to tillage practice. At all N levels, yield
increase due to tillage systems was found lower in DT than that of CT. The benefit of yield
increase due to tillage increased with applied N up to 60 kg/ha and then decreased with further

increase of N levels. It is assumed that the N requirements of T. Aman rice is relatively low,
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The increased N availability due to enhanced mineralization in tilled soil in combination with
60 kg N/ha may fulfil the N requirements of T. Aman rice to produce optimum yield. Higher
level of applied N beyond 60 kg/ha in combination with increased available N in tilled soil

may provide more than enough N for T. Aman rice.

Table 32. Grain yield increase (%) due to tillage treatment at different applied N levels',

Applied N (kg /ha)

Tillage systems 0 60 80 100
CT 112 116 112 108
DT 110 113 103 104

'Grain yield ai ZT= 100%

The luxuriant N supply finally decreases the N use efficiency. This may explain the
result of lower benefit of yield increase due to tillage levels at higher N levels. When N
fertilizer was applied in DT fertilizer granules were distributed to a larger volume of soil in
comparison with CT resulting in the dilution effect of the N fertilizer which may explain the

lower yield benefit in DT as compared with CT at all N levels.
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4.6. Experiment 6. Tillage and irrigation effects on some soil physical
properties and the performance of post- rice
wheat. Q\
b
4.6.1. Physical properties of soil )
4.6.1.1.Infiltration \

The infiltration rate (IR) and cumulative infiltration (Cl) were studied during the
wheat growing period. Tillage treatments influenced the IR (Fig.29). During the initial |
minute, the fastest IR (27.00 mm min™') was observed in the MT and the lowest rate (24.50
mm min”) in the CT plots, the IR for DT being i;_l;tween (mm min' ). With time, IR
decreased rapidly in all tillage trcated plots. At the end of 400 minutes, IR ranged between
0.28 mm min"' for CT and 0.42 mm min™ for DT. The time of attaining a steady IR was also
different for different tillage treatment. The steady IR was obtained earlier for DT than that
for DT or MT. The relationships between the IR through the soil profile and elapsed time
were obtained as:

BT : IR = 18:672 %07 (R*=0.9276)

CT : 1R = 21.043 t7°% (R?=0.9853)

MT : IR = 34.246 t%7° (R?=0.9826)
In all cases the value of R? was close to unity indicating that the relationship between IR and
elapsed time would be well represented by the function [ = at™ . Both the values of 'a' and 'n'
varied with tillage levels and decreased with depth of tillage.

Tillage treatments also influenced the CI of the soil (Fig.30.). Initially CI was the
highest for MT but after 100 minutes CI become the highest for DT. At any time Cl was the
lowest for CT. After 400 minutes, C1 values ranged from 62.4 cm for DT to 34.4 ¢cm for CT.
The relationship between C1 and elapsed time was lound to be opposite that between IR and
elapsed time. For DT, CT and MT the relationships obtained were:

DT : C1=2.3130t°%" (R2=0.9954)
CT: CI =2.5678 t **** (R2=0.9975)
MT : C1=3.6968 t "** (R2-0.9801)
In this case too, the value of R? was very high and close to unity implying that C1 was

functionally related to elapsed time as: C1 = at"
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Fig.29. Effect of different tillage treatments on the infiltration rate (mm min™)

as a fuction of time during wheat season in silty clay soil.
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Fig.30. Effect of different tillage treatments on cumulative infiltration {(cm) as a
fuction of time during wheat season in silty clay soil.
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The magnitude of 'a’ indicated the cumulative infiltration at t = 1 and 'n' its rate of increase.
It was observed that the value of 'a' varied for different tillage treatment and the value of '’
increased with deep tillage.

The higher [R for DT compared with MT and CT are attributed to change in soil bulk
density and breaking of dense impervious pan by deep tillage. Lindstorm et al., (1984) also
found greater infiltration in the tilled clay loam soil than in no tilled plots.These findings
were also in agreement with the findings of Karim et al., (1983) and Reddy et af., (1983)
where they observed increased water intake in deep ploughing. Infiltration rates might
increase with deep ploughing due to decementation of the profile by deep cultivation (Vital ef

al.,1983).

4.6.1.2.Soil moisture depletion of the profile

The cumulative moisture depletion (CMD) of the profile during wheat growing
season as influenced by tillage treatments and moisture regimes is presented in fig.31. Under
any tillage level, CMD increased with time throughout the growing season under both
irrigated and rainfed situation. Under any tillage level, the moisture content in the profile
depleted slowly at the early growth stage of wheat and sharply at the vegetative and
reproductive stages and again gradually at ripening stage regardless of moisture regimes. The
rate of moisture depletion was faster in irrigated plots than in rainfed plots. With the passage
of time the differences in CMD among the tillage treatments increased under both irigated
and rainfed conditions. For example at 30days after sowing (DAS) the CMD for MT, CT and
DT were 15..5, 18.0 and 18.0 mm; at 60 DAS the CMD for MT CT and DT were 37.0, 44.0
and 49.0 mm: and at 90 DAS the CMD for MT CT and DT were 49.0, 56.0 and 66.0 mm
under rainfed condition . Under irrigated condition, the CMD at 30 DAS for MT, CT and DT
were 22.5, 21.5 and 24 mm, at 60 DAS the CMD for MT, CT and DT were 61.5, 63.5 and
69.0 mm and at 90 DAS the CMD for MT, CT and DT were 93.0, 98.0 and 107.0 mm.
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Higher rate of soil moisture depletion during vegetative and reproductive stage may
indicate higher extraction of soil profile moisture by wheat during these growth stages.
Moisture depletion was higher in plots having deep tillage. This may be due to higher
vegetative growth and better root proliferation in deep-tillage plots which might have
encouraged increased absorption of water by the crop. Higher moisture depletion in DT
compared to MT was also observed by Karim et al., (1983), Lindstorm er af., (1984), and
Nyborg and Malhi (1989). The higher cumulative soil moisture depletion by wheat grown
under DT indicates that deep tillage may be a useful practice (or wheat to utilize considerably
greater residual moisture from the soil profile and thus grow and yield well even in rainfed
condition.,
4.6.1.3. Tillage effect on moisture retention characteristics

The effect of tillage on moisture retention characteristics in the top 0-10 cm soil layer
is shown in figure 32. The soil moisture retention curve relates the soil water content to
metric potential or metric suction of soil. The moisture content of soil decreased due to the
draining of larger pores initially and progressively followed by smaller pores, causing an
increased i tension above 0 bar on MPa, Thus the shape of the moisture retention curve
shows the picture with which the water is extracted from the o1l for any applied suction and
gives the content of moisture retained in the soil against the suction. In this study the tillage
treatment did not remarkably influence the soil moisture retention characteristics at any
suction.
The moisture retention curve in general, indicated that the soil remain near saturation up to
about n‘\l Pa value of 0.10, which corresponded to a tension of 100 cm of water. This implied
that the \sAEil was devoid of large pores as could be expected for alluvial soil where course
sand are practically absent. Moisture content of the soil decreased sharply with increasing
suction apphed to the soil up to 5 MPa and then decreased gradually with further increase of
suction. The lack of evidence on the influence of tillage treatments on moisture retention
characteristics may be attributed to the fact that measurement of moisture retention was made
at the end of cropping season, about 100 days after sowing. It might be possible that during
this period the soil particles settled down and thereby nullified the influence of tillage

treatment on moisture retention characteristics.
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4.6.1.4. Total water use
The total water use by wheat during the rabi season as influenced by tillage and

moisture regimes is presented in Table 33. Under both imigated and rainfed conditions,
different tillage considerably influence the total water use by wheat. Under both moisture
regimes, the highest value of water use was obtained in the DT plots and the lowest values in
the MT plots. Conventional tillage showed intermediate values. In general, total water use
increased with increasing depth of tillage in both the moisture regimes. Higher water use in
plots having deep tillage may be explained by increased water retention in the profile. A
comparison of water use under similar tillage trcatments in the two moisture regimes
revealed that water use was comparatively higher for crops grown under irrigated condition
than those grown under rainfed plots. This was obviously due to a more favorable soil
moisture condition in the irrigated plots. Besides, comparatively better vegetative growth and
better root proliferation under irrigated condition might have encouraged increased
absorption of water by the wheat root system. This present findings were in agreement with
the findings of Rahman and Islam (1987) where they observed higher values of total water

use in deep-tilled plots compared to conventionally tilled ones.

Table 33. Influence of different tillage levels and moisture regimes on the total water use
by wheat crop during rabi season in silty clay soil.

Tillage Irrigation water | Profile moisture | Rain fall during Total water
practices applied (cm) depletion (cm) crop growing use (cm)
period{cm)
Rainfed
MT Nil 5.2 Nil 52
CT Nil 59 Nil 59
DT Nil 7.0 Nil 7.0
— Irrigated
MT 14.5 10.1 Nil 24.9
CT 14.5 10.5 Nil 25:3
DT 14.5 11.6 " Nil 26.4
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4.6.2. Growth parameters and yield components
4.6.2.1.Root growth

Tillage treatments and moisture regimes markedly influenced root length density
was considéfam_grggté_r_in the upper soil layer than at greater depth. Regardless of tillage
level and moisture regime, about 80% of the total root length was distributed in the 0-30 cm
soil layer. The roots did not grow well very deep but were still present at 50-60 cm soil depth
although minimally. Root penetration was significantly higher in the DT plots than in the CT
or MT plots. Irrespective of moisture regime, the growth of wheat roots was mostly restricted
to the 0-20- cm soil layer under MT or CT and to the 0-30 cm soil layer under DT plots.
Regardless of tillage treatments, the rainfed plots gave lower RLD values than irrigated plots.
The application of nrigation water increased the RLD up to 20 cm soil depth in MT and CT
and up to 30 cm soil depth in DT plots.

Table 34, Effect of tillage levels and moisture regimes on root length density (cm cm™ )
of wheat at different soil depth.

Soil depth Minimum tillage Conventional tillage Deep tillage
(cm)

Irigated Rainfed Irmigated Rainfed Irrigated Rainfed

0-10 1.52 1.08 1.61 1.32 1.38 1.18
10-20 1.26 1.20 1.56 1.42 1.68 1.43
20-30 0.80 0.74 1.01 0.94 1.16 1.25
30-40 0.48 0.45 0.40 0.43 0.48 0.55
40-50 0.28 0.26 0.22 0.20 0.30 0.28

50-60 0.12 0.10 0.09 0.08 0.14 0.12
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Regardless of tillage trcatments, the rainfed plots gave lower RLD values than
irrigated plots. The application of irrigation water increased the RLD up to 20 ¢cm soil depth
in MT and CT and up to 30 cm soil depth in DT plots. Neither moisture regime nor tillage
level affected the RLD in the deeper soil layer. Deep tillage encouraged vertical penetration
of wheat roots in the soil. Loosening of the soil in deep tillage through breaking the hardpan
showed a favorable effect on the vertical penetration of roots. Similar effects of deep tillage

on root growth have been reported by Ehlers et al, (1983) and Chaney et a/. (1985).

4.6.2.2. Plant height and tiller production

The plant hetght and the number of tillers at maturity as affected by moisture regimes
and tillage systems are presented in Table 35 and ANOVA in Appendix Table 10.1-10.2.
Tillage level did not influence the plant height under any moisture regime. A comparison of
plant height under the two moisture regimes for any given tillage treatment revealed that,
irrigation significantly increased the plant height over the rainfed situation. Tillage level and
moisture regime significantly influenced the number of tillers at maturity. Under both
imgated and rainfed conditions, the DT plots produced significantly higher number of tillers
than either MT or CT treatment. A comparison of tiller production in the two moisture
regimes under similar tillage treatment reveled that, at all tillage system irrigation

significantly increased the number of tillers as compared with rainfed situation.
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Table 35. Effect of tillage treatments and moisture regimes on plant height and number

of tillers at maturity

Tillage practices

Moisture regimes

Rainfed Irrigated Diff.
Plant height (cm)
MT 66.8 a 740 a T
CT 683 a 77.0a - 8.8%*
DT 69.5 a 76.5a = FA**
Number of tillers per m’
MT 242b 321b =79 ¥4
CT 238b 331b -94 **
DT 264 a 373 a -109 **

** = Significant at 1% level.

For each yield parameter means in a column followed by a common letter are not

significantly different at the 5% level by DMRT.

Parameters CV (%) Comparison S.E.D.
Plant height 4.0 2- T x M means 2.1

2- M means 1.2
No. of tillers 3.8 2-Tx M 8.0

LSD (5%}

4.4
25
17.0
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4.6.2.3. Yield component

The yield components of wheat as affected by tillage and moisture regimes are shown
in Table 36 and ANOVA in Appendix Table 10.3-10.6. The number of panicles/m’, number
of grains/panicle and 1000 grain weight increased with an increase in tillage depth. The
highest number of panicles/m®, grains/panicles and maximum 1000 grain weight were
observed for deep tillage under rainfed condition. Under irrigated condition, MT and CT
produced statistically similar and significantly lower number of panicles/m’ compared with
DT plots. On the other hand, CT and DT gave statistically similar and significantly higher
number of panicles/m:Z and 1000 grain weight than MT. Irrigated plots produced
significantly higher number of panicles/m2 and grains per panicle under all tillage treatments
than the rainfed plots. Regardless of tillage level, irrigation significantly decreased the
percentage of unfilled grain. Iirespective of moisture regime, increasing tillage depth
decreased the percentage of unfilled grains. The highest percent of unfilled grain was

observed with MT and the lowest percent was noted with DT.

4.6.3. Grain and straw yields of wheat

Moisture regime and tillage level significantly influenced the grain and straw yield of
wheat (Table 37 and ANOVA in Appendix Table 10.7-10.8.). Under both irrigated and
rainfed conditions, wheat yield was higher with deep tillage. Under rainfed condition, the
grain and straw yields of wheat increased with an increase in the depth of tillage, while under
irrigated situation, the influence of MT and CT on grain yield was identical and DT produced
significantly higher grain yield. The straw yield of wheat under trrigated condition also
increased with increasing tillage depth. The breaking of hard pan by deep tillage provided a
larger soil volume available to the roots. Favorable soi! physical properties, greater nutrient
absorbing surface area, greater root density in deeper layer and, good harvest and better
utilization of soil profile moisture by the wheat plant under deep tillage could be the reason
of enhanced grain yield under deep tillage. The results indicated that DT could be a useful
practice for growing wheat under rainfed condition by enabling the wheat plants to exploit

the residual soil moisture in the deeper soil layers.
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Table 36. Effect of Tillage practices and moisture regimes on the yield component of
wheat.
Tillage practices Moisture regimes
Rainfed Irrigated Diff.
No. of panicles /m’
MT 178.0c 2538b - 75.8%*
G 188.5b 258.3b -~ 69.8**
DT 2083 a 290.8a - 82.5*
No. of filled grains /panicle
MT 23:25¢ 27.00b - 375k
CT 2450b 28.50a - 4,00%*
DT 2750 a 28.75a = 1 25%%
1000 grain weight (gram)
MT 3409 ¢ 3573 b - 1.64ns
Cil- 3297b 36.10a <3l 3%*
DT 3233 a 3553 a « 320%™
Percent unfilled grain
T-mean Diff.

MT 383 3.65 3.74 a 0.18ns
CT 3.73 3.53 3.63 ab 0.20ns
DT 3.65 348 3.56b 0.18ns

M-mean 3.73 3.55 3.64 0.18%*

**= Sjgnificant at 1% level; *= Significant at 5% level ; ns= Not significant.
For each parameter means in a column followed by a common letter are not significantly different at the 5%

level by DMRT.

Parameters CV (%) Comparison S.E.D. LSD (5%)
No. of panicles/m2 29 2- Tx M means 48 10.2

2- T means 3.4 7.2

2- M means 2.8 5.9
No. of grains/panicle 2.7 2- Tx M means 0.51 1.08
1000 grain weight 4.2 2- Tx M means 1.03 2.19

2- M means 0.59 1.26
Sterility percent 3.8 2- Tx M means 0.10 021

2- M means 0.06 0.12
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Table 37. Effect of Tillage depth and moisture regimes on the grain and straw yield
(kg/ha) of wheat.
Tillage practices Moisture regimes
Rainfed | Irrigated | Diff.
Grain yield
MT 1336.00 ¢ 257475 b - 1136.25%*
CT 1509.75 b 2618.75b - 1109.00**
DT 1879.25 a 2806.75 a - 927.50%*

Straw yield.

MT 1942.25c 3469.25 ¢ - 1527 .00%*
CT 2038.00 b 3588.00b - 1550.00**
DT 254775 a 384550 a - 1297.75%*

** = Significant at 1% level.
For each yield parameter mearns in a column followed by a common letter are not

significantly different at the 5% level by DMRT.

Parameters CV (%) Comparison S.E.D. LSD (5%}
Gain yield 4.15 2-Tillage x Moisture 35.49 75.65

Straw yield 5.90 2-Tillage x Moisture 36.61 82.31
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Considering grain yleld with MT as 100%, the yicld increase under irrigated
condition amounted 10.90% with DT and 10.17% with CT (Table 38). The highest yield
increase (14.06%) due to tillage was obtained with DT under rainfed condition. The higher
rainfed wheat yield recorded from decp tillage plots may be attributed to greater cumulative
utilization of soil profile moisture, a fact supported by the observed RLD patterns (Table 34).
The higher number of panicles per m”, number of grains per panicles and 1000 filled grain
welght, and decreased percent unfilled grain with increasing tillage depth supported these
results. Similar findings were also reported by Karim et al., (1983), Chaudhury ez al., (1985)
and Rahman and Istam (1987).

The 1rrigated plots generally produced significantly higher grain and straw yield than
the rainfed plots under different tillage levels (Table 37). For example the grain vield for MT,
CT and DT were 2574.75, 2618.75 and 2806.75 kg/ha under irmgated condition and 1336.00,
1509.79 and 1779.25 kg/ha under rainfed situation. This was obviously due to more
favorable soil moisture condition in the irrigated plots. Relatively higher soil moisture
content and lower soil bulk density during growing season may have improved the soil
physical condition for root growth and increased nutrient availability irrespective of tillage

system may explain the results.

Table 38. Grain yield increase (%) due to tillage systems under nrrigated and rainfed

condition
Tillage systems Grain yield increase (%) due to tillage sysiems
Rainfed Irrnigated
Conventional Tillage 11.30 10.17
Deep Tillage 14.06 10.90

4.6.4. Water use elficiency (WUE)

The effectiveness of water use by a crop in increasing the yield of grain and straw is
generally described in terms of WUE. It is the ratio of grain yield or straw yield (o the water
uscd. The WUE estimated for the wheat crop is presented in Table 39. The effect of tillage
and moisture regime interactions on the WUE of wheat crop was found significant. Under

rainfed condition, DT significantly increased the WUE of wheat over CT or MT. On the
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5. Summary and conclusions

Six field experiments were conducted at the Bangladesh Rice Research Institute,

—

Gazipur on Gray Terrace Soil (Chhiata Series) to study (i) the effect of varying combination

of water regime, tillage level and applied N dose on some physico-chemical characteristics

and N availability of soil; (ii) the tillage-water-N interaction effects on the growth, yield and

mineral nutrition of rice and post-rice wheat. The following treatments were used in different

experiments-

*

Expt. 1: three levels of tillage i.e. zero tillage (ZT), reduced tillage (RT) and conventional
tillage (CT) and, four levels of N (0, 60, 80 and 100 kg/ha);

Expt. 2: lour moisture regimes i.e. continuous submergence (CS), and irnigation at 4, 7
and 10 days after disappearance of standing water (4 DW, 7 DW and 10 DW) and, four N
levels (0, 40, 80 and 120 kg/ha);

Expt. 3; two moisture regimes (irrigated and rainfed) and three tillage levels (ZT, RT and
CT);

Expt. 4: two moisture regimes (irrigated and rainfed), three tillage levels (ZT, RT and
CT) and, three N levels (0, 100 and 140 kg/ha);

Expt. 5: three tillage levels 1.e. ZT, RT and deep tillage (DT) and four N levels (0, 60, 80
and 100 kg/ha);

Expt. 6: three tillage levels 1.e. minimum tillage (MT), CT and DT and, two moisture
regimes (irrigated and rainfed).

The tillage intensities were no ploughing for ZT, one shallow ploughing which scrapped

the surface soil for MT, two ploughings followed by two ladderings for RT, and five

ploughings followed by four ladderings for CT. The tillage depths were 3-4 ¢cm for MT, 12-

14 cm for CT and 20-22 cm for DT. RT represented the same depth as CT, except the

intensity.

The findings of these studies are summarized below:

Tillage intensification for wetland rice increased the soil pH, CEC, and available NH4
—

and NOs-N and decreased the organic matter, available P and exchangeable K in the post

rice surface soil {0-10 cm). Reduction of percolation rate and, thus a slower passage of

soluble nutrients de¢per into the soil profile with tillage intensification may be the causes
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of these changes, contrary to slower release of nutrients, accumulation of organic residues
and less disturbance of the plough layer under ZT.

During the early period of wet season rice i.e. 0-15 DAT, the NH4-N concentration in soil
increased and remained at the peak from 15 to 30 DAT. The NHy-N concentration
decreased sharply between 30 and 60 DAT, and then gradually upto maturity, irrespective
of tillage intensity and N doses. The sharp reduction in NH4-N content from 30 to 60
DAT may be duc to an increased uptake of NH4-N by the vigorously growing plants and
may indicate a higher requirements of N fertilization during this growth stage.
Continuous submergence maintained a higher NH4;-N concentration in rice soil
throughout the growing period. Water deficit depressed the NH4-N content of the soil,
and the effect was more prominent at a higher level of applied N. It is obvious that under
aerobic condition the NH4-N is oxidized to NOi-N and under anaerobic condition the
resulting NO3-N is lost through denitrification, since NO3-N accumulated during water
deficit rapidly disappeared after flooding.

Increasing tillage intensity decreased soil bulk density (BD) which varied with soil depth
at different tillage treatments. Relatively compact layer of high bulk density (1.52-1.60
g/cm3) of 5-7 cm thickness was observed at 15-25 cm below the soil surface indicating
the presence of a hard pan situation. The soil bulk density increased with time during the
rice growing season may be due to settling of soil particles with time.

Increasing tillage intensity decreased the soil penetration resistance (SPR) in wet soil
while in dry condition previously puddled (CT) soil had a higher SPR than unpuddled
(ZT) soil resulting physical limitations for the establishment of post rice crops.

Puddling (CT) decreased the soil temperature in the 0-10 cm soil layer, atiributed to a
decrease in thermal conductivity associated to porosity. Lower organic matter content in
the top soil of CT, compared to NT plots, has also contributed to a decrease in soil
temperature.

Puddled (CT) soil held more water at a given soil moisture tension compared to RT and
ZT treatments.

Soil puddled for transplanted Aman rice cultivation took longer period to dry after
drainage of water at harvest and attained higher bulk density and penetration resistance in

dry condition than the no-till soil, causing adverse situation for subsequent wheat crop.
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The CT treatment decreased the percolation rate compared with the RT and ZT
treatments. In the puddled soil, the percolation rate increased with increasing tillage
depth. It is assumed that the sealing of micropores with fine particles translocated during
puddhing predominantly caused formation of a semipermeable layer just beneath the
puddled top soil. This semipermeable layer was mostly responsible for the low
percolation rate of the puddled soil. However, breaking of dense impervious pan by DT
enhanced the percolation rate.

Both the cumulative infiitration (CI) and infiltration rate (IR) through the soil profile
during wheat growing period decreased with CT and increased with an increase in tillage
depth in the order of DT>MT>CT, presumably due to breaking of dense impervious pan
and decementation of the profile by deep cultivation.

The DT plots showed a slightly greater depletion of soil profile moisture than other
tillage treated plots during wheat growing season because of higher vegetative growth
and better root proliferation in deep tilled soil. The rate of soil moisture depletion was
faster in the irrigated plots than the rainfed plots, obviously due to better vegetative
growth and better root proliferation under irrigated condition.

The soi] profile moisture content depleted rapidly at vegetative and reproductive phases
of wheat indicating a greater water requirements during these growth stages.

Rainfed wheat utilized water more efficiently than irrigated wheat. The maximum WUE
values were observed in DT plots under rainfed condition. Thus it may be assumed that
deep tillage enables wheat to be grown under rainfed condition utilizing more soil profile
residual moisture.

Tillage treatments had a positive influence on root growth of wheat. Loosening of the soil
in DT through breaking of the hardpan showed a favorable effect on the vertical
penetration of roots.

Water deficit decreased root growth of rice and wheat. The increase in soil sirength due
to bulk density effect in water deficit plots may be considered as a contributory factor for
this decrease in root growth. Rice roots were mostly confined to the 0-10 cm soil layer
while about 80% of the total root length of wheat was distributed within 30 cm soil depth,

rice being a shallow rooted compared to wheat which is relatively a deep rooted cereal
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crop. However, incase of rice plant , nitrogen fertilization had a positive influence on root
growth,

In general, the tilled plots produced relatively higher yicld than no-tilled plots. The RT or
MT produced similar yield of rice and wheat as CT plots.

The grain and straw yield of wheat increased with an increase in the depth of tillage,

while rice yield was not influenced by tillage depth. As the wheat is relatively a deep
rooted crop than rice, the breaking of hardpan by deep tillage provided a larger soil

volume available to the wheat roots. Thus favorable soil physical properties, greater
nutrient absorbing surface area, greater root density in deeper layer and better utilization
of soil profile moisture by the wheat plant under DT could bc the reason for this
enhanced grain yield of wheat. The result also indicated that DT could be a useful
practice for growing wheat under rainfed condition for the exploitation of residual soil
profile moisture in the deeper sofl layers.

The application of N fertilizer led to better nutrition of the rice and wheat throughout the
growing period enhancing vegetative growth and yield contributing parameters.
Increasing N application upto 60 kg/ha in T.Aman and 120 kg/ha in Boro increased the
grain and straw yield of rice but upto 140 kg/ha increased the wheat yield.

The yield increase due to tillage treatments was higher at the zero or lower level of
applied N compared to higher N doses; under rainfed condition compared to irigated
condition, particularly for wheat yield. Tillage did not influence wheat yield under
irrigated condition at any N level while under rainfed situation the CT plots produced
higher vield at 100 kg applied N/ha indicating increased N use efficiency in tilled soil
under rainfed condition. Favorable soil physical condition for root growth and increased
nutrient availability under irrigated condition may have masked the tillage effect resulting
no yield differences among tillage treatments in irrigated plots.

Increasing tillage intensity increased the P content in grain, and decreased the Zn content
in straw of wheat under irrigated condition and K content in grain under rainfed situation.

A lower concentration of N in wheat under the ZT X O-N treatment combination

supported the contention that N is less available in no-ll soil.
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Nitrogen application increased the N, K, Mg, Mn and Zn concentration and decreased the
P concentration in rice and wheat. The application of fertihzer N established good crop
growth and root system, which aids the extraction of larger proportion of soil nutrients.
Water deficit decreased the P, K, Mg, Ca, Fe and Zn and increased the Mn and Cu
concentration in rice and wheat.

Rice plant absorbed more N from puddled (CT) soil than from unpuddled (ZT) soil.
Tillage intensity increased the N recovery percent and decreased the physiological
efficiency at any applied N level because of increased total N uptake by crop with “till”
than “no-till”” soil. Increasing applied N up to a certain limit increased the total N uptake
by both rice and wheat crop because the increase in N supply not only increased the N
content in plant but also resulted a higher dry matter production. But increasing N dose
decreased the agronomic and physiological efficiency and N recovery percent of the

applied N fertilizer.

Irrigated rice extracted more N, P, K, Mg, Ca, Fe, Mn and Zn from the soil than crops

without irrigation due to exploitation of a larger volume of a soil by plant roots in

X
[

association with a favorable soil physical condition and increased nutrient availability, 'I

causing increased grain and straw yield under irrigated condition. Dry matter production l

with improved soil moisture increased the agronomic and physiological efficiency and N /

recovery percent of applied N. [’

The following conclusions were drawn from the results of the study:

1.

Increasing the tillage intensity beyond two ploughings may not be needed for wetland
rice in silty clay soils.

The zero tillage practice for transplanted rice is more suitable than CT (puddled soil) in
terms of some physical properties of soil e.g. water retention capacity, moisture content,
soil bulk density and soil penetration resistance for growing wheat after rice in a rice-
wheat cropping system.

Deep tillage may enable wheat to grow well under rainfed condition utilizing soil profile
residual moisture in silty clay soil. Intensive tillage may not be advisable for wheat afier
transplanted aman rice.

Nitrogen doses ofwan, 120 kg/ha in Boro for rice and 140 kg/ha for

wheat may be adequate resembling the experimental conditions.
R e /

L
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5. Rice may utilize applied N more efficiently in “no-till"” than “till” soil. Under rainfed
condition wheat may require more N in zero or reduced tillage than under conventional
tillage to produce similar grain yield.

6. In the dry season, continuous submergence of soil for a transplanted modern variety of
rice may be beneficial under conditions of liberal supply of water to achieve a target yield
of 6 t/ha. Intermittent irrigation of the rice crop, where irrigation is provided 4 days after
disappearance of standing water, can be practiced under conditions of limited water
supply to obtain a target yield of 5.5 t/ha.

7. The present study opens avenues for investigation with different soil types and the
evaluation of long-term effects of different tillage practices under varying cropping

patterns.

\‘\3
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APPENDICES

Appendix Table 1. Morphological characteristics of soil profile of experimental site (Chhiata

series)

Location: West byde, Block B, Plot 33

Coordinates: Lat. 23° 59' 09" and Long. 90° 24' 03"

Soil/Senies:

Chhiata

Taxonomic classification: Aeric Haplaquept

Date of Examination: May 3, 1999

Physiographic position: Mid terrace

Slope: 2%

Vegetation/Land use: Rice and wheat plot

Parent material: Madhupur clay

Drainage: Poorly drained

Depth of groundwater: 150 cm.

Evidence of erosion: None

Flooding/Inundation (Depth & duration): Seasonally flooded by rain water upto 15 ¢cm for 2-

3 days.

Horizon | Depth (cm) Description

Apl 0-18 Grayish brown (10 YR 5/2) moist, silty clay, very firm, sticky and
plastic; weak fine and medium sub angular blocky structure; many fine
distinct clear strong brown (7.5 YR 5/6) mottles (iron stain along root
channels); common fine continuous vertical and oblique inped tubular
pores; many fine and medium roots; pH 6.9; gradual smooth boundary.

Ap2g 18-35 Gray (10 YR 5/1) moist, heavy clay, very firm, very sticky and very

plastic; weak medium and coarse sub angular blocky structure; many
fine and medium faint diffuse light olive brown (2.5 Y 5/4)mottles; few
fine continuous vertical inped tubular pores; common fine roots; pH
6.9; gradual smooth boundary.
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C4
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and below
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Light gray (10 YR 6/1) moist, silty clay; very firm, very sticky and
very plastic; weak medium and coarse sub angular blocky structure;
many fine distinct clear strong brown (7.5 YR 5/8) mottles; many very
fine and fine continuous vertical inped tubular pores; few soft + hard
embedded calcareous gravel, very few fine roots; pH 7.0; sharp
smooth boundary.

With thin (0.5 cm) layer of micaceous silt (whitish) on top of the
horizon. Gray (10 YR 6/1) moist, silty clay; firm, sticky and plastic;
weak medium sub angular blocky structure; many fine distinct clear
yellowish red (5 YR 5/8) mottles; many fine continuous vertical inped
tubular pores; few small hard spherical Fe-Mn concretions; very few
fine roots; clear smooth boundary; pH 6.9.

Gray (10 YR 6/1) moist, silty clay, firm, sticky and plastic; weak
medium and coarse sub angular blocky structure; many fine distinct
clear yellowish red (5 YR 5/8) mottles (iron stain along root channels);
common fine continuous vertical inped tubular pores; very few fine
roots; clear smooth boundary; pH6.8.

Light gray (10 YR 6/1) moist, silty clay; slightly firm, sticky and
plastic, weak medium and coarse breaking to fine sub angular blocky
structure; many fine distinct clear strong brown (7.5 YR 5/8) mottles;
many fine continuous vertical inped tubular pores; very few fine roots:
gradual smooth boundary; pH 6.5.

Light gray (2.5 YN 6/) moist, silty clay; slightly firm, sticky and
plastic; very weak medium and coarse angular and sub angular blocky
structure; many fine and medium distinct clear yellowish brown (10
YR 5/8)mottles; many soft and hard spherical Fe-Mn concretions; pH
6.5.

Appendix Table 2. Correlation of the experimental field soil with different classification systems

Soil General soil | Agro FAO/ th I 1
. USD t 7 t
Series | Type Ecological | UNESCO e gstemaly™ eyt \
(BraJ_nmer. 8. [danss Sub Group | Great group | Sub- Order |
classification) | (AEZ) Briter |
Chhiata | Grey Terrace | Modhupur | Dystric Aeric Haplaquepts | Aquepts | Inceptisol
Soil Tract Gleysol Haplaquepts
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Appendix Table 3. Average monthly potential evapotranspiration (mm/day) for Dhaka region of
Bangladesh, (From Karim and Akhand, 1992).

Region | Jan | Feb | March | April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

Dhaka 287 392 544 625 6.06 442 466 452 428 387 331 3.02

Appendix Table 4. Crop co-efficient (Kc) for rice and wheat, (From Karim and Akhand, 1992).

Crop Jan | Feb | March | April | May | June |July | Aug. | Sept. | Oct. | Nov. | Dec.

Aus S : 110 115 130 100 - - - - B

T.Aman - = - - - - - 1.L10 1.5 130 1.00

Boro 1.15 125 1.00 - - - - - - - 1.00

Wheat 1.15 020 - = - - - - - 0.50 0.75
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Appendix Table 5. Analysis of variance of experiment 1 with split- plot design ; main plot
is tillage and sub plot is N level.

Sources of Degree of Sum of squares Mean square F-value
variation freedom

NH;-N
5.1.15 DT
Replication (R) 3 (0.54432 0.18144 <1
Tillage (T) 2 23.15365 11.57683 2.83 ns
Error (A) 6 24.58780 4.09797
Nitrogen (N) 3 43.96990 14.65663 14.59%*
TxN 6 5.72856 0.95476 <l
Error (B) 27 27.13034 1.00483
Total 47 125.11457
5.2. 30 DT
Replication (R) 3 5.30712 1.76904 1.12 ns
Tillage (T) 2 26.46245 13.23122 8.37*
Error (A) 6 9.48553 1.58092
Nitrogen (N) 3 88.72952 29.57650 62.63**
TxN 6 3.47193 0.57865 1.23 ns
Error (B) 27 12.75086 0.47225
Total 47 146.20743
5.3.45DT
Replication(R) 3 57.99805 19.33268 23.91%*
Tillage (T) 2 2.83508 1.41754 1.75 ns
Error (A} 6 4.85191 (.80865
Nitrogen (N) 3 44.77205 14.92401 25.40%*
TxN 6 5.12511 0.85418 1.45 ns
Error (B) 27 15.86200 0.58748

(Contd. Appendix Table 5)
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Sources of vaniation Degree of Sum of Mean square F-value

freedom squares
54.60 DT
Replication (R) 3 2.85464 0.95154 1.66 ns
Tillage (T) 2 4.45820 2.22910 2.70 ns
Error (A) 6 4.94229 0.82371
Nitrogen (N) 3 40.34377 13.44792 32.54**
TxN 6 2.41766 0.40294 <1
Error (B) 27 11.15741 0.41223
Total 47 66.17399
5.5.75 DT
Replication (R) 3 4.7680G0 1.58933 2.14 ns
Tillage (T) 2 3.05776 1.52888 2.06 ns
Error (A) 6 4.45250 0.74208
Nitrogen (N) 3 11.62437 3.87479 31.88%*
TxN 6 3.86798 0.64466 S.34*
Error (B) 27 3.28168 0.12154
Total 47 31.05232
5.6. 90 DT
Replication (R ) 3 3.82303 1.27434 4.15 ns
Tillage (T) 2 0.08686 0.04343 <]
Error (A) 6 1.84335 0.30722
Nitrogen (N) 3 3.75303 1.25101 S.10w*
TxN 6 1.38615 0.24523 <1
Error (B) 27 6.62128
Total 47 17.51373
5.7.105 DT
Replication ( R ) 3 1.14917 0.38305 <1
Tillage (T) 2 4.10510 2.05255 3.02 ns
Error (A) 6 4.07839 0.67973
Nitrogen (N) 3 10.64297 3.54765 19.19%*
TxN 6 5.09239 0.84873 4,59+
Error (B) 27 4.99145 0.18486
Total 47

(Contd. Appendix Table 5)
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Sources of variation Degree of Sum of Mean square F-value
freedom squares
NO;:-N

5.8. 15DT

Replication (R) 3 0.03002 0.01000 1.10 ns
Tillage (T) 2 (0.09332 0.04666 5.11 ns
Error (A) 6 0.05482 0.00913

Nitrogen (N) 3 0.23887 0.07962 18:45%
TxN 6 (0.03057 0.00509 1.16ns
Error (B) 27 0.11848 0.00438

Total 47 0.56609

5.9.30 DT

Replication (R) 3 0.02811 0.00937 2.09 ns
Tillage (T) 2 0.04745 0.02372 5.28*
Error (A) 6 0.02694 0.00449

Nitrogen (N) 3 0.36830 0.12276 49.08**
TxN 6 0.02371 0.00395 1.58 ns
Error (B) 27 0.06753 0.00250

Total 47 0.56206

5.10.45 DT

Replication (R) 3 0.13108 0.04369 1.96 ns
Tillage (T) 2 0.04239 0.02118 <]
Error (A) 6 0.13365 0.02275

Nitrogen (N} 3 1.58690 0.52896 8.30**
TxN 6 0.25853 0.04308 <1
Error (B) 27 1.71988 0.06369

Total 47 3.87244
5.11. 60 DT
Replication (R) 3 0.12164 0.04054 <1
Tillage (T) 2 1.50123 0.75061 13.33*+
Error (A) 6 0.33774 0.05629
Nitrogen (N) 3 2.89342 0.96447 322 %*
TxN 6 1.51906 0.25317 8.40%*
Error (B) 27 0.80841 0.02994

Total 47 7.18152

(Contd. Appendix Table 5)
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Sources of variation Degree of Sum of Mean square F-value
freedom squares

5.12. 75 DT

Replication ( R ) 3 0.65861 0.21953 220 ns
Tillage (T) 2 0.55451 0.27725 2.78 ns
Error (A) 6 0.59938 (0.09989

Nitrogen (N) 3 2.26475 0.75491 9.64**
TxN 6 0.25235 0.04205 <1
Error (B) 27 2.11465 0.07832

Total 47 6.44426

5.13.90DT

Replication (R) 3 0.21390 0.07130 6.48%*
Tillage (T) 2 0.00940 0.00470 <1
Error (A) 6 0.06601 0.01100
Nitrogen (N) 3 0.79227 0.26409 23.49%
TxN 6 0.02749 0.00458 <1
Error (B) 27 0.30356 0.01124

Total 47 1.41264

5.14.105 DT

Replication (R) 3 1.15200 0.38400 19.75%*
Tillage (T) 2 0.47208 0.23604 12.14%*
Error (A) 6 0.11666 001944

Nitrogen (N) 3 0.93320 0.31106 35.41%*
TxN 6 0.45851 0.07641 8.70%*
Error (B) 27 0.23715 0.00878

Total 47 3.36963

Plant height

5.15.5 WT

Replication (R) 3 120.50 40.17 12.94%*
Tillage (T) 2 8.37 4.19 1.37ns
Error (A) 6 18.62 3.10

Nitrogen (N) 3 532.17 177.39 51.02%*
TxN 6 59.46 9.91 2.85%
Error (B) 27 93.87 3.48

Total 47 833.00

(Contd. Appendix Table 5)
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Sources of vanation Degree of Sum of Mean square F-value
freedom squares
5.16. Maturity
Replication ( R) 3 369.23 123.08 37.00**
Tillage (T) 2 178.04 89.02 26.76**
Error (A) 6 19.96 3.33
Nitrogen (N) 3 1220.89 406.96 33.34%*
TxN 6 22.79 3.80 <1
Error (B) 27 329.56 12.21
Total 47 2140.48
Tillers/m’
517.5 WT
Replication ® 3 16647.73 5549.24 3.19ns
Tillage (T) 2 16370.17 8§185.08 4.70ns
Error (A) 6 10447.83 1741.30
Nitrogen (N) 3 71428.56 23809.52 204,93 **
TxN 6 286(.00 476.67 5.90%*
Error (B) 27 2179.68 80.73
Total 47 119933.98
5.18. Maturity
Replication ( R ) 3 969.56 323.18 1.84ns
Tillage (T) 2 3023..37 1511.68 8.58*
Error (A) 6 1056.62 176.10
Nitrogen (N) 3 17284.56 5761.52 58.83%*
TxN 6 777.62 129.60 1.32ns
Error (B) 27 2644.06 97.93
Total 47 25755.81
5.19. Panicle/m’
Replication (R ) 3 732.73 244.24 3.43ns
Tillage (T) 2 1968.17 984..08 13.82%*
Error (A) 6 427.33 7122
Nitrogen (N) 3 9845.39 3281.80 28.64**
TxN 6 1432.67 238.78 2.08ns
Error (B) 27 3064.19 114.60
Total 47 17500.48

(Contd. Appendix Table 5)
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Sources of variation Degree of Sum of Mean square F-value

freedom squares
5.20. Grain/panicle
Replication ( R ) 3 466.06 155.35 2.79ns
Tillage (T) 2 504.29 252.15 4.52ns
Error (A) 6 334.37 55.73
Nitrogen (N) 3 4356.06 1452.02 9.79**
TxN 6 266.87 44 .48 <1
Error (B) 27 4005.81 148.36
Total 47 9933.48
5.21. Percent unfilled grain
Replication ( R ) 3 20.50 6.83 2.58ns
Tillage (T) p: 1.29 0.64 <1
Error (A) 6 15.87 2.64
Nitrogen (N) 3 90.57 30.17 17.66**
TxN 6 34.37 5.73 335"
Error (B) 27 46.12 17
Total 47 208.67
5.22. 1000 Grain weight
Replication ( R) 3 12.79 4.26 4,93*
Tillage (T) 2 2.24 1.12 1.30ns
Error (A) 6 5.18 0.86
Nitrogen (N) 3 0.87 0.29 <1
TxN 6 1.98 0.33 1.04ns
Error (B) 27 8.58 0.32
Total 47 31.65
5.23. Grain yield
Replication ( R ) 3 0.424 0.141 2.61ns
Tillage (T) 2 0.247 0.124 2.28ns
Error (A) 6 0.325 0.054
Nitrogen (N) 3 9.735 3.245 189.79%*
TxN 6 0.280 0.046 2.73*
Error (B) 27 0.462 0.017
Total 47 11.474

(Contd. Appendix Table 5)
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Sources of variation | Degree of Sum of Mean square F-value

freedom squares
5.24. Straw yield
Replication ( R ) 3 0.555 0.185 3.04ns
Tillage (T) 2 1.575 0.787 12.91**
Error (A) 6 0.366 0.061
Nitrogen (N) 3 20.924 6.974 396.22%*
TxN 6 0.037 0.006 <1
Error (B) 27 0.475 0.017
Total 47 23.933

N-Content (%)

5.25. Shoot
Replication ( R ) 3 0.087 0.029 <1
Tillage (T) 2 0.430 0.215 4.57*
Ertor (A) 6 0.280 0.047
Nitrogen (N) 3 1.315 0.438 12.34%*
TxN 6 0.264 0.044 1.24ns
Error (B) 27 0.959 0.035
Total 47 3.336
5.26. Grain
Replication (R) 3 0.034 0.011 10:23%%
Tillage (T) 2 0.031 0.015 13.73%*
Error (A) o 0.006 0.001
Nitrogen (N) 3 0.172 0.057 23.47%*
TxN 6 0.025 0.004 1.70ns
Error (B) a7 0.066 0.002
Total 47 0.335
3.27. Straw_
Replication (R ) 3 0.0070 0.0023 3.97ns
Tillage (T) 2 0.0031 0.0015 2.62ns
Error (A) 6 0.0035 0.0005
Nitrogen (N) 3 0.1057 0.0352 59.24*%
TxN 6 0.0035 0.0006 <1
Error (B) 27 0.0170 0.0006
Total 47 0.1399

(Contd. Appendix Table 5)
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Sources of variation Degree of Sum of squares Mean square F-vahie
freedom
N Use efficiency
5.28. N-uptake
Replication (R) 3 234.06 78.02 5.44*
Tillage (T) 2 264.57 132.28 9.22*
Error (A} 6 86.10 14.35
Nitrogen (N) 3 5293.61 1764.53 250.57**
TxN 6 98.17 16.36 2.32ns
Error (B) 27 190.13 7.04
Total 47 6166.65
5.29. Kg grain/kg applied N
Replication (R) 3 81.39 27.13 3.07ns
Tillage (T) 2 27.12 13.56 1.53ns
Error (A) 6 53.04 8.84
Nitrogen (N) 3 1637.06 545.86 190.57*
TxN 6 65.37 10.89 3.81**
Error (B) 27 T3 2.86
Total 47 1941.31
5.30. kg grain/kg absorbed N
Replication (R) 3 214.79 71.59 15.:69%*
Tillage (T) 2 135.93 67.96 14.90%*
Error (A) 6 27.37 4.56
Nitrogen (N) 3 2163.61 721.20 92.85%*
TxN 6 92.93 15.48 1.99ns
Error (B) 27 209.73 7.76
Total 47 284437
5.31. kg absorbed N/100 kg applied N
Replication (R} 3 227.83 75.94 2.69ns
Tillage (T) 2 185.17 92.58 5.08 *
Ermror (A) 6 109.17 18.19
Nitrogen (N) 3 8455.50 2818.50 177 39%*
TxN 6 149.00 24.83 1.56ns
Error (B) 27 429.00 15.89
Total 47 9555.67

(Contd. Appendix Table 5)
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Appendix Table 6. Analysis of variance of experiment 2 with split- plot design ; main
plot is moisture regimes and sub plot is N levels.
Sources of variation Degree of Sum of squares Mean square F-value
freedom
NH4-N at 45 DT
6.1. 0-10 em.
Replication (R) 3 0.65101 (0.21700 <1
Moisture regimes (M) 3 470.776 156.925 176.00**
Error (A) 9 8.02452 0.89161
Nitrogen (N) 3 902.476 300.825 659.85**
MXN 9 216.305 24.0339 S2.72%*
Error (B) 36 16.4123 (0.45589
Total 63 1614.64
6.2. 10-20 cm.
Replication (R) 3 3.24476 1.08148 5.02%
Moisture regimes (M) 3 21.8246 7.27487 33.79"*
Error (A) 9 1.93751 021527
Niirogen (N) 3 10.3496 3.44988 1679
MXN 9 3.31407 0.36823 1.79 ns
Error (B) 36 7.39724 0.20547
Total 63 48.0678
NH4-N at 65 DT
Replication (R} 3 1.37628 0.45842 <1
Moisture regimes (M) 3 24.4923 8.16411 1-93%*
Error (A) 9 9.26298 1.02922
Nitrogen (N) 3 33.0560 11.0186 95.06**
M XN 9 0.66663 0.07407 <1
Error (B) 36 4.17287 0.11591
Total 63 73.0261

(Contd. Appendix Table 6)
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Sources of vanation Degree of Sum of squares Mean square F-value
freedom
6.4. 10-20 cm.
Replication (R) 3 0.97095 0.32365 [.06 ns
Moisture regimes (M) 3 1.17679 0.39226 1.29 ns
Error (A) 9 2.74723 0.30524
Nitrogen (N) 3 2.50366 0.83455 7.19%*
MXN 9 1.70142 0.18904 1.63 ns
Error (B) 36 4.17703 0.11602
Total 63 13.2771
NO;-N at 45 DT
6.5.0-10 cm.
Replication (R) 3 0.34969 0.11656 234 ns
Moisture regimes (M) 3 0.30680 0.10226 2.06 ns
Error (A) 9 0.44763 0.04972
Nitrogen (N) 3 0.50857 0.16952 1.90 ns
MXN 9 0.28185 0.03131 |
Error (B) 36 3.21784 0.08938
Total 63 5.11241
6.6. 10-20 cm.
Replication (R) 3 0.42013 0.14004 2.35ns
Moisture regimes (M) 3 1.67665 0.55888 9 38**
Error (A) 9 0.53610 0.05956
Nitrogen (N) 3 0.02793 0.00931 <1
MXN 9 0.05090 0.00565 <1
Error (B) 36 1.02966 0.02860
Total 63 3.74139
NO:-N at 65 DT
6.7. 0-10 em.
Replication (R) 3 0.47140 0.15713 <1
Moisture regimes (M) 3 4.54930 1.51643 2.37 ns
Error (A) 9 5.75798 0.63977
Nitrogen (N) 4 0.88881 0.29627 GO
M XN 9 0.41896 0.04655 1.09 ns
Error (B) 36 1.54306 0.04286
Total 63 13.62954

{Contd. Appendix Table 6)
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Degree of freedom Sum of squares Mean square F-value
6.8. 10-20 cm. RN aes I
Replication (R) 3 1.71277 0.57092 2.53 ns
Moisture regimes (M) 3 6.05695 2.01898 8.93%*
Error (A) 9 2.03471 0.22607
Nitrogen (N) 3 0.39425 0.13141 1.57 ns
MXN 9 0.13678 0.01519 <1
Error (B) 36 3.00523 0.08347
Total 63 13.3407

Plant height
6.9. Active tillering
Replication (R) 3 43,4218 14.4739 3.95*
Moisture regimes (M) 3 183.296 61.0989 16.66**
Error (A) 9 33.0156 3.66840
Nitrogen (N) 3 212.421 70.8072 2] 3%
MXN 9 89.5156 9.94618 3.05%
Error (B) 36 117.312 3.25868
Total 63 678.984
6.10. Panicle
initiation
Replication (R) 3 28.9218 0.64062 1.00 ns
Moisture regimes (M) 3 118.546 39.5156 4.11%
Error (A) 9 86.5156 5.61284
Nitrogen (N) 3 1648.67 549.557 B2.3]1**
M XN 9 274.265 30.4739 §.12%
Error (B) 36 214312 5.95312
Total 63 237123
6.11. Maturity
Replication (R) 3 144.546 48.1822 1172%*
Moisture regimes (M) 3 282.171 94.0572 22.87
Error (A) 9 37.0156 4.11284
Nitrogen (N) 3 1605.17 535.057 116.26%*
M XN 9 164.890 18.3211 3.98%*
Error (B) 36 165.687 460243
Total 63 2399 .48

(Contd. Appendix Table 6)
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Sources of variation Degree of Sum of squares Mean square F-value
freedom
No. of tillers/m’
6.12. Active tillering
Replication (R) 3 21202.4 7067.47 4.28*
Moisture regimes (M) 3 1179.67 393.224 <1
Error (A) 9 14876.8 1652.98
Nitrogen (N) 3 214540 71513.4 694.32%**
MXN 9 6372.64 708.071 6.87**
Error (B) 36 3707.93 102.998
Total 63 261879
6.13. Panicle initiation
Replication (R) 3 4462.17 1487.39 <1
Moisture regimes (M) 3 6503.29 2167.76 <]
Error (A) 9 34168.0 3796.44
Nitrogen (N) 3 374337 124779 138.00%*
M XN 9 114839 12759.9 14.11%*
Error (B) 36 32551.0 904.196
Total 63 566861
6.14. Maturity
Replication (R) 3 166.312 55.4375 <1
Moisture regimes (M} 3 3277.06 1092.35 4 95*
Error (A) 9 1985.06 220.562
Nitrogen (N) 3 159260 53086.9 549 71 **
M XN 9 3645.06 405.006 4,19**
Error (B) 36 3476.62 96.5729
Total 63 171810
Root length density
6.15. 0-10 em.
Replication (R) 3 0.030716 0.015358 <1
Moisture regimes (M) 3 0.119666 0.039888 <1
Error (A) 9 0.468183 0.078030
Nitrogen (N) 3 0.478383 0.159461 8.79**
MXN 9 0.168850 0.018738 1.03 ns
Error (B) 36 0.43556 0.018148
Total 63 1.70116

{Contd. Appendix Table 6)
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Sources of variation | Degree of Sum of squares Mean square F-value

freedom
6.16.10-20 cm.
Replication (R) 3 0.000835 0.000418 1.18 ns
Moisture regimes (M) 3 0.002139 0.000713 2.01 ns
Error (A) 9 0.002129 0.000354
Nitrogen (N) 3 0.007056 0.002352 1'].52%*
MXN 9 0.001968 0.000218 1.07 ns
Error (B) 36 0.004900 0.000204
Total 63 0.019031
6.17. 20-30 c¢m.
Replication (R) 3 0.001654 0.000827 2.69 ns
Moisture regimes (M) 3 0.004166 0.001388 4,51 ns
Error (A) 9 0.001845 0.000307
Nitrogen (N) 3 0.001283 0.000427 2.50 ns
M XN 9 0.000816 0.000090 <1
Error (B) 36 0.004100 0.000170
Total 63 0.013866

Root mass density

6.18. 0-10 em.
Replication (R) 3 0.11141 0.03713 <]
Moisture regimes (M) 3 1.24051 0.41350 3.31ns
Error (A) 9 1.12480 0.12497
Nitrogen (N) 3 17.7910 5.93035 106.04**
MXN 9 3.23851 0.35983 6.43%*
Error (B) 36 2.01335 0.05592
Total 63 25.5196
6.19. 10-20 em.
Replication (R} 3 0.00467 0.00155 <]
Moisture regimes (M) 3 0.05259 0.01753 9.47%*
Error (A) 9 0.01666 0.00185
Nitrogen (N) 3 0.05722 0.01907 24.76**
M XN 9 0.00836 0.00092 1.21 ns
Error (B) 36 0.02773 0.00077
Total 63 0.16726

(Contd. Appendix Table 6)



Dhaka University Institutional Repository

209
Sources of variation | Degree of Sum of squares Mean square F-value
freedom
6.20. 20-30 cm.
Replication (R) 3 0.40604 0.13534 <1
Moisture regimes (M) 3 0.31957 0.10652 <1
Error (A) 9 1.35043 0.15004
Nitrogen (N) 3 0.38128 0.12709 <]
MXN 9 1.33189 0.14798 1.03 ns
Error (B) 36 5.19074 0.14418
Total 63 8.97999
Yield components
6.21. Panicles/m’
Replication (R) 3 448.812 149.604 <]
Moisture regimes (M) 3 713.812 237.537 <1
Error (A) 9 4151.31 461.256
Nitrogen (N) 3 131296 43765.6 566.98**
MXN 9 2028.81 225.423 2.92*
Error (B) 36 2778.87 77.1910
Total 63 141418
6.22. Grains/panicle
Replication (R) 3 127.250 42.4166 <]
Moisture regimes (M) 3 445.125 148.375 4.01*
Error (A) 9 332.625 36.9583
Nitrogen (N) 3 2374.37 791.458 LT3 1
M XN 9 373.000 41.4444 <]
Error (B) 36 1627.62 45.2118
Total 63 5280.00
6.23.Wt. of 1000
grain
Replication (R) 3 2.3056 0.76854 1.30 ns
Moisture regimes (M) 3 14,187 4,72729 8.00 *=*
Error (A) 9 5.3168 0.59076 54.58**
Nitrogen (N) 3 61.548 20.5160 2.50*
M XN 9 8.5493 0.93993
Error (B) 36 13.532 (0.37590
Total 63 105.344

{Contd. Appendix Table 6)
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Sources of variation | Degree of Sum of squares Mean square F-value
freedom
6.24. % unfilled
grains
Replication (R) 3 44.5625 14.8541 <1
Moisture regimes (M) 3 231.562 77.1875 4.72%
Error (A) 9 147.312 16.3680
Nitrogen (N) 3 316.062 105.354 19.24%*
MXN 9 119.812 13.3125 2343*
Error (B) 36 197.125 5.47569
Total 63 1026.43
6.25. Grain vield
Replication (R) 3 2220809 740269 19.87**
Moisture regimes (M) 3 8068161 2689387 T2.18%%
Error (A) 9 335333 37259
Nitrogen (N) 3 97681971 32560657 2124 .47%*
MXN 9 998096 110899 L2 qnE
Error (B) 36 551753 15326
Total 63 109856126
6.26. Straw vield
Replication (R} 3 758337 252779 1.71 ns
Moisture regimes (M) 3 3417269 1139089 190"
Error (A) 9 1331284 147920
Nitrogen (N) 3 89283597 29761199 706.22%*
MXN 9 393498 43722 1.04 ns
Error (B) 36 1517102 42141
Total 63 96701088
N-conent
6.27. Shoot at 45 DT
Replication (R) 3 0.98475 0.49237 3.58 s
Moisture regimes (M) 3 0.23227 0.07742 <]
Error (A) 9 0.82484 0.12747
Nitrogen (N) 3 6.64057 2.21352 51.71%*
MXN 9 0.70320 0.07813 1.83 ns
Error (B) 36 1.02740 0.04280
Total 63 10.4130

(Contd. Appendix Table 6)



Dhaka University Institutional Repository

211

Sources of variation | Degree of Sum of squares Mean square F-value
freedom

6.28. Shoot at 65 DT

Replication (R) 3 (.55542 0.27771 3.98 ns

Moisture regimes (M) 3 0.11881 0.03960 <1

Error (A) 9 0.41837 0.06972

Nitrogen (N) 3 5.83328 1.94442 234.74%*

MXN 9 0.17276 0.01919 2.32%

Error (B) 36 0.19880 0.00828

Total 63 7.29746

6.29.Straw

Replication (R) 3 0.00053 0.00026 <1

Moisture regimes (M) 3 0.05117 0.01705 1.89 ns

Error (A) 9 0.05424 0.00904

Nitrogen (N) 3 0.00102 0.00034 <1

M XN 9 0.00800 0.00088 <1

Error (B) 36 0.02515 0.00104

Total 63 0.14013

6.30. Grain

Replication (R) 3 0.00761 0.00380 2.01 ns

Moisture regimes (M) 3 0.02295 0.00765 4.05 ns

Error (A} 9 0.01136 0.00189

Nitrogen (N) 3 0.02858 0.00952 S.65%%

M XN 9 0.00933 0.00103 <1

Error (B) 36 0.04050 0.00168

Total 63 0.12034

6.31. P in straw

Replication (R) 3 0.00080 0.00040 1.3 ns

Moisture regimes (M) 3 0.01255 0.00418 13.55%**

Error (A) 9 0.00185 0.00030

Nitrogen (N) 3 0.00030 0.00010 1.20 ns

M XN 9 0.00086 0.00009 1.15 ns

Error (B) 36 0.00200 0.00008

Total 63 0.01837

(Contd. Appendix Table 6)
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Sources of variation | Degree of Sum of squares Mean square F-value

freedom
6.32. P in grain
Replication (R) 3 0.00152 (0.00076 7-81%
Moisture regimes (M) 3 0.00995 0.00331 3389
Error (A) 9 0.00058 0.00009
Nitrogen (N) 3 0.00048 0.00016 1.72 ns
MXN 9 0.00075 0.00008 <1
Error (B) 36 0.00228 0.00009
Total 63 0.01559
6.33. K in straw.
Replication (R) 3 0.02073 0.01036 <1
Moisture regimes (M) 3 0.26094 0.42031 3.66 ns
Error (A} 9 0.68979 0.11496
Nitrogen (N) 3 0.41034 0.136780 14.20%*
M XN 9 0.49217 0.05468 5.68%*
Error (B) 36 0.23113 0.00963
Total 63 3.10512
6.34. K in grain
Replication (R) 3 0.00557 0.00278 7.63*
Moisture regimes (M) 3 0.02335 0.00778 21.35%*
Error (A) 9 0.00218 0.00036
Nitrogen (N) 3 0.00030 0.00010 <1
MXN 9 0.00251 0.00027 1.10 ns
Error (B) 36 0.00610 0.00025
Total 63 0.04004
6.35. Ca in straw
Replication (R) 3 0.00018 0.00009 <1
Moisture regimes (M) 3 0.00617 0.00205 7.92%
Error (A) 9 0.00155 0.00025
Nitrogen (N) 3 0.00159 0.00053 1.34 ns
MXN 9 0.00512 0.00056 1.44 ns
Error (B) 36 0.00950 0.00039
Total 63 0.00950

{(Contd. Appendix Table 6)
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Sources of variation | Degree of Sum of squares Mean square F-value
freedom

6.36. Ca in grain

Replication (R) 3 0.00002 0.00001 <1

Moisture regimes (M) 3 0.00041 0.00013 2.70 ns

Error (A) 9 0.00030 0.00005

Nitrogen (N) 3 (.00005 0.00001 1.90 ns

M XN 9 0.00004 0.000004 <1

Error (B) 36 0.00022 0.000009

Total 63 0.00106

6.37. Mg in straw

Replication (R) 3 0.00398 0.00199 1.39 ns

Moisture regimes (M) 3 0.00349 0.00116 <1

Error (A) 9 0.00856 0.00142

Nitrogen (N) 3 0.00413 0.00137 2.68 ns

M XN 9 0.00290 0.00032 <l

Error (B) 36 0.01831 0.00051

Total 63 0.03738

6.38. Mg in grain

Replication (R) 3 0.000006 0.000003 <1

Moisture regimes (M) 3 0.004152 0.001384 6.18*

Error (A) 9 0.001344 0.000224

Nitrogen (N} 3 0.000163 0.000054 <1

MXN 9 0.002696 0.000299 <1

Error (B) 36 0007920 0.000330

Total 63 0.016283

6.39. Fe in straw

Replication (R) 3 272375 136.187 1.43 ns

Moisture regimes (M) 3 577.417 192.472 2.02 ns

Error (A} 9 570.958 95,1597

Nitrogen (N) 3 19.4166 6.47222 <l

MXN 9 805.083 89.4537 1.37 ns

Error (B) 36 1572.00 65.5000

Total 63 3817.25
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Sources of variation | Degree of Sum of squares Mean square F -value

freedom
6.40. Fe in prain
Replication (R) 3 3007.29 1503.64 <1
Moisture regimes (M) 3 20827.1 9942.39 6.5%
Error (A) 9 9170.70 1528.45
Nitrogen (N) 3 2711.16 903.722 1.41 ns
M XN 9 8514.66 946.074 1.47 ns
Error (B) 36 15400.7 641.694
Total 63 68631.7
6.41..Mn in straw
Replication (R) 3 15899.0 7949.52 1.84 ns
Moisture regimes (M) 3 385604 128534 29, 71%*
Error (A) 9 25955.1 4325.85
Nitrogen (N) 3 10598.0 3532.68 3.53%
MXN 9 25321.3 2813.48 2.81%
Error (B) 36 23995.8 999 826
Total 63 487373
6.42. Mn in grain
Replication (R) 3 14.8125 4.9375 <1
Moisture regimes (M) 3 70.8125 23.6041 4.44%*
Error (A) 9 47.8125 5.31250
Nitrogen (N) 3 22.0625 7.35416 2.49 ns
M XN 9 33.0625 3.67361 1.24 ns
Error (B) 36 70.3750 2.95486
Total 63 258.937
6.43. Zn_in straw
Replication (R) 3 525.875 262.937 1.68 ns
Moisture regimes (M) 3 1347.16 449.055 2.87 ns
Error (A) 9 038.958 156.493
Nitrogen (N) 3 659.833 219.944 3.47*
MXN 9 270.000 30.0000 <1
Error (B) 36 152117 63.3819
Total 63 5263.00

(Contd. Appendix Table 6)
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Sources of variation | Degree of Sum of squares Mean square F-value

freedom
6.44. Zn in grain
Replication (R) 3 0.50000 0.25000 <1
Moisture regimes (M) 3 7.41666 2.47222 3.07 ns
Error (A) 9 4.83333 0.80555
Nitrogen (N) 3 491666 1.63888 <1
MXN 5 12.9166 1.43518 <1
Error (B) 36 46.66606 1.94444
Total 63 77.2500
6.45..Cu _in straw
Replication (R) 3 23.5050 11.7525 3.71 ns
Moisture regimes (M) 3 80.1983 26.7327 8.44%
Error (A) 9 19.0066 13.1677
Nitrogen (N) 3 5.82500 1.94166 1.90 ns
MXN 9 3.48666 0.38740 <1
Error (B) 36 24.5283 1.02201
Total 63 156.550
6.46. Cu in grain
Replication (R) 3 16.2679 8.13395 3.72 ns
Moisture regimes (M) 3 216.960 72.3202 33,1 %*
Error (A) 9 13.1087 2.18479
Nitrogen (N) 3 4.81562 1.60520 1.36 ns
MXN 9 6.32354 0.70261 <]
Error (B) 36 28.24333 1.17680
Total 63 285.719
6.47. N-uptake
Replication (R) 3 160.221 80.1107 2.12 ns
Moisture regimes (M) 3 865.610 288.536 o™
Error (A) 9 226.266 37.7111
Nitrogen (N) 3 10129.4 3376.48 1804.37**
MXN 9 58.3056 6.47841 3.46**
Error (B) 36 44,9106 1.87128
Total 63 11484.7
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Sources of variation Degree of Sum of squares Mean square F-vailue

freedom
6.48. Kg grain/kg
anplied N
Replication (R) 3 14.2916 7.14583 <1
Moisture regimes (M) 3 307.416 102.472 6.32*
Error (A) - 97.2083 16.2013
Nitrogen (N) 3 10202.4 3400.80 669.93%*
MXN 9 154.750 17.1944 3.39*+
Error (B) 36 121.833 5.07639
Total 63 10897.9
6.49. K¢ grain /kg
absorbed N
Replication (R) 3 10.1250 5.06250 <1
Moisture regimes (M) 3 302.500 100.833 132 ns
Error (A) 9 459.875 76.6458
Nitrogen (N) 3 288.333 96.1111 9.18**
MXN 9 501.833 55.7592 5.32%>
Error (B) 36 251.333 10.4722
Total 63 1814.00
6.50. K¢ Nuntake
/100kg applied N
Replication (R) 3 21.1250 10.5652 1.48 ns
Moisture regimes (M) 3 174.729 58.2430 8.18*
Error (A) 9 42.7083 7.11806
Nitrogen (N) 3 11076.7 3692.24 1425.42%*
M XN 9 103.354 11.4838 4.43%*
Error (B) 36 62.1667 2.59028
Total 63 11480.8
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Appendix Table 7. Analysis of variance of experiment 3 with split-plot design ; main

plot 1s moisture regimes and sub plot is tillage.
Sources of variation | Degree of Sum of squares Mean square F-value

freedom
Soil drying
(For table 7.1 to 7.6, only tillage treatment were considered for statistical analysis)

7.1. (DWD
Replication (R) 3 8.66666 2.88888 <1
Tillage (T) 2 82.6666 41.3333 5.46*
Error 6 45.3333 7.55555
Total 11 136.666
7.2. SDWD
Replication (R) 3 8.00000 2.66666 <1
Tillage (T) 2 74.6666 373333 4.87 *
Error 6 46.0000 7.66666
Total 11 128.000
7.3.10 DWD
Replication (R) 3 8.66666 2.88888 <1
Tillage (T) 2 50.6666 25.3593 5.1IE*
Error 6 29.3333 4.88888
Total 11 88.6666
7.4. 15DWD
Replication (R) a 56.8333 18.9444 1.31ns
Tillage (T) 2 115.083 57.5416 4.00%
Error 6 86..3333 14.3611
Total 11 258.2493
7.5. 20DWD
Replication (R) 3 78.0000 26.0000 24.00**
Tillage (T) 2 38.1666 19.08333 1Fis2**
Error 6 6.50000 1.08333
Total 11 122.666

(Contd. Appendix Table7)
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Sources of variation Degree of Sum of squares Mean square F-value
freedom
7.6. 25DWD
Replication (R) 3 7.99856 2.67000 <1
Tillage (T) 2 83.0001 41.5000 5.49%
Error 6 45.3468 7.5578
Total 11 136.345
Grain and straw yield
7.7. Grain
Replication (R) 3 0.40475 0.13485 4.06 ns
Irrigation (1) 1 0.65670 0.65670 20.02**
Error (A) 3 0.09837 0.03279
Tillage (T) 2 0.00930 0.00465 <1
IxT 2 0.00163 0.00081 <]
Error (B) 12 0.06466 0.00538
Total 23 1.23526
7.8. Straw
Replication (R) 3 2.11377 0.70459 10.24%*
Irmigation (I) I (0.78120 0.78120 1gleB5*
Error (A) 3 (0.20637 0.06879
Tillage (T) 2 0.00232 0.00116 <1
IxT 2 0.03005 0.01502 <]
Error (B) 12 0.21082 0.01756
Total 23 3.34456
Nutrient content in straw and grain
7.9. N in straw
Replication (R) 3 0.0006 0.0002 <1
Irrigation (1) 1 0.0188 0.0188 14.46%*
Error (A) 3 0.0039 0.0013
Tillage (T) 2 0.0160 0.0080 7.53%*
IxT 2 0.0003 0.0002 <1
Error (B) 12 0.0127 0.0011
Total 23 0.0524

(Contd. Appendix Table 7)
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Sources of variation Degree of Sum of squares Mean square F-value
freedom

7.10. N in erain

-
Replication (R) 3 0.00854 0.00284 2.34 ns
[rrigation (I) 1 0.01450 0.01450 11.98**
Error (A) 3 0.00364 0.00121
Tillage (T) 2 0.00763 0.00381 1.15ns
IxT 2 0.00043 0.00021 <1
Error (B) 12 0.03993 0.00332
Total 23 0.074695
- 7.11. P in straw
Replication (R) 3 0.00055950 0.00018317 2.11 ns
[rrigation (I) 1 0.00000017 0.00000017 <1
Error (A) 3 0.00025950 0.00008650
Tillage (T) 2 0.00015008 0.000075404 2.61 ns
IxT 2 0.00012308 0.00006154 2.13 ns
Error (B) 12 0.00034550 0.00002879
Total 23 0.00142783
-
7.12. P in grain
Replication (R} 3 0.000454 0.000151 1.02 ns
Irrigation (1) 1 0.000035 0.000035 <1
Error (A) 3 0.000442 0.000147
Tillage (T) 2 0.000335 0.000167 1.01 ns
. IxT 2 0.000564 0.000282 1.69 ns
i Error (B) 12 0.002000 0.000166
Total 23 0.003831
7.13. K in straw
Replication (R) 3 0.10867 0.03622 <1
Irrigation (I) 1 0.01550 0.01550 <]
- Error (A) 3 0.15961 0.05320
Tillage (T) 2 0.20025 0.10012 2.15ns
IxT 2 0.03145 0.015729 <1
Error (B) 12 0.55988 0.04665
Total 23 1.07539
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Sources of variation Degree of Sum of squares Mean square F-value

freedom
7.14. K in grain
Replication (R) 3 0.001518 0.000506 -
Irrigation (1) 1 0.000120 0.000120 2.92 ns
Error (A) 3 0.000124 0.000041
Tillage (T) 2 0.000431 0.000215 244 ns
IxT 2 0.000066 0.000033 <1
Error (B) 12 0.001066 0.000088
Total 23 0.003325
7.15. Ca in straw
Replication (R) 3 0.00111 0.00037 <1
Irmigation (I) I 0.00013 0.00013 <1
Error (A) 3 (0.00326 0.00108
Tillage (T) 2 0.00132 0.00066 247 ns
IxT 2 0.00170 0.00085 3.18 ns
Error (B) 12 0.00321 0.00027
Total 23 0.01076
7.16. Ca in grain
Replication (R) 3 0.000145 0.000048 <l
Irrigation (I) 1 0.000937 0.000937 3.47 ns
Error (A) 3 0.000812 0.000270
Tillage (T) 2 0.000233 0.000116 1.11 ns
IxT 2 0.000700 0.000350 3.32ns
Error (B) 12 0.001266 0.000105
Total 23 0.004095
7.17. Mg in straw
Replication (R) 3 0.00208 0.00069 <1
Irrigation (1) 1 0.00080 0.00080 <1
Error (A) 3 0.00271 0.00090
Tillage (T) 2 0.00175 0.00087 6.10%
IxT 2 0.00062 0.00021 2.16 ns
Error (B) 12 0.00172 0.00014
Total 23 0.00971
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Sources of vartation Degree of Sum of squares Mean square F-value
freedom

7.18. Mg in grain

Replication (R) 3 0.0001944 0.0000648 <l

Irrigation (1) 1 0.0000033 0.0000033 <1

Error (A) 3 0.0002471 0.0000823

Tillage (T) 2 0.0000645 0.0000323 <1

IxT 2 0.0001592 0.0000796 2.44 ns

Error (B) 12 0.0003922 0.0000327

Total 23 0.001060

7.19. Fe in straw

Replication (R) 3 4625.00 1541.67 <1

Irrigation (I) 1 3952.67 3952.67 <1

Error (A) 3 214.333 71.4444

Tillage (T) 2 368.583 184.291 1.15ns

IxT 2 249.083 124.541 <1

Error (B) 12 1915.66 159.639

Total 23 11325.7

7.20. Fe in grain

Replication (R) 3 149.125 49.7083 <1

Irrigation (1) 1 9.37500 9.37500 <]

Error (A) 3 1778.12 592.708

Tillage (T) 2 80.0833 40.0416 1.16 ns

IxT 2 80.2500 45.1250 1.31 ns

Error (B) 12 413.000 34.4166

Total 23 2591.95

7.21. Mn in straw

Replication (R) 3 568592.45 189530.82 1.65 ns

Irrigation (1) 1 114678.37 114678.37 <1

Error (A) 3 462865.79 154288.59

Tillage (T) 2 368532.58 184266.29 1.30 ns

IxT 2 430879.75 215439.87 1.52 ns

Error (B) 12 1705213.0 142101.08

Total 23 3650761.96

(Contd. Appendix Table 7)
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Sources of variation Degree of Sum of squares Mean square F-value

freedom
7.22. Mn in grain
Replication (R} 2 48.8333 16.2777 <]
Irngation (I) 1 95.0000 95.0000 3.15ns
Error (A) 3 90.3333 30.1111
Tillage (T) 2 97.0000 48.5000 2.09 ns
IxT 2 16.0000 8.00000 <1
Error (B) 12 278.333 23.1944
Total 23 625.500
7.23. Zn in straw
Replication (R) 3 133.791 44,5972 <1
Irrigation (I) 1 108.375 108.375 <1
Error (A) 3 1033.46 344 486
Tillage (T) 2 371.583 185.791 15.27**
IxT 2 127.750 63.8750 525*
Error (B) 12 146.000 12.1666
Total 23 1920.96
7.24. Zn in grain
Replication (R) 3 11.0000 3.66667 <1
Irrigation (1) 1 2.66666 2.66667 <]
Error (A) 3 13.0000 4.33333
Tillage (T) 2 69.0833 34.5417 6.28%*
IxT 2 41.5833 20.7917 3.78 ns
Error (B) 12 66.0000 5.50000
Total 23 203.333
Replication (R) 3 0.9661 0.3220 <1
Irrigation (I) 1 0.0962 0.0962 <1
Error (A) 3 3.7600 1.2533
Tillage (T) 2 0.2037 0.1018 <1
IxT 2 0.2785 0.1392 <]
Error (B) 12 5.8415 0.4867
Total 23 11.146

{(Contd. Appendix Table 7}
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Sources of variation Degree of Sum of squares Mean square F-value
freedom

7.26. Cu in grain

Replication (R) 3 0.4262 0.1421 <1

Irrigation (1) 1 0.9640 0.9640 1.41 ns

Error (A) 3 2.0545 0.6848

Tillage (T) 2 1:1732 0.5866 2.26 ns

IxT P 0.1827 0.0914 <1

Error (B) 12 3.1203 2600

Total 23 7.9211

7.27. Total N untake

Replication (R) 3 41.0170 13.6723

Irrigation (1) 1 133.0574 133.0575 11,76 "**

Error (A) 3 33.9418 11.3139

Tillage (T) 2 7.8636 39318 1.57 ns

IxT 2 14.7457 7.3728 2.95ns

Error (B) 12 29.9960 2.4996

Total 23 260.6218

7.28. Total P uptake

Replication (R) 3 7.6930 2.5643

Irrigation (1) 1 4.6288 4.6288 .80 *

Error (A) 3 2.3584 0.7861

Tillage (T) 2 1.1805 0.5902 1.30 ns

IxT 2 1.3361 0.6680 1.47 ns

Error (B) 12 5.4486 0.4540

Total 23 22.6457

{Contd. Appendix Table 7)
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Sources of variation Degree of Sum of squares Mean square F-value
freedom

7.29. Total K untake

Replication (R) 3 113.8385 37.9461

Irmgation (I) 1 966.7242 966.7242 1213 %»

Error (A) 3 238.9825 79.6608

Tillage (T) 2 563.1137 281.5568 227 ns

IxT 2 10.1806 5.0903 <1

Error (B) 12 1485.3626 123.7802

Total 23 3378.2023

7.30.Total Ca uptake

Replication (R) 3 1.4884 0.4961

[rrigation (I) 1 0.0580 0.0580 e |

Error (A) 3 15.8491 5.2830

Tillage (T) 2 2.1712 1.0856 476 *

IxT 2 4.5993 2.2996 10.07 **

Error (B) 12 2.7392 0.2282

Total 23 26.9054

7.31.Total Mg untake

Replication (R) 3 7.1981 2.3993

Irrigation (T) 1 13.8776 13.8776 7.26 *

Error (A) 3 5.7335 1.9111

Tillage (T) 2 1.7989 0.8994 1.42 ns

IxT 2 1.1236 0.5618 <]

Error (B) 12 7.6161 0.6346

Total 23 37.3479

7.32. Total Fe uptake

Replication (R) 3 0.0680 0.0226

[rrigation (I) 1 0.1650 0.1650 12.99 **

Error (A) 3 0.0382 0.0127

Tillage (T) 2 0.0097 0.0048 <]

IxT 2 0.0082 0.0041 <1

Error (B) 12 0.0660 0.0055

Total 23 0.3552
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Sources of variation Degree of Sum of squares Mean square F-value

freedom
7.33.Total Mn uptake
Replication (R) 3 0.1982 0.0660
[rrigation (1) 1 0.4902 0.4902 50.00 **
Error (A) 3 0.0294 0.0098
Tillage (T) 2 0.0364 0.0182 <1
IxT 2 0.1372 0.0686 1.47 ns
Error (B) 12 0.5608 0.0467
Total 23 1.4524
7.34. Total Zn uptake
Replication (R) 3 00503 0.00167
Irrigation (I) 1 0.01601 0.01601 3.59 *
Error (A) 3 0.01335 0.00445
Tillage (T) 2 0.00823 0.00411 8.72 **
IxT 2 0.00023 0.00012 <]
Error (B) 12 0.00566 0.00047
Total 23 0.04853
7.35. Total Cu uptake
Replication (R) 3 0.000033 0.000011
Irrigation (I) 1 0.000066 0.000066 2.00 ns
Error (A) 3 0.000100 0.600033
Tillage (T) 2 0.000025 0.000012 <1
IxT 2 0.000058 0.000029 1.11 ns
Error (B) 12 0.000316 0.000026
Total 23 0.000600
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Appendix Table 8. Analysis of variance of experiment 4 with split- split plot design; main
plot is moisture regimes, sub-plot is tillage and sub-sub plot is N
levels.

Sources of variation | Degree of Sum of squares Mean square | F-value

freedom
Plant height

8.1. Maximum tillering

Replication (R) 3 181.611 60.5370 1.18 ns

Moisture regimes (M) 1 193.389 193.388 3.79*

Error (A) 3 152.722 50.9074

Tillage (T) 2 75.8611 37.9305 3.53 ns

MxT 2 36.8611 18.4305 1.72 ns

Error (B) 12 128.833 10.7351

Nitrogen (N) 2 503.3611 251.680 28.46%*

MXN 2 32.8611 16.4305 1.86 ns

TxN 4 19.6388 4.90972 <1

MxTxN 4 279.388 69.7847 i

Error (C) 36 318.333 8.84459

Total 71 1922.61

8.2. Booting stage

Replication (R) 3 526.597 175.532 2.82 ns

Moisture regimes (M) 1 728.347 728.347 L1.73%*

Error (A) 3 186.152 62.0509

Tillage (T) 2 109.777 54.8888 22.98%*

MxT 2 19.1111 9.55556 4.00*

Error (B) 12 28.6666 2.38889

Nitrogen (N) 2 3917.19 1958.60 73.73%*

MXN 2 52.6944 26.3472 <1

TxN 4 63.8055 15.9513 <1

MxTxN 4 397.972 99.4930 375*

Error (C) 36 956.333 26.5648

Total 71 6986.65

8.3. Maturity

Replication (R) 3 450.333 150.111 1.22 ns

Moisture regimes (M) 1 1334.72 1334.722 10.93%*

Error (A) 3 366.500 122.167

(Contd. Appendix Table 8)
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Sources of variation | Degree of Sum of squares Mean square | F-value

freedom
Tillage (T) 2 330.361 165.180 5.48*
MxT 2 361.833 30.1527 <1
Error (B) 12 5158.86 2579.43 83.52%%
Nitrogen (N) 2 103.527 51.7638 1.68 ns
MXN 2 100.222 25.0555 <1
TxN 4 794.889 198.722 6.43%%
MxTxN 4 1111.83 30.8842
Error (C) 36 10164.44
Total 71

Tillers/m’

8.4. Maximum tillering
Replication (R) 3 209244.27 9748.09 <1
Moisture regimes 1 276768.00 276768.00 12.72%*
(M)
Error (A) 3 65256.33 21752.11
Tillage (T) 2 32780.77 16390.39 <l
MxT 2 332360.33 166180.16 5.42%
Error (B) 12 367724.22 30643.68
Nitrogen (N) 2 348068.69 174034.34 13.87**
MXN 2 88254.75 44127.37 3.52*
TxN 4 58153.89 14538.47 1.16 ns
MxTxN + 120981.66 30245.42 2.41 ns
Error (C) 36 451575.67 12543.77
Total 71 2171168.61
8.5. Booting stage
Replication (R) 3 99215.9 33071.79 17.08**
Moisture regimes 1 57347.55 57347.55 29.62**
(M)
Error (A) 3 5810.55 1936.85
Tillage (T) 2 18957.25 9478.62 <]
MxT 2 172992.36 80496.18 T.27*
Error (B) 12 142776.39 11898.03
Nitrogen (N) 2 80633.58 40316.79 4.68%
MXN 2 3934.19 1967.09 <1
TxN 4 36614.66 9153.67 1.06 ns
MxTxN 4 39748.39 9937.09 1.15ns
Error (C) 36 310295.17 8617.19
Total 71 968249.50
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Dhaka University Institutional Repository

228

Sources of variation | Degree of Sum of squares Mean square | F-value

freedom
8.6. Maturity
Replication (R) 3 43121.15 14373.71 <]
Moisture regimes 1 70642.01 70642.01 3.04 ns
(M)
Error (A) 3 69627.48 23209.16
Tillage (T) 2 7551.08 3775.54 1.26 ns
MxT 2 5821.02 2910.52 <1
Error (B) 12 35828.11 2985.67
Nitrogen (N) 2 34827.25 17413.62 3.45%
MXN 2 11558.69 5779.34 1.14 ns
TxN 4 25632.67 6408.17 1.27 ns
MxTxN 4 7006.89 1751.73 <1
Error (C) 36 181848.50 5051.34
Total 71 493464.87

Yield components

8.7. Panicle/m’
Replication (R) 3 29299.15 0766.38 <]
Moisture regimes 1 123753.12 123753.12 3:85*
(M)
Error (A) 3 63443.04 21147.68
Tillage (T) 2 8775.52 4387.76 1.23 ns
MxT 2 4147.25 1073.62 <1
Error (B) 12 42662.55 3555.21
Nitrogen (N) 2 33549.52 16774.76 3.30*
MXN 2 11010.25 55.5.12 1.08 ns
TxN 4 37798.47 9449 61 1.86 ns
MxTxN 4 12104.75 3026.18 <l
Error (C) 36 182737.00 5076.03
Total 71 547280.65

(Contd. Appendix Table 8)
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Sources of variation | Degree of Sum of squares Mean square | F-value

freedom
Nitrogen (N} 2 15.199 7.599 8.78%*
MXN 2 8.273 4.136 4.78%*
TxN 4 14.552 3.638 4.20*
MxTxN 4 6.378 1.594 1.84 ns
Error (C) 36 31.153 0.865
Total 71 105.183

Grain and straw yield

8.11. Grain 3
Replication (R) 1 357922415 1193074.72 [8.84%*
Moisture regimes 3 17053773.35 17053773.35  270.60**
(M)
Error (A) 189092.71 63030.90
Tillage (T) 2 94563.69 47281.85 243 ns
MxT 12 247922.86 123961.43 6.37*
Error (B) 2 233509.89 19459.16
Nitrogen (N) 2 42279928.69 2113996435  444.67**
MXN 4 536748.69 268374.35 S:65**
TxN ) 443141.81 110785.45 233 ns
MxTxN 36 811474.97 202867.74 4.27%%*
Error (C) 71 1711460.50 47540.57
Total 67180837.32
8.12. Straw
Replication (R) 3 5669723 .4 1889907.8 556
Moisture regimes (M) 1 171991125 17199112.5 50.61%*
Error (A) 3 1019501.2 339833.7
Tillage (T) 2 950283.5 475141.8 2.96 ns
MxT 2 205171.8 102585.9 <1
Error (B) 12 1924411.4 160367.6
Nitrogen (N) 2 82798837.5 41399418.8 249.87**
MXN 2 683805.5 341902.8 2.06 ns
TxN - 2183271.5 545817.9 20
MxTxN 4 2194054.9 548513.7 331
Error (C) 36 5964656.5 165684.9
Total 71 120792829.8

(Contd. Appendix Table 8)



Dhaka University Institutional Repository

2311,

Sources of variation | Degree of Sum of squares Mean square | F-value
freedom

Mineral nutrition
8.13. N in straw

Replication (R) 3 0.05682 0.01894

Moisture regimes (M) 1 0.00073 0.00073 <1
Error (A} 3 0.00971 0.00323

Tillage (T) 2 0.00380 0.00190 1.08 ns
MxT 2 0.00726 0.00363 2.07 ns
Error (B) 12 0.02108 0.00175

Nitrogen (N) g2 0.02501 0.01250 5:57*
MXN 2 0.00173 0.00086 <1
TxN 4 0.02972 0.00743 3.31*
MxTxN 4 0.00722 0.00180 <1
Error (C) 36 0.08090 0.00224

Total 71 0.24403

8.14. N in grain

Replication (R) 3 0.1700 0.0566

Moisture regimes (M) 1 0.0503 0.0503 2.44 ns
Error (A} 3 0.0618 0.0206

Tillage (T) 2 0.0982 0.0491 <1
MxT 2 0.0275 0.0137 <1
Error (B) 12 0.7785 0.0648

Nitrogen (N) 2 0.8305 0.4152 14.38**
MXN 2 0.0744 0.0372 1.29 ns
TxN 4 0.1024 0.0256 <1
MxTxN 4 0.0713 0.0178 <1
Error (C) 36 1.0397 0.0288

Total 2l 3.3006

8.15. P in straw

Replication (R) 3 0.0083 0.0027

Moisture regimes (M) 1 0.0034 0.0034 1.09 ns
Error (A) 3 0.0094 0.0031

Tillage (T) 2 0.0092 0.0046 1.74 ns
MxT 2 0.0074 0.0037 1.41 ns
Error (B) 12 0.0317 0.0026

Nitrogen (N) 2 0.0138 0.0069 2.38 ns
MXN 2 0087 0.0042 1.50 ns
TxN 4 0.0138 0.0034 1.19ns
MxTxN 4 0.0179 0.0044 1.55ns
Error (C) 36 0.1047 0.0029

Total i (0.2287

(Contd. Appendix Table 8)
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Sources of variation | Degree of Sum of squares Mean square | F-value
freedom

8.16. P in grain

Replication (R) 3 0.00982 0.00327

Moisture regimes (M) 1 0.00031 0.00031 <1

Error (A) 3 0.00467 0.00155

Tillage (T) 2 0.01017 0.00508 7.3 1%

MxT 2 0.00930 0.00465 6.69*

Error (B) 12 0.00834 0.00069

Nitrogen (N) 2 0.03987 0.01993 28.67*%

MXN 2 0.00053 0.00026 <l

TxN 4 0.00997 0.00249 3:59%

MxTxN 4 0.00178 0.00044 <1

Error (C) 36 0.02503 0.00069

Total 71 0.11983

8.17. K in straw

Replication (R) 3 0.0646 0.0215

Moisture regimes (M) 1 0.6612 0.6612 J1:p8%*

Error (A) 3 0.1798 0.0599

Tillage (T) 2 0.3250 0.1625 14.43%*

MxT 2 0.1797 0.0898 7.08%*

Error (B) 12 0.1351 0.0112

Nitrogen (N} 2 0.3786 0.1893 15.40%*

MXN 2 0.0025 0.0012 <1

TxN 4 0.1522 0.0380 auLo*

MxTxN 4 0.1372 0.0343 2.79*

Error (C) 36 0.4425 0.0123

Total 71 2.6589

8.18. K in grain

Replication (R) 3 0.0189 0.0063

Moisture regimes (M) 1 0.0000 0.0000

Error (A) 3 0.0001 0.0000

Tillage (T) 2 0.0018 0.0009 2.58 nis

MxT 2 0.0108 0.0054 15.:39%*

Error (B) 12 0.0042 0.0004

Nitrogen (N) 2 0.0133 0.0066 43.79%*

MXN 2 0.0011 0.0003 355*

TxN + 0.0013 0.0001 2.09 ns

MxTxN 4 0.0004 0.0002 L |

Error (C) 36 0.0055

Total 71 0.0574

(Contd. Appendix Table 8)
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Sources of vanation | Degree of Sum of squares Mean square | F-value

freedom
8.19. Fe in straw
Replication (R) 3 471.61 157.203
Moisture regimes (M) 1 2,72 2.72 <1
Error (A) 3 2973.61 991.20
Tillage (T) 2 23301.44 11650.72 5.45%
MxT 2 314.77 157.39 <1
Error (B) 12 25673.11 2139.42
Nitrogen (N) 2 3374.19 1687.09 <1
MXN 2 3363.69 1681.84 <]
TxN 4 11505.97 2876.49 1.05 ns
MxTxN 4 9637.80 2409.45 <1
Error (C) 36 98469.66 2735.26
Total 7l 179088.61
8.20. Fe in grain
Replication (R) 3 1847.48 615.82
Moisture regimes (M) 1 58.68 58.68 19.45%*
Error (A) 3 9.04 3.01
Tillage (T) e 140.58 70.29 <l
MxT 2 2225.52 1112.76 B.51*
Error (B) 12 2423 88 201.99
Nitrogen (N) 2 628.08 314.04 2.55ns
MXN 2 871.36 435.68 3.54*
TxN 4 1292.58 323.14 2.62 ns
MxTxN 4 288.80 72.20 <1
Error (C) 36 4435.83 123.21
Total Fil 14221.87
8.21. Zn in straw
Replication (R) 3 310.50 103.50
Moisture regimes (M) 1 8.00 8.00 <1
Error (A) 3 393.44 131.14
Tillage (T) 2 359.19 179.59 19.82%*
MxT 2 466.75 233.37 25:.70%*
Error (B) 12 108.72 9.06
Nitrogen (N) 2 36.11 18.05 <1
MXN 2 151.00 75.50 371 *
TxN 4 36.05 9.01 <1
MxTxN 4 209.00 52.28 2.57 ns
Error (C) 36 731.83 20.32
Total 71 281061

(Contd. Appendix Table 8)
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Sources of vaniation | Degree of Sum of squares Mean square | F-value
freedom

8.22. 7Zn in grain

Replication (R} 3 746.33 248.77

Moisture regimes (M) 1 10.88 10.88 <]

Error (A) 3 84.55 28.18

Tillage (T) 2 117.36 58.68 1.85 ns

MxT 2 548.69 274.34 8.63%*

Error (B) 12 381.27 31.77

Nitrogen (N) 2 155.19 17.59 2.71 ns

MXN 2 123.69 61.84 2.16 ns

TxN 4 24439 61.09 2.13 ns

MxTxN 4 24.22 6.05 <l

Error (C) 36 1031.83 28.66

Total 71 3468.44

8.23. Mn_in straw

Replication (R) 3 104.26 34.75

Moisture regimes (M) 1 6.12 6.12 <1

Error (A) 3 241.37 80.45

Tillage (T) 2 167.19 83.59 1.64 ns

MxT 2 18.25 9.12 %]

Error (B) 12 612.11 51.00

Nitrogen (N) 2 198.36 99.18 2.42 ns

MXN 2 549.25 274.62 6.70%*

TxN 4 166.88 41.72 1.02 ns

MxTxN 4 467.00 116.75 2.85%

Error (C) 36 1474.50 40.95

Total 71 4005.32

8.24. Mn in grain

Replication (R) 3 481.93 160.64

Moisture regimes (M) 1 572.34 572.34 28.60%*

Error (A) 3 61.48 20.49

Tillage (T) 2 174.52 87.26 2.25ns

MxT 2 125.36 62.68 1.62 ns

Error (B) 12 465.00 38.75

Nitrogen (N) 2 276.02 138.01 0.28%

MXN 2 88.69 44.34 2.98 ns

TxN 4 243.80 60.95 4. 10%*

MxTxN 4 83.47 20.86 1.40 ns

Error (C) 36 535:33 14.87

Total 71 3107.98

{Contd. Appendix Table 8)
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Sources of variation | Degree of Sum of squares Mean square | F-value
freedom
8.25. Cu in straw
Replication (R) 3 4.11 1.37
Moisture regimes (M) 1 1.24 1.24 2.88 ns
Error (A) 3 1:30 0.43
Tillage (T) 2 1.64 0.82 <1
MxT 2 8.63 4.31 3.76 ns
Error (B) 12 13.76 1.14
Nitrogen {N) 2 0.28 0.14 <]
MXN 2 1.18 0.59 3.39%
TxN 4 0.47 0.12 <1
MxTxN 4 1.62 0.40 2.33 ns
Error (C) 36 6.27 0.17
Total 71 40.54
8.26. Cu in grain
Replication (R) 3 9.62 3.20
Moisture regimes (M) | 1.66 1.66 <1
Error (A) 3 7.72 2.57
Tillage (T) 2 1.40 0.70 <]
MxT 2 0.87 493 6.50*
Error (B) 12 9.11 0.76
Nitrogen (N) 2 1.53 0.76 1.64 ns
MXN 2 0.16 0.08 <]
TxN 4 1.10 0.27 |
MxTxN 4 0.72 0.18 <1
Error (C) 36 16.86 0.46
Total 71 59.80
N Use efficiency
8.27. N uptake
Replication (R) 3 2299.11 766.37.37
Moisture regimes (M) 1 10416.05 10416.05 381 25%*
Error (A) 3 81.94 2731
Tillage (T) 2 25.86 12.93 <]
MxT 2 286.02 143.01 1.06 ns
Error (B) 12 1617.44 134.78
Nitrogen (N) 2 41149.69 20574.84 267.35%%
MXN 2 706.02 353.01 4.59*
TxN 4 685.88 171.47 2.23 ns
MxTxN 4 317.88 79.47 1.03 ns
Error (C) 36 2770.50 76.95
Total 71 60356.44

(Contd. Appendix Table 8)
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Sources of variation | Degree of Sum of squares Mean square | F-value

freedom
8.28. K¢ grain/kg absorbed N
Replication (R) 3 11.59 3.86
Moisture regimes (M) 1 62.34 62.34 25.03%%
Error (A) 3 7.48 2.49
Tillage (T) 2 24.69 12.34 <1
MxT 2 13.02 6.51 <1
Error (B) 12 170.5 14.20
Nitrogen (N) 2 17252 86.26 17.09%*
MXN 2 30.36 15.18 3.01 ns
TxN 4 17.14 4.28 <]
MxTxN 4 17.63 4.40 <1
Error (C) 36 181.67 5.04
Total 71 708.98
8.29. Kg N uptake/100 ke N applied
Replication (R) 3 236.37 78.79
Moisture regimes (M) 1 1020.01 1020.03 64.92%*
Error (A) 3 17.15 15.71
Tillage (T) 2 60.52 30.26 <1
MxT 2 253.36 126.68 1.02 ns
Error (B) 12 1492.55 124.37
Nitrogen (N) 2 28983.02 14491.51 278.36%*
MXN 2 627.19 313.59 Gi02**
TxN -+ 551.63 137.90 2.65*
MxTxN 4 311.30 77.82 1.49 ns
Error (C) 36 1874.17 52.06
Total 71 35457.32
8.30. K¢ grain/ke applied N
Replication (R) 3 69.94 23.31
Moisture regimes (M) 1 72.00 72.00 194.59%*
Error (A) 3 1.11 0.37
Tillage (T) 2 21.33 10.66 1.07 ns
MxT 2 52.33 26.17 2.61 ns
Error (B) 12 120.11 10.00
Nitrogen (N) 2 3220.33 1610.17 422.08%*
MXN 2 52.33 26.17 6.86%*
TxN 4 45.33 11.33 2.97*
MxTxN 4 69.33 17.33 4 .54%*
Error (C) 36 13733 3.81
Total 71 3861.50
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Appendix Table 9. Analysis of variance of experiment 5 with split plot design; main plot is
tillage and sub plot is N levels.

Sources of variation | Degree of Sum of squares | Mean of squares | F- Value
freedom

Yield component
9.1. Number of panicles/m”
Replication (R ) 2 1270.4 635.2
Tillage (T ) 2 2005.6 1002.8 1.48 ns
Error (a) 4 2704.6 676.2
Nitrogen { N ) 3 3813.0 1271.0 814w
TxN 6 1691.8 282.0 1.81 ns
Error b( ) 18 2809.0 156.1
Total 35 142943
9.2. Number of filled erains/panicle
Replication (R ) 2 12.06 6.03
Tillage ( T ) 2 954.06 477.03 1.66 ns
Error( a) 4 1148.44 287.11
Nitrogen ( N ) 3 3742.75 1247.58 10.75 %
TxN 6 1016.83 169.58 1.46 ns
Error b( ) 18 2088.17 116.01
Total 35 8962.31
9.3. Weight of 1000 filled grains
Replication ( R ) 2 2.8889 1.4444
Tillage ( T ) 2 1.7222 0.8611 <1
Error(a) 4 56111 1.4028
Nitrogen ( N ) 3 (0.7500 0.2500 <1
TxN 6 3.1667 0.5278 1.08 ns
Error b( ) 18 8.8333 0.4907
Total 35 22.9722
9.4. Percent unfilled grain
Replication ( R ) 2 8.1666 4.0833
Tillage (T ) 2 57.1666 28.5833 237"
Error (a) 4 48.1666 12.0416
Nitrogen ( N ) 3 51,2222 17.0740 4.29 *
TxN 6 28.6111 4.7685
Error b( ) 18 71.6666 3.9814
Total 35 265.0000

(Contd. Appendix Table 9)
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Sources of variation | Degree of Sum of squares Mean of squares | F- Value T

freedom ‘
9.5. Grain vield
Replication ( R ) 2 0.0304 0.0151
Tillage ( T ) 2 1.3478 0.6739 2.19ns
Emmor(a) 4 1.2301 0.3075
Nitrogen ( N ) 3 11.0522 3.6841 7513 **
TxN 6 0.1957 0.0326 <
Error (b) 18 0.8826 0.0490
Total 35 14.7389
9.6. Straw vield
Replication ( R ) 2 0.0017 0.0008
Tillage (T) 2 1.6856 0.8428 2.57 ns
Error (a) 4 1.3098 0.3274
Nitrogen ( N ) 3 7.8279 2.6093 35.12 w*
TxN 6 0.3111 0.0518 <1
Error (b) 18 1.3374 0.0743
Total 35 12.4735
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Appendix Table 10. Analysis of variance of experiment 6 with randomized complete block

design

Sources of variation | Degree of Sum of squares | Mean of squares | F- Value

freedom
10.1. Plant height
Replication (R) 3 40.3333 13.4444 1.59 ns
Treatment 5 388.5000 77.7000 L
Tillage (T) 2 32.2500 16.1250 1.90 ns
[rmgation (1) 1 352.6666 352.6666 41.60 **
TxI 2 3.5833 1.7916 <1
Error 15 127.1666 8.4777
Total 23 556.0000
10.2. Number of tillers per m*
Replication (R) 3 3304.1250 1101.3750 8.98 **
Treatment 5 60737.7083 12147.5416 99,08 **
Tillage (T) 2 6900.0833 3450.0416 28.14 **
Irrigation (I) 1 52922.0416 52922.0416 431.63 **
TxI 2 015.5833 457.7916 T3
Error 15 1839.1250 122.6083
Total 23 65880.9583
10.3. Number panicles per m*
Replication (R) 3 397.8333 1326111 290 ns
Treatment 5 39803.8333 7960.7666 174.03 **
Tillage (T) 2 4985.08333 2492.5416 54.49 **
[rrigation (I} 1 34656.0000 34656.0000 757.60 **
TxI 2 162.7500 81.3750 1.78 ns
Error 15 686.1666 45.7444
Total 23 40887.8333
10.4. Number of grains per panicle
Replication (R) 3 0.8333 0.2777 <1
Treatment 5 99.3333 19.8666 L
Tillage (T) 2 36.0833 18.0416 3530 %+
Irngation (1) 1 54.0000 54.0000 10565 **
TxI 2 9.2500 4.6250 9.05 **
Error 15 7.6666 0.5111
Total 23 107.8333

{(Contd. Appendix Table 10)
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Sources of variation | Degree of Sum of squares Mean of squares | F- Vajue

freedom
10.5. 1000 grain weight
Replication (R) 3 23.3745 7.7908 3. 70>
Treatment 5 49.3120 9.8624 4.68 **
Tillage (T) 2 3.9216 1.9608 <]
Iimigation (I) I 42.2941 42.2941 20.08 **
TxI1 2 3.0963 1.5481 <]
Error 15 31.6000 2.1066
Total 23 104.2847
10.6. Percent unfilled grain
Replication (R) 3 0.1250 0.0416 2.19 ns
Treatment 5 0.3283 0.0656 346 %
Tillage (T) 2 0.1258 0.0629 331 ns
Irrigation (I) 1 0.2016 0.2016 10:61 **
Txl 2 0.0008 0.0004 <]
Error 15 (.2850 0.0190
Total 23 0.7383
10.7. Grain vield
Replication (R) 3 18124.458 6041.486 2.40 ns
Treaiment 5 7888766.875 1577753.375 626.34 **
Tillage (T) 2 639489.250 319744.625 126.93 **
Irrigation (T) 1 7151508.375 7151508.375 2839.00 **
Tx1 2 97769.250 48884.625 19.4] **
Error 15 37785.292 2519.019
Total 23 7944676.625
10.8. Straw vield
Replication (R) 3 7650.79 2550.26 <1
Treatment 5 1390244538 2780489.08 932.41 **
Tillage (T) 2 1065677.25 532838.63 178.68 **
Irrigation (1) 1 12758958.38 12758958.38 4278.61 **
Tx1 2 77809.75 38904 .88 13.05 **
Error 15 44730.46 2982.03
Total 23 13954826.63






