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1. Introduction

Soil puddling is, to date, an inevitable part o f land preparation for wetland lrans|-iliiriled 

rice. It has certain advantages in terms o f weed control, ease o f transplanting, and mininii/iilion 

o f  loss o f  water and nutrients irom the soil through percolation and leacliiny. Noncllii'lrss, 

puddling is time-, energy-, and capital-intensive. In addition, h creatcs soil physical condihons 

that are not suitable for crops following wetland rice, and hence, may not be dcsirnhle in 

wetland rice-drylaiid cropping systems (Shanna et a l,  1988).

The physico-chemical environment o f a flooded, puddled soil, allhoiigli I'avoiiihlu for 

rice, is in many ways unsuitable for upland crops. Piiddhng deterioralcs soil structure, ilcL'iun.ses 

soil aeration and water permeability, increases soil strength, and accclcralcs I lie Ibrmiilioti o f 

plowpans resulting in restricted root development (Hundal and Dc Datta, 1981). I'hc clianc.cN in 

soil physical conditions create an environment which is unfavorable for a drykind (.lOp 

following wetland transplanted rice. High moisture content and more compact soil aller puddled 

flooded rice resulted in a poorer estahhshment, growth and yield o f corn compared in fom  

grown alter unpuddled flooded rice (Syarifuddin and Zandstra, 1978),

No-till and minimum-dll systems were found to produce rice grain yiekls siniiliii as 

those with conventional puddling (De Datta et al., 1979; Rodriguez and Lai, 197‘)). Miiiinuim 

tillage may substantially reduce the land preparation period for ricc (Brown and Quiinnill,

1973). Reduced tillage may increase grain yields o f wheat by increasing the inliUi ation o f wirier 

into the soil (Hambhn and Teimant, 1979) while at the same time decreasing I he mineral i/iil ion 

o f  N (Dowdell and Cannell, 1975). hi some cases, however, puddling w'as found to be cssL'iilial 

for higher rice yields (Dayanand and Singh, 1980; Shanna and De Datta, 198(i). I hcse 

contradictions arose because o f  variations in weed and crop management and in soil physical 

properties.

Rice may be grown under continuous submergence or rainfed condition.s, Mnder 

continuous submergence, about 60 to 70% of the total water applied i.s lost through tk'cp 

percolation and only a small proportion, 30%-40%, is utilized consumptively (IlukkL'ii nnd 

Pandey, 1977). The utility o f  keeping the field continuously submerged has been qucslioiiL'tl by 

several workers (Hukkeri and Sharma, 1980; Jha et al., 1981 and Mishrii c( al., 1990). Wuier
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being a costly input, its economic use is o f utmosL importance. InlcmiittenI iirigalion mny l>e 

more practical than continuous submergence in this respect.

Physical properties play an important role in soil productivity. The sclcclion o f L'CliL icnt 

soil cultivation practices and determination o f  the conditions o f their use rctiuirc a llmroiij^h 

study o f the physical properties o f soils and tlieir dependence on the conditiony and tlie cluiiiges 

arising under cultivation. Development o f appropriate tillage practices can play a critical loli' in 

energy and time savings and in making the best use o f available water stored in the soil pioMle 

at the end o f  the wet season (Hundal and De Datta, 1981). For a better understanding o! .soil- 

water-plant relations under the rainfed situation, there is a need to characterize diying paltcrns in 

paddy soils in the presence o f an actively growing crop. Such infomiation provides the basis lor 

the selection o f suitable post-rice crops that are o f  appropriate growth duration and Ihiil t. an 

tolerate the expected moisture stress conditions.

Along with the maintenance o f proper soil moisture, proper fertilizer inanagcinciil is 

also desirable as it is one o f the most important factors in rice cultivation. Ever increasing i nsts 

o f  inorganic fertilizers necessitates the improvement o f  the efficicncy o f utilization u! ihe 

applied fertilizers by rice. Since N is the major limiting element in soils o f Bangladesh, il is 

important to determine the most appropriate N rate for rice under given water regimes.

Tillage has a considerable impact on die level o fN  nutrition derived from the soil hy the 

crop. Some studies indicated a reduction in N availability with minimum tillage (Phillips r/ if/.,

1980). This reduction was attributed to leaching loss and retarded decomposilion anti N re lease 

from organic residues accumulating on or near the soil surface. Denitrincation (Dora, lOH(l) and 

immobilization (Rice and Smith, 1982) also have been identified as insti itmeiUal in dcpivs.Hing 

N availability in minimum tillage soils. On the other hand, a greater response o f wheal Ui N with 

minimum tillage has been observed under drought than under normal wcalhcr condiliona (Ki-ud 

and Warder, 1974).

Tillage, irrigation and fertihzer constitute the major components o f energy input in a 

crop production system. With increasing energy costs it becomes imperative to evolve energy 

efficient crop management systems. There are some reports that within certain limits water and 

nutrients substitute for each other (Prihar et a l, 1989) and tillage increases efficiency oI water 

and fertilizer use (Sharma, 1985). In spite o f the importance o f  the interactions o f moisMire 

regime, tillage and N fertilization in the production o f rice and non-rice crops, little research has
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been done in Bangladesh addressing these issues although the existing cropping systems in Ihe 

country are essentially wetland rice-based cropping systems. In view o f this, the present 

research work was designed to study:

1. the effects o f  varying combinations o f tillage practices, moisture regimes iiml N 

fertilizer rates on some soil physico-chemical properties and N avaikihiliiy in 

soils;

2. the effects o f  the interactions o f tillage, N fertlli/ation and moisture regimes on 

the growth, yield and mineral nutrition o f transplanted rice and post ricc witeul.
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2. Review of Literature

Tillage implies mechanical disturbance o f the soil in preparation for crop production. 

The Soil Conservation Society o f  America (1982) defnied various tillage practices as follows:

a. Conventional tillage: The combined primary and secondary tillage operations normally 

performed in preparing a seedbed for a given crop in a given geographical area.

b. Reduced Ullage: System in which the primary tillage operation is perfomicd in

conjunction with special planting procedure to reduce or eliminate secondary tillage 

operations; less mechanical disturbance o f soil than is done in conventional tillage.

c. 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 o f planting crops that involves no seed bed preparation other tlian 

opening o f  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 more tban 

anything else (Russel, 1965). Other important reasons include creation o f  a suitable soil 

structure for crop establishment, incorporation o f surface crop/weed residues and fertilizers, 

aeration o f the soil, pest control, and stimulation o f root grow1 :h. On the other hand, tillage is 

time, energy and capital intensive.

During the late 1940's attempts were made to use chemicals in place o f  cultivation to 

ehminate or severely suppress the existing vegetation and this facilitated the establishment of 

crops without resorting to traditional tillage operations (Blevins, 1986). From the early I960's 

researchers have given more attention to no-tillage or rcduccd tillage techniques 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 o f second or third crops under restricted rainfall 

patterns.

2.1. Scope and limitation of tillage systems
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c. Delayed seedling/planling with conventional tillage causes consiiicrable 

reduction in yield

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

There were no-till farming long before the discovery o f  tillage tools. Forms o f rcdiiced 

or minimum tillage have been used for centuries and are still practiced today. No tillage 

contributes to the success o f double cropping by enabling the second crop to be cstablishcLl 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 planling 

in favor o f no-tillage. However, in other areas zero tillage produce similar and often lower crop 

yields than conventional tillage (Koehler et a /.,1983; and Malhi et cil. ,1988). Minimum tillage 

has been shown to be an effective means o f controlling erosion, reducing evaporation and in 

some cases, increasing infiltration and soil moisture storage (Johnson et al., 1984; Andraski et 

a i ,  1985).

As with most systems, no-tillage has some limitations which include ils needs for a 

higher level o f  management practices. Fertilizer usage and timing may vary from that of 

conventional systems. Technologies that provide a sound planting depth, seed-lo-soil contact, 

and seed cover in the absence o f 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 populalion 

may be more pronounced. More herbicides needed in NT. Plant pests tend to be o f more 

consequence in untilled soils with crop residue at the surface than in conventionally tilled soil 

(Lai, 1981).

Sanchez (1973b) emphasized that puddhng or wet tillage o f the soil is done exclusively 

for the cultivation o f  wetland rice. It is the transformation o f soil aggregates into a uniform mass 

accomplished by applying mechanical force to the soil at a high moisture content. Puddling of 

the soil facihtates easy transplanting, control o f weeds, prevention o f  excessive percolation, 

increase the capacity o f the soil for supplying nutrients to the rice plant, and reduction o f losses 

o f  applied N. This process h-equently results in the creation o f  semipei'vioiis 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 o f root penetration o f the subsequent crop. It increases 

the water requirement at the planting stage. It is a labor and energy consuming practice, iuul it 

also reduces the effective growing time left for the non-rice crops in a multiple cropping system.
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The limitations o f puddling rice soils are in restricting root development when the soil sfirinks 

and cracks at the early stage o f rice growth in rainfcd systems, and a slow water loss p;itlcm 

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 o f the soil (Gordiyenko and Kostogryz, 1990).

Tillage operations are aimed at improving the soil physical conditions lor seed 

germination, seedling establishment and support through the 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 soil water retention and movement, soil density and porosity, infiltration, structure, 

organic matter, pH, microbial acdvity and nutrient distribution and availability (Blevins, 198()).

Soil density and porosity have a profound influence on air and water movement and the 

potential productivity' o f  a given soil. Past research on this subject gave contrasting results when 

compared over a wide range o f 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 o f tillage on soil bulk density on a grey flood plain soil, hi the 

humid temperate zone o f  U.S.A., long-term cropping systems showed no net change in bulk 

'  density resulting from the lack o f tillage in a medium texturcd soil {Blevins et iil., 1984). In

contrast, a comparison o f the effects o f no-tillage with conventional fall plow tilla '̂C 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 convendonally tilled plots. At a number o f sites in Great Britain, undei' direct 

< drilling o f  grain crops, a pronounced increase in bulk density was developed at 0-15 cm soil

depth (Cannell et a i,  1980). Studies o f soil properties o f a latosol influenced by tillage versus 

direct drilling in Parana', Brazil (Vieira, 1981) showed higher bulk density and slightly 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 et al. (1991) observed 

greater bulk density, soil hardness and proportion o f the solid phase in the superficial layei of
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the no tillage plots. The physical properties o f the soil were not influenced by tillage below the 

15 cm soil depth.

Narang el at., (1992) found higher soil strength in top layers in no-till plots Ihiin the 

conventional tillage plots o f wheat crop at 3 weeks after sowing. The higher soil strength in the 

top layers in no- hll plots occinred primarily due to undisturbed condition obtained after I he 

harvest o f  rice crop in puddled field. Ralunan (1991) working with wheat and rice in 

Bangladesh reported the influence o f dllage depth on soil penetration resistance (SPR) and 

foimd greater SPR values just bellow each hllage depth . Greater SPR values just below each 

tillage depth indicated that tillage caused a dense layer due to the combined effect o f tillage iind 

puddling. Formation o f  these dense layer enables the top soil to store more water thus obtaining 

better yields with diy season crops and better utilization o f  hmited inigation. Matin and Uddin 

(1994) found the largest resistance values at 18 - 24 cm depth indicating the prescncc o f a 

ploughpan. In Bangladesh, development o f a plough pan is particularly prominent in soils which 

are puddled for transplanted rice cultivation ( B ram m er, 1980 ; and Rahman and Islam ,1987 )

Cannell and Ellis (1977) working with wheat in Great Britain, concludcd that no-lillage 

(direct drilling) compared with conventional tillage resulted in a reduchon in total pore space 

and that a large portion o f the remaining pores were filled with water. Similar studies by 

Douglas et al. (1980) showed lower total porosity and less volume o f transmission pores in 

direct drilled plots on a clay soil. Zero tillage experiments in Netherlands (van Ouwerkerk and 

Boone, 1970) showed that untilled soils were usually denser than plowed soils and that the mean 

soil pore space was lower in untUled plots. According to Hamblin (1987) tillage generally tends 

to decrease the bulk density and increase the total porosity o f the surface soil. Porosity increases 

as aggregates are broken up into smaller sizes by tillage. Ike and Arena (1990) reported less 

aggregate stability and soil porosity and greater bulk density under tractor plowed cultivation.

Generally, in moisture retention curves, as the tension is increased from zero, , the 

moisture content o f soil decrease due the draining of the large pores initially and progressively 

followed by the smaller pores. The amount o f moisture release for each increment o f the tension 

also gives the proportion o f  pores with in a given size range. The moisture retention cun'cs of 

the soils o f  Ganges river flood plain remained near saturadon having about 50 pt;rcent 

volumetric moisture content up to a tension o f 50 cm o f water ( Joshua and Rahman , 198.“̂ ). 

According to Hannan (1995) and Mollah, ( 1995 ), the moisture retention curves o f all the soil

//
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profiles o f  Modhupur Tract remained near saturation up to 0.1 kPa metric potential. Lai (1986) 

found that soil moisture retention for the 0-1 cm and 1-2 cm layer was influenced by tilhige 

method, while that o f  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 o f  tillage on moisture retention.

The physical properties related to the storage o f soil water and movement play a 

significant role in determining soil management for better production ( Scotter ei ul. , 197^ } Soil 

physical properties such as sand , silt, clay, gravel contents, and bulk density resulted in a high 

variahihty in soil water conductivity ( Bahalola , 1978 ). Nyhorg and Malhi (1989) observed 

greater water content in zero tillage compared with conventional tillage plots. In spite of lower 

airfilled porosity and higher bulk density values, the no-tillage treatments still htid higher 

volumetric water contents and higher number o f bio-channels (Blevins et al., 1984). In growing 

com and soybean after puddled flooded rice it was observed that during planting, soil nioislure 

content decreased as tillage intensity increased and zero tillage maintained a higher moislure 

content (45%) than did medimn tillage (39%) and complete tillage (36%). But at 50 days aller 

sowing, soil moisture content was found similar in all treatments in both crops regardless of 

tillage method (IRRI, 1979). On the contrary, by planting soybean after rice, Syariffuddin 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 o f Modhupur Tract in deep tilled plots compared to no tilled ones at the end o f 70 days 

drainage period. Higher moisture content in zero tillage was also reported by Saputro (1987) for 

soybean and mungbean grown after wetland rice. M ondal, ( 1986 ) reported no effect of lillage 

practices on soil moisture content in a silty clay soil cropped to grain. A higher water use 

efficiency o f wheat in deep tillage than conventional tillage was reported by Gcrik anti Morrison 

Jr. (1984)

Soil temperature is an important environmental factor in influencing plant growth. 

Surface residues in a rcduccd tillage system decrease soil water evaporation thus hirnisliing a 

more moist and cooler environment. In general, soils are cooler in no- tillage fields during early 

spring resulting in slower wheat growth rates than in plowed fields (Dao and Nguyen, 1989). 

Bhagat et a /.,(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 wlicre 

surface temperatures commonly exceed the optimum.

Alternate wetting and drying also influences soil properties. Aragon et a i  (1990) 

reported that at the end o f a water stress period, bulk density in the upper 2 cm o f soil increased 

from about 0.62 g/cc in continuously flooded plots to about 1.23g/cc in stress plots. Bulk density 

was relatively lower at deeper soil layers. Reflooding reduced the bulk density at a shallower 

depth but not to the level o f continuous flooding. Wet tillage or puddling is one o f the most 

characteristic features o f wetland rice cultivation and is widely assmned to be essential for rice 

production. Soil puddling lowers soil permeability and substantially increases the water 

retention capacity o f  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 due to the decrease o f 

hydraulic conductivity and free percolation o f water (Gildyal, 1977). Mishra et al. (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 except al saturation 

(0 bar) under puddling.

Percolation o f  the soil is one o f the most important physical propeilics (Parr and 

Bertrand, 1960). Percolation has been reported to vary from 0.1 to several hundred mm d ' ( 

Sharma and De Datta 1992 ) and is influenced by a variety o f  environment and soil rclaled 

factors (Wickham and Singh, 197S). The magnitude o f the decline in percolation depcntls on 

soil texture, structure, clay mineralogy and organic matter content. Lai (1986) obseivetl that 

percolation o f  water through rice soil is essential. Percolation rate 5.0 to 20.0 mm day ' is 

necessary for high yield ( De Datta, 1981, and Hasegawa et al.,\9S5  ). Tlic Possible bene lit of 

higher percolation rates to rice growth are thought to be due to the removal o f phytotoxin from 

the root zone ( Govindasamy and Chandrasekaran, 1979 and, Patel and Ghildayal, 1980 ), 

increase in the oxygen concentration in the rhizosphere, and an increase in the root activily ( 

Alva and Peterson, 1979). Higher percolation rate also decrease the redox potential by 

enhancing soil microbial activity (Takai et a/., 1974). Puddling of rice fields reduces percolation 

losses (Sharnia and De Datta,1985; and Aggarwal et a /.,1995). Ghani (1978) reported a mean 

seepage and percolation rate o f 1.7 mm day"' in a silty clay soil during rice growing pcriotl in
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dry season. Puddling eliminates large soil pores and therefore decrease the hydraulic 

conductivity o f  soil (Shanna and De Datta, 1985). Compaction and shearing by fann 

implements may create a compact zone often called plowpan (Moorman and Vanbicenian, 

1978). In addition settling and consolidation o f dispersed clay particlcs may occur (Sharniii and 

De Datta, 1985 ; and Adachi 1992). Both compaction and clay translocalion rediicc the 

percolation rate. The scaling o f macro pores with fine particles translocated during puddling 

predominantly caused the formation o f a semi-impermeable layer just beneath the puddled lop 

soil. This semi-impermeable layer is the single most important layer and is responsible for the 

low percolation rate o f well puddled soil (Toung et cz/.,1994). A reduction o f percolation rate 

througli puddling by a factor o f 500 in a silty clay loam soil was reported by Wopei ies et 

a/.(1992b). Osari ( 1988 ) found a reduction factor o f around 500 to 700 times in a volcanic ash 

paddy soil. Singh et a i,  (1993) also reported a decreased percolation rate by up to 6 l.7 ‘!-'(p in 

clayey soil.

In growing wheat after puddled flooded rice Karim et al. (1983) found a faster nile of 

infiltration through the soil profile in deep dllage treatment and Shaha et al. (1991) reported an 

increased infiltrafion rate with the increase in tillage intensity. Reddy et a i ,  (1983) observed that 

deep ploughing increased water intake, which in turn enhanced root growth and enhanced 

yields. Rahman and Islam (1987) nodced that deep tillage to 15 cm or more resulted in 

increased infiltration. Infiltration rate was increased with deep ploughing as compared with 

shallow tillage and this increase was possible due to decementation o f the profile by deep 

cultivation (Vital a/., 1983). Maurya (1986) observed a higher infdtration rate in the mininium 

tillage than conventional tdlage. Several workers have also reported higher infiltration rale and 

cumulative intake o f  water under zero tillage as compared to normal ciiUivalion (l^iai et 

a/., 1983; Mishra and S ingh,]985). Goss et al. (1978) observed rapid infiltration o f water to a 

depth between 0.5 and 1.0 m in direct drilled (no-tillage) cereal cropped soil, whereas in 

ploughed soil, movement was restricted to the tilled zone. Radcliffe et al. (1988) measured 

significantly higher infiltration rate in no-tillage. Ghuman and Lai (1984) observed lhal 

depending on initial soil moisture contents, infiltration rate changed firom 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 due to 

higher porosity and more intensive micro flora acfivity.
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In a field study with a clay soil, Mambani et al. (1990) found that puddled soils liad 

more cracks and dried up at Lhe surface more rapidly than did the untilled soils. But, Sliannii et 

al. (1988) reported that zero and minimum tillage plots dried faster than puddled plots aller 

they were drained at harvest and also the higher surface cracking in puddled plots.

2.3. Effect o f tillage aud moisture on nutrient availability

Puddling is the transfonnation o f soil aggregates into a uniforai mass accomplislic'd by 

applying mechanical force to the soil at high moisture content. Undei' these coiidilion the 

availability o f  N, P, K, Ca, Mg, Fe, Mn and S is higher, tlie supply o f Cu, Zn and Mo is 

adequate and injurious concentration o f Al, Mn, Fe, C02 and organic acids ai’e absent 

(Ponnamperuma, 1977).

Saroch and Thakur (1991) pointed out that puddling o f chemically weeded plots 

increased the available N and puddling o f hand weeded plots increased the available P cuntcnt 

o f soil. The calcium level o f west African soil tended to increase over that found in conventional 

tilled soils ( Lai, 1981). Similar results have been observed in Southern Brazil by Mu/illi 

(1981). Hargrove et al. (1982) also reported higher calcium content at the surface soil with no 

tillage than with conventional tillage. Minimum tUlage can result in larger concentrations o f P 

and K  in the surface layer than are present following moldboard ploughing (Mosclilcr rt al., 

1975). With no-tillage the surface applied fertihzer is not moved except by water and by 

diffusion. Hence the concentration o f P and K  are highest in the upper 5 cm o f soil and then 

decline rapidly witli soil depth. Magnesiimr is not affected appreciably by tillage.

The upper sod under no tillage generally is wetter, cooler, higher in organic matter, 

microorganisms, P and K  and somewhat higher in acids than in a comparable soil that is tilled 

(Thomas and Frye, 1984). Under these conditions the mineralization rate tends to be lower 

because the sod 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 release from residue 

accumuladng on or near the soil surface. Denitrification and immobilization also have been 

identified as depressing N availability in minimum tillage soils. On the other hand, greater
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response to N with minimum tillage have been observed under drought than under nonnal 

weather condition.

According to Thomas and Frye (1984) N efficiency is less, the amount o f  leaching of 

nitrate and the basic cations accompanying it is apt to be shghtly higher in no- tillage tlian in 

conventional tillage. When soil is tilled, the breakdown rate o f organic matter is increased 

tremendously for a short time. As organic matter is decomposed, N, P and S are mineral i/cil at a 

rate which roughly corresponds to the relative quantities present. There have been reports o f S 

deficiency in no-tillage when no deficiency was observed in conventional tillage {Koehler et al.

, 1977). The extent o f S deficiency due to no4illage is not known but in areas when: S 

deficiency is suspected it would very hkely be worse under no-tillage just as N deficiency (with 

no N applied) is usually worse with no-tillage. Lai e( al. (1990) observed lower pH, but I uglier 

concentration o f  P, exchangeable K and Mg in the surface layer o f  no-tillage plots than plow till 

treatments.

Higher organic matter and reduced erosion under no-tillage favor the availability o f Zn. 

Micronutrient availabihty under no-tillage is less o f a problem than it is under convculional 

tillage (Thomas and Frye, 1984).In soil that undergoes wetting and drying, the reduction ;md 

oxidation o f  Fe and Mn compounds is cyclic (Patrick and Reddy, 1978). Higher denitrificalion 

losses under alternate wetting and drying indicates that N compounds may also undergo the 

oxidation-reduction cycle, particularly in the presence o f  crop residues as the energy sourccs For 

microorganisms (Buresh et a l,  1976).

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

2.4.1. Tillage practices

Effects o f tillage on rice yield are unclear. Some investigators reported increased yield 

while others found insignificant or no increase in yield with tillage. In tropical Asia where most 

rice is grown rainfed, it is beheved that puddling minimizes tlie risk o f yield reduction dun to 

drought (De Datta, 1981). Satter (1978) reported an increase in grain yield o f ricc with 

increasing number o f ploughing fi'om 2 to 3 in Bangladesh. Ogum'emi et al. (1986) obsci ved 

more leaves, productive tillers and dry matter yield o f upland rice in ploughed plots. In a lield 

with clay loam soil, Mambani et al. (1990) found increased grain yield with tillage. Panda cl al.

Dhaka University Institutional Repository



(1994) and Bhagat et al. (1994) also reported increased grain yield with puddling. On the olher 

hand, Mabbayad et al. (1968) demonstrated that yield, panicle number and pcrcent o f slcrile 

spike lets o f rice were not significantly different from soil prepared by zero, mininiiini and 

conventional tillage. Rodrigues and Lai (1985) observed no effect o f tillage on grain yield of 

rice in four out o f  five experiments. Griffith et al. (1986) ;Lal (1986) and Aggarw'al et al.[ 1995) 

also reported no effect o f tillage on crop yield. Sbamia et al. ( 1995) found reduccd tillage as 

more cost effective than conventional tillage.

Rodriguez and Lai (1985) and Lai (1986) reported lower root density o f ricc in no till 

plots compared to conventional tillage. Sharma et a l (1988) stated increased root length density 

o f rice with increasing intensity o f  tillage. On the contrary, Mambani et al. (1990) reported a 

decreased root length density with dry and wet tillage compared with zero tillage. Lxc and Jung 

( 1993) reported higher root density o f  rice in the upper 10 cm o f soil in the no tillage trciilinent. 

Lower root density o f  rice at 18 -2 4  cm depth o f soil was reported by Matin and IJddin (19<M). 

Gajri et a l (1992) pointed out that puddling coarse textured soil in rice culture induces higli bulk 

density in sub surface layers which impedes root growth o f the subsequent crop and cause 

nutrient and water stresses.

2.4.2. Moisture regimes

W ater is the most important single factor in production o f  rice and wheat. Sene Wiratne 

and Mikkelsen (1961) compared growth o f rice plants in submerged and upland soils. At the 

early growth stage o f 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 vaiicties 

maintained better growth and produced higher grain yields when grown in Hooded soils.

It is beheved that the peak water demand o f rice is between maximum tillering and the 

grain filling stages. Moisture stress throughout tlie entire growth period reduced the grain yield 

to 20-25% of the yield o f the continuos flooded plot ( De Datta, et a l 1973a). When nioislure 

stress was allowed to develop only between the maximum tillering and heading stage, tlie grain 

yield remained relatively high. The reduction in grain yield was more related to the duration of 

moisture stress than to the stage o f plant growth at which the stress occurred. Castillo ci al.

(1992) reported significant reductions in straw and grain yields o f rice with water deficil al I 5 to 

35 days after transplanting (DT). Aragon et a l (1990) observed decreased plant height and dry
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matter production o f  rice at 65 DT with decrease in total water applied duiing the stress period. 

Perhaps this was a consequence o f poorer root and shoot growth and rcdiiced N fertilizer 

efficiency under limited water supply.

Continuous submergence produced significantly higher straw and grain yield ol‘ l ice 

followed by irrigation given immediately after the disappearance o f ponded water (Saikiu iind 

Dutta 1989; Wahab and Danel, 1992). Increasing soil water stress from continuous 

submergence to rainfed decreased the straw and grain yields o f ricc (Mishra et at., |9<n). 

Continuous submergence and irrigation a day after infiltration o f ponded water gave compiirable 

grain yields o f  rice and the increase o f interval between infiltration and irrigation from I to 3 

days or more declined the yield by 9 to 12q/ha (Sandhu et 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 t/ha, or more when the irrigation interval is increased to 10 days. Singandhupe ;md 

Rajput (1990) observed that maintenance o f 7 cm irrigation water after 1 day druiinige, 

increased grain and straw yield compared with 6 days drainage.

According to Aragon et al. (1984) grain:straw ratio tended to decrease and ptMvent 

sterihty tended to increase with increasing stress treatment; 1000 grain weight decreased with an 

increase in moisture stress. Saleh (1991) reported that with die use o f supplementaiy irrigtilion, 

rice yield in the Ainan season could be increased by upto 70% depending upon the amount, 

distribution and intensity o f rainfall. The need for supplemental irrigation was much higher 

during the latter part o f the growing season than earher as the probability o f rainfall meeting the 

crop water requirement decreased from 85% at the vegetative to 21% at the ripening stage. 

Mambani et al. (1990) found increased grain yield o f rice with tillage in the field experiment 

with clay loam soil where moderate moisture stress occurred.

In dry soil, mechanical impedance is the dominant stress factor, such as a loss ol'soil- 

root contact, roots and soil particles shiinks as they dry, which may lower the supply o f mineral 

nutrients (Faiz and Weatherly, 1982). Yellamanda Reddy and Kuladaivcki (1992) reporled 

higher root volume and root dry weight under continuous submergence than under drier 

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 nol affect rice root 

growth under and adequate moisture regime. While in stress condition, high intensity tillage
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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 correlated with yields and is a major factor in world crop 

production. A considerable body o f research has indicated the positive response o f rice, wlicat 

and sorghum to N fertilization (Locke and Hons, 1988; Saikia and Dulta, 1989; Castillo cl nL, 

1992; Malhi et al., 1992). In general, grain yield increases with N addition upto a certain level. 

The response o f a crop to added N is largely influenced by variety, soil fertility, environmental 

factors, and management practices. However, because rice is grown m diverse land and water 

management systems, tillage practices for land preparation vary widi the system. The tradiiional 

method o f tillage for lowland rice is plowing and puddling. De Datta (1981) pointed out that in 

rice growing areas o f  temperate regions, where soils are not puddled, grain yields are 

consistently high.

Davis and Cannell (1975) and Buchholz and Hanson (1982) reported sigiiillcant 

interactions between tillage and fertilizer N in crop production. According to them zero lillage 

may require more fertihzer N  to produce crop yields similar to those undei- conventional tilkige. 

Lai (1986) observed that puddling treatments yielded more rice at a low level o f N than no till 

treatment, while, Syarifiiddin and Zandstra (1978) observed higher corn yield on iinpnddled 

flooded soil than on puddled flooded soil under complete tillage in abscncc o f fertilizer.

A survey made by a group o f agricultural economists (Auden and Barker, 1973) 

reported that N and water level were the two major factors constraining yield o f rice in some 

Asian countries. Sheik Dawood et al. (1990) reported significant influence o f inigation and N 

on grain yield o f  rice. Higher grain yield was obtained at higher level o f N when the field was 

irrigated to 5cm depth o f water immediately after disappearance o f ponded water followed by 

irrigating once in 2 days. Nageswara and Raju (1987) also found that flooding 1 or 2 days a Her 

disappearance o f ponded water increased the grain yield o f rice over flooding 4 days a Her 

disappearance o f water at a higher rate o f N  fertihzer, while, Aiagon ei al. (1990) fountl no 

significant interactions between N and water management in terms o f plant height and tiller and 

panicle numbers o f rice. Castillo et al. (1992) also reported no significant interactions belween 

N and water levels on straw and grain yield o f rice. On the other hand Khan et a/.,(l')92) (blind
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optimum rice yield with medium fertilizer dose and keeping soil moisture regimes rmni (icld 

capacity to saturation. Nitrogen application aggravated the effects o f  severe moisture stress 

(Aragon et al., 1990). Root mass density increase several fold in zones where concentralinii of 

nutrients, especially N are high (Marshner, 1986).

2.4.4. Nitrogen availability in soils

Various fractions are present in the inorganic N pool o f  a wetland soil. These Ibnns, 

however, constitute an extremely dynamic N system in the soil, which is affected by physical, 

chemical and microbial reactions. The predominant fonn o f inorganic N in wetland soils is 

NH4'". Although the rice plant absorbs N from the soil both as N H / and NOi', the contenls of 

these ions in a soil sample frequently do not reflect the soil N supplying capacity throughout Ihe 

growing period. The available N status in wetland rice soils is influenced by many chemical iind 

biological processes. Flood water impedes oxygen diffusion, creating an aerobic-anat-robic 

system within which nitrification-denitrification occurs (Ponnaniperuma, 1977). Nitri deal ion 

takes place only in the surface oxidized layer or the rhizosphere in a continuously floodetl soil. 

The differentiation o f oxidized and reduced soil layers was first reported by Pearsall (1938). The 

surface oxidized layer can vary from 0 to 2-3 cm. in thickness, depending on the oxygen 

concentration in the flood water and oxygen consumption (Howeler and Bouldin, 1971). h’or 

simplification, the oxidized rhizosphere o f the rice plant is included with the aerobic soil and 

flood water (Bouldin, 1966). In flooded soils, the product o f mineralization is mainly Nl-I^'. The 

reaction, however, proceeds to form NO3-N when oxygen is adequate. Accumulated NOi' is 

prone to loss by denitrification and leaching upon soil flooding. The determination ofNII.i-N 

mineralized in anaerobic conditions may give a good estimate o f  the amount o f N availiible to 

the wetland rice crop (De Datta and Craswell, 19S2).

Fertilized rice obtains 50-80% o f its N requirement from the soil; unfertilizcil rice 

obtains an even larger proportion, mainly through mineraHzation o f  organic sources. Thus, rice 

depends primarily on the mineralization o f organic sources for its N (Broadbenl, 1979). De 

Datta et al. (1968) reported higher ’̂ N recovery in pots than in the field. Basal, surl'ace 

application in general, produced the lowest values for ’̂ N recovery (7-38%). Recovciy is 

improved with split application (35-61%), delayed application (27-77%), or deep placement 

(18-68%). Even with good management practices, only 30-50% of the lerlilizer nitrogen 

recovery by rice was reported by Prasad and De datta (1979). The breakdown o f organic matter
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that leads to the liberation o f  ammoniurn ions into the solution phase proceeds at a much slower 

rate in a flooded soil than in an aerobic soil. The quantity o f N mineralized from organic sources 

during the growing period o f  a lowland rice crop is larger than that for a similar period o f an 

upland crop. The greater part o f  the N mineraUzed during a season appears as NH4-N within (wo 

weeks o f  submergence if  the temperature is favorable and the soil is nol strongly acid or very 

deficient in available P (De Datta, 1981).

Cultivation accelerates the oxidation o f organic matter in soils and generally results in 

higher NO3-N in the profile. Cultivation may also decrease the rates o f  denitrificntion, 

immobihzation and leaching o f NO3-N (Rice and Smith, 1982). Data from Sanchez (197? a) 

indicate that puddling decrease losses o f applied N  from soil.

The moisture regime o f a soil is critical for the minerahzation o f organic N. Soil cli-y ing 

prior to flooding changes the pattern o f soil mineral N release. Studies by Salirwal (1983) have 

shown that soil drying enhances soil N mineralization and thus its availability to rice. Thus, 

careful water management is necessary to avoid either N deficiency or cxccssive loss o f organic 

matter accompanying rapid mineralization. Under flooded soil conditions, NO3-N was 

reduced to NH^-N and consequently resulted in higher concentration o f  NH.4-N as a result of the 

reducing environment (Sarker et a/. 1991). In a saturated soil water regime, when the soil 

environment was relatively oxidized, the dominadon o f NO3-N over NH4-N occuired. George et 

al. (1993) reported that in tropical rice lowlands, soil NO3 is lost during the transition fium the 

dry to the wet season. After soil flooding, NO3' is lost by leaching or by de nitrification to N;; and 

N 2O gases (Muskina et al., 1993). Severe N losses have been shown to occur in soils subjected 

to periods o f  alternate drained and flooded conditions. Increasing the frequency o f clianging 

from aerobic to anaerobic conditions will increase the loss o f N. Repeated cycles o f  Hooding 

and drying to field moisture caused N losses up to 20% of the total (Reddy and Patrick, 197.“)).

Because o f its relative immobility in soil, NH4-N is retained in the soil surfacc layt;r 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 al 15 to 35 DT and 41 to 63 DT in a rice 

growing season compared with continuous flooding, significantly reduced extractable NHj' in 

the top 30 cm soil layer and resulted in a small NOi" accumulation. Soil NO .1 " which 

accumulated during the water deficit, rapidly disappeared after flooding. The N loss due lo soil 

drying and flooding decreases with increasing crop age apparently because o f increased
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competition by rice with soil micro-organisms for NH4" and NO/.The N H / fixing capacity of 

the soil increased as the rate o f  NHa"" application was increased but the percentage o f recovery 

o f N H /  remained more or less constant (Sahrawat, 1978). Tlie results may vary dqiending on 

mineralogical make up o f the soil.

The denitrification rate in undisturbed soil is Hnearly related to soil wutcr conlcnl (Rice 

and Smith, 1982). Because the water content o f iintilled soil is higher, the I'ate o f biological 

denitrification can be expected to be higher than that in tilled soil. The cfrecl Ciin be small in 

well drained soils or very large in poorly drained soils. Gordon and Rickeri (1992) reporlctl (hat 

the tillage system employed has a considerable impact on the level o f N nutrition derived IVom 

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 identified as depressing N 

availabihty in minimum tillage soils. On the other hand, a greater response to N with minumim 

tillage have been observed under drought than under normal weadier conditions. This wa.s due 

mainly to a greater moisture storage in minimum tillage soils. The slow release o f nutrients, ion 

leaching, accumulation o f organic residues and lessened disturbance o f  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 til luge 

system tends to be less available. There is slower minerahzation, higher dcnitrificatioii 11 nd 

greater leaching which decreases the availability o f N. The N mineralization lends to be slower 

because the soil is not as greatly disturbed and the organic residues remain on the surfacc where 

decomposition is slower. Hence there is usually less NO3" in unfertilized soil under reduced 

tillage as compared to similar conventionally tilled soils. Leaching o f NOj" is also favored under 

reduced tillage due to a higher soil water content and more rapid water infiltration. Leach in of 

N O j' occurs when evaporation is exceeded by rainfall. Sahrawat (1983 ) found that (he N 

availability o f  unfertilized soils was not affected by continuous flooding or soil diyinj^ iind 

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 becausc o f  nitrificalion- 

denitriflcation by enhanced mineralization.

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

gradient o f NH4-N following deep placement o f  urea may exist for 4 weeks or more. During the
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first 2-3 weeks after transplanting, when the rice plant’s N requircincnl is low, il miiy be 

adequately met from the native N pool or from the outer defrised zone o f  soil-urca iciiclion 

having low NH4-N concentration or from both. This is because the rice roots geneially Livoid 

proliferation through the soil-urea reaction zone o f  steep NH4-N concentration gradient.

Sarker et al (1991) found significantly higher amount o f NH4-N under flooded soil lhan 

the saturated soil water regime throughout the growing period o f rice. They also reported an 

increase inN K t-N  concentration upto 40 DT and then decreased. They also reported a dccicase 

in NO3 content from 20 to 40 DT and then an increasing tendency upto harvest. Accordint? to 

Bhardwaj and Singh (1992) the NH4-N content in soil was the highest at tillering stage (iflhe 

crop and it declined subsequently upto crop maturity. Its content increased with an incicnsc in 

the N level. The decrease in NH^-N content after tillering stage was attributed to its uptake by 

plants, gaseous losses as NH3 or incorporation o f  NH4-N into microbial tissues. The N O rN  

content in soil was quite low varying from 2.5-5.9 ppm at tillering stage and il decreased with 

time. Nitrogen apphcation enhanced NO3-N content at initial stages, but al maturity, treatment 

differences leveled o ff

George et al. (1993) reported that NH4-N release from recycled residues peaked wilhin 

three to four weeks o f incorporation i.e. land preparation. Although rice responded to increased 

NH^-N levels, rice N requirement was small at this early stage to substantially benefit from the 

higher amount o f NH^-N released. Availability o f fertihzer N to rice decreased rapidly follnwing 

ftooding, usually dropping to a very low level within 30-40 days (Mikkeisen, 1987). Afler that 

the crop is dependent on NH4-N released by mineralization o f soil organic matter and to Ic.sser 

extent, on clay fixed NH4-N. Ainmonium is reported to be less variable than NOy in cullivaled 

soil (McIntyre, 1967),

2.4.5. Nitrogen nutrition of crops

Nitrogen absorption from soil by rice is greatly inftuenced by varietal type, availability 

o f  N and climatic factors (Murayama, 1979). Syarifuddin and Zandstra (1978) rc|ioi1.ed 

increased grovrth and accompanying high absorption o f N by rice from soil where N availability 

was high. They also reported an increased concentration o f K and decreased P, Mn and Zn 

concentrations in com with N fertilizer application. A  linear relationship between N 

accumulation and N  fertilizer rate was observed by Locke and Hons (1988) in both stover and 

grain o f  sorghum. The increase in fertility level increased the N and P uptake both in seed iind
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stover, bccause the increase in the supply o f these nutrients not only increased their 

concentration in plant but also resulted in higher dry matter accumulation and seed yield. The 

results are in consonance with those o f Narang and Singh (1985). Application o f (ertili/cr N 

increased the N uptake o f wheat due to increase in crop yield (Flower et al., 1990; Gaiier n  a i, 

1992). Good relations between total N  uptake and applied N were also reported by Gordon iind 

Rickerl (1992) and the response was found linear in different tillage systems.

According to Viets (1972) the quantity o f  soil water affects the nutrient concentration in 

soil solution and rate o f nutrient movement to the root by diffusion and mass flow. A posilive 

influence o f increasing irrigation level on N concentration in seed, flower head, leaf and stem of 

safflower was observed by Zaman and Das (1991) while Virendar and Agam al (1991) repoiled 

a depressive effect o f irrigation on N concentration in barley. Syarifuddin and Zandstra (1978) 

reported increased Fe and Mn concentrations and decreased Zn concentration in rice under 

flooded soil conditions. Increasing irrigation level increased N  and P contents in seed and slover 

o f  mustard (Tommer and singh., 1992), while a decreased N content o f  wheat due to increased 

water supply was reported by Gauer et al. (1992). The effect o f cyclic submergence produced a 

significantly higher N content in grain o f nee over continuous submergence (Saikia and Dvitta, 

1989).

Among the water regimes, alternate wetting and drying cycles had the lowest N uptake 

owing to N loss through sequential nitrification and denitrification (Pillai and De 1979; Aragon 

et al. 1990). Total N uptake was found higlier in 1-day drainage compared to (i-day drainage by 

Sigandhupe and Rajput (1990). More N uptake under 1-d drainage may be due to higher 

mobility or inorganic nitrogen in soil solution and hence facilitated absorption by plant roots. 

Whereas under 6-day drainage, increased moisture stress might have resulted the plant rot)ts to 

spend more energy to extract an unit amount o f N. Similar trend was also observed by IJiswas 

and Mohapatra (1980) and De Datta (1981).

Significant influence o f water regime by N fertilizer interaction on grain nitrogen 

concentration o f  rice was reported by Castillo et al. (1992). In the absence o f applied N, griiin N 

concentration was similar for continuously flooded and at 15 to 35DT water deficit treatment 

while in the presence o f applied N water deficit at 15 to 35DT significantly reduced grain N 

concentration. Campbell et al. (1977) reported a higher N concentration in wheat with increase 

N fertilizer under irrigated condition. Shanna et al. (1992) found maximum N uplake lU I 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 o f  soil water availability and root proliferation, both of 

which are influenced by tillage. Crops whether grown under conventional or reduced tillage 

usually do not vary in N uptake (Terrnan 1979). Low yield and reduced N may occur in uo- 

tillage system if  the soils are too heavy (Batyeh, 1983). Higher concentration and uptake o fN  

by rice and wheat were observ^ed in deep tillage treatment by Rahman and Islam (1987). O ops 

whether grown under conventional or reduced Ullage usually do not vary in nitrogen uptake if 

the yields are identical (Ellis and Howse, 1981). Nitrogen uptake by soybean as well as sesame 

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 a!. (1992) under conventional 

tillage than zero tillage while Ellis and Howse (1981) reported no effect o f tillage on P 

concentration in spring barley and winter wheat. There was no consistent pattern in tlic N P and 

K contents o f maize grown under the zero, minimum and conventional tillage methods {I iiidsay 

et a!., 1983). Cannell and Graham (1977) also reported no significant effect o f tillage on NP or 

K  concentration in growing shoots or grain o f winter wheat. On the other hand Ogiimcmi cf al 

(1986) reported higher uptake o f nutrients in upland rice with ploughed plots. Higher iiptaki.- of 

N, P and K o f puddled flooded rice than that o f unpuddled flooded and non-(loodcd ricc was 

observed by Syarifuddin and Zandstra (1978). They also reported significantly reduced 

concentration o f Ca, Mg, Fe, Zn, Mo, B and Al and increased concentration o f K in com leaf 

tissue under no-tillage condition. Convendonal tillage treatments had generally higher N P and 

K levels in plants than either zero or minimum tillage treatments (Lindsay et al., 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 Datta, 1978). Numerous experiments have shown that the elficieucy at 

which the N is utilized by wedand rice is only about 30-50% of the applied fertili/cr N and in 

many eases even less ( Prasad et al., 1970; Sanchez et «/.,1973; De Datta, I 978). Two aspccts, 

such as recovery rate o f the applied N  in the rice plant and the efficiency o f absorbed N for grain 

production should be considered in increasing the productive efficiency o f the applieil N 

(Murayama, 1979). Increasing N level decreased N use efficiency o f wheat (Clarke et a i, 1990; 

Guer et al., 1992). Virendar and Agarwal (1991) reported a decreased %N rccovei-y with an

21Dhaka University Institutional Repository



increase in fertilizer N  level and found maximum production efficiency o f barley with lower 

level o f applied N.

The physiological efficicncy (kg grain produced/kg absorbed N) and agrotioinic 

efficiency (kg grain produced/kg applied N) are significantly influenced by water regime. As a 

result o f reduced grain yield agronomic efficiency declined with water deficit (Castillo ci ai., 

1992; Bhannbe et a i ,  1992). Improved moisture condition increased N use efficiency (N(JE) 

both through increased yield potential and improved N mobility in the soil {Black, 

Marshall and Holmes, 1979; Gauer e/ a l,  1992).

In upland rice, Olofintaye (1980) found better N use efficiency under zero lillagi- Ilian 

under minimum or conventional tillage when split application was done. Nitrogen feitili/ci- was 

used more efficiently in no-tillage than conventional tillage com, when evaluated on the biisis of 

yield response in fertilized plots (Phillips et a l,  1980; Frye et al., 1981). Greater fertilizer use 

efficiency for no-tiUage maize production than with conventional tillage was also reported by 

Lai (1981). Welles (1984) stated that at the highest rate o f fertilizer N, and al all rates ol' V iind 

K, no-fill increased the efficiency o f applied fertifizer. On the other hand IRRl (1977) and De 

Datta et al. (1979) reported considerably lower nitrogen fertilizer efficiency with zero tillage 

than with conventional tillage as measured by increase in grain yield o f  nee. No-fill syHlems 

were found less efficient in utihzation o f N as these systems were more vulnerahk- to 

denitrification (Aulakh et a/., 1984 and Bhuiyan, 1986), leaching (Thomas e( iind

possible volatUizafion (Mengel et a /.,1982) compared to conventional tillage.

2.5. Evapotranspiration

The combined losses o f water resulting from plant transpiration and surface evaporalion 

lead to what is known as evapotranspiration (ET). It is also commonly referred to consiimpfive 

water use (Michael, 1978). The amount o f water available to the roots o f  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 (bod 

and Agriculture Organization (Doorenbos and Pruitt, 1977) suggested Blaney-criddie, ratliiilion. 

Penman, and Pan evaporation methods to calculate potential or reference crop 

evapotranspiration (ETq) from available climatological data. ETq is defined as the rate of 

evapotranspiration from an extensive surface o f 8-15 cm tall, green grass covcr o f  uiiilbrm 

height, actively growing,, completely shading the ground and not short o f water (Michael,

22Dhaka University Institutional Repository



1978). The effect o f crop characteristics on crop water requirements is given by tiu' t rap 

coefficient (Kc), which presents the relationship between reference crop cva|io[niiispiinlion 

(ETo) and actual crop evapotranspiration, or ET = K c , ETq (Dorcnbos and Priiitl, 1977),

In several countries, U.S. weather Bureau class A pan or sunken pan (iiislallecl in the 

rice field) data have been correlated with actually measured ET. Evaporation pan provides 

measurement that integrates the effect o f  solai’ radiation, wind, temperature, and humidity on 

evaporation from a specific open water surface. To eliminate the effcct o f  these meteorological 

factors, the values o f  potential evapotranspiration and ET have been divided by the value o f pan 

evaporation (PE). These ratios can then be used to compare the difference between vtiriely, 

cropping season, and latitude (Tomar and O ’ Toole, 1979). The ET-PE ration in ricc si arts 

around 1; 0 after transplanting, shows a first peak (1.1 and 1.3) at the maximum tillering sUigc, 

and a maximum value at about heading stage. The value at heading time becomc 1.4 I ,S in 

Malaysia and 1.7 in the Philippines (Tomar and O ’ Toole, 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 o f transplanting, reaches 1.15 after 15-20 days, and attain 

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 [and rice fields is more 

than open pan evaporation during that period. They suggested the relationship: ET = 1.2 PI'.

Karim and Akhand (1982) computed the ETq and ET for rice, wheat and Potatt) from 

available 10 years meteorological data o f Bangladesh for different season and location using 

modified Penman method. The variations among the locations in a specified month arc not 

wide. Generally maximum values o f ETo were obtained during the month o f April and May and 

the minimum values were in the month o f December and January.

2.6. Wheat after Rice

2.6.1. Scope and limitation

Rice -  Wlieat is the main cropping system o f the sub-tropical agro -  ecoranes where 

assured irrigation is available . This system is practiced on about 23 million hectares comprising

10.3 milhon hectares in China, 10.5 million hectares in India, 1.5 million hcctarc in Pakisian, 

0.5 million hectare each in Nepal and Bangladesh and 0.05 million hectare in Bhutan (Singh iuid 

Abrol ,1995). In Bangladesh , rice alone covers about 80% and rice - wlical together occupicd
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over 83% o f the total cropped area . Over 80% of the total wheat area prcccdctl by Iranspimited 

Aman (Saunders 1991). In several parts o f Bangladesh, rice aiid wheat arc grown sequential ly in 

the same field in the same farming year, in one or another o f  several distinct cropping palti'm. 

Yield in this sequence in several years , and averaged over all Bangladesh have been aboiil 3.4 

t/ha o f rough T.Aman rice, and 2.6 t/ha o f unmilled wheat grain (Huke et t//.,1993 ) Wheat yield 

in this cropping pattern are also some o f the poorest in the region. The physical li mi la lions 

imposed by puddled soil have been recognized as the major cause o f poor establishmcnl ;ind 

yield o f  post rice crops in Asia (Woodhead, 1990)

Puddling is associated with the breakdown o f soil aggregates during wet cultivation 

(Adachi ,1990). After drainage o f the surface water prior to rice harvest, the water conlcnt ol'the 

surface soil decreases, which is accompanied by a relatively rapid increase in redox polcnlial 

(Maghari,1990) and a slower increase in soil strength (IRRI, 1988).The structure o f the puddled 

layer becomes massive as the soil dries. Puddling also results in the fomiation of compactcd soil 

layer below the puddled zone, whose strength increase very rapidly as the soil dries, limiting (he 

depth o f root exploitation ( IRRI 1986 ).Thc resulting poor stands is one o f the factors in poor 

yield o f  rice. Another factor is the low N availability resulting from extensive removal of 

mineralized N by rice and microbial immobiHzation o f N applied to the following wheat crop 

(Meelu et al., 1979). Crops grown in low land soil after rice harvest may also suffer from 

deficiencies o f other plant nutrients and from a lack o f suitable micro organisms, such as 

rhizobia, or VA mycorrhiza, which may not survive prolonged water logged condition.

In im gated rice- wheat system , soils become aerobic after rice harvest and high le\ els 

o f NO] are expected in such soils. These are prone to losses by excessive inigation and ruin 

(Modgal et al., 1995). The rate o f N mineralization is greatest during the wet season. It 

increased exponentially with increasing soil moisture content from 5 to 23% indicating that N 

minerahzation is moisture limited in dry lands ( Singh and Singh, 1994 ). Cultivation accelerates 

the oxidation o f organic matter m soils and generally results in higher NOi N in the profile . 

Cultivation may also decrease the rates o f denitrification , immobilization and leaching o f NO; -  

N ( Rice and Smith, 1982 ),

The month wise distribution o f rain fall o f Bangladesh indicates the wheal growing 

season ( November -  March ) as the driest period o f the year. Unfortunately 60 65% of the
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total wheat area still remains with out irrigation and is dependant on residual moisture (Ahnicd 

et al., 1986). Soil moisture stress is reported to adversely affect the wheat yield (Islam 19D(l).

2.6.2. Soil m oisture profile of Bangladesh soil

The amount o f soil moisture available for plant growth is considered to be (he nuiisliire 

held in the range from field capacity to permanent wilting point. Soil moisUire profile refers to 

the sum o f the available moisture in the different individual horizon o f  a profile. Soil nmisiiirc 

supply in turn depends on rainfall, soil moisture storage, evaporation and the flooding iind 

drainage regime o f the site, The soils o f river flood plain area o f Bangladesh are uniL|iiL’ in 

retaining extraordinary amounts o f available moisture in the profile {Joshua and Rahman, l ‘>83 

and SRDI, 1986).

Most o f  the soils o f Barind and Modhupur tract o f Bangladesh are generally liciivy 

textured ranging from silty clay to clay. The available moisture in the root zone o f  100 cm. 

depth o f  these soil is well below the total evapotranspiration o f rabi crops. Therefore, rain fed 

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 moisture for Madhupiir and Barind trad soils 

(Joshua and Rahman, 1983 and Rahman e ta i ,  1991).

On the other hand, silt loam is the dominant soil scries o f Tista flood plain, old 

Brahmaputra and old Mcghna estuarine flood plain soils. The available soil moisture storiigt' of 

silt loam is very high. Soil moisture storage in a root zone o f  100 cm depth is siirficieiit for 

almost all rabi crops to be grown in the deeper phase o f all soils on the flood plain except the 

silty clay soils. Furthemiore, the surplus soil moisture storage with additional rechargc from 

high water tables enables crops to be grown well before the pre monsoon raining in Ihc flood 

plain areas (Joshua and Rahman 1983; and SRDI,1986). Expansion o f wheat cultivation largely 

depends on the efficient utilization o f soil residual moisture. Karim et a!., (1980) reported ihiU a 

considerable potential moisture is available in the surface layer o f  Bangladesh soils which 

remains to be utilized by wheat plant.

Dhaka University Institutional Repository



2.6.3. Tillage practices, moisture regimes, N fertilization and tlieir intcriiclioiis on wheat
crop performance.

2.6.3.1.Tillage practices

Tillage has been used in crop production to obtain a seed bed physically, chcniically, 

and biologically suitable for plant growth. The requirements for optimum soil tilth varies widely 

with cropping systems, soil type and climatic conditions. However, to date, the efrcct of lillage 

on yields are uncleai'. In some experiments , Ullage caused insignificant or no increase in yield ( 

IRRI, 1989 ). In other experiments, deep tillage produced significant yield increase (IRRl, l<)88 

and Karim et a i ,  1983 ). Zero tillage or minimum tillage produced crop yields o f iiailey 

comparable with or superior to those under conventional tillage, and also improved soil wiiter 

conservation (Malhi et al., 1992). Majid etal. (1988) pointed out that zero tillage was equivalent 

to traditional Ullage in regard to wheat yield when the crop was planted at tlic same time, iind 

was superior economically in terms o f  power use. Reduced tillage may increase grain yield of 

sorghum by increasing the infiltration o f water into the soil (Hamblin and Tenniinl, l ‘)79), 

while at the same time decreasing the mineralization o fN  (Dowdell and Canncll, 1975).

No tillage sowing method o f wheat after rice gave significantly higher grain yield Ilian 

that o f conventional lillage practices (Ahmed and Chatha, 1992). Direct drilling o f wheal alter 

paddy harvest produced higher yield than that that sown with CT (Shafiq ef al., 1995). Hiiriy 

sowing and minimum tillage produced higher grain yield o f wheat (Shaha el al., 1991). Dliinum 

and Sharma, (1986) compared zero tillage with traditional tillage for wheat alter riei: and 

concluded that direct drilling with zero tillage economically saves the farmer snhslanlial 

production cost and makes wheat cultivation after rice more profitable.

Karim et al. (1985) tested wheat under minimum and conventional lillage systems after 

wetland rice in Bangladesh and found higher yield in minimum tillage than conventional lillage 

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 wheal after wet land rice ( 

Mondal 1986 ). Yield advantages o f wheat from minimum tillage practiccs under both ram fed 

and irrigated wetland rice in different locations have also been reported (Khan e) al., 198,*> ). I he 

yield o f directly drilled wheat, rap and muster, safflower, winter maize and lentil on silly loam
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soil o f West Bengal , India was found as good as the yield from convencioniil lilliigc ( 

Chatteijee, 1985 ). Muskina et al. (1993) pointed out no effect o f tillage or interactions aiming 

variable o f soil properties, crop growth and N uptake by com. On a fertile and deep soil, lilluge 

was shown to be unnecessary. Roy and Sarker (1993) and Prihar et a i  (1996) also rcporli^d no 

effect o f tillage on the grain yield o f wheat. On the other hand Singh el al. (1993) , Das cl al ( 

1993 ) and Shafiq et al. (1995) reported higher yield with increased tillage . Narang ef a i  ( 1992) 

also reported higher yield under conventional tillage system than under no- till system at all ihe 

levels o f N.

The effect o f three tillage treatments, minimum, conventional and deep tillage were 

compared relative to yield o f wheat, water use efficiency and cosl o f  production on a Cirey 

Terrace Soil o f  Bangladesh under rainfed and irrigated conditions, hi the im’gatcd tircii a 

maximum yield o f  3.33 t/ha was produced from conventional tillage, but in the rainfed urea, 

maximum yield o f 2.25 t/ha, a 36% increase in yield over the conventional tillage was obiilined 

from deep tillage. Cost o f production o f 100 kg grain was much higher, S7.5, in (he rtiinled 

conventional dll age compared to $4.5 in deep tillage with maximum water use efficiency of 

294.6 kg/ha/cm. The higher wheat yield resulting from deep tillage sufficient to break the 

plowpan in the rainfed experiment was likely due to improved adaptation o f the plant to utilize 

residual soil moisture through a large number o f roots distributed in the deep layers o f soil 

profile ( Karim et al., 1983)

Gajri et al., (1992) reported increased rooting depth and density o f wheat with tillage 

regimes. Adeoye (1982) reported more vertical penetration o f maize roots in deep tilled soils. In 

general soil strength was the major cause o f reduced root growth under the no tillage treatment 

(Mahata et al., 1992). The root distribution pattern in wheat is adversely affected under ii rice- 

wheat system and wheat roots are more concentrated in the surface layer compared lo a nuu/e- 

wheat system due to the formation o f hard pan (Sur et a i ,  1981). Narang et a i  (1992) reported 

less rooting density in zero tillage than conventional tillage and found maximum rooting density 

to the plough layer with or with out - , nitrogen. Under tilled soil condition higher rooting 

density induced by plough - sole layer in surface layer has also been reported by Ehlers ct al (

1981).
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2.6.3.2.Moisture regimes

Better performcinces o f wheat, maize and barley with imgation than without irrigation 

have been reported by several investigators (Singh et a /.,1991; Khalil and Rahanian, 19 91 ; 

Nandal and Agarwal, 1991). Averaged over cultivation treatments, irrigation has a iiosilive 

effect on grain yield and quahty (Matejikova, 1990). Singh et al. (1991) reported taller pliints 

height and better yield attributes o f wheat, viz., number o f effective tillers, gi'ains/car anti grain 

weight/ear with imgation than without irrigadon. Increased root length and rool dcnwily of 

wheat plant with irrigated plots compared to no irrigated plots were also reported by Khaltl und 

Rahman ( 1991 ).

(Matejikova, (1990) also reported the highest yield o f winter wheat with iri igalion 

and tillage with a depth o f  0 .22m while without irrigation the highest yield was obtained with 

shallow tillage to 0.15m. On the other hand Karim et al. (1983) found maximum grain yield 

o f  wheat in irrigated area from CT but in the rain fed area from deejj tillage. Videonovir et 

al., (1986) also reported increased com yield with irrigation in conventional tillage than 

minimum tillage. Rahman and Islam , (1991) reported increased grain yield o f  when! with 

increasing tillage depth and fund no interaction o f irrigation and tillage.

2.6.3.3. N itrogen fertilization

In general, grain yield increases with N  application up to a certain lim it. A considerable 

body o f research has indicated the positive response o f rice , wheal and sorghum to N 

fertilization ( Locke and Honse , 1988 ; Castillo et al. , 1992 ; Narang et al. , 1992 ). Root mass 

density o f wheat at different growth stages increased with the apphcation o f N ( Verma mid 

Acharya , 1996 ).Wells (1984) showed that , for com, less fertilizer N was required under 

conventional tillage than under no-tillage system to reach maximum production attainable. 

Dickson et a l ,  ( 1996 ) also reported that, additional N and P arc required to maximize yickl of 

no -  tillage wheat following rice. Grain yield from no-till plots at the high rate o f feilili/ei N 

exceeded that from conventionally tilled plots by a greater margin than was obsei-ved with 

either zero N or lower rates o f fertilizer N. A likely explanation is that soil moisture bccame 

more yield hmiting in conventional tillage than in zero tillage, making it possible for grain yield 

o f  no-tillage plots to reach higher levels with additional fertilizer N. Locks and Hons ( 1988)
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reported lhal at low N rates, conventional tillage produced more stover and grain o f  sorghum hut 

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 tillage produced significantly less barley yield than conventional tillage when N 

fertilizer was not applied (Nyborg and Malhi, 1989). On the other hand, yields o f the zero lillage 

plots approached those o f the conventionally tilled plots when N was added. Nevertheless, the 

yields were oflen similar under both tillage treatments when the plant available N levels were 

apparently sufficient, Videonovic el a i (1986) found the highest yield increase due lo fertili/.cr 

application in minimum tillage, somewhat lower when the rotovalor was used and the lowest in 

conventional tillage. Tliis indicated decreased fertilizer effect under more intensive soil lilliigi.'

Behera and Sharma (1991) reported a significant influence o f  the interaction o f  irrigation 

and fertility levels on the grain yield o f wheat. Lower levels o f irrigation with higher levels of 

fertility resulted in reduced grain yield. This indicated that with increasing fertility levels a 

higher quantity o f irrigation water was needed by the crop to realize full yield potentiul. The 

effects o f fertilizer and irrigation water were complementaiy to each olhcr in incieasing ihe 

yield o f wheat. Karim et al. , (1985 ) reported a high order yield response o fN  fertilizci' under 

optimum water supply. The interaction effect o f irrigation and N levels was also (bund 

significant on the grain yield o f  wheat by Lathwal et al. (1991). They reported that under iill the 

levels o f  N adequate irrigation produced higher yield compared with limited irrigation. Both the 

irrigation regimes produced significantly higher grain yield with 120 kg N/ha llian wilh 40 nr 80 

kg N/ha. This was attributed to a greater production ofphotosynthates and their iranslociiiioii to 

the sink under adequate irrigation and higher doses o f  N. Irrigation and N interactions showed 

that for the same yield level o f  wheat less N was required in a more frequent irrigation regiine 

compared wilh less h'equent irrigation regimes (Gajri et al., 1992). A positive co-relalicn 

between moisture supply and gj'ain yield o f  wheat was reported by Gauer et al. (1992). They 

stated that the grain yield 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 Ini each 

other and tillage increases efficiency o f water and fertihzer use (Sharma, 1985). For a given 

yield level, higher inputs o f  water and N are required under zero tillage than under convent innal
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tillage (Gajri et al., 1992). In abscnce o f  crop residues, tillage o f  coarsc lexlurcd low oryiimc 

matter soil increased the water arid fertilizer N ef!iciency in wheal following ricc Ihroiiyli its 

favorable effects on root and shoot growth.

Development o f appropriate tillage systems, and water and fertilizer management 

practices for rice and wheat can play an important role in energy and time savings as well as in 

increasing the productivity o f  riee-wheat cropping systems in Bangladesh. The effecl o f  lilkige, 

water regimes, N  fertilization and their interactions on soil properties, nutrient availability, and 

mineral nutrition o f rice and wheal have been studied in details in other countries o f  the world. 

But little work under the specific agro-ecological conditions o f Bangladesh has been dune in 

this respect. Considering the importance o f tillage, water regimes and fertili/cr managunient 

practices in crop production, research to develop appropriate tillage, water ami fciiilizer 

management practices for rice and wheat, the major cereal crops o f Bangladesh, deserves 

special attention.
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3. M aterials iind Mlcdiod.s

This study was conducted at the central cxpcnmctUal slat ion o f the Bangladesh Rice 

Research Institute (BRRI) at Gazipur during the period froin July 1992 to May 1994 and from 

July 1998 to March 1999. The soil is a clayey, mixed, non acid Aerie I laplaquept (Zijcvellt, 

1980). Six experiments involving rice and wheat were conductcd,

3.1. Description ol tlie Experimental sire

3.1.1. Location

The BRRI experimental farm in Gazipur is located about 35 kin north o f the capital 

city o f  Dhaka. The fami lies between 23“ 59' 01" tn 23" 59' I f)" North lalitudc and 90” 24' 35" 

to 90" 24' 40" East longitude. The elevations is S.4 ni ahovc mean sea level, The 

experimental famri has an ai'ea o f  70.85 hectares.

3.1.2. General physiography iincl geology

The BRRI farm is representative o f the level upland areas sub-regions 28d and 2 8 fo f  

the M adhupur Traet, Agro-ecological zone 28 (AnZ28). The Madhupur Tract is underlain by 

the M adhupur clay consisting o f  Tertiary anti Pleisloeetie lidal and marine alluvium 

(UNDP/FAO, 1988). The soil conditions are surprisingly lielcrogeneous. Grey Terrace soils 

occupy about 1 5% o f the Madhupur Tract.

3.1.3. Present land use/ vegetntioii

Mainly rain fed transplanted HYV As followed by local transp la tiled aman varieties. 

Rainfed As followed by mashkalai or mustard, with jackli’uil Irecs on Held boundaries tire 

also important crops in some areas. HYV Bort) I'ollowed hy IIYV Aman on irrigated land. 

Sugarcane, K harif ground nul ( grown to produce seed ) nii'sla, wheal and rabi crops arc 

locally important. In the BRRI farm, rice is the dominant crop with some patches planted to 

wheat and legumes as rotational and green manure crops.

3.1.4. Climate

The climate o f  the experimental station belongs to tropical monsoon characterized by 

three distinct seasons. The monsoon or rainy season (May lo October) is warm and humid 

and receives about 90 percent o f the total annual rainfall durinj.' the period in the foiin of 

occasional thunder showers. The winter or dry season (November to February) is eool and 

dry and reecives about 2 percent o fthe  total annual rainfall nioslly as occasional driz/les.
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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 o f 

Plant Physiology Division, BRRl, 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 o f  the warmest and coldest months were recorded in April (31° C) and 

January (16“ C).

3.2. The soil morphological characteristics or the experimental site

A soil profile was opened by digging a pit up to a depth o f 150 cm at the experimental 

site with coordinates 23° 59' 09" North latitude and 98" 24' 03" East longitude. The 

morphological profile o f the soil is presented in Appendix Table 1 and Picture 1.
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Plate 1. A  profile o f the soil at the experimental site.
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The liixonomic classirication o f ihe soil is prL'seiilcd iii Appendix lahic 2. The soil of 

experimental site reprcscnls Uie C'hhiata series, a major ,sui[ series o f  Ihe Madhiipur I'racl. 

The soil developed from Miulhiipur clay. The piircnl iiiiilenal is a (.iecply and strongly 

weathered, leached and strongly inottlcii clay. The A hori/.on is grayish hrown to grey, silly 

clay to clay in texliire. The soil sliiicliirc is we;ik, line In niL'dnini sub angular hloeky. The B 

horizon is light grey, silty clay in texture. The soil slnn'liiiL' ks weiik, medutni and coarscr sub 

angular blocky, probably due to difference in time and mode o f deposition, al the depth of 

35-70 cm some embedded calcarcous gravels were observed. 'The buried C' horizon is grey in 

color and silty clay in texture; the stnjcture is weak, medium to course angular and sub 

angular blocky. Mottles and Tc/Mn concretions arc promiiienl in this horizon (Appendix 

Table I).

Soil samples for laboralory analyses were cnllected iil 1 “i cm incretnenls from surfacc up 

to 105 cm depth. Some important characteriKlies o f the soil ol' the ex peri men I ill silc are 

presented in Table I. Throughout the profile the soil texture is silly clay, with the except ion I hat, 

at the 15 to 30 cm depth, the texture is clay. While the parliele density was homogenous 

throughout the profile, a higher bulk density at the I .S lO cnnleplh gives the impression o f some 

compaction or the existence o f  a hard pan. The suiface iind suh-soils are slightly acidic to 

neutral in reaction. The organic matter content is low at Ihe sm face (l.OS'Ni) which decreased 

further in the lower horizons. T'he general fertility status oCthe soil is poor with very low N, 

low P and medium K contents. The fertility level o f the soil tlccreases with increasing soil 

depth (T ab le  1).
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Table 1. Some important characteristics o f the soil o f the experimental site.

Soil 
depth 
( cm)

Soil Field
capacity
t%,w/w)

pH Bulk
density
(g/cm^)

Particle
density
(g/cm^)

Poro
sity
(%)

CEC 
(me/10 
Og soil)

Organic Available nutrients
textu
re

matter
(%)

N P K
mg/kg soil me/lOOg

soil
0 - 1 5 Silty

clay
32 6.9 1.40 2.62 46.6 26.2 1.08 13.21 10.86 0.26

1 5 -3 0 clay 32 6.9 1.58 2.63 38.9 23.5 0.82 10.78 9.23 0.24

3 0 -4 5 Silty
clay

32 7.0 1.54 2.64 41.6 19.8 0.67 10.03 8.76 0.24

4 5 - 6 0 Silty
clay

31 7.0 1.55 2.64 41.3 17.2 0.45 8.94 8.50 0.21

6 0 - 7 5 Silty
clay

31 6.9 1.56 2.64 39.4 12.0 0.38 8.46 7.54 0.20

7 5 - 9 0 Silty
clay

32 6.8 1.60 2.65 39.6 11.3 0.36 7.09 7.01 0.19

90-105 Silty
clay

31 6.5 1.60 2.65 39.8 12.4 0.29 6.02 6.90 0.17

3.3. Experiment 1. Effect of tillage and N levels on available NH^- and NO3-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
and performance o f  transplanted rice.

The experiment was conducted in the transplanted aman (T. Aman) season o f 1992. The 

objective o f the study was to determine the effect o f tillage and N levels and their interactions on 

the availability o f  N in wet soil and on the growth, yield and N nutrition o f  irrigated rice.
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3.3.1. Experimental design ;iiid h entmcnts

The experiincnl was laid t)Lil in u splil-plnl (iL'sij.i,ii willi Ibui' icp11cations. Tillage 

treatments were assigned to the miiin plots and N levels t(i the siih-plots. I'lie sub-plot si/e was 

5ni X 4.5m.

Treatmen ts

Tillage levels

T] = Zero tillage (ZT) i.e. no land prcpiii iition: The plots were submerged tor 3 days 

before transplanting to make the soil soil eiiniij,'h Ibr racilitating transpliintation 

o f  rice seedlings LMuler zero tillage situation, 1 he existing weeds were cleancd 

manually.

T 2 ~  Reduccd tillage (RT), two ploughing and two laddeiing: The plots were 

submerged and ploughed twice willi :i coiiiiti v plmigh 3 d lielbie tianspliinling 

followed by two lacldering 1 d beloie transplanting. The plots w'ere then kept 

submerged.

T3 =  Conventional tillage or puddling ((’ T), live ploughing and four laddering : The 

plots were submerged and ploughctl tliricc vvilli a country plough followed by 

two laddering 3 d before transplaiiling anti again ploughed twice followed by 

two ladderings I d hclbrc planting. The plots vveiv then kepi submerged.

Nitrogen levels

Four N levels 0, 60, 80 and 100 kg ]ier hectiue were used as the N treatment.

3.3.2. Experimeiitill procedii 1 e

Afler establishing the tillage treatments, levees were eonsliucted to ercate 48 plots each 

5m X 4.5m.in size. Nitrogen fertilizer (urea) was applied m 1 equal splits, once basally 

(broadcast just before transplanting and incorporaled), onee 25 thiys after transplanting (DAT) 

and finally 45 DAT. All plots received basal doses o f P, K, S and Zn at the rate o f 26, 33, 20 

and 5 kg/ha as triple superphosphate, muriate of]iotash, gypsum and zine sulfate respectively. 

All basal fertilizer doses were applied in the morning o f the day o f transplanting. The fertilizers 

were thoroughly mixed with the soils and the plots were leveled manually before transplanting.
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A modern rice (Oiyza sniiva L.) variety, BK I I, vviIIki ^;io\vlh iluriilion o f 140-145 days 

was used as the tcsl crop. SccLllings were raised in we( seedhal with ii|i|iropriali^ measures 

againsl pesl infestation. Forty-day-old seedlings were transiilaiik'd at the riite o f 2-.1 seedlings 

per hill at a spacing o f 20 cm x 20 cm. All plots were Kl'iu siilimergetl under 3-5 cm water 

during growing period However I lie standing water was drainwl out from tlie plots H) days 

before harvest. The crop wi\s kepi weed free by two band weiklings 20 and 35 DAT. The rice 

crop was kept pesl free with tbe application o f llie insectioLle Diii/.mon 10 G at the rale of 17 

kg/ha 40 DAT.

3.3.3. Soil and plant sample collection, processinf> and analysis.

Soil samples (0-15 cm) from each block w'eiu cnilueted onee before treatment 

application and once after harvest, air dried and sieved for pbysieo-cbemieal analysis. For NH 4 - 

N and NO3 -N determination, soil from each indi\iLliial plot wus sampled al LS-tlay intervals 

during the crop growth period (15, 30, 45, 60, 75 anti 105 DAT), usmg Ihc core sani|iling 

technique. At cach time sampling, 4 landom soil samples |ier plol at a deplb o f 0-1.5 cm were 

collected for one composite sam|ile. .lust alter colKx'tion, I be siimiiles were mixed Iborougbly 

and siib-samplcd for KCl extraction and moislun' deteniimaliim. About 20 g wet soil was 

extracted with 2N KCl solution, the volume was made up In lO(t nd an».l the concentrations of 

NH 4 -N and NO3 -N were determined by micro-K.jeldbal distillalion method as described by 

Bremner (1965). Straw and grain samples were collected from each plol. Stravif samples were 

washed with distilled water and dried at 70“C in an oven for 4S hours anti were ground using a 

Wiley micro-mill. Prior to analysis, samples weie oven dried ill 60"-70‘'(' for 24 hours. The 

plant samples were analysed for N.

3.3.4. Data collected

A. Soil parameters: Texture, bulk density, parliele ilensily. Iota) porosity, organic carbon, 

organic matter, CliC, pll, available P, exchangeabk' K, Inlal N, ammonium-N anil NO.i- 

N m soil.

B. Rice plant growth paiamelers: Plant height was muasuieil from the ground level to the 

tip o f the tallest leaf or paniclc from four randomly selected samjilc units consisting of 

four consecutive hills in two consecutive row's jier plot al the active tillering stage (35 

DAT) and at maturity. The sample units were selected from outside the harvest area.
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Tillers anti panicles were counted on eiicli o f these stiiiijile hills. Tiller numbers were 

counted at 35DAT and at maturity, and the panicle luiinhcrs at miiturity. Panicles from 

these 16 hills samples from each plot were used for ytekl componenl analysis

C. Grain and straw yield: 'The crop was harvcsleci from ii 5m ’ area at the center o f  each plot 

when about 80-90% ol Ihe grains turned yolden yellovv The harvested hills from each 

plot were threshed, anil Ihe grains were L'leanetl .drieil for 2-3 tiays, anil weighed. 

Immediately after taldng the grain weight iVoin each pli)( llie giain moisture content was 

determined, and the grain weight was adjiisled lo I4'%i nioislurc level. The stiaw was 

sun-dried for almost a week before weighing.

D. Yield components: Panicles from 16-hill samples sluiul earlier w ire separated for yield 

componenl analysis, and threshed by hand. The grains were sun-dried for 2-3 days. The 

following yield contributing characters were determined :

i. Total number o f panicles/m^

ii. Number o f spikelets/paniclc

iii. Percentage o f un 111 led spikelets

iv. Weight o f  1000 llllal spikelets.

E. Nitrogen nutrition: Shoot at 35 DAT and straw and grain samples at maturity were 

analyzed for nitrogen conccniiation.

F. Nitrogen uptake and use elliciency:

i. Nitrogen uptake kg/ha was delernnned nsmj' estimates n f percent nitrogen 

content in each o f straw and grain lissne anil Iheii dry matter yield

ii. Efficiency o f fertilizer nitrogen was calculated based on kg grain per kg applied 

nitrogen

iii. Percentage ofN  recovery based on kg absorbetl nitrogen o\ er 100 kg applied N.

iv. Efficiency o f utilization based on kg grain er kg absorbed niii ogen.

3.4. Experiment 2. Efft’ct ol‘ iri igsition niid N k’vrls on soil phy.sicnl properlle.s mid

the {{I'onlli, yield and niincrnl iiiitriMon of rice.

Hypothesis: Water n'ginics influence soil /)/o/dvVn .v which iiiodifics the cjfi’cl oj

applied N  (loses on ih f lu r/o/Ditiiu e nj lniiispltiiil<’(l rice.
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The cxpcriincnl was coruliiclal in the Hum sciisnn <il' I lie objective o f this

experiment was to determine llie ellect ofii'rigiitinii hiilI N levels and theii interaclions on soil 

physical properties, N availability in the soil and on liie growth, yield and itLitricnl status o f rice.

3.4.1. Experimental design nnd treatments

The experiment was laid out in a split plot design with rmir leplicalions. Irrigation levels 

were used as the main plot and N levels as the sub]'ilol. The siihplol was 5ni x 3m in size. 

T reatm ents

Moisture reginie.s

Ii = Continuous submergence lukIl'I' 3-.S eni water (C’S).

It = Apply iriigiuion 4 days aller disappeiiiani-L: o f standing water (4 DW),

1.1 = Apply inigation 7 days aller disappeanim l' ol'standiiig water (7 DW),

U =  Apply irrigation 10 tlays aFIlt disappL'aniML'e oI'standing water (10 DW).

N itrogen levels

Four nitrogen levels (0, 40, 80 and 120 kg /ha) were used as the N treatments. 

Since [20 kg N/ha is the maximum recommended dose by RKKl I'nr Boro rice in the BRRl farm 

site, no higher dose than 120  kg/ha has taken into consideralion

3.4.2. Experimental procedure

After thorough puddling and leveling, levees were cujistrueled to uieate 04 plots each 

5m X 3m. Dikes were constriictcd between main plots by placing polyethylene sheets up to 15 

cm soil depdi to control seepage among irrigation treated plots. Nitrogen rerlili/.cr (ureii) was 

applied in 3 equal splits, oncc 15, once 40 days alkT tran.splanlinj; (DAT ) anil llnally 60 DAT. 

All plots received basal tloses o f 1'. K., S and Zn al the rali.' ol 34, 20 anti 5 kg/ha as tipple 

super phosphate, muriate o f potash, gypsum and zinc sulliile respectively. All basal fertilizer 

doses were applied one day before transplanting. The fertili/cr were thoroughly mixed with the 

sods and the plots were leveled manually before transplanting.

A modem rice {Oryza sativa L.) variety, BK3, with a growth duration o f 170-175 days 

used as the test crop. Seedlings were raisetl in wet .seedbed and protected (rom pest infestation. 

Fifty five-day-old .seedlings were (ransplanted al tlie rate o f 3-<:| seeillings per hill at 20 cm x 20 

cm spacing. The crop was kept w'eed free by two haiul wedihngs 20 anil 40 DAI'. The plants
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were also protcclcd from pest iiiibslalion by applyin^^ inKCL'tii'itii' I'lniRJon ] (i ill the rate o f 17 

kg/ha 21 DAT and MaliUliion (57 hC) at. the rate o f I L/ha 50 DAT.

All plots received water as per inigation ticadncni. I'lie ( S plots were kcpi siihinerged 

under 3-5 cm standing water lluDiigluuit the growing seiison, I lie other irrigated plots were 

irrigated at the respective days iiltcr disappearance' ol .standing vviilcr. I’lie llisl ilisappeaiance of 

pondetl water oeeurrcd 32 DAT and the first irrigation wiis applied 36, 3'^ and 42 DAT as per 

treatment reqnirements. The 4DW and 7DW inigated plots wcie kepi snbmcrged until the 

disappearance o f  standing water o f 10 DW plots to maintain Ihe irrigation cycle. A total of 4 

irrigation cycles 32-42, 48-58, 72-82 and 92-102 DA'P were mainlained llirt)ughont the growing 

period. The last irrigation was applied 102 DAT and the crop >viis harvcslctl 120 DAT. At each 

irrigation time the amount o f water applied to cacli iiulividiiid plol was ineasiiretl. The rainfall 

data was also recorded. The cniiiulalivc water iiseil for eiich treatment including rainfall is 

presented in Fig.4. livapocranspiration (ET) was calculated hv nuiltiplying the potential or 

reference crop evapotranspiration (TTo) and crop co-eflicieni (Kc). I'.T = Kc. IH'o as suggested 

by Doorenbos and Pruitt, (1977). 1 he ETo and Kc values vvere taken from Karim and Akhand 

(1982) and presented in Appentlix Table 3 and 4.

3.4.3. Soil and plant sample collccdoii, procc.ssliii’ iiiul iniiily.siK.

Soil samples (0-10 and 10-20 cm) from each individual plol were collected at different 

intervals during the crop growth period using the core sampling technique for soil moisture 

content, bulk density, and porosity detemriination. I 'o rN Il ; N and No^-N estimation, soil from 

each individual plot was sampled at 45 and 65 DA I . Sampk-s were co lle i'lL 'd  3 days al\er nrea 

top dressing. Four randomly ctiHeeled soil samples li'om eiii h plol were used as one composite 

sample. Immediately after eollcction, the soil samples were mixed thoioiighly and sub sampled 

for KCl extraction and moisliire detcrmi nation. About 20 griuii wet soil was ex traded with 2N 

KCl solution, the volume was made up to 100 ml and the I'oncentralion of N11,;’ and Nf)^' -N 

were determined by micro-Kjeldald distillation melhod (Hienmer, 1965) Plant samples were 

collected from 4 randomly selected sample iiint consisting o f 4 consecutive hills in 2 

consecutive rows out side the harvest area o f each plo1 al 45 DA f (Active tillering stage), 65 

DAT (Panicle initiation stage) and at harvest. The [>liint samples were washed with Lap water to 

remove soil particles, followed by distilled watei-, wiped wilh paper lowcl dried at 70‘V  in an
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oven for 48 hours and were ground using ii Wiley inicroimll. l‘rior to analysis, samples were 

oven dried at 60‘-70"C for 24 hours.

Root samples for 0 to 30 cm soil depth weru uolla'lL'd lioin the eenter o f each plot using 

40 em long and 10 cm - dia melal corc. Each soil L'ort’ was liiilvL'il cross wise. I'he core sampler 

was placed over a plant after harvest in such a way that the plaiil was in the center, Bach soil 

core was cut in lo three 10  cm lengths and rool length was ineasiircd hy using technique

described by Newman (1966). Uool.s were then dried :it 7t)'’( ' loi ' cJ and w eighed.

3.4.4. Data Collected

A. Weather data; Rain Tail and pan evaporation data were colleeled from weather 

report section o f physiology division, BR.RI, Cj a/i pur {The data were recorded 

ft-om meteorological observatory o f BRKI H(.) situated within 500 M of 

experimental site).

B. Soil parameters: 'I’he soil samples collected ill dilCcrenl growth stages were 

analyzed for soil moisture eonteiit, bulk dciisily, tolal porosity and, Nll.i and 

NO;t -N concentration.

C. Rice plant growth parameter: Planl height wiis measured li'om the giound level

to the lip o f the tallest leaf or paiiiele from iiindomly seleLlcd four sample unit 

consisting o f 4 consecutive hills in 2 eonseciiliv L' lines per plot at active tillering

(45 DAT), panicle initiation stage {(>5 DAT) aud maturity, The sample units 

were selected from out side o f harvest area, rillers and panicles from each o f the 

4 hills o f  4 sample unit were also countetl at 45 and 65 DAT and at maturity 

from the same sample unit used lor planl height measurement. Root lengdi 

density and root mass from 0-30 cm soil depth at malurity.

D. Grain and straw yield: When about K0-9t)"u o f the grain in the panicle become 

straw-colored, the crop was harvcstetl from 5in’ area at the center o f each plot. 

Tlie grains were threshed, cleaned, tlried and weighed separately. The grain yield 

was adjusted to I4‘!n moisture conlcnt while the straw was suiidiied for almost a 

week before taking weight and were reported as I. ha basis.

E. Yield component: Panicles from l(i hills were sejiaiated lor yield component 

analysis and then threshed by hand and dctemnnc the following parameters.
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F.

G.

. Total nmnbLT o f panicles/in

i. NLimbcr o f s|iikclet/paniclc,

ii. Percentage o f unfilled spikcluls.

V. W e i g h t  o f  1000 f i l l e d  s p i k e l e t i i .

Mineral nutrition: The shoot at 45 tiiitl 65 DA ] were analyzed for nitrogen and 

the straw and grain ut harvest were jiiialy/ed for N, P, K, ( ’ii, Mg, Mn, Zn ;jnd 

C li.

Nitrogen uptake anti use efficiency; I’lie mctliod ol’dLita colleclion were the 

same as in experinieni I.

3.5. Experiments. Eflect ol’ lilliigc on soil pliysii'iil j)i(ipcilics and on tlit yield and

ininiTal nuli ition ol lici’ niidei" lrrl^)i(od and i iiiiired cimditions.

Hypothesis: Tillage mlensity’ inflavncc soil phy.\ii'<tl projjeiiws, and thus, the

mineral nutrition and vichl oftrun.spldiited rice under varving water 

regimes.

The experimenl was condiictcd in the season oC I Anian 1993. The objective o f this 

study was to determine the effect of tillage and walcr levels on sod physicid pioperlies and die 

growth, yield and mineral nutrition ofrice.

3.5.1. Experimental design and liLatiiients

The experimenl was Uiiil out in a split-plot dcsigti with ‘1 replicahons Irrigation levels 

were used as the main plot and lilUige treatment as the suh pint. I he sub plot si/c was 9m x 5ni. 

T rea tm en t

Moisture regimes

11 = Irrigated (IRG). Imgation was applietl as and when required.

12 = Rainfed (Rl'). No irrigation was applied during the crop growing period

except at laud preparation.

Tillajje level

T| = Zero tillage (ZT) i.e. no land preparjilion. The plots were submerged 3 d

before transplanting to uiake die soil s(dl enough for transplanting 

seedlings of rice. The exisliun weeds wei e cleaned manually.
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T2 = Rcduce(.l lilliigc (RT), two |iloiighinfi iitKl Iwo ladtlLTing: The plots were 

SLibnieiged liikI plouglieci irc vvilh I'oimli y plougli ^ tl bclbi e plimling 

Ibllowecl by (wo latklering I il hcCnir phinling, I'hr plots wcrt’ then kept 

SLibmei'ged.

T3 == Coiivcntioiuil tillage (CT), five ploiigliiiin nnd Ibiii kiddci'ing; Tiie plots 

were submerged and ploiigbed thrice wilb counti'y plough followed by 

two laddering 3 d before transplanting and again ploughed twice 

followed by two ladering I d before triinsplanting I’be plots were then 

kept submerged.

3.5.2. Experimental procedure

After estabhshing the tillage treatments, levees were I'oiislrueted to creatc 24 plots each 

9m X 5m. Dikes were constructed between main plots by pliicing [lolyelhytene slieels up to 15 

cm soil depth to control seepage among irrigatccj iiiid nuiill-d ]ilols. Nitrogen fertilizer (urea) at 

the rate o f 80 kg/ha was applietl in 3 equal splils once basiillv ,t>nce 2.S DAT and Ihially 45 

DAT. All plots received basal doses o f P, K, S and /n  at the rale o f 25, M, 20 and 5 kg/ha as 

triple superphosphate, muriate o f potash, gypsum and zinc sullate respectively. The applied 

fertilizers were thoroughly incoiporated and plots were leveled manually before transplanting.

A  modem rice (Oiyza sudvd L.) variety, liK I 1, with 140-145 days growth din'ation was 

used as the test crop. Seedlings were raised in wetbed aiul pruieclcii IVoin pest infestation. Thirty 

three-day-okl seedlings were ttiinspUinted at the ritte of 2-.1 seedlings per lull at a spacing o f  20 

cm X 20 cm. The crop was kept weed free by hand weeding and protectet! from pest infestation 

by applying insecticide as and when requiretl. Irrigiiteil plots were kept submerged with 3-5 cm 

water depth thiough out the growing period and die w'iiler was ilraineil out 10 days before 

maturity. At each nrigation time, the amount o f water applied to cach individual plot was 

lecorded. Rainfcd plots remained submerged up lo 75 D A f with rain water. The crop was 

harvest at 104 DAT. The rainfall tiata was also ice.ordcd. I'he eunuilative water used in each 

treatment including rainfall is presented in Fig. 14.

The evapotranspiration was calculated in the same way as in the experiment 2. The 

percolation rates o f  soil were measured in tillage tieated pitils using a double ring 

infiltromcter and measuring the fall o f w'ater level with time bv ;i point giiiize. The depth o f 

water in both inner and outer ring was inaintainei! roughly eL[uiviilenl and was about 5-7 cm
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through out the period o f observalion. The initiiil rciiding w;is liiLcn one lioiir after 

adjustment o f  water level in thi.: inner ring and Mil- procuduK; u  iis continual. On the I1rsl day, 

the percolation measurements were lakcn a I inter vids o ( 'l , (Kind 8 lioiirs and then ii( 

noon at each day. The pcrcolalion mcasiiremenl were lakcn Cor n period ofZO days daring the 

ricc growing season. In cstimaluig (he percolation rale, llic rain la 11 and Mic panevaporation 

were taken into consideration 'T^lal dischaige oT water lur a dav were rect>rdcd as 

percolation for that period.

Soil penetration resistance (SPR) was measured liy pockel pcnctrometet. In each 

treatment, a soil pit about 30 cm deep was excavated to nieasuie die penelrometer resistance at 

an interval o f 5 cm. Several me:isiirements were made at each ileplli to obtain an average value. 

The piston needle o f  the penetrometer was pushed inlo the soil al right angles to the vertical soil 

surface until penetration reached die calibration groove and recortled the value in MPa scale 

{Davidson, 1965). Soil temperature (0-10 anti 1(1-20 cm) Irom each niilividual plot were 

recorded at 15 day intervals during the crop growing pciiod (l.S, .'̂ 0, 45, (lO, 75 and 90 DAT) 

using the hi metallic soil thennometer (Taylor and .lacksou, I9()‘i), The rciu lings weie recorded 

at noon each day.

3.5.3. Soil and plant sample colk'cMon, proci’ssiii^ and iiniU>sls

Soil samples (0 -1 0  and 10-20 cm) from each indivitlual plot were collected at 25 -day 

intervals during the crop growing period (0, 25, 50, 75 and 100 DAT) using the core sampling 

technique to detemiine the physical characteristics of soil. A Her drain out standing water at 

harvest, soil sample from 0-10 cm layer was collecletl al 5-day intervals from each tillage 

treatment to detennine the drying rate by estimalin^’ gia\imcliii,' moisture content. Straw and 

grain samples from each individual plot were eollutietl al luir\L'st and dried and ground for 

chemical analysis.

3.5.4. Data collcctc<l

A. Weather data: Kainfall and Panevaporaiioii dalii \\ere ( ’’ollecletl from the same 

source as in experiment 2 .

B. Soil parameters: Percolation rate, soil moi.sliue content, bulk density, moisture 

retention capacity, soil penetration resistance, soil tempeiiiluie and soil drying 

after drainage.
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C. Grain and straw yield o f rice.

D. Mineral nutrition o f  rice : Nitrogen, 1*, K, C’ji, My, Fc, Mii, Zn & Cu ofsti'aw  

and grain at harvcsl.

3.S.S. Statistical iin»iysis

Analysis o f  variance (ANOV'A) as ofsplil pini desi).'.n waw applied In all sets orcollectcd 

data o f experiment 1, 2 and to test Ireatmenl variation. Mean com])arison was done by 

Duncans' Multiple Range Tesl (l)MRT) witli O.O.S level o f prohaliility (d o m e/ and Clomcz, 

1984).

3.6. E x p e r im en t  4. E ffc tt  (if w a te r  regiinrs, llllaur syslt'iiis and N IcvtIs on soil

physiciil properties ati<l on (lie ^rowl]i, yield mid ininerid 

nutrition of post-rice wlieat.

Hypothesis; Wa/cr regimes, tillufjc intensity, applied N doses and their

ifik’raclions mfluence .vu/V phvsintl properiii's, and liciu-e, the 

per/oriiKince o f  post-net- whvat

The experiment was conducled in the rabi season, l'^‘Ĵ l in (he same layout ol'lhe lasl T. 

Aman experiment keeping the tillage Ircated plots conslaiil. The objective ol'th is experiment 

was to determine the elTect til' lillagc and N lerlili/alion under Iwo wiiler levels aiul their 

interactions on soil physical properties and the growth, yield and mineral nutrition o f post rice 

wheat.

3.6.1. Experimental design and treatments

The experiment was conducted in a spht-split plot de.sign with 4 replications. Irrigation 

levels Vv'ere used as the main plot, tillage practiees as tlie sub plol and N levels as the sub­

subplots. The sub-subplot size was 5m x 3m.
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T reatm ents

M oisture regimes

11 = Irrigated ([K.G). Irrigation wiis ^i|iplicil omx' nl sowing, oncc 25 days after

sowing (DS) and finally 60 1)S.

h  = Rainfed (RIO. No imgation was appIiL'd diiiirig growing period except at

sowing.

Tillage levels

T| = Zero tillage (ZT). No lanti pivpanilinn I lii’ seeds weie sown below 2-3

cm deplli in furrows (3 5 cm wide) prepiiied by hanti lools.

T: = Reduced lillage (RT), Hiiee ploi(j.>lnng and Iwo laddering: Two

ploughing witli a country plough lolloweil hy one latldciing and again 

one plough followed by anoilu;r laddering

T s=  Conventional tillage (C"l ), live plougliing and lour laddering; Three

ploughing with a country plough lolloweil by two laddering and again 

ploughed twice folio w'ed by I wo lad tiering.

Nitrogen doses

Tliree N levels 0, 1(K) and 140 kg/ha were usetl as N Irealnienls,

3.6.2. Experimental procedure

Land preparation was tlone 15 days after T.Ainau rit e liarvesl. Tillage IreatmeiUs w'ere 

established first and then the levees w'cre conslrui'letl Iti make 72 intli\idual plols. Nitrogen 

fertilizer (urea) was applied in 2 splils lo irrigaletl plots, 2 . 'rd al ianti preparation and l/3rd al 

1st irrigation time while to rainfed plots the eonijik'te dose of N fertilizei was applied hasally. 

All plots receivetl basal doses o f I’. K, and S al the rate o f .U), "  anti 20kg/ha as iriple super 

phosphate, muriate o f potash and gypsum.

A modem wheat {Triticum aesliyuiii) variety, Kane ban, with a growth duration 

o f 100-105 days was used as tlie test crop. Seeds W'ere treated witli Vita v ax-200 at the rate of 

3g/kg wheat before sowing to protect seedlings Iroin tliffeiviit seetl aiul soil born diseases. For 

ali tillage systems, seeds were broiitlcast on the same day into tin rows made hy hand tools at 20 

cm apart from line lo line at the rate o f 130 kg seed/ha. One tlay after sowing, an irngalion with 

35 mm water was applied lo all pkits to germinate the seeds uniformly aiul then two irrigation
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one with 50 iniTi at 25 DS and Ltnollier wil.Ii 60 min ii( 55 1JS wi u' tipplied lo llic irriiifltctl plots. 

The rainfcd plots rcecivcd no irriyalion waler. (.lop wlis Kupl weed Irec liy hand weeding 

and protected (rom pesl infcsUilion by applying inset:!icitle as ctiid when iei.|uiicd, I'laiits were 

thinned at 20 and 35 DS. The aiiioiiiit o f rainlall oeciinvd diiiiiig growing period was also 

recorded. The cumnlalive water ii.sed in each trcalini'nl ineliidin).' niiiifidi is given in h’ig. 2 1. The 

infiltration rale o f soil was measured in all llie lillage Irenlk'd plols iising a tiouble ring 

infiltrometer and measuring tlie I'all in water wilh tnne hy puini gauze (Karim ei al. 1988). 

Two metallic rings, each o f 30 and 50 cm in diameter, were driven inlo the soil to a depth of 

about 15em by keeping a steel plate over bodi the ring and hammering iinirormly and slov,'ly. 

Water was added to the circular compartment between the Iwn rings, which actcd as a buffer. 

To avoid disturbance in the soil, a polyethylene sheet \ m i h  plni’ed on Ihe soil surface inside 

the inner ring and then water was atlded up lo about 20 1) cm lieight aiul the polyethylene 

sheet was removed ctirefully. fhe initial reading was taken inie minute alter the addition of 

water in the inner ring and the procedure was eontinueti. fhe inliltratioii measurenients were 

taken at intervals o f 1, 2, 5, 10, 20 and 30 mmules and eonhnued up to 400 minutes. The 

Cumulative infiltration and inlake rales were computed luid jilolled in graphs, The crop was 

harvested at 103 DS.

3.6.3. Soil and plant sample collection, proccssiiif> and sniiilysis

Soil samples (0-10 and 10-20 cm.) from each indiviiluid plot were collected at 20-day 

intervals during the growth perioil ( 0, 20, 40, f>(), HO, and 10(1 DS ) using the eore sampling 

teclmiijue to determine bulk density ami moistuie lonlenl. Straw niul griiui samples from each 

individual plot were collected at bai vesl. Plant samples wen.' dried and then ground for chemical 

analysis.

3.6.4. Data collcctcd

A. Weather data: The rainfall and pan evapoiiitioii ihila eollei.led from the same 

source as in experiment 2 .

B. Soil parameters: Inllltration rate, cumulative inlillration, moisture content and 

bulk density from different soil depth.

C. Growth parameters: Plant height and nurnbei of tillers pei- m^ al maximum 

tillering (35 DS) and booting stage DS) and al maturity
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D. Straw and grain yield o f wheat.

E. Yield components.

i. Numhcrofiinnicles per n r

ii. N u m b e r  o C s p i k e  lets per  p a n ic l e

iii. Pcrcenlngc urunlllled spike luls

iv. Weight (if loot) niled spike lets.

F. Mineral niiliition; Slniw iintl gram siiiiiples \m 'H‘ unaly/ed Inr N, P, K, I'e, Mn,

Zn and C li concenlration.

G. Total N uptake lmkI use efficiency. I he inelhtid ol data collection were (he same

as in experiment 1 .

3.6.5. Statisticnl nnalysis Analysis o f varianc e (ANOVA) as o f split split plot design was 

applied to all sets o f  collected data to tesi treatment viniation. IVIenn comparison was 

done by DMRT and I..SD (Gomez and G unic/, with 0.05 level o f probability.

A N O V A ofall important data are presented ni Appendi\ I ahles H 1 - S.30.

3.7. Experiment 5. Tillage imd INilrofjcii etiffls  on wctlinid l icc pei loi'mancc.

Hypothesis: Tillti\n' tieptli iiijhwiKv.s S(u\n- .soil iiliv.s'iail jn'opcrtic.s, iiiiil thus

flic I'fjecl ufapplicil iiiul yit'ld ojW rtlaiul n cc  /iitt]' he ^

iiioilificd..

The experiment was conducted in the wet season (d [’he ohjeclive o f  this study

was to determine the effect o f  tillage depth and N levels on some soil physical properties and 

tlie yield o f  nee.

3.7.1. Experimental design and IreHtments:

The e.xperiment was laid out in a splil plot design witli 3 replication. Tillage 

treatments were used as the main plot and N levels as the sub plol. The suh plot size was 3.4 

m X 6 m.

TieHtmeiits:

Ti = Zero tillage (ZT), no land preparation In Z1 heahiient, w ain was retained in the 

plots for several days to make the soil .soH enough lor transplanting rice 

seedlings. The existing weeds were cleaned inaniiiilly.
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^2 “  Conventional tilings (CT), five plcui^ihing mid luiir huldi'iiiig: I'lic |)lots were 

ploughed thrice willi a country ploii},',li Ibllowfcl by I wo laddering 3 days before 

transplanting and agnin ploughed Iwicc followed hy two laddering 1 day before 

transplanting. The soils were thoroughly pmldleil so (hal h ansplanting o f rice 

could be done easily. The ploughing dcplli wciv 10-12 cm.

Tj = Deep tjllage (DT), one spading, lliri'u pknigliin)’ iinil I'oiii liiddering: The land 

was opened first liy spading and (hen KiihnK'rf.ed Ini lowed by two liiddering and

again ploughed llnHcc with a po\vt:r tiller lb I lowed by two ladiiering. The

ploughing depth was 20-22 cm.

Nitrogen levels

Four N levels 0, 60, XO and 100 kg per hectarc were used as (he N treatment.

3.7.2. Experimentiil procedure:

After establishing the tillage treatments, lc\'ces were I'onslriicted lo crcatc 36 plots each

3.4 m X 6 m. All plots received basal doses o f  P, K, S and / n  a( the rales of 26, 33, 20 and 5

kg/ha as triple super phosphalc, nuirialc o f  pot;ish, gypMun and /inc sull'ale, [cspeelively.

Nitrogen fertilizer (uiea) was applied in 3 equal splits once basally, once 2^ DAT and finally 

50 DAT.

A modem rice (Oi'yza saliv'a L.) variely, liKl I, wilh ii growth duration o f  H O -145 

days was used as the test crop, Seedlings were mised in a \vrt seedbetl and protected from 

pest infestation. Thirty four-day-old scedhngs were transplanied at the rate o f  2-3 seedlings 

per hill at a spacing o f  20 cm x 20 cm. The crop was kepi weed free by hand weeding and 

protected from insect infestation by applying inscclicides ii.s and when reciuired. The plots 

were kept submerged lo a deplh o f  3-5 cm water Ihrouglioul I lie gi owing period. The water 

was drained out a week before harvest,

The percolation rates o f soil were measnied in I lie mum plots using a doable ring 

infiltromcter and measuring the fall o f water level with lime by a point gauge in (he same 

way as in Experiment 3 Bulk density was deterniinetl by obliimiiig andislurbed soil sample 

o f known volume and dividing llie oven-dry soil muss by llu' lield voIuihl' o f the samples. To
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delenninc bulk density o f difCurcnl soil layers, iiiuiistiiilu’il soil cdics wcu; collcctcd at 5 cm 

interviil up to 30 cm depth with llic help o f nianiuilly upriEiU'd forL* s;iiiiplci', The soil was

trimmed to the exact volume ol IIil' tyhndcr and ovrn dik'd iil |(IS"C’ (Bliike I9fi5).

3.7.3. Data collected:

1 . Soil parameters: Percolation rate and soil b u l k  d c i i s F l y

2. Grain and straw yields: The crop was liarveslcd IVom n .‘>m̂  area at llie center o f cach 

plot when about 80-90% of the grains (nrned golden yellow. I’lic straw and grain 

yields were detcrminetl in (he same way an in Bx|ieimiL'Ml I .

3 . Y i e l d  c o m p o n e n t s :  PaniL'Ics iVoin 1 6  l u l l s  w e r e  siupiiraled (or  y i e l d  i o m p o n e n t  

a n a l y s i s  a n d  Ihcn  th r e s h e d  h y  h an d  a n d  l l ic l o l l o w i n g  | i n r a m e l e r s  w e r e  d e t e r m i n e d .

Total number ol piinieles/m’

N u m b e r  o f  f i l l e d  gi i i in s / p a n i c l c

iii. Percentage o f mill I led grains

iv. Weight o f  1000 Tilled grains

3.7.4. Statistical analysis;

A n a l y s i s  o f  v a r i a n c e  ( A N O V A )  a p p l i c a b l e  for  the  sp l i t  p lot  d e s i g n  w a s  p e r l b m i e d  for  

al l  s e t s  o f  c o l l e c t e d  d a t a  to te st  t r ea t m en t  var i i i t i on .  Mei i t i  I ' nm pi i r i son  w a s  d o n e  b y  D M R T  

an d  L S D  ( G o m e z  a nd  G o m e z ,  l ‘^K4 ) at the  0 .0  ̂ l e v e l  o r p i D h i i l i i h l y .

3.8. Experiment 6. 1'illnge iincl irrigation eni’clK on siiini' soil phyNical projiertieN and
llic pei'lot'itianco oTposI -rlri' >vlii'ii(.

Hypothesis. Depth of lillcige and water i i‘̂ i))ies lUicJ ihi'ir itileriu lirtns in/liieiu e

some soil physical propcrtn's, tiiid liciici' the pcrjoniuinee of post- nee  

wheal.

The experiment was conducted in the rabi season, l ‘J'^K-99 on a tcrracc soil at the 

experimental fann o f the Banglailesh Rice Reseaivh Inslilute, (la/ipur. This soil has a well 

developed 5-7 inches thickness compact layer Ibiiiied at iihoiil l.S cm helow the soil siirfacc 

due to conveiitional puddling f(U' transplanted rice eulliviilion. The morphological protlle
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character o f  the soil are given in Appendix Table J. After harvest o f transplanted aman rice 

wheat was planted. The objective o f this experiment was to detemiine the effect o f  tillage 

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

post -rice wheat.

3.8.1. E xperim en tal design and treatments

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

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

Treatments 

Tillage levels

T i=  M inimum 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 flirrow (3-5 

cm wide) prepared by hand tools.

T2 = 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 cm.

T 3 = Deep tillage (DT), five ploughing and four laddering: The compact

layer below 15 cm depth o f 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

li =  Irrigated: Two irrigation, one with 7.0 cm water 16 days after sowing

(DAS) and another with 7,5 cm water 46 DAS were applied to the 

concerned plots on the basis o f calculated ET using the modified 

Penman equation . During each irrigation total volume o f water was 

measured by a long throat flume.
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h =  RainfecI: '1 lie rainfed plcii .̂ iccciVL-tl iiu ii'rigatiun, Tlie rainfall data 

during llie growing season wtis i ccordcd. No rain Tail occiii red during 

the whciU growing pcriotl,

3.8.2. Experimental procedure

Following the tillage Ircalnietils menfioncti :i1h)\i.', It’v^'i's were I’onslrLick'd to make 

indivitlual plots. Nitrogen ferlili/.er (urea) way applied m i  ,splits to ii rivaled plots, 2/3"' at 

land preparation and 1/3"' at T' irngalion lime wliile to iniiifl'd plols [hv (.omplele dose o fN  

fertilizer was applied basally. All plols leceivetl luisiil dusrs ol I'. K, aiul S al llic rule o f 30, 

33 a]]d 20 kg/ha as triple supper jiliospliale, nniriaU' ol'iiolitsli mid gypsum, respectively.

A moilem wheat {Triucum aestivum) vaiiely, Kiitii;liiiii, with a grt)wth diiralion of 

100-105 days was used as the tesi crop. Seeds were trealed wilh the fungicide Vilaiviax-200 

at the rale o f  3g/kg wheat before sowing to protect scedlin^^s from different seed and soil 

horn diseases. For all tillage levels seeds were hidiuleLisl on llu; same cliiy into furrows made 

by hand lools 20 cm apart (line to line) at the rale o f 130 1̂ ', si'i’d ha, The eiop was kept weed 

free by hand weeding and puilceled from insecl iiifestalion hy applying iii.seclicide as and 

when required. Planls were Ihiiiiied 25 and 40 DAS. I'he iiirdlralu^n rale o f soil was 

measured in all the tillage trealed plols using a (.Iniihle ring mlillronietcr iiikI measuring in the 

fall in water deplh wilh lime hy :i poiiil gauge exnelly in Ihe n l i i i i c  way iis in [{xperiiiieiit 4. 

The cumulative infiltration and iiiUike rates were eompuk'tl iniil plolled in graphs.

To estimate the depletion o f soil profile niuisiure, iield ^̂ oil nioisiure content and bulk 

density were determined for each o f the experinienlal plols dm iiig the w heal growing season. 

Soil samples were collccted from every 15 cm dcplh segmenls upto 60 eni by using the corc 

sampling technique al 15-day intervals. Moislurc conienis o f  the soil samples were 

detemiined by using the standard lhermo-gni\iniclrii,- meiliod ainl sod moisture was 

calculated on weight basis (w/w). Moisture eoiiteiit on vdhiiiu' hiisi.s (<.)v) was estimated by 

multiplying tlie moisture content on weight basis wilh the emlespoiuhiig hulk tiensily (Db) 

values and depth o f  water (cm) per 1 .*) cm segment o f soil w as enk iilated, I'he chaiigcs in soil 

water eonteiil with time at a particular dcplh (O-OI) eiii) wns reeoided I'he .soil water 

depletion {difference in initial and lliial moistuu; eoiiteiit  ̂ S) ot eiieh depth interval was thus 

calculated for the wheat growing period. Total wiilei use hv die \\ heal eiop was calculated by
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w a t e r  l ia lancc  cq i ial ioi i  as  d esc i  ilnnl by Turk mid Mull ( I 'JHD). I oliil waUT use  IW i I* i- S 

R DP w h e r e ,  IW is ll ie iiTig;iti<»n water ,  P is l)ir | ircci |»lalin(i> S is llu' i l i lTercnce in initial  

and final  m o is t u r e  ( Q v )  o f  the root z o n e  ( so i l  w M v v  deplrlKii i ) ,  K is Ihe rnnolTand DP is (he  

d e e p  p er co la t ion .  R i i n o f f  and  d e e p  p er c o l a t io n  w e r e  assninec! in he i iejj l injhle in I he present  

i n v e s t ig a t io n  d ur i ng  w h e a t  g r o w i n g  period.

W a t e r  u s e  e f f i c i e n c y  w a s  c a l c u l a t e d  o n  gra in  y i c M  h n s i s  and  c x p i e s s e d  a s  i h c  rat io o f  

g ra in  y i e l d  to w a t e r  u s e d .  R o o t  l e n g t h  d e n s i t y  w a s  d c l e n n n i c d  up  u> 6 1 ) c m  s o i l  de p l l i  w i t h  

s e g m e n t s  o f  1 0  c m  at h a r v e s t ,  k o o l  s a m p l e s  w e r r  c o l l e c U i l  I rum I l ie c e n l e r  o f c a c l i  p lo l  u s i n g  

4 0  c m  l o n g  a n d  1 0  c n i  d i a m e t e r  n i e la l  e o r c .  T o  o b l a i n  nidi sEimples ,  c o r e  s a m p l e r  w a s  d r i v e n  

in t o  t h e  s o i l  a l  d e s i r e d  s i t e  o f  a  i r e a l m e n l  w h e r e  | i la i i l s  \\ e i e  s l a i u l i n g  an d  w e r e  th en  tak en  

out .  T h e  s h o o t s  w e r e  c u t  f r o m  tl ic g r o u n d  s u r f a c c  f a c h  sn i l  c d i e  w a s  cii l  i n l o  1 0  c m  l e n g t h  

a n d  k e p t  in a p l a s t i c  b o w l  c o n l a i i i i n g  a s o l u t i o n  o(  .‘i periL'ii l  siHl i i ini  l i c v a n i c t a p l i o s | i h a l c  for  

4 - 6  h o u r s .  A f t e r  that ,  the  mo l . s  w e r e  w a s h e i l  iiiid idn l  In in l l i  w a s  me i i surec l  h y  u s i n g  

t e c h n i q u e  d e s c r i b e d  b y  N e w m a n  ( 1 9 6 6 ). T h e  ro o l  l e n g t h  d e n s i l y  w a s  d e l e m l i n e d  a s  the  rat io  

o f  r o o t  l e n g t l i  to v o l u m e  o f  s o i l  an d  e x p r e s s e d  in c m  cm'*,

3.8.3. Data collectcd;

A.  W e a t h e r  data:  R a i n f a l l  da ta  w e i e  c u l l e c l e d  Iroin l l i c  w e i i l h e r  repor l  s e c l i o n  o f  

P l a n t  P h y s i o l o g y  D i v i s i o n ,  B R R I ,  ( l a / i p u i ,

B .  S o i l  p a r a m e t e r s :  In l l U ra l i o n  rate,  i i i i n u l a l i \ T  i n l i I l l a t i o n  a n d ,  m o i s t u r e  c o n l e n l

an d  b u l k  d e n s i l y  for  s o i l  m o i s t u r e  (k ' p l e lmi i ,

C .  G r o w t h  p a r a m e l e r s  an d  y i e l d  ecui i |n*nenlH Kuitj |eiij.’lh i l r n s i l y ,  plai i l  h e i g h t ,

n u m b e r  o f  t i l l e r s  p e r  n r  ant! n u m b e r  o f  pmiiclL's | i er  ni^ al h a r v e s t ,  n u m b e r  o f

f i l l ed  g r a i n  per  p a n i c l e ,  p e r c e n i  m i n i  let! (.'.uiins ant! w c i g h i  o f  1 0 0 0  U l l ed  

gr a in s .

D .  S t r a w  a n d  g ra in  y i e l d s .

E.  W a t e r  u s e  e f f i c i e n c y

3.8.4. Shitislical aiiiilysis;

A n a l y s i s  o f v a r i a n c e  ( A N O V A )  as  o f H C ' H  t i e s i g n  w a s  apj i l i et l  in al l  s e l s  o f c o l l e c l e d  

d a t a  to  t e s t  I r c a t m e n t  v a i i a t i o n .  M e a n  c o m p a r i s o n  w a s  d n m '  by  1 )M K  T and  I .S!^ ( ( i o i i i e /  and
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Gomez, 1984) at the 0,05 level o f  probability. ANOVA o f 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 o f Bangladesh Rice 

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

were selected considering the condition o f experimental site. For example the soil pH was 6,9. 

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

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

Table 2. Analytical methods used for chcmical analysis o f soil

Determination Methods Reference

pH Glass electrode (1:1 soil:H20  ra tio ) 
pH meter

Peech (1965)

CEC Ammonium acetate saturation 
followed by KCl extraction

Chapman (1965)

Organic carbon Walkley -  Black wet digestion Allison (1965)

Organic matter Walkley -  Black wet digestion Broadbent(1965)

Total Nitrogen Micro-Kjeldahl distillation 
(Steam distillation Methods)

Bremner(1965)

Inorganic N (NH^ and NOi) Micro-Kjeldahl distillation 
(Steam distillation Methods)

Bremner (1965)

Available Phosphorus Olsen NaHCOj method Olsen and Dean (1965)

Exchangeable K Extracted by 1 N neutral ammonium 
acetate and determined by atomic 
absorption spectrophotometer

Pratt (1965)
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4, Results and Discussion

4.1. Experiment 1. Effect of tillage and N levels on available NH4- and
NOj-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 o f post harvest wetland rice soil due 

to tillage treatments are shown in Table 5. The pH, cation exchange capacity (CEC) and NH^ 

and NO3-N o f soil were higher under conventional tillage (CT) than those under reduced (RT) 

or zero tillage (ZT). Possible development o f more continuous pores between the surface and 

sub surface under ZT may lead to more rapid passes o f soluble nutrients deeper in to the soil 

profile then when soil is tilled, i. e. CT (Kay, 1990). Greater nitrate leaching and deep 

penetration o f  water and NO3 -  N through large pores in the no-ti)led soil than that o f  tilled soil 

( Wells, 1984 ) may explain the findings o f higher NO 3 -  N content in CT compared to no 

tillage (NT) plot soil. On the other hand the organic C, available P and exchangeable K contents 

o f soil were higher under zero till than those in tilled plots. Similar results were reported by 

other investigators ( Lai et a i,  1990, Gordon and Rickerl, 1992; and Hargrove et a i, 1982). 

These changes in soil characters were attributed to a slower release o f nutrients, ion-leaching, 

accumulation o f organic residues and less disturbance o f the plough layer under ZT or RT. The 

bulk density o f 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.
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Table 5. Changes in some physico-chemical characteristics o f  previously tillage treated 

wetland post rice soil.

Properties Ini t ial  so i l  

s a m p e '
Post harvest sample"^

ZT RT C T

pH 6.89

CEC (cmol H/lOO g soil) 27.90

Organic carbon (%) 1.05

Organic matter (%) 1.81

Total nitrogen (%) 0.08

NH4-N (mg/kg soil) 8.26

N O rN  (mg/kg soil) 1.95

Available P (mg/kg soil) 10.00

Exchangeable K  (cmol H/lOO gram 0.26
soil)

Particle density (g/cm^)

Bulk density (g/cm^)

Total porosity (%)

Particle size analysis (%)

Sand 

Silt 

Clay

Texture Silty clay

6.80 6.85 6.92

27.43 27.85 28.10

1.17 1,06 1.04

2.01 1.83 1.80

0.08 0.08 0.08

7.42 7.68 7.75

1.88 1.92 2 .12

10.22 10.02 9.98

0.28 0.26 0.24

2.66 2.66 2.66 2.65

1.13 1.26 1.23 1.22

57.5 52.6 53.50 54.00

11.80 11.81 11.79 11.76

44.40 44.42 44.42 44.44

43.80 43.77 43.79 43.80

Silty clay Silty clay Silty clay

'Moisture content 51.5 %; \ lo is tu re  c o n t e n t 40 %
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4.1.2. K incticsofN H 4-N

The kinetics o f NH4-N in soil is presented in Fig.2 and Analysis o f variance in 

Appendix Table 5.1 -  5.7. The NH4-N concentration at all N levels increased sharply at 15 DAT 

and the value remained almost unchanged up to 30 DAT and decreased thereafter up to 

maturity. The reduction w âs sharp from 30 to 60 DAT and then declined at a slower rate up to 

maturity. Application o f  N fertihzer significantly influenced the NH4-N concentration in soil. It 

increased with the increased rate o f N fertilizadon. High NH^-N content was also maintained at 

higher N  levels througliout the growing period. However, the difference narrowed down with 

time. Irrespective o f  N levels, tillage systems influenced the NH4-N content in soil at early 

grovvth stage (15 to 30 DAT) when increasing tillage intensity increased the NH4~N content, but 

with time the tillage effect became insignificant.

The higher concentration o f NH4-N in soil at early growth stage o f rice was due to a 

lower uptake o f N by the young seedlings. The sharp reduction in NH4-N content fi"om 30 to 60 

DAT may be attributed to an increased uptake o f NH4-N by the vigorously growing plants, 

gaseous losses o f NH 3 and mineralization o f NH4 by soil microorganisms. Other investigators 

also reported similar findings (Sarker et at., 1991; Bhardwaj and Sing, 1992; and George et a l, 

1993). Slower N mineralization and more dcnitrification in zero or reduced tillage may have 

been responsible for the lower NH4-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 NOj-N

The changes in NO3-N content in soil at different growth stages o f rice are shown in Fig. 

2 and ANOVA in Appendix Table 5.8 5.14. The NO 3-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 NO3- 

N  content. However, the increasing level o f N application enhanced NO3-N content in soil and 

the trend was maintained throughout the growing period. It was observed that, irrespective o f N 

level and tillage system the NO3-N contcnt in soil decreased sharply betw'een 0 to 15 DAT and 

remained almost unchanged upto 30 DAT and then increased between 30 to 60 DAT. With 

further advancement o f  growlh period, NO3-N declined gradually upto 90 DAT and then again
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increased with time. The initial decrease in N O rN  content was due to the anaerobic condition 

resulting

NH,-N(mg/kg) NH,-N(mg/kg)

NO,-N(mg/kg)

0  15  30  45  60  75  90  105 0 15 30 45 60 75 90  105

Days after transplanting

Fig.2. Effect of Tillage system and applied N levels on the kinetics of
NH4-N and N03-N in wet land rice soil{0-15cm)during T. Aman.
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from the submergence o f  soil. Under a reducing condition, NO 3-N existing in the soil was 

rapidly lost by denitrification. Some loss may also have occurred due to leaching. Moreover, the 

NH4-N fomied due to mineralization could not be oxidized to NO3-N ir the reducing 

environment. These results are in agreement with those reported by Sarker et al. (1993). The 

increase in NO.1-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 

NH4-N to NO3-N. The decrease in NO3-N from 60 DAT to 90 DAT was apparently due to the 

release o f  reducing substances accompanying oxygen depletion before Mn (IV) and Fe (III) 

oxides could mobilizes their buffer capacity (Ponnamperuma 1972). Besides, the uptake of 

NOj-N by the rice plants may also have contributed to the decrease in NOj-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). Al 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 o f 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 o f N fertilization no effect o f tillage was observed. Thus, 

puddling, i.e., high intensity tillage, appeared to increase the efficiency o f N fertilizer in teims of 

plant growth.
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Table 6a. EfTect o f tillage and N levels on plant height o f rice (BRl 1) at different groAvth 
stages in T.Aman.

Plant height (cm)

Applied N (kg/ha) Tillage system

Zero Reduced Conventional

0 52 b A

5 fVT

52 c A 50 b A

60 5 9 aA B 57 b B 60 a A

80 5S a A 60 a A 60 a A

100 57 a B 60 a A 60 a A

CV for main plot = 3.1 % and CV for sub plot = 3.3%

0 95 b A

Maturity

97 b A 98 b A

60 105 a B 108 a AB 110a A

SO 104 a B llO a A 110a A

100 105 a B l lO a A 109 a AB

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

For each growth stage, m 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,

4 .1 .4 .2 . T iller number

Tillage and N fertilization 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 applied N produced statistically similar numbers of 

tillers which were significantly higher than with 60 kg N/ha. DitTerences m 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 ofN  (80 and 100 

kg/ha) the tiller number was higher in the puddled soil than that in the unpuddled soil. This was tnie at 

both 5 WT and maturity. These results indicated that the rice plants utilized fertilizer M more efficiently 

when the soil was puddled. Similar findings were reported by Ogunremi et al. (1986).

Table 6b. Effcct o f  tillage system and N level on tiller production o f BRl 1 rice at different
growth stages in T.Aman.

Tiller no./m^

Applied N (kg/ha) Tillage system

Zero Reduced Conventional

5 WT

0 198 b A 226 c A 211 b A

60 270 a A 296 b A 298 a A

80 272 a B 332 a A 305 a A

100 273 a B 338 a A 309 a A

CV for main plot = 15.1% and CV for sub plot = 3.2%

Maturity

0 170b A 180 c A 177 b A

60 205 a A 212b  A 2 1 8 a A

80 204 a B 232 a A 228 a A

100 207 a B 232 a A 229 a A

CV for main plot = 6.4% and CV for 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.I.4.3.Yield components

Application o f 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 o f N (80 and 100 kg/ha), RT produced higher number of 

panicles than with ZT or CT. Tillage system did not influence the number o f spikelets per 

panicle but there was a significant positive effect o f N fertilization (Table 7 and Appendix Table 

5.20). Regardless o f  tillage system, application o f 60 kg N/lia significantly increased the number 

o f 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 o f  grain sterility in 

B R ll 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 o f tillage intensity increased grain sterihty. According to Tanaka et 

al. (1964) two factors may determine the yield o f rice plants; the total spikelel volume in which 

starch may accumulate and the amount o f 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 o f 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 o f 1000 filled grains o f BRl 1 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 

o f  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 hnear at RT (Fig. 3.), while for straw yield quadratic 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 o f  tillage system and N level on yield components o f rice (B R ll)  in 
T.Aman.

Applied N 
( k ^ a )

Tillage system

Zero Reduced Conventional N-mean
No. ofpanicle/ni

0 1 5 8 b A 162 c A 162 b A 161

60 183 a A 186 b A 193 a A 187

80 182 aB 206 a A 193 a AB 194

100 183 a B 2 1 4 a A 194 a B 197

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

No. o f  grains/panicle

0 99 115 101 105 b

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 28 a A 27 c A 26 b A 27

60 28 a A 28 be A 27 b A 28

80 28 a B 29ab AB 31 a A 29

100 29 a B 31 a.AB 32 a A 31

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

1000 filled  grain w-'eight (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 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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clearly indicates the interaction between tillage and N  levels in case o f grain yield and 

this interaction was due to linear response o f  N under RT. However, no interaction was 

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

Nitrogen fertilization increased grain and straw yield under all tillage systems. Under ZT 

and CT, N application o f 60 kg/ha significantly increased grain yield 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 o f N, (60 and 80 kg/ha) grain yield was not 

influenced by tillage system, but with 0 N and high N  (IPO 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 w'as remarkably higher than tliat obtained under ZT 

( Fig. 3).

The application o f N  fertilizer led to better nutrition o f the rice crop throughout its 

growth period, enhancing vegetative growth, increasing the number o f 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 apphed probably resulted from the 

release o f 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) o f N  fertilizer suggests that a higher fertilizer N dose would 

be required on a no-till 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 o f 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 is assumed that when lower dose o f N (60kg/ha) fertilizer was applied in RT, fertilizer 

gi'anules are distributed deeper in to the soil and introduced to a larger volume o f soil in 

comparison with ZT resulting the dilution effect o f N fertihzation. On the other hand, intensive 

tillage (CT) may have enhanced mineralization increasing soil N availability and decreasing the 

effect o f apphed N fertilizer than that o f RT. These may explain the higher increasing rate in 

grain yield production under RT than those o f ZT and CT with increasing level o f  N fertilizer 

beyond 60 kg/ha. Videonovic et al. (1986), and Nyborg and Malhi (1989) also reported reduced 

fertilizer N effect under more intense tillage.
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Fig 3. Fitted regression depicting the interaction between N rate and 
tillage systems on the grain and straw yield of T. Aman rice.
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The increased number o f  panicIes/m^ and 1000 filled grain weight (Table 7) as well as the 

increased concentration o f  total N in shoot and grain (Table 9) and total N uptake ( Fig. 4) o f 

rice under RT than those o f ZT and CT with increasing level o f N may support the result. 

Contradictor^' 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 

(KgAa)

Grain yield increase due to N fertilization

ZT RT CT

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 a i,  1979; Rodriguez and Lai, 1979; 

Griffith et a i,  1986 and Lai, 1986), while others reported a higher grain yield o f  rice on puddled 

soil (Dayanand and Sing, 1980; De Data, 1981; Sharma and De Data, 1986). On the other hand 

Hamblin and Temiant (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 Lai (1986). According to them, zero tillage 

may require more N  fertilizer for crop yields similar to those under tilled soil as observed in the 

present experiment.

4.L6. N itrogen nu trition  of rice.

4 .I.6 .I.N itrogen  concentrations in shoot, straw  and grain.

The N  content o f shoot at varied from 1.60 - 2.32% and that o f straw from 0.37 toO.50%. 

Grain N content ranged from 0.91 to 1.13% (Table 9 and Appendix Table 5.25 -  5.27) . The N 

content o f shoot and grain was significantly influenced by tillage and N fertilizer
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Table 9. Effect o f  tillage system and applied N level on the N  content (%) o f shoot, straw
and grain o f  B R l 1 in T. Aman.

Applied N (kg/ha) l  illage systems

Zero Reduced Conventional N-mean

Shoot (SWT).

0 1.60 bB 2,01 a A 2.00 a A 1.87

60 1.81 aB 2.05 a A 2.01 a A 1.96

80 2.12 a A 2.20 a A 2.14aA 2.16

100 2.28 a A 2.32 a A 2.28 a A 2.29

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

Straw

0 0.40 0.38 0.37 0.38 b

60 0,49 0.50 0.47 0.49 a

80 0.48 0.50 0.48 0.49 a

100 0.48 0.50 0.49 0.49 a

CV for main plot = 5.9% and CV for sub plot = 6.1 %

- Grain

0 0.94 b A 0.95 b A 0.91 c A 0.93

60 0.99 ab A 1.02 b A 1.04 b A 1.02

80 1.01 abB 1.09 ab A 1.10 ab A 1.07

100 1,02 a B 1.11 aA 1.13aA 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.
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interactions while the straw N content was influenced by N  fertihzer level only. Fertihzer N 

level had no effect on shoot N concentration under RT or CT, but under ZT the application o f 60 

kg N/ha significantly increased the N concentration. Increasing the N fertilizer dose beyond 60 

kg/lia did not increase the shoot N  concent further. The N  content o f shoot in tilled plots was 

liigher than that o f shoot in no-tillcd plots when N fertilizer was not apphed or applied at a low 

rate (60 kg/ha). With a higher dose o f  N (80 or 100 kg/ha) tillage system did not affect the N 

concentradon o f shoot.

The straw N content was not influenced by tillage methods. Application o f  60 kg N/ha 

significantly increased the straw N content over the zero N treatment irrespective o f tillage 

system, but no furtlier increase was observed at the higher N rales. Nitrogen fertilization 

increased the N eontcnt 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 o f  apphed N (80 or 

100 kg/ha), increasing the intensity o f tillage increased the grain N concentration.

Increased N concentration in shoot, straw and grain o f crops widi application o f 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 concentradon 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-fillage system supported the contention that N is less available ir no­

tillage soils (Locke and Hons, 1988).

4.1.6.2. N itrogen uptake and N use efficiency

At zero or low level o f N fertilization (60 kg/ha) tillage method had no effect on the total 

N  uptake o f rice while at a higher level o f apphed N  (80 or 100 kg/ha) the rice plants from tilled 

plots absorbed significantly higher amount o f N than no-till plots (Fig.4 and Appendix Table 

5.28). Nitrogen fertilization significantly increased the N  uptalte o f rice over N  control plots 

irrespective o f tillage system. However, N uptake increases with increasing N dose varied with 

tillage system. Under ZT, the application o f 60 kg N/ha significantly increased the total N 

uptake over N control, but no additional increase was observed with higher N  doses, while 

imder RT and CT, N uptake increased with increasing level o f N up to 100 and 80 kg /ha, 

respectively.

Better vegetadve 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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Fig. 4, Effect of tillage systems and nitrogen levels and their interactions on

total nitrogen uptake, percent recovery and use efficiency in T. Aman.
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the higher N uptake o f  rice on N fertilized soil under all tillage systems. Similar results were 

reported by Gordon and Rickerl 1992. A Mgher 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 Syarifiiddin and Zandstra 1979 and Ogunremi et al. 1986.

The effect o f  tillage and N fertilizer interaction were found significant on the agronomic 

efficiency o f fertilizer N i.e. kg grain produced per iig N applied. Increasing dose o f N decreased 

the agronomic efficiency o f N fertilizer under ZT or CT, but this was not true incase o f RT 

(Fig.4 and Appendix Table 5.29). Irrespective o f tillage system, increasing N dose decreased 

the efficiency o f N udlization 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 fertilizer dose individually influenced N recovery in rice. Irrespective of 

tillage system, increasing level o f 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 otlier 

hand tillage intensity increased the N recovery percentage at any applied N level.

The decrease in N use efficiency with increasing level o f N fertilizer has also been 

reported by Clarke et al. (1990). An Increased efficiency o f N utilization in terms o f 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 witli 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 

smn total o f  estimated Irom water supplied by irrigation and that added from 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) ti-eatment received a total o f S91 mm water while 4 DW, 7 DW and 10 DW 

(i. e. 4, 7 and 10 days after disappearance o f standing water) received 742, 696 and 628 mm of 

water respectively. Evaporation was the same for all ti'eatment levels. The amounts o f  water 

supplied by irrigation were different for the different treatment levels, but the amount o f  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 point o f disappearance o f standing water was 

considered as the initiation o f moisture stress situation. Such situation, referred as DW, was 

imposed 4 times during the crop growing period with different span o f 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 sti'ess days respectively at different growth stages o f rice. In general, moisture stress during 

the growing period was relatively low at 10-20 cm soil depth compared with 0-10  cm soil depth 

(Fig.7) partly due to capillary rise o f ground water and less soil water extraction by roots. Wind 

(954) reported that under favorable circumstances m a heavy clay soil, a capillary rise o f 3 to 4 

mm per day is possible. Visual symptoms o f moisture stress were not very evident in terms of 

leaf tip drying or leaf rolling. Nevertheless, the degree o f soil cracking increased with increased 

moisture stress.

4.2.3. Soil moisture content, bulk density and porosity

Soil moisture content was detennined gravimetrically (wAv), at tv,'0 soil depths 4 times 

in each moisture stress cycle. The difference in soil moisture content among the water reatments 

were not appreciable in 1st cycle (32-42DAT) but the difference became distinct with time and

Dhaka University Institutional Repository



73

Water added and ET (mm)

D ays after transp lantin g

Fig. 5. Cumulative water added and evapotranspiration from land 
preparation to maturity of BR3 in Boro.
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Fig.6, Frequency and duration of submergence and days after
disappearance of standing water (DW) at different growth 

stages of BR3 in Boro as imposed by water treatments.
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with an increase in the number o f stress cycle (Fig.7) .The highest moisture content was 

recorded under CS throughout the growing season both at 0-10 and 10-20 cm 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 o f 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 

condidon. On the other hand, under moisture stress condition, the top 0-10 cm soil had a lower 

moisture content dian that at 10-20 cm depth during the 3rd (72-82 DAT) and 4th (92-102 

DAT) stress cycles partly due 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 o f  previous flooding indicating the hystrresis effect o f the soil. Accordmg to Brady (1974), 

this phenomenon may be attributed to the entrapment o f  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 o f pore configuration.

The bulk density o f soil under CS remained almost unchanged throughout the growing 

period (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. S). In general, re-flooding at the end o f each 

moisture stress cycle under different Moisture regimes reduced the bulk density but not to the 

level o f previous flooding. Similar findings were also reported by Aragon et al. (1990).The total 

porosity under CS was mostly unaffected during the growing season and the values were 64% at 

plandng and 59% at maturity. Moisture stress, however, had a marked etTect on porosity. From 

Fig. 8, it is clear that increasing stress period decreased porosity under different moisture 

regimes. Re flooding at the end o f each moisture stress cycle increased the total porosity but not 

to the level o f  previous flooding.
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M o istu re  c o n te n t  (%, w /w )

D a y s  a fter  tr a n sp la n tin g

Fig. 7. Changes in soil moisture content at two soil depths with time 
as influenced by moisture regime during the growing period 
of BR3 in wetseason.
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Fig. 6. Changes in soil bulk density and total porosity in 0-10 cm 
soil layer with time as influenced by moisture regimes 
during the growing period of BR3 in Boro.
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4.2.4. Ammonium N in soil

The effects o f moisture regimes and applied N levels on exchangeable NH^-N at 2 

depths o f the soil at the active tillering (45 DAT) and panicle initiation (65 DAT) stages o f rice 

are shown in Fig. 9 and ANOVA in Appendix Table 6.1 -  6.4. Moisture regime and N level 

interaction effect on NHi-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 dose and reached a plateau beyond 80 kg/ha applied N 

under 10 DW wliile under other moisture regimes the increasing trend continued up to 120 kg 

N/ha, On the other hand, in the 10-20 cm soil layer N  fertihzation did not affect the NH^-N 

contcnt in soil under 10 DW wliile under other moisture stress treatments the NH4-N increased 

with increasing N dose. Bhardwaj and Sing (1992) also reported increased NH^-N with an 

increase in N level in rice soil.

W ater 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 o f 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 o f  moisture stress in decreasing NH_|-N 

content in soil in both layers was more pronounced under the highest level o f applied N (120 

kg/ha) followed by that under moderate (80 kg/ha) and low level (40 kg/Iia). The effect was 

minirnum under zero added N.

A T 65 DAT, the NH4-N concentration in soil were much lower in the 0-10 cm layer 

than those at 45 DAT. The NH4-N content o f soil at the 10-20 cm depth, however, appeared to 

have changed little during the period 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 negligible effect o f moisture 

stress on the NH4-N content o f  soil at zero or low level (40 kg/ha) o f applied N was also 

reported by Sahrwat (1983). Perhaps soil drying compensated for small N  losses that occurrcd 

because o f nitrification-denitrification by enhanced mineralization. A decrease in NH4-N due to 

wet-dry cycles compared with continuous submergence was observed by otlier investigators 

(Sarker et. al., 1991; George et. al., 1993; and Buresh et. al., 1993). The decrease in soil NH4-N 

due to soil drying probably resulted from increased nitrification. According Buresh e(. 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 NO3-N aiid under anaerobic 

condition the resulting NO 3 is lost through denitrification. Soil NO3 which accumulated during 

water deficit, rapidly disappeared after flooding. To the contrary, other scientists (Fillery and 

Vlek, 1982; IRRT, 1982; and Khind and Ponnampenmia, 1981) reported no effect o f  alternate 

drying and flooding on NH^-N content in soil.

The sharp reduction in NH4-N content at 65 DAT, may be attributed to : (i) increased 

uptake o f NH^-N by the plants because o f more active growth; (ii) increased transpiration 

correlated with nutrient uptake (O'Toole and Baldia, 1982); (iii) Gaseous losses o f NH3 or 

incorporation o f NTT|-N into microbial tissues (immobilization). Rapid increase in plant height 

(TablelO) , Tiller number (Table 11 ) and water consumption intenns o f  evapotranspiration ( 

Fig. 5 ) from 45 DAT to 65 DAT may support the results. Moreover, soil drying and subsequent 

flooding which occurred in the moisture stress treatments might also have increased N loss 

through the nitrification-denitrification process (Reddy and Patrick, 1975). Other investigators 

also reported the similar results (Sarker et. al., 1991; Bhardwaj and Sing, 1992; and George et. 

a i ,  1993).

4.2.5. Nitrate N

Compared with NH4-N concentration, the NOi-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 NOi-N concentration in the top 0-10 cm soil 

layer, while in 10-20 cm soil layer, the NO3-N concentrarion decreased with soil moisture stress 

regardless o f  N  treatment. At 65 DAT, NO3-N concentration in the top 0-10 cm soil layer 

increased with an increase in the N  dose irrespective o f moisture regime while in the lower soil 

layer moisture stress beyond 4 DW decreased NO3-N concentration in soil. In general, 10-20 

cm soil layer had a higher soil NO3-N concentration than the top 0-10 cm soil layer at 65DAT. 

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

4.2.6. Rice plant growth find agronomic characteristics

4.2.6.I.Plant height

During the active tillering stage o f 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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Fig. 10. Effect of water regimes and N level on NO^)n concentration at 
two soil depth at vegetative and panicle Initiation stages of BR3 
in Boro season.
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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 o f N fertilizer increased the plant height 

which reached a plateau beyond the 80 kg N/Tia level. In general, the plants were taller under CS 

than under any other moisture regimes regardless o f the applied N dose. The plant heights were 

stadstically similar with the lower N doses (40 and 80 kg N/ha) but with 120 kg N/ha, 

increasing the length o f  the stress period decreased plant height significantly.

At the panicle initiation stage, the applied N increased plant height under all moisture 

regimes (Table 10). Increasing N upto 120 kg/lia 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 o f  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 o f  applied N (120 kg/ha), different moisture stress treatments produced plants o f similar 

height which was significandy lower than that under CS, while at other N levels the tallest 

plants were observed with the 4DW and the shortest with 10 DW treatment.

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 o f N increased tiller production. At the active tillenng 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 o f 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 o f tillers per unit area was greater the higher the N 

dose was across the moisture regimes.

The effect o f  moisture stress on tiller production at a given N dose was generally not 

statistically significant (Table 11). However, a slightly increase in the number o f dllers per unit 

area was mostly noticed with an increase in the intensity o f stress.
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Table 10. Effect o f moisture regimes aiid N levels on the plant height (cm) o f BR3 at 
different growth stages in Boro.

Applied N 
(kg/ha)

Moisture regimes

CS 4D W 7D W lODW
Active tillering stage (45 DAT)

0 29.5 b A 25.5 cC 26.3 cB C 27.3 aB

40 31 .8b  A 28.3 b B 28.5 bcB 28.3 aB

80 35.3 a A 31.3 aB 31.3 aB 29,5 aB

120 34.8 a A 33.5 aB 30,5 ab C 27.5 aD

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

Panicle initiation stage (65 DA T)

0 43.3 c A 38.8 d B 41.3 c AB 44,3 bA

40 48.3 b A 43.3 cB 46.5 b AB 44,8bAB

80 54.5 a A 52.0 b A 52.3 a A 50.5 aB

120 57.0 a AB 58.5 a A 54,3 a B 48,5 aC

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

Maturity

0 75.0 cB 79.5 b A 72,0 b EC 70.8 bC

40 77.5 c AB 79.8 b A 74.8 b BC 73.8 bC

80 84.8 b AB 85.8 a A 82,8 a AB 87.8 aB

120 91.5 a A 84.8 a B 84.8 aB 84.8 aB

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

For each grovilh siage, means m 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.

Dhaka University Institutional Repository



84

Table 11. Effect o f moistui'e regimes and N levels on tiller production o f BR3 at different
growth stages in Boro.

Applied N 
(kg/lia)

Moisture regimes

CS 4D W 7D W 10 DW

Active tillering stage (45 DAT)

0 195 cB 201 d AB 198 dA B 223 d A

40 274 b A 260 c A 273 c A 251 c A

80 334 a A 317 b AB 337 b A 307 bB

120 344 a A 347 a A 365 a A 367 a A

CV for main plot = 1.2% and CV for sub plot = 3.5%

Panicle initiation stage (65 DA T)

0 222 d B 228 d B 235 cB 338 c A

40 330 cB 375 c AB 356 b AB 403 b A

80 401 b A 442 b A 441 a A 447 a A

120 488 a A 501 a A 475 a A 340 a B

CV for main plot = 16.4% and CV for sub plot = 8.0%

0 195 d A

Maturity

196 d A 193 d A 188dA

40 223 cB 228 cB 228 cB 253 c A

80 273 b B 272 b B 275 b B 308 b A

120 3 1 9 a A 333 a A 3 1 7 a A 333 a A

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

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

4.2.6.3. Root length density

The vertical distribution o f roots o f the mature rice plants in teims o f  root length is 

shown in Fig. 11 and ANOVA in Appendix Table 6.15 -  6.17 . Regardless o f  moisture regime 

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

roots did not grow ver>' deep, but were still present at the 20-30 cm soil depth although very
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Fig. 11. Effect of water regimes and nitrogen levels on root length and 

root mass densities of BR3 in Boro at different soil depths.
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minimally. The application o f N increased the ro d  length irrespective o f moistiu'e regime in the 

0-10 and 10-20 cm soil layers, while in the 20-30 cm soil layer, no effect o f either moisture 

regime or N level on the root length density was observed. Regardless o f  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 o f  bulk density at the 0-10 cm 

depth would not tell about the existence o f a hard pan in the soil, it is not impossible that such 

situation existed here. Nevertheless, the impact o f higher bulk density at the surface soil o f  the 

moisture stressed plot is evident. However, clearer understanding on the existence o f  hard pan 

may be obtained from Experiment 5.

4.2.6.4. Root mass densit>’

The distribution o f  root mass in the different soil layers is shown in Fig.l 1 and ANOVA 

in Appendix Table 6.18 -  6.20. Like root length density about 90-95% o f the total root mass 

was found within the shallow depth o f  0-10 cm 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 obser\'ed with 120 kg N/lia and the 

smallest with zero N. The effect o f  moisture regime on root mass was not consistent for the 

different N levels. Without apphed N, moisture stress decreased tlie 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 o f apphed 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 o f 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 com ponents

Increasing level o f  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 effect on panicle production. The number o f grains per panicle 

was unaffected by N fertilization upto 40 kg N/ha, but beyond this level, an increase in the 

number o f  grains per panicle was observed (Table 12 and Appendix Table 6.22). Irrespective of 

the N dose, moisture stress significantly decreased the niunber o f  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/ba 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 o f  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 appHed N while at 120 kg 

N/ha, 1000 grain weight was decreased with an increase in length o f the stress period beyond 4 

days.

Nitrogen fertilizer did not influence the percentage o f unfilled grains under the most 

intense moisture stress (10 DW). However, at other water treatments N application upto 40 

kg/ha significantly decreased the sterility percentage, but no further decrease was obser\'ed with 

increasing 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 o f panicles 

per unit area, and grain per panicle, 1000 grain weight, decreased grain sterility with applied N, 

and decrease o f number o f  grains per panicle and 1000 grain weight under moisture stress have 

also been reported by other investigators (Yoshida and Hayakawa, 1970; Aragon et al., 1984). 

On the other hand, Aragon et al. (1990) found no significant interactions between N and water 

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

Applied N 
( k ^ a )

Moisture regimes

CS 4D W 7D W 10 DW N-Mean

No. o f  pamcles/m^
?

0 186d A 195 d A 183 d A 183 d A 186
40 224 c A 225 c A 224 c A 235 c A 227
SO 263 b B 262 b B 265 bB 287 b A 269
120 305 a A 3 1 6 a A 303 a A 303 a A 307
CV for main plot = 8.7% and CV for sub plot = 3.6%

No o f  grains/panicle
0 76 74 69 68 72 c
40 79 77 lA 74 76 c
80 88 80 83 79 82 b
120 93 89 84 85 88 a
W-mean 84 A 80 AB 77 B 76 B 79
CV for main plot = 8.7% and CV for sub plot = 8.5%

100 filed  grain weight (g)
0 26.1 c A 26.1 b A 26.1 b A 25.5 c A 25.9
40 26.9 c A 27.3 b B 26.7 b AB 26.2 be 26.7
80 28.4 b A 28.3 a A 27.5 a AB 26.8 ab B 28.0
120 29.3 a A 29.2 a A 27.9 a B 27.2 a B 28.4

CV for main plot = 2.8% and CV for sub plot = 2 .2%

Unfilled grains (%)
0 26 a A 28 a A 25 a A 25 a A 26
40 21  b A 25 b A 21  b A 23 a A 22

80 20 b A 22 b A 2] b A 23 a A 22

120 20 be 22 b AB 20 b B 25 a A 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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Moisture regimes and applied N levels significantly affected the grain and straw yield of 

rice (Fig.l2 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 Tahle 6.25 clearly indicates the 

interaction between moisture regimes and N doses incase o f grain yield, and this interaction was 

due to increased yield gap with the increase o f  N rates among the moisture regimes. Incase of 

straw yield, the response o f N were observed in two distinct groups o f  moisture regimes CS - 

4DW and 7DW -  lODW where the yield gap was narrow with in tlie group but wider between 

the group.

The applicafion o f N increased the grain yield o f rice over the no N treatment under all 

moisture regimes (Fig. 12). Grain yield consistently increased with successive addifional doses 

o f appfied 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 o f  the period of 

imposed water stress. With zero applied N, grain yield was statisfically similar 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 o f moisture stress 

from CS to 10 DW consistently decreased the grain yield, while with the higher doses o f N (80 

and 120 kg/ha) increasing level o f 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 applicafion may be attributed to increased panicle 

number per unit area, number o f grains per panicle and 1000 grain weight (Table 12). The 

adverse effect o f  moisture stress on total spike lets/panicle and 1000 gi'ain weight may partially 

explain the reduction o f grain yield due to moisture stress. A higher straw yield with increased 

N fertihzation 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 trequent moisture regimes compared with less frequent moisture regime.

4.2.7. Graiu and straw yields of rice
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Fig 12, Fitted regression depicting the interaction between N rate
and water regimes on grain and straw yield of T. Aman rice.
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It is generally agreed that the relative response obtained from a given increment of'N  is related 

to the supply o f  moisture, A medium to high level o f N fertilization aggravated the effects o f 

moisture stress(Aragon et al. 1984). Severe water deficit may mask the benefits derived h-om 

additional N fertiUzer which is beneficial under well watered condition. This may explain the 

observed consistent yield increase with successive additional doses o f applied N imder zero and 

lower soil moisture stress and the yield stagnation with higher dose o f N under more intense soil 

moisture stress. Consistently increased grain yield with successive additional doses o f N was 

reported by Dalai and Dixit (1987). A higher grain yield with higher level o f N under 

continuous flooding or under a high soil moisture level was reported by Nageswara and Raju 

(1987) and Sheik Dawood el al. (1990), while Castillo et al. (1992) reported no significant 

interactions between N and moisture regmies on the grain yield o f  rice.

4.2.8. Mineral nutrition of rice

4.2.8.1. Nutrient concentratious

The maximum N concenti'ation 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 o f active 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 (Fig.9).

An increase in the N dose increased the concentration o fN  in shoot at 45 DAT and in 

grain regardless o f  moisture regime (Table 13). According to Patrick and Reddy (1976), the 

application o f  fertihzer N establishes good crop growth and root system, which aids the 

extraction o f larger proportions o f soil N. The higher N concentration in shoot and grain with 

increasing level o f  applied N may also be related to a higher amount o f available N  in soil. The 

present results are in agreement with those o f 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 reachcd a 

plateau beyond 80 kg N/ha under the longest period treatment (10 DW), while under the other 

moisture regimes the increasing trend o f  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 o f  moisture regime was not marked.
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Table 13. Effect o f moisture regimes and N levels on the N content (%) in the shoot, straw
and grain o f BR3 rice in Boro

Applied N 
(k&Tia)

Moisture regimes

CV for main plot = 14.4% and CV for sub plot — 5%

Straw

CV for main plot = 23.9% and CV for sub plot = 8.1%

Grains

CS 4 DW 7D W 10 DW N-Mean

Shoot at 45 D AT

0 2.41 2.45 2.37 2.21 2.36 d

40 2.64 2.74 2.68 2.76 2.70 c

80 2.84 2.98 3.24 3.22 3.07 b

120 3,21 3.20 3.29 3.68 3.24 a

CV for main plot = 12.9% and CV for sub plot = l.lVo

Shoot at 65 D AT

0 1.38 d A 1.32dA 1.33 d A 1.31 c A 1.33

40 1.69 c A 1.69 c A 1.63 c A 1.82 b A 1.71

80 1.96 b AB 2.02 b AB 1.88 b B 2.24 a A 2.03

120 2.25 a A 2.21 a A 2.29 a A 2.30 a A 2.26

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

0 0.79 0.76 0.81 0.79 0.79 b

40 0.79 0.77 0.82 0.82 0.80 b

80 0.78 0.79 0.84 0.84 0.81 ab

120 0.82 0.84 0.86 0.84 0.84 a

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

For a given plant part, column means follov/ed by common small letler(s) and row means followed by
common capital letler(s) do not differ significantly at 5% level by DMRT.

Dhaka University Institutional Repository



93

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 o f 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 et a i  (1992) reported similar results for mustard. The K 

content o f straw was influenced by water and N interaction while Moisture regime alone 

influenced the grain K content. In general, the 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, die straw K content increased with increasing 

severity o f 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 o f grain K content, consistent decrease was observed as the moisture stress period was 

increased from 0 (CS) to 10 days (10 DW), irrespective o f the applied N level. Almost no 

effect o f  N appHcation under any Moisture regime was observed in this regard. The Ca 

content o f  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 o f  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 o f  different intensities was imposed, an increase in the grain Ca 

content occurred with N application upto SOkg/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 o f  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 moisture stress appeared to have no effect. The grain Mg contcnt showed a 

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

384954
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Table 14. Effect o f  moisture regimes and N levels on P, K, Ca and Mg contents in straw 
and grain o f BR3 in Boro.

Applied N 
(kg/ha)

Moisture regimes Moisture regimes

CS 4DW 7DW 10 DW CS 4DW 7DW lOD

Ph osph orus (%)

Straw Gram

0 0.08 0.08 0.06 0,05 0.24 0.24 0,21 0.21

40 0.09 0.08 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 0.05 B 0,05 B 0.24 A 0.23 A 0.21 B 0.20

Potassium(%o)

0 1.88cC 2.04cBC 2,27bAB 2.62aA 0.25 0,20 0.21 0.20

40 2,03bcB 2.23bAB 2,44aA 2,51abA 0.25 0.21 0.20 0 18
80 2.15abB 2.37b AB 2.56 aA 2.43bAB 0,25 0,22 0.19 0.18

120 2.27 aA 2.56 aA 2.52 aA 2.45 abA 0.24 0,22 0.20 0-19

W mean 2.08 2,30 2.44 2.51 0.25 A 0.21 B 0.20 BC 0 19

Calcium(%)

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 0.15 A 0.12 B 0.11 B ,013 .016 ,018 ,021

Magnesium (%)

0 0.26 0.29 0.30 0.29 0.15 0,14 0,15 0,12

40 0.24 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 0.15 A 0.15 A 0.14A 0.12

For eacli 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 o f  moisture regimes and N levels on micronutrient contents in straw and
grain o f BR3 in Boro.

Applied N Moisture regimes Moisture regimes

CS 4D W 7D W 10 DW CS 4D W 7D W 10 DW

IrO}} (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 1 1 1 119
120 65 69 71 69 219 162 129 149
W mean 74 68 64 66 180A 171 AB 118C 139BC

Manga nese(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 40 B 56 A 58 A 51 A

Zinc (ppm)
60 32 41 37 53 41b 15 15 14 14
40 38 42 39 51 42b 15 14 14 14

80 44 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 3,8 6.5 3.5 7.5 5.7 9.7

40 3.0 5.9 4.3 6.4 3.9 7.9 6.4 9.5

80 3.4 5.5 4.8 6.2 4.4 8.2 7.2 9.3

120 3.8 6.9 5.1 6.8 3.6 8.1 7.2 10.3

W mean 3.2 C 6.1 AB 4.5 BC 6.5 A 3.8C 7.9 B 6.7 B 9.7 A
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 ai 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 o f 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 luider the other moisture regimes the effect o f  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 irrespective o f  moisture regimes. The grain Zn content was unaffected by N dose or 

moisture regime. The Cu content o f  both straw and grain increased substantially over CS with 

increasing moisture stress period. Copper is released into the soil solution on submergence 

(IRRI,1973) but may decrease in concentration due to precipitation, not o f CuS or CuzS as 

earlier believed but o f cuprous ferrite Cu2Fe2 O4 ( Lindsay, 1979 ) which may be the causc of 

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

4.2.S.2. Nitrogen uptake and use efficiency

Figure 13 and Appendix Table 6.47 -  6.50 illustrate the effects o f  moisture regimes and 

N  levels on the total N uptake and N  use efficiency o f rice. Increasing level o f  N apphcation 

increased the N uptake under all moisture regimes. The highest N uptake was observed under 

CS regardless o f the N  dose. The total N uptake decreased consistently as the period o f imposed 

moisture stress was prolonged. The influence o f moisture stress on N  uptake was found to be 

more prominent at a relatively high level o f 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 o f moisture stress 

was due to the exploitation o f a larger volume o f soil by rice plants by virtue o f stronger root 

growth in length and volume as well as due to higher grain and straw yields. A greater mobility 

o f inorganic N in soil under CS facilitated easier absorption o f N by the plant roots, whereas 

under moisture stress the plant roots probably had to spend more energy to extract a unit 

amount o f N. Similar trends in rice were observed by Saikia and Datta (1989); and Sharma et al. 

(1992).
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Fig. 13. Effect of water regimes and nitrogen levels on total N uptake,
physiological and agronomic efficiency and apprent N recovery 
of BR3 in Boro.

Dhaka University Institutional Repository



98

The agronomic efficiency (kg grain produced per kg applied N), physiological 

efficiency (kg grain produced per kg N absorbed), and apparent plant recovery o f  applied N 

were significantly influenced by moisture regime and N fertilizer interactions (Fig. 13). 

Application o f  40kg N/ha, increased the N use efficiency (physiological) over zero N under all 

moisture regimes. However, the efficiency value decreased with a fiarther 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 the 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.

Irrespective o f moisture regime, the agronomic efficiency o f  N decreased with 

increasing level o f  applied N. For a given N  dose, the agronomic efficiency o f  the applied N 

was the highest under CS (Fig. 13). Similar resuUs have been reported by Clarke et al. (1990) 

and Gauer et al. (1992). The plant recovery o f applied N, referred to as apparent N recovery 

and determined by the difference in plant accumulation o f 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 o f 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 fi'om transplanting to maturity. The cumulative water added was 

the sum total o f estimated from water supphed by imgation 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 tlie same amount o f water (100 mm) supplied by imgation. During crop 

growing period no irrigation water was added to rainfed plots but at irrigated plots, 100 mm 

water was added by irrigation (Fig. 14). Rainfall was uniformly distributed over the growing 

season and the crop received a total o f 535 mm rain water from transplanting to maturity out of 

which 533 mm was received within 80 DAT. Even during the critical reproductive stage o f  the 

crop, sufficient rainfall occurred, and the crop was doing very well. A total o f 635 mm water 

was received by the rainfed and 735 mm by the irrigated plots. A total o f  474 mm water was 

consumed in the process o f evapotranspiration during the growing season.

4.3.2. Physical properties of soil

4.3.2.I. Percolation

Tillage practices influenced the percolation rate o f  the soil (Table 16). Puddling 

decreased the percolation rate and it decreased as o f  tillage intensity increased. The 

percoladon rate o f the soil was minimum in CT while the maximum percolation rate vvas 

recorded in ZT plots. Puddhng eliminates large soil pores and, therefore, decreases the 

hydrauhc conductivity o f  the soil (Shamia and De Datta, 1985 ). Compaction and shearing by 

farm implements may create a compact sub-surface zone often called ”plougb-pan'' 

(Moormann and van Breeman, 1978). In addition, setthng and consolidarion o f  dispersed 

clay particles may occur (Sharma and De Datta, 1985 and Adachi, 1992 ), Both compaction 

and clay translocation may reduec the percolation
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Fig. 14. Cumulative water added and evapotranpiration occured 
(mm) under irrigated and rainfed conditions in T. Aman.
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Plate 2. The author is measuring the height of water level in a 
double ring infiltrometerfor percolation/infiltration 
during rice (top) and wheat (below) growing period.
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rate in puddled soil. According to Toung et al.{ 1994) the sealing o f  macro pores with fine 

particles tianslocatcd during puddling predominanlly caused formation o f a semi-permeable 

layer just beneath the puddled top soil. This semi-penneable layer was mostly responsible for 

the low percolation rate o f  the well puddled soil. A reduction o f  percolation rate through 

puddling was also reported by Ossari (1988), Wopperics etalj (1992b) and Singh et^)(1993).

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

Tillage systems Depth o f ponding 

water (cm)

No. o f  observations Percolation rate 

(mm day "’)

Zero 5-7 26.00 1.89

Reduced 5-7 26.00 1.50

Conventional 5-7 26.00 1,27

LSD (.05) 0.16

4.3.2.2. Soil moisture content

The effects o f  tillage and moisture regime on soil moisture content (%, w/w) o f  two 

soil layers during the growing period o f  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 w'as 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 et a l  (1988). Under any given 

tillage system, the soil moisture remained almost constant from transplanting to 75 DAT and 

thereafter declined sharply to less than tlie field capacity (FC) level by 100 DAT. This trend 

was also observed in the lower soil layer (10-20 cm) under both iiTigated and rainfed 

conditions. In the deeper (10-20 cm) soil layer, the soil moisture content differed little among 

the tillage systems.
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M o istu re  con ten t (%,w/w)

Days after transplanting

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 o f tillage and moisture regime on the bulk density (BD) o f 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 75DAT. 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 veiy little in both irrigated and rainfed conditions. This may due to less disturbance o f 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 o f  tillage (averaged over moisture regimes) on moisture retention capacity of 

soil in the top O-lOcm layer is shown in Fig 17. At any time the soil in puddled plots (CT) 

retained more water than did the soil under RT or ZT under all tension except 0 bar (saturation). 

Linder 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 o f soil. This might have been the cause o f 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 o f soil (Naphade and 

Ghildayal, 1971). This increase in macroporosity increased soil hydraulic conductivity and 

infiltration rates which may
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Bulk density(g/cm )

Days after transplanting

Fig. 16. Changes in soil bulk density with time at two soil depths under
irrigated and rainfed conditions as influenced by tillage systems 
in T. Aman.
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M o is tu re  reta ined(% ,w/w)

Soil moisture tension,bar

Fig.17. Tillage effects on water retention capacity of silty clay soil at 
different growth stages under various soil nnoisture tension.
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explain the decreasing soil moisture retention with the progress o f time. These soil moisture 

retention data indicate that the water deficits encoLinlered under rainfcd condition were not 

critical for optimum rice yield. The moisture tensions for most o f the time remamed 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 o f  tillage on SPR o f wet (at transplanting) and dry (post harvest) soil are presented 

in Fig. 18. Under wet condition the increase o f tillage intensity 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 o f top soil with tillage practices may explain the results. Similar finding 

were also repotted 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 witli 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 o f T.^Aman rice 

are presented in Fig. 19. Puddling decreased the soil temperature in 0-10cm soil layer, 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. Ojeniyi 

(1986) reported no significant differences in soil temperature due to tillage while Blevins (1986) 

observed a lower soil temperature in reduced tillage systems. The differences in soil temperature 

among the dllage methods were probably due to differences in soil organic matter content. The 

soil in the surface layer o f 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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S o i l  p e n e t r a t i o n  r e s i  s t a n c e  ( I V l  F * a )

Soil depth (cm)

Fig. 18. Tillage effects on penetration resistance of wet and 
differnt depth in wet season

dry soil at
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Soil temperature (°F)

Days after transplanting

Fig. 19. Effect of tillage on the changes in soil temperature at two depth 
during the growing period in wet season.
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4.3.2J. Soil drying after drainage

Figure 20 (Appendix Table 7.1 -  7.6) show the moisture content o f  soil in the 0-10 cm 

layer as a function o f time after the plots were drained. At any time during the post-drainage 

period, the soil moistm'e 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 retendon 

capacity than non puddled soil. The puddled soil started cracking by the second week after 

drainage. Surface cracking under ZT was less severe than that under puddhng (CT). Mambani et 

al. (1990) also reported such findings.

4.3.3. Grain and straw yields of rice

M oisture regimes influenced the grain and straw yield o f  rice. Irrespective o f  tillage 

systems irrigated plots produced higher grain and straw yield than those o f  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 irrigated and rainfed conditions were not statistically significant. 

Results reported by earlier investigators in this respect are inconsistent. Oguru’emi et al. 

(1986), Lai (1986) and Mambani et a /.(1990) found increased rice yield with increasing 

tillage intensity while Griffith et a /.(1986) and Sharma et a /.(1988) reported no significant 

effect o f tillage on the dry matter yield o f rice.

Table 17. Grain and straw yield (t/ha) o f  B R ll rice as affected by moisture regimes average 

over tillage systems.

Moisture regimes Grain yield Straw yield

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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Soil moisture content (%.w/w)

Days after drainage

Fig.20. Effect of tillage on soil drying in the 0-10cm soittayer after 
drainage of water at liarvest of T. Aman rice.
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4.3.4. Mineral nutrition of rice

4.3.4.I. Nutrient concentration

The effects o f moisture regimes and tillage systems on the N, P, K, Ca and Mg content 

in the straw and gram of B R ll rice are presented in Table 18a and ANOVA in Appendix 

Table7.9 -  7.18. The N content o f  straw was lower in plants in puddled plots than in impuddled 

plots regardless o f moisture regime. Irrespective o f 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 o f  straw and grain were not affected by moisture regimes and tillage levels. 

Irrespective o f 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 nutrient (Fe, Mn, Zn and Cu) concentrations in the straw and grain o f  BRl 1 

rice as affected by moisture regimes and tillage methods are shown in Table 18b and ANOVA 

in Appendix Table 7 .1 9 -7 .2 6 . The concentrations o f Fe, Mn, Zn and Cu were higher in straw 

than in grain. Moisture regime or tillage 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 affect the straw Zn 

content under ZT or RT, but under CT the Zn content was higher under iirigated condition than 

that under rainfed condition. An increase in tillage intensity decreased the Zn concentration in 

grain regardless o f moisture regime.
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Table 18a. Effect o f moisture regimes and tillage on the N, P, K, Ca and Mg contents o f straw
and grain o f BRl 1 in T.Araan.

Tillage
system

Straw Grain

Rainfed Im  gated T-mean Rainfed Irrigated T-mean

Nitrogen(%)

Zero 0.47 0.43 0.45 a 0.92 0.98 0.95

Reduced 0.45 0.37 0.40 b 0.90 0.95 0.92

Conventional 0.43 0.37 0.40 b 0.89 0.93 0.91

W- mean 0.45 A 0.39 B 0.90 B 0.95 A

Phosphorus(%)

Zero 0.04 0.05 0.05 0.24 0.25 ■d.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 ■D.25

Potassiinn(%)

Zero 2.44 2.59 2.50 0.32 0.31 ■3.31

Reduced 2.64 2.59 2.60 0.30 0.31 '0.32

Conventional 2.69 2.76 2.72 0.33 0.31 ■3.32

Calcium(%)

Zero 0.17 0.14 0.15 0.06 0.05 ■3.06

Reduced 0.14 0.14 0.14 0.08 0.05 ■3.06

Conventional 0.15 0.17 0.16 0.06 0.06 ■3.06

M ag II esium(%)

Zero 0.18 0.17 0.18 a 0.12 0.13 ■3.12

Reduced 0.16 0.18 0.17 ab 0.12 0.13 ■3.13

Conventional 0.14 0.17 0.16 b 0.13 0.13 ■3.13

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 o f  moisture regimes and tillage methods on the micronutrient
concentrations in the straw and grain o f  BR] 1 in T.Aman.

Tillage
system

Straw Grain

Rainfed Irrigated T-mean Rainfed Irrigated T-mean

Zero 5 55 55

I  ran (ppm)

106 55 117

Reduced 58 55 56 107 127 117

Conventional 49 55 52 91 126 109

M anganese (ppni)

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 77 aA 77 bA 77 23 23 23 ab

Conventional 67 bB 78 abA 72 22 18 20 b

Copper(ppm)

Zero 3.4 3.4 3.4 2.6 2.8 2.7

Reduced 3.8 3.4 3.6 2.8 3.0 2.9

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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4.3A.2. Nutrient uptake

Uptake o f nutrients were calculated from percent concentration and dry matter 

production. The influences o f 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 die uptake o f most nutrients. However, a 

significantly higher amount o f  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 o f 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 o f Ca was absorbed by 

rice plant in CT plot than those o f other tillage treatments. There was higher uptake o f  Zn by 

rice grown in no-tilled soil than the tilled soil, irrespective o f moisture regime. Neither moisture 

regime nor tillage level influenced the Cu uptake o f rice.

Rice grown in irrigated plots had generally taken up higlier amount o f 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 inigated 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 o f tillage levels. A 

possible greater mobility o f nutrients in soil under inigated condition may facilitate easier 

absorption o f  nutrients by the plant roots, whereas under rainfed condition the plant roots 

probably had to spend more energy to extract a unit amount o f nutrients. Besides improved dry 

matter production with improved moisture condition may also be the reason o f greater nutrient 

uptake under irrigated condition.
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Table 19a. Effect o f  moisture regime ajid tillage on total N, P, K, Ca and Mg uptake (kg/ha)
by BRl 1 in T.Aman.

Tillage
treatment(T)

Moisture regimes(I)
T-mean Diff.

Rainfed IiTigated

Zero 49.25

N uptke 

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 48.65 B 53.36 A 51.01 -4.71
CV (b) = 3.1% 

Zero 9.87

P uptake 

11.39 10.63 -1.52
Reduced 10.56 11.29 10.93 -0.73
Conventional 10.98 11.37 11.17 -0.39
I-Mean 10.47 B 11.35 A 10.91 -0.88
CV (b) = 6.2% 

Zero 114.03

K uptake 

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% 

Zero 9.15 a
Ca uptake 

8.36 b 8.75 0.79
Reduced 8.57 a 8.38 b 8.47 0.20
Conventional 8.56 a 9.85 a 9.20 -1.29
1-Mean 8.76 8.86 8.81 -0.10
CV (b) = 5.4% 

Zero 11.68
Mg uptake 

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 o f  moisture regime and tillage on total Fe, Mn, Zn and Cu uptake (kg/ha) 
by B R l 1 rice in T.Amaii.

Tillage
treatment(T)

Moisture regimes(I)
T-mean Diff.

RF Irrigated

Zero 0.64 a
Fe 

0.78 a 0.71 a -0.15

Reduced 0.65 a 0.78 a 0.71 a -0.13

Conventional 0.56 a 0.78 a 0.67 a -0.22

I'M ean 0.61 B 0.78 A 0.70 -0.17

CV (b )=  10.6%

Mn

Zero 1.70 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

I-Mcan 1.58B 1.86 A 1.72 -0.29

CV (b )=  12.6%

Zn

Zero 0.42 a 0.47 a 0.45 a -0.05

Reduced 0.40 ab 0.44 ab 0.42 b -0.04

Conventional 0.37 b 0.43 b 0.40 b -0.06

I-Mean 0.40 B 0.45 A 0.42 -0.05

CV (b) = 5.1%

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

I-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. Experiment 4. 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 CLimulative water added (irrigation and rainfall) and 

evapotranpiration occurred during the growing period o f wheal from sowing to maturity. At 

sowing, 35 mm water was apphed to each plot for unifomi seed germination. Besides this, each 

irrigated plot received a total o f  110 mm irrigation water during the crop growing period out o f ' ‘ ^  ‘'

which 50 mm was applied at 25 DS and 60 mm at 55 DS. The rainfed plots did not receive any ’ 

irrigation water. Both irrigated and rainfed plots received a total o f 83 mm o f rain water each out 

o f 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 o f 228 mm water was added to irrigated and 

118 mm to rainfed plots. TTie estimated evapotranspiration was the same for all plots, which was 

241 mm during the growing period from sowing to maturity.

4.4.2. Physical properties of soil

4.4.2.1. InflltratioD

Infiltration refers to the process o f water entry into the soil, generally by downward flow 

through all or part o f the soil surface. The rate o f  this process determines how much water 

will enter the root zone, and how much if any, will be lost by runoff In the present 

investigation, the infiltration rate (IR) and the cumulative infiltration (Cl) were studied.

Tillage practices influenced the IR (Fig.22 ). During the initial 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 o f  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 o f attaining steady IR was also different for different tillage 

treatments. In the CT, the steady rate o f  IR was attained eariier compared with the RT or ZT 

plots. At the end o f 400 minutes IR ranged between 0.29 mm min"' in CT and 0.43 mm min"' 

in ZT (Fig.22).

I
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Fig.21. Cumulative water added and evapotranspiration ocpwed(mm) 
with time during the growing period of wheat ir^rabi,94.
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Elapsed time { minute)
Fig. 22.Influence of tillage practices on the infiltration rate (mm min-1) as 

as afunction of time during wheat season in a silty clay soil.
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The relationship between the IR o f the soil and elapsed time was obtained as

CT: IR= 25.971 t =0.9912)

RT: 1R= 34.152 t ^  ( R^ =0.9847 )

ZT: IR= 26.159 t ( R^ =0.9678 )

In all cases, the value o f R^ was close to unity indicating that relationship between IR and

elapsed time would be well represented by the function 1= at”

Wliere IR= infiltration rate, a= intercept, t= elapsed time and n= slope

Tillage practices also influenced the Cl o f  the soils (Fig. 23). It was evident from the 

figure that the Cl at a given time decreased with tillage intensity in the order CT < RT < ZT.

After 400 minutes. Cl ranged from 36.95 cm in CT to 60.67 cm in ZT. The relationship

between Cl 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: Cl = 3.0006 t ( R^ = 0.9944 )

RT: Cl = 3.5521 t ( R^ -  0.9874)

ZT : C l = 3.0659 t ° ( R’ = 0.9976)

In this case too, the value o f  R“ was very high and close to unity implying that Cl was

functionally related to elapsed time as CI = a t "

where, "Cl" is the cumulative infiltration, "t" is the elapsed time and "a" is the intercept and 

"n" is the slope. The magnitude o f "a" indicated the infiltration at t= 1 and "n" its rate of 

increase. It was observed that the value o f  "a" varied for different tillage treatments and the 

value o f "n" decreased with increasing tillage intensity. In general, there was no definite 

trend in the variation o f  "a" and "n" values for different tillage treatments.

The C l 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 o f  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 

Cl were probably due to intake o f water through the cracks. Besides this, the higher IR and 

C l in the ZT compared to RT and CT were attributed to higher number o f bio channels 

(Blevins et al. 1984), higher porosity and more intensive microflora activity (Ghuman and 

L a i , 1984) in no tilled soil than those o f RT and CT soil.

12 1
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Time (min)

Fig. 23. Influence of different tiilage systems on cumulative infiltration 

(cm) as a function of time during w lieat season in a silty clay soil.

Dhaka University Institutional Repository



Restricted movement o f  water to tilled zone and the disruption o f continuity o f  soil pores due 

to tillage practices ( Goss ei al. 1978 ) may also be the reason o f higher IR and C l in no tilled 

soil. These results were also in agreement with the findings o f M auiya (1984), Brar et al. 

^  (1983), Radcliffe et al. (1988) and Ghuman and Lai (1984) where they observed higher IR

and Cl o f  w ater under ZT as compared to normal cultivation.

4.4.2.2. Soil moisture contcnt.

The changes in soil moisture content with time in two soil layers are showTi in Figure 24. 

In the 0-10 cm 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 appHed or rainfall occurred. At sowing and early growth stage (21 DS) the 

irrigated and rainfed plots had almost similar soil moisture content irrespective o f tillage 

system, but later the irrigated plots had a higher soil moisture content than the rainfed plots 

under all tillage system. A higher soil moisture content in the irrigated plots indicates the 

replenishment o f  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 to 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 irrigated and rainfed 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 cm layer. Also, unlike in the 0-10 cm 

layer, some effect o f  tfllage on soil 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 o f the crop.

^  123Dhaka University Institutional Repository



124

Moisture content(%,w/w) Moisture content{%,w/w)

V

4 5

4 0

35

3 0

2 5

20

1 5

1 O

4 5

4 0

3 5

3 0

2 5

2 0
\

Irrigated,10-20cm. 1  5  

1  0

Rainfed, 10-20 cm.

O 2 0  4 0  6 0  8 0  1 0 O  O  2 0  4 0  6 0  0 O  1 0 O

Days after transp lanting 

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

, •) growing period of wheat.
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4.4.2.3. Soil bulk densit>' "

The bulk density {BD) o f 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 o f the 

crop (Fig.25). This was true for both imgated and rainfed conditions. At sowing and 25 DS the 

irrigated and rainfed plots had almost similar soil BD under any tillage system, 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 irrigated plots was due to the lower soil moisture content in the former 

than in the later. At all growth stages o f  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 Yoshidae/. al. (1993).

4.4.3. W heat growth and agronomic characteristics

4.4.3.1. Plant height

Plant height o f 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 tlie plant heiglit at all growth stages. At the maximum tillering stage N 

fertilization increased the plant height under all tillage systems and water levels except RT 

under rainfed situation where applied N did not exert any influence on plant 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 condidon w'hile under 

rainfed situation CT decreased the plant height from RT when N fertilizer was not applied. 

Irrigation increased the plant height with applied N 100 kg/ha under ZT, witli 140 kg/ha under 

RT and without N under CT.

At the booting stage, the increasing levels o f  apphed N up to 140 kg/ha under CT 

increased die 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) o f 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

Irrigated Rainfed liri gated Rainfed Irrigated 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 25 cA 28 aA 39 cA 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 20 cB 44 cA 45 cA 82 cA 67 cB

100 28 bA 31 aA 55 bA 56 aA 87 bA 93 aA

140 32 aA 27 bA 61 aA 48 bB 102 aA 87 bB

C V for subplot (b )= 11 .4% CV for (b) = 3.0% CV for (b) = 6.3%

CV for sub-sub plot (c) = 10.3% CV for (c) = 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

Booting

Maturity

2-T means at each 1 X N 5.00

2-T means at each I X N 6.00

2-T means at each I 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 

irrigated condition and at 140 kg/ha under rainfed situation, hrigation increased the plant height 

with 100 kg/ha applied 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 o f N 

supply up to 140 kg/ha under irrigated condition. Under rainfed situation, apphed N up to 100 

kg/ha increased plant height which decreased with additional supply o f N under RT or CT, but 

under ZT increasing level o f N up to 140 kg/Tia increased plant height significantly. In the 

absence o f N  fertilization, ZT and CT had similar plant height which was significantly greater 

than that under RT under irrigated condition, while imder 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 o f plant height 

under irrigated condition while under rainfed situation ZT had tlie tallest plants followed by CT 

and RT. The plants were taller in iirigated plots than those in the rainfed plots with 100 kg 

apphed N/ha under ZT and with 0 and 140 kg/ha under CT.

4.4.3.2.Tiller num ber.

The numbers o f 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 

o f tillers decreased gradually with time from maximum tillering stage to maturity. 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 tillage 

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 o f N 

supply increased the tiller number under irrigated condition, but under rainfed situation N 

fertilization had no effect on tiller number.
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Table 21. The number o f  tillers/m^ at different growth stages o f wheat as influenced by 
moisture regime, tillage system, N level and their interactions.

A. W X T  and W X N  Table o f  means fo r  tillers at maximum tillering stage.

Tillage
systems

Moisture regimes Apphed N 
(kg/ha)

Moisture regimes

Irrigated 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 o f  means fo r  tillers at booting stage.

Tillage
systems

Moisture regimes Applied 
N kg/ha)

Tillage systems

Irrigated Rainfed Zero Reduced Conventional N-
mean

Zero 670 aA 487 aB 0 541 459 548 516b

Reduced 511 bA 567 aA 100 583 586 541 570 ab

Conventional 585 abA 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 o f  means fo r  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 o f tillers followed by CT and RT while under rainfed condition tdlage 

systems did not affect tiller produclion. 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 o f  moisture regime apphed N 140 kg/ha produced the highest number 

o f tiller followed by 100 kg/ha and no-NI treatment. Tiller number at maturity was not 

influenced by moisture regime and tillage’s system. Irrespective o f moisture regime and tillage 

system, apphed N at 100 kg/ha significantly increased the tiller number over no-N treatment, 

and tlien no further increase was observed with additional N.

4.4.3.3. Yield com ponents

The yield components o f 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 o f  moisture regime or tillage system, apphed N at 100 kg/ha significantly 

increased the number o f panicles per unit area and then declined with a further increase in N 

application. Nitrogen fertihzation increased the number o f grains per panicle over no-N 

treatment. Regardless o f tillage system and moisture regime, increasing level o f  applied N 

beyond 100 kg/ha decreased the weight o f 1000 filled grain, hrespective o f  tillage systems and 

apphed N  levels, irrigated plots had higher number o f panicles/m2, grains/panicle and 1000 

grain weiglit than that o f rainfed plots. Under irrigated condition, applied N  at the rate o f 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 o f 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 o f N up to 100 kg/ha, and then 

increased with a further increase in the N dose while under CT no effect o f apphed N was 

observed. Increasing tillage intensity increased GSP at the highest level o f  N supply (140 kg/ha), 

while at other N levels no effect o f tillage practices was observed.
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Table 22. Effect o f moisture regimes, tillage systems, N levels and their interactions on 
yield component o f wheat grown after T.Aman rice.

A. W X N  Table o f  means fo r  panicles/m^, grains/panicle and 1000 grain weight.

Applied

N(kg/ha)

Moisture regimes N

mean

Moisture regimes N

mean

Moisture regimes N

mean

Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed

P an ic5e/m ' Grain/panicle 1000 grain weight (g)

- 0 517 429 473 b 16 13 15b 50.23 48.61 49.42a

100 581 470 526 a 23 22 22 a 50.19 47.69 48.94ab

140 524 474 499ab 26 21 23 a 48.40 47.47 47.94b

W-mean 541A 45 8B 22A 19B 49.61A 47.92B

CV for sub plot (b)= 11.9% 

CV for sub-subplot (c) = 14.3

C V  for (b ) -  16.7%  

C V  for ( c ) =  15.6%

CV for (b) = 4.3% 

CVfor (c) = 4.1%

B. W X N  and T x  N  Table o f  means fo r  % unfilled grains.

^  -

Applied N 

(kg/ha)

Moisture regimes Tillage systems

Irrigated Rainfed Zero Reduced Conventional

0 3.6 a A 2.9 a A 3.9 a A 2.8 aA 3.0 aA

100 2.0 b A 2.2 b A 1.7b A 2.1 bA 2.5 aA

- 140 2.3 b B 3.2 a A 2.1 b B 3.4 aA 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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Plate 3. Influence of tillage and N levels on the performance 
of wheat grown under irrigated condition.
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Plate 4. Influence of tillage and N levels on the performance 
of wheat grown under rranirrigated condition.
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4.4.4. 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 o f 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 o f tillage condition. These may have 

masked the effect o f tillage treatments under irrigated condition, and hence no significant yield 

differences among the Ullage treatments were observed.

Under irrigated condition in the ZT system, the grain and straw yields increased with 

applied N up to 1 GO kg/ha over zero N while in the RT and CT systems this trend o f  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 o f  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/lia 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 o f the reasons for this was that N ferxihzer 

applied in minimum tillage remained in the surface layer o f the soil where most o f 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 minerahzation 

increasing soil N availability and decreasing the effect o f  applied N fertilizer on the crop. 

Nyborg and Malhi (1989) and Videonovic et a l  (1986) also reported reduced fertilizer N effect 

under more intense tillage.

Yield increase due to N fertihzation was relatively greater under rainfed condition than 

irrigated condition. These were 82 and 126% in 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 diat under RT or CT. This reflects a relatively favorable 

growing condition under no-tillage in rainfed condition.
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Applied N (kg/ha )

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 titan 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 appUed N at 100 

kg/ha in CT produced more yield than 140 kg/ha applied N in ZT or RT. These observ'ations 

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 et. al. (1980) and Wells (1984). The irrigated 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 Gajri et. al. (1992).

1 36

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

Applied N 

(kg/ha)

Grain yield increase (%) due to N fertilization

Irrigated Rainfed

ZT RT CT 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.I. Nitrogen

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

concentration in straw while under CT no effect o f N fertilization was observed in this regard
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(Table 24 and Appendix Table 8.13). At 140 kg/ba applied N, the bigbest concentration o f 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 o f N up to 140 kg/ba regardless o f inigation and tillage system. 

A relatively lower concentration o f N in straw o f wheat under the ZT x 0 -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 o f moisture regimes, increasing level o f  N 

application upto 140 kg/ba decreased the P content in grain under zero tillage system, while 

under RT and CT systems, applied N  at 100 kg/ba decreased the P content over no-N treatment, 

and then no further decrease was observed with additional N. Increasing tillage intensities 

increased the P content in grain under irrigated condition regardless o f N levels, while under 

rainfed situation the P content was found inconsistent. Inconsistent effect o f  tillage on the P 

content in dry matter o f cereal crops was reported by several investigators. According to Malhi 

el. al. (1992) conventional tillage resulted in a slightly lower P concentration In barley than zero 

tillage while, Ellis et. a I. (1981) pointed out no effect o f 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 .1 7 -4 .1 8 ). 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 

irrigated 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 irrigated 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 irrigated condition than that under rainfed

condition, but in the CT it was the other way round.

Table 24. Interaction effect o f moisture regimes, tillage systems, and applied N levels on N 
and P contents in the sti'aw and grain o f wheat grown after T A m an rice.

A. T X N  and W X N  Table o f means fo r  N  content in straw and grain.

Applied N Tillage systems Moisture regimes

(kg/ha) ZT RT CT Irrigated Rainfed N-mean

Straw(%) Grain(%)

0 0.27 bA 0.30 bA 0.32 aA 2.07 2.21 2.14c

100 0.35 aA 0.32 bA 0.31 aA 2.27 2.25 2.26 b

140 0.32 aB 0.38 aA 0.32 aB 2.38 2.43 2.40 a

B. T  X N  and W X T  Table o f  means fo r  P  content in grain.

Tillage systems Applied N (kg/ha) Moisture regimes

0 100 140 Irrigated Rainfed

Grain

Zero 0.47 aA 0.42 aB 0.38 bC 0.41 bB 0.43 aA

Reduced 0.43 bA 0.40 aB 0.40 abB 0.42 ah A 0.40 bA

Conventional 0.47 aA 0.42 aB 0.43 aB 0.45 aA 0.43 aA

Under each sectioii(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 o f  moisture regime, tillage system, N level and their interactions on the K
content in straw and grain o f  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 0.32 b e 0.36 aA

140 1.59 aA 1.43 aA 0.30 bB 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 1.59 aA 1.56 aA 0.35 aA 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 Comparison LSD(.OS)

Straw 2-T means at each IX  N 0.16

Grain 2-T means at each IX  N 0.02
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The Fe content in wheat straw and grain was the highest under RT followed by that 

under CT and ZT irrespective o f 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 o f 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 o f  moisture regime in this regard was observed.

The concentration o f Zn in straw decreased with increasing tillage intensity under 

inrigated condition while under rainfed situation the Zn content increased from ZT to RT bui 

declined with CT (Table 26). Nitrogen fertilization did not influence the Zn content in straw 

under irrigated condition, but under rainfed condition N application significantly decreased the 

same from the no-N treatment. Regardless o f 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 irrigated condition N apphcation significantly increased the Mn concentration in 

straw with all tillage system, but generally an opposite effect o f 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 o f applied N decreased the straw Mn content. 

The concentration o f  Mn in grain was influenced by tillage x N  interactions (Table 26). 

Nitrogen application decreased the Mn concentration in grain irrespective o f  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 condifion, while under rainfed condition straw Cu content decreased with increasing N 

dose (Table 28 and Appendix Table 8.25 -  8.26).

4.4.S.4. Micronutrients
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A. Table o f  means fo r  Fe content in straw and grain (ppm).

Table 26. Interaction effects o f moisture regimes, tillage systems and N  levels on the Fe
and Zn contents (ppm) in straw and grain o f wheat grown after T.Aman rice.

Tfllage
systems

Moisture regimes Moisture regimes Applied
N

(kg/ha)

Moisture regimes

Im gated Ramfed T-mean Irrigated Rainfed Irrigated Rainfed

Straw Grain Gram

Zero 174 178 176 b 43 bB 56 aA 0 45 bA 47 bA

Reduced 221 215 218a 58 aA 46 bA 100 57 aA 45 bB

Conventional 184 185 185 b 52abA 46 bA 140 51 abA 56 aA

B. W X T  and W X  N  Table o f  means fo r  Zinc content in snaw  and grain (ppm).

Tillage
systems

Moisture regimes Moisture regimes Applied
N (kg/h)

Moisture regimes

Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed

Straw Grain Straw

Zero 34 aA 30 bA 44 bB 53 aA 0 32 aB 36 aA

Reduced 32 abB 40 aA 53 aA 49 aA 100 32 aA 32 bA

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 o f  moisture regime X tillage system X N level interactions on Mn content
in straw and effect o f T X N interactions in grain Mn content o f wheat grown
after T.Aman rice.

A. W X T  X N  Table o f means fo r  Mn in straw (ppm)

Tillage Applied N (kg/ha) Moisture regimes

Irrigated Rainfed

Zero 0 17 bB 31 aA

100 18 bA 20 bA

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 o f  means fo r  Mn in grain(ppm)

Applied N  
(kg/ha)

Tillage systems

Zero Reduced Conventional

0 49 aA 44 aA 49 aA

100 46 aA 44 aA 41 bA

140 46 aA 45 aA 39 bB

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 LSDf.05)
Straw 2-T means at each W X N 8
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Compared to irrigated treatment, tlie rainfcd treatment had a significantly higher concentration 

o f 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 o f 

grain Cu content.

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

Apphed N 

(kg/ha)

Moisture regimes Tillage systems Moisture regimes

Irrigated Rainfed Irrigated Rainfed

Straw (ppm) Grain(ppm)

0 3.04 bB 3.59 aA Zero 3.65 bB 4.93 aA

100 3.00 bB 3.33 bA Reduced 4.45 a A 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 m 

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.I.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 irrigated and rainfed conditions (Table 29 

and Appendix Table 8..27 -  8.30). A significantly higher amount o f 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 o f moisture regimes, tillage systems, N  levels and their interac tions on the
N uptake, percent N recovery and N use efficiency o f wheat grown after T.Aman 
rice.

A. W X N Table o f mea«^ fo r  N  uptake (kg/ha) and physiological efficiency o f  N
(kg grain/k^ absorbed N).

Applied 
N (kg/ha)

Moisture regimes Moisture regimes

Irrigated Rain fed Irrigated Rainfed N-means
N uptake physiological efficiency o f  N

0 51 cA 36 cB 41 37 39 a
100 104 bA 74 bB 37 36 37 b
140 112 aA 85 aB 36 34 35 c
W-mean 38 A 36 B

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. W X N  and T X N  Table o f means fo r  % 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 o f  means fo r  agronomic efficiency o ffertilizer N  (kg grain/kg 
applied N)

Tillage
systems

Applied N  (kg/Iia) Moisture regimes

Irrigated Rainfed
Zero 100 17ab 1 1  ab

140 12 bA 12 aA
Reduced 100 20 aA 11 aB

140 15 bA 11 aB
Conventional 100 17aA 19 aA

140 13 bA 1 1  bA
CV for (b) = 34.2% and CV for (c) = 21.1 %

Under each section (A,B,C), means followed by common small letter(s) in a column and by capital
ietter(s) m a row do not differ significantly at 5% level by DMRT._______________________________
C o m p o n e n t_____________________ Comparison________________ LSD(.05)_______________

kg grain/kg 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 irrigated condition, and 36 to 85 in 

rainfed condition. An increase in the N dose increased the N  uptake, because the increase in the 

supply o f  N not only increased the N concentration in plant but also resulted in a higher dry 

matter production. These results agree well with those o f Gordon and Rickerl (1992).

A reduction in N uptake with water deficit can be attributed to (i) decreased plant 

demand as a result o f 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 o f N 

supply coupled with irrigation was also reported by Sharma et. al. (1992).

4.4.6.2. Nitrogen use efficiency

Increasing level o f N application decreased the physiological efficiency o f  N (kg 

grain/kg absorbed N) irrespective o f  moisture regime and tillage system Irrigated plots had 

higher physiological efficiency o f N than that o f rainfed situation regardless o f  tillage 

systems and N  levels (Table 29). The percent recovery o f  added N (kg absorbed N/lOO 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 

o f greater N recovery under irrigated condition. Similar findings were also reported by Guer 

et a/. (1992). Under ZT or RT, the N use efficiency (NUE) in terms o f 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 o f  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 et til. (1992).
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4.5. Experiment 5. Tillage and Nitrogen effect on wetland rice performance
4.5.1. Physical properties o f soil

4.5.1.1. Percolation

Percolation o f the soil is one o f the most important physical properties (Parr and 

Bertrand, 1960). Percolation has been reported to vary from 0.1 to several hundred mni day-' 

(Sharma and De Datta, 1992) and is influenced by a variety o f environment and soil related 

factors (W ickham and Sing, 1978). The magnitude o f the decline in percolation depends on 

soil texture, structure, clay mineralogy and organic matter content. Lai (1985) observed that 

percolation o f  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 o f  the soil. The percolation rate o f 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 o f 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 o f  dense impervious pan by deep tillage 

may enhance the percolation rate.

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

Tillage practices Depth o f ponding 
water (cm)

Number of 
observation (days)

Percolation rate 
(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
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At transplanting, bulk density (BD) values varied considerably for different tillage 

treatments in surface and subsurface soil layer up to 1 5-20 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 cm 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. W ith increasing depth 

o f 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/cm^ 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 o f  soil depth from 0.85 g/cra^ at 

0-5cm layer to 1.05g/cm^at 15-20 cm soil layer and then sharply to 1.53g/cm^at 20-25 cm 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 cm soil layer under DT.

At harvest, BD in the 0-15 cm soil layers under CT and in the 0-20 cm soil layers under 

DT increased substantially as compared to corresponding values at planting. Like the BD 

values at planting, the highest value o f  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 o f 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 mdicated that different tillage treatments had considerable 

influence on bulk density, both in the surface and subsurface layers o f the profile. The decrease 

in BD in tilled plots may be attributed to tillage which made the soil loose and porous. The 

increased bulk density in the surface and subsurface layers o f  the profile at har\'est as 

compared to corresponding values at planting may be due to settling o f  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/cm^) and in CT^1.55g/cm^) at 15-20 cm soil layer 

may indicate the presence o f compact layer. Working with soils o f different regions of 

Bangladesh Rahman et al. (1992), Hannan (1995) and Mollah (1995) also reported the
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4.5.I.2. Bulk density
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Fig.27.Effect of tillage levels on soil bulk densities at 
different depth of wet season rice soil.
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presence o f  compact layer o f high BD formed at shallow depth (10-15 cm) below the surface in 

almost all the soils.

4.5.2. Y ield com ponents

Application o f N  fertilizer increased the panicle number irrespective o f  tillage 

treatment. Panicle number increased with the increase o f  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 o f  N levels, tilled plots produced higher number o f  panicles than no 

tilled plots. Tillage levels did not significantly influence the number o f  filled grain per panicle 

but there was a significant positive effect o f  N fertilization (Table 30 and Appendix Table 9.2). 

Irrespective tillage levels, application o f 60 kg N/ha significantly increased the number of 

spikelets per panicle over N control, but fiulher increase was not observed beyond this level. 

Tillage levels and N level either singly or in combination had no significant effect on the 

weight o f 1000 filled grain o f  rice (Table 31 and Appendix Table 9.3).

Tillage levels and N fertilization significantly influenced the percent unfilled grain of 

B R ll  rice (Table 31 and Appendix Table 9.4). Irrespective o f tillage levels, application o f 80 

kg N/ha significantly increased the sterility percentage over N control but further increase was 

not observed beyond this N level. Regardless o f N levels, tillage treatment reduced the grain 

sterility percentage over no tillage treatment. The total spikelet volume in w'hich starch may 

accumulate and the amount o f  starch which actually accumulates in spikelets; are the two 

factors which may determine the yield o f rice (Tanaka et ah 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 o f higher grain sterility percentage at higher N levels.
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Table 31. Effect o f  Tillage practices and N  levels on Yield component o f  T. Aman rice.

Applied N
Tillage systems

(kg/ha) 2T CT DT N-Mean

No. of panzcles/m2

0 187 207 194 196
60 192 220 212 208
SO 207 223 241 224
100 217 216 218 217
T-Mean 201 216 216 211

No. of tilled grains/panicle

0 80 88 91 86
60 95 105 ]08 103
80 96 102 104 101
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 25.3 25.4
60 28.0 25.7 27.0 26.9
80 31.3 26.9 28.0 28.4
100 30.0 28.6 29.0 29.2
T-Mean 29.0 26.4 27.3 27.6

Param eters CV (b) Comparison S.E.D LSD (5%)

No. of paniclcs/m2 5.9% 2-N means at each T 10.0 21.0
2-N means 6.0 12.0

Filled grain/panicic 11.0% 2-N means at each T 9.0 18.0
2-N means 5.0 II.O

1000 grain weight 3.1% ns
% utililled grain 7.3% 2-N means at each T 1.6 3.4

2- N means 0.9 2.0
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4.5.3. G ra in  a n d  s traw  yield

Tillage and applied N levels influenced the grain and straw yield o f rice (Fig. 28 and 

Appendix Table 9.5 and 9.6). The quadratic response model gave the best fit o f  grain and straw 

yield to N rate under all tillage systems. At all tillage methods, application o f  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 o f  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 o f  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 o f N fertilizer led to better nutrition o f  the rice crop throughout its 

growth period enhancing vegetative growth, increasing the number o f  panicles per unit area 

and spikelets per panicle (Table 31) finally resulting increased grain and straw yields. A higher 

yield on tilled soil than on untillcd soil when no N fertilizer was used probably resulted from 

release o f  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 fertilizer 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 

a l ,  (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 o f yield increase due to tillage practice. At all N levels, yield 

increase due to tillage systems was found lower in DT than that o f  CT. The benefit o f  yield 

increase due to tillage increased with applied N  up to 60 kg/ha and then decreased with further 

increase o f  N levels. It is assumed that the N requirements o f T. Aman rice is relatively low.
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Fig. 28. Fitted regression depicting the effect o f  Tillage and N  levels on 
garin and straw yield o f wet season rice.
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The increased N  availability due to enhanced minerahzation in tilled soil in combination with 

60 kg N/ha may fulfil the N requirements o f T. Aman rice to produce optimum yield. Higher 

level o f  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 1 1 2 116 1 1 2 108

DT
1^ .................. ...

1 1 0 113 103 104

The luxuriant N supply finally decreases the N  use efficiency. This may explain the 

resah o f  lower benefit o f  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 o f soil in 

comparison with CT resulting in the dilution effect o f 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. E x p e r im en t  6. T illage  and irrigation  effects  on so m e  soil ph ysica l
p rop erties  and the p e r fo rm a n ce  o f  post-  rice  
w heat. 0^

. ' / I  '
4.6.]. Physical properties of soil ■ , 1 '  ; K,'

4.6.1.l.Infiltratlon \

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 1 

minute, the fastest IR (27.00 mm min’') was observed in the MT and the lowest rate (24.50 

mm m in '') in the CT plots, the IR for DT being in between (mm min“' ). With time, IR 

decreased rapidly in all tillage treated plots. At the end o f  400 minutes, IR ranged between

0.28 mm  min“' for CT and 0.42 mm min'* for DT. The time o f 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:

DT : IR = 18.672 (R^=0.9276)

CT : TR = 21.043 (R^=0.9S53)

MT : IR = 34.246 (R^=0.9826)

In all cases the value o f R^ was close to unity indicating that the relationship between IR and 

elapsed lime would be well represented by the function I = at"  . Both the values o f  a' and 'n' 

varied with tillage levels and decreased with depth o f  tillage.

Tillage treatments also influenced the Cl o f  the soil (Fig.30.). Initially Cl was the 

highest for MT but after 100 minutes Cl become the highest for DT. At any lime Cl was the 

lowest for CT. After 400 minutes. C l values ranged from 62.4 cm for DT to 34.4 cm for CT.

The relationship between C l and elapsed time was found to be opposite that between IR and 

elapsed time. For DT, CT and MT the relationships obtained were:

DT : Cl = 2.3130 (R2=0.9954)

CT : C l = 2.5678 t (R2=0,9975)

MT : C l = 3.6968 (R2=0.9801)

In this case too, the value o f  was very high and close to unity implying that C l was 

functionally related to elapsed time as: C l = at'’
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Fig.29. Effect o f different tillage treatments on the infiltration rate (mm min ') 
as a fuction o f time durmg wheat season in silty clay soil.
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Elapsed time (minute)

Fig.30. Effect o f  different tillage treatments on cumulative infiltration (cm) as a 
fuction o f time during wheat season in silty clay soil.
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The magnitude o f  'a' indicated the cumulative infiltration at t = 1 and 'n' its rate o f increase. 

It was observed that the value o f 'a' varied for different tillage treatment and the value o f 'n' 

increased with deep tillage. 

jL- The higher IR for DT compared with MT and CT are attributed to change in soil bulk

density and breaking o f  dense impervious pan by deep tillage. Lindstoim el a i ,  (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 o f  Karim et a l ,  (1983) and Reddy et a i ,  (1983)

where they observed increased water intake in deep ploughing. Infiltration rates might 

increase w ith deep ploughing due to decementation o f  the profile by deep cultivation (Vital et 

^  a/., 1983).

4.6.1.2.Soil moisture depletion of the profile

The cumulative moisture depletion (CMD) o f 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 o f wheat and sharply at the vegetative and 

reproductive stages and again gradually at ripening stage regardless o f moisture regimes. The 

rate o f  moisture depletion was faster in irrigated plots than in rainfed plots. With the passage 

o f time the differences in CMD among the tillage treatments increased under both irrigated 

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 nnn; 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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Fig.31 .Depletion of cum ulative profile m oisture contents in the 

upper 60 cm  layer as influenced by tillage levels under 
irrigated and ralnfed cond ition  during wheat grow ing period.
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Higher rate o f soil moisture depletion during vegetative and reproductive stage may 

indicate higher extraction o f soil profile moisture by wheat during these growth stages. 

M oisture depletion was higher in plots having deep tillage. This may be due to higher 

vegetative growth and better root proliferation in deep-tiliage plots which might have 

encouraged increased absorption o f  water by the crop. Higher moisture depletion in DT 

compared to MT was also observ'ed by Karim et al., (1983), Lindstonn et ai., (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 for 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 o f 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 o f  soil. The moisture content o f soil decreased due to the

draining o f larger pores initially and progressively followed by smaller pores, causing an
/

increased ij/ten sion  above 0 bar on MPa, Thus the shape o f  the moisture retention curve 

shows the picture with which the water is extracted from the oil for any applied suction and 

gives the content o f  moisture retained in the soil against the suction, hi 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 Pa value o f  0.10, which corresponded to a tension o f 100 cm o f water. This implied 

that the soil was devoid o f lai'ge pores as could be expected for alluvial soil where course 

sand are practically absent. Moisture contcnt o f 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 o f  evidence on the influence o f tillage treatments on moisture retention 

characteristics may be attributed to the fact that measurement o f moisture retention was made 

at the end o f  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 o f tillage 

treatment on moisture retention characteristics.
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Fig. 32. Influence o f tillage on moisture retention characteristics o f  a silty clay 
soil under various metric suction in rahi seiison.
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4.6.I.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 im gated and rainfed conditions, 

different tillage considerably influence the total water use by wheat. Under both moisture 

regimes, the highest value o f 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 o f tillage in both the moisture regimes. Higher water use m 

plots having deep tillage may be explained by increased water retention in the profile. A 

comparison o f water use under similar tillage treatments m 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 o f  water by the wheat root system. This present findings were in agreement with 

the findings o f  Rahman and Islam (1987) where they observed higher values o f total water 

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

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

Tillage
practices

Irrigation water 
apphed (cm)

Profile moisture 
depletion (cm)

Rain fall during 
crop growing 

period(cm)

Total water 
use (cm)

MT Nil
Rainfed

5.2 Nil 5.2

CT Nil 5.9 Nil 5.9

DT Nil 7.0 Nil 7.0

MT I 4 .5N
Irrigated

10.1 Nil 24.9

CT 14.5 10.5 Nil 25.3

DT 14.5 1 1 .6
— ------------------

' Nil 26.4

V '

 ̂ / -
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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 

(RLD) o f wheat t in different soil layers (Table 34).. Roots present per unit volume o f soil

was considerably greater in the upper soil layer than at greater depth. Regardless o f  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 hut 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 o f moisture regime, the growth o f  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 o f  tillage treatments, the rainfed plots gave lower RLD values than irrigated plots. 

The application o f  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.

Table 34. Effect o f tillage levels and moisture regimes on root length density (cm cm ' ) 
o f  wheat at different soil depth.

Soil depth 
(cm)

M inimum tillage Conventional tillage Deep tillage

Irrigated Rainfed Irrigated 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 0.46 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 o f  tillage treatments, the rainfed plots gave lower RLD values than 

irrigated plots. The application o f  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 

o f  wheat roots in the soil. Loosening o f  the soil in deep tillage through breaking the hardpan 

showed a favorable effect on the vertical penetration o f roots. Similar effects o f  deep tillage 

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

4.6 .2.2. P lan t height and  tiller production

The plant height and the number o f 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 o f  tillers at maturity. Under both 

irrigated and rainfed conditions, the DT plots produced significantly higher number o f  tillers 

than either MT or CT treatment. A comparison o f tiller production in the two moisture 

regimes under similar tillage treatment reveled that, at all tillage system irrigation 

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

Tillage practices
Moisture regimes

Rainfed Irrigated Diff.

Plant height (cm)

MT 66.8 a 74.0 a -7 3 * *

CT 68.3 a 77.0 a - 8 .8**

DT 69,5 a 76.5 a - 7.0**

Number o f tillers per m^

MT 242 b 321 h -79 **

CT 238 b 331 b _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 f%l ComDarison S.E.D. LSD fS%>

Plant height 4.0 2 ' T X M. means 2.1 4.4

2- M means 1 .2 2.5

No. o f  tillers 3.8 2 ^ T x  M 8.0 17.0
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4.6.2.3. Yield component

The yield components o f  wheat as affected by tillage and moisture regimes are shown 

m Table 36 and ANOVA in Appendix Table 10.3-10.6. The number o f  panicles/m^, number 

o f grains/panicle and 1000 grain weight increased with an increase in tillage depth. The 

highest number o f  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 o f panicles/m^ compared with 

DT plots. On the other hand, CT and DT gave statistically similar and significantly higher 

number o f  panicles/m^ and 1000 grain weight than MT. Irrigated plots produced 

significantly higher number o f panicles/m^ and grains per panicle under all tillage treatments 

than the rainfed plots. Regardless o f tillage level, irrigation significantly decreased the 

percentage o f  unfilled grain. Irrespective o f moisture regime, increasing tillage depth 

decreased the percentage o f unfilled grains. The highest percent o f  unfilled grain was 

observed with M T and the lowest percent was noted with DT.

4.6.3. Grain and straw yields of wheat

M oisture regime and tillage level significantly influenced the grain and straw yield o f 

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 o f wheat increased with an increase in the depth o f tillage, while under 

inigated situation, the influence o f  MT and CT on grain yield was identical and DT produced 

significantly higher grain yield. The straw yield o f  wheat under irrigated condition also 

increased with increasing tillage depth. The breaking o f hard pan by deep tillage provided a 

larger soil volume available to the roots. Favorable soil physical properties, greater nutrient 

absorbing surface area, greater root density in deeper layer and, good harvest and better 

utilization o f soil profile moisture by the wheat plant under deep tillage could be the reason 

o f enhanced gram yield under deep tillage. The results indicated that DT could be a useful 

practice for growing wheat under rainfed condition by enabhng the wheat plants to exploit 

the residual soil moisture in the deeper soil layers.
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Table 36. Effect o f  Tillage practices and moisture regimes on the yield component of 
wheat.

Tillage practices Moisture regimes

Rainfed Irrigated Diff.

No. of panicles Ivci

MT 178.0 c 253,8 b -75.8**

CT 188.5 b 258.3 b - 69.8=*'*

DT 208.3 a 290.8 a -82.5**

No o f filled grains /panicle

MT 23.25 c 27.00 b -3.75**

CT 24.50 b 28.50 a -4.00**

DT 27.50 a 28.75 a - 1.25**

1000 gram weight (gram)

MT 34.09 c 35.73 b - 1.64ns

CT 32.97 b 36.10a -3.13**

DT 32.33 a 35.53 a -3.20**

Percent unfilled grain

T-mean Diff,

MT 3.83 3.65 3.74 a 0.18ns

CT 3.73 3,53 3.63 ab 0.20ns

DT 3.65 3,48 3.56 b 0.18ns

M-mean 3.73 3.55 3.64 0.18**

Significant 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 (%) Comnarison S.E.D. LSD (5%)

No. ofpanicles/m2 2.9 2- Tx M means 4,8 10.2
2- T means 3,4 7.2

2- M means 2,8 5,9

No. o f 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 0.21
2- M means 0,06 0 ,12
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Table 37. Effect o f  Tillage depth and moisture regimes on the grain and straw yield
(kg/ha) o f  wheat.

Tillage practices Moisture regimes

Rainfed Irrigated Diff.

Grain yield

MT 1336.00 c 2574.75 b - 1136.25**

CT 1509.75 b 2618.75 b - 1109.00**

DT 1879.25 a 2806.75 a -927.50**

Straw yield.

MT 1942.25 c 3469.25 c - 1527.00**

CT 2038.00 b 3588.00 b - 1550.00**

DT 2547.75 a 3845.50 a - 1297.75**

** = 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 (°/g) Comparison S.E.D. LSD (5%)

Gain yield 

Straw yield

4.15

5.90

2-Tillage X Moisture 35.49 

2-Tillage X  Moisture 36.61

75.65

82.31
>
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Considering grain yield with MT as 100%, the yield 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 deep tillage plots may be attributed to greater cumulative 

utilization o f  soil profile moisture, a fact supported by the observed RLD patterns (Table 34). 

The higher number o f  panicles per m^, niunber o f  grains per panicles and 1000 filled grain 

weight, and decreased percent unfilled grain with increasing tillage depth supported these 

results. Similar findings were also reported by Karim et a i ,  (1983), Chaudhury et al., (1985) 

and Rahman and Islam (1987).

The irrigated plots generally produced significantly higher grain and straw yield than 

the rainfed plots under different tillage levels (Table 37). For example the grain yield for MT, 

CT and DT were 2574.75, 2618.75 and 2806.75 kg/ha under irrigated 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 o f  tillage 

system may explain the results.

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

Tillage systems Grain yield increase (%) due to tillage systems

Rainfed Im gated

Conventional Tillage 11.30 10.17

Deep Tillage 14.06 10.90

4.6.4. W ater use efficiency (W UE)

The effectiveness o f water use by a crop in increasing the yield o f grain and straw is 

generally described in terms o f  WUE. It is the ratio o f grain yield or straw yield to the water 

used. The W UE estimated for the wheat crop is presented in Table 39. The effect o f 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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Six field experiments were conducted at the Bangladesh Rice Research Institute, 

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

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

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

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

experiments-

♦ Expt. 1: three levels o f  tillage i.e. zero tillage (ZT), reduced tillage (RT) and conventional 

tillage (CT) and, four levels o f  N (0, 60, 80 and 1 GO kg/ha);

♦ Expt. 2: four moisture regimes i.e. continuous submergence (CS), and irrigation at 4, 7 

and 10 days after disappearance o f  standing water (4 DW, 7 DW  and 10 DW) and, four N 

levels (0, 40, 80 and 120 kg/ha);

4 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 i.e. ZT, RT and deep tillage (DT) and four N levels (0, 60, 80 

and 100  kg/ha);

♦ Expt. 6 : three tillage levels i.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 deptli as CT, except the 

intensity.

The findings o f these studies are summarized below:

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

and NO3-N and decreased the orgaiiic matter, available P and exchangeable K in the post 

rice surface soil (0-10 cm). Reduction o f percolation rate anc^ thus a slower passage o f 

soluble nutrients defeper into the soil profile with tillage intensification may be the causes

5. Summary and conclusions
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o f these changes, contrary to slower release o f  nutrients, accumulation o f organic residues 

and less disturbance o f  the plough layer under ZT.

During the early period o f  wet season rice i.e. 0-15 DAT, the NHn-N concentration in soil 

increased and remained at the peak from 15 to 30 DAT. The NH^-N concentration 

decreased sharply between 30 and 60 DAT, and then gradually upto maturity, irrespective 

o f  tillage intensity and N  doses. The sharp reduction in NH4-N content from 30 to 60 

DAT may be due to an increased uptake o f N H 4-N  by the vigorously growing plants and 

may indicate a higher requirements o f N fertilization during this growth stage.

Continuous submergence maintained a higher NH^-N concentration in rice soil 

throughout the growing period. W ater deficit depressed the NH4-N content o f  the soil, 

and the effect was more prominent at a higher level o f appHed N. It is obvious that under 

aerobic condition the NH4-N is oxidized to NO3-N and under anaerobic condition the 

resulting NO 3-N is lost through denitrification, since NO 3-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 o f  high bulk density (1.52-1.60 

g/cm3) o f  5-7 cm thickness was observed at 15-25 cm below the soil surface indicating 

the presence o f  a hard pan situation. The soil bulk density increased with time during the 

rice growing season may be due to settling o f 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 o f  post rice crops.

Puddling (CT) decreased the soil temperature in the 0-10 cm soil layer, attributed to a 

decrease in thermal conductivity associated to porosity. Lower organic matter content in 

the top soil o f  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 Am an rice cultivation took longer period to dry after 

drainage o f 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 o f micropores with fine particles translocated during 

puddhng predominantly caused formation o f a semipermeable layer just beneath the 

puddled top soil. This semipenneahle layer was mostly responsible for the low 

percolation rate o f the puddled soil. However, breaking o f dense impervious pan by DT 

enhanced the percolation rate.

Both the cumulative infiltration (Cl) 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 o f DT>MT>CT, presumably due to breaking o f dense impervious pan 

and decementation o f  the profile by deep cultivation.

The DT plots showed a slightly greater depletion o f soil profile moisture than other 

tillage treated plots during wheat growing season because o f  higher vegetative growth 

and better root proliferation in deep tilled soil. The rate o f 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 soil profile moisture content depleted rapidly at vegetative and reproductive phases 

o f  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 o f wheat. Loosening o f  the soil 

in DT through breaking o f  the hai'dpan showed a favorable effect on the vertical 

penetration o f  roots.

Water deficit decreased root growth o f rice and wheat. The increase in soil strength 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% o f the total root length o f wheat was distributed within 30 cm soil depth, 

rice being a shallow rooted compared to wheat which is relatively a deep rooted cereal

Dhaka University Institutional Repository



173

crop. However, incase o f rice p la n t, nitrogen fertilization had a positive influence on root 

growth.

In general, the tilled plots produced relatively higher yield than no-tilled plots. The RT or 

MT produced similar yield o f rice and wheat as CT plots.

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

while rice yield was not influenced by tillage depth. As the wheat is relatively a deep 

rooted crop than rice, the breaking o f 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 

o f  soil profile moisture by the wheat plant iinder DT could be the reason for this 

enhanced grain yield o f  wheat. The result also indicated that DT could be a useful 

practice for growing wheat under rainfed condition for the exploitation o f residual soil 

profile moisture in the deeper soil layers.

The application o f N fertilizer led to better nutrition o f the rice and wheat throughout the 

growing period enhancing vegetative growth and yield contributing parameters* 

Increasing N application up to 60 kg/ha in T.Aman and 120 kg/ha in Boro increased the 

grain and straw yield o f 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 o f 

applied N compared to higher N doses; under rainfed condition compared to irrigated 

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 yield 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 o f wheat under irrigated condition and K content in grain under rainfed situation. 

A lower concentration o f  N in wheat under the ZT X 0 -N  treatment combination 

supported the contention that N is less available in no-till 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 apphcation o f  fertihzer N established good crop 

growth and root system, which aids the extraction o f  larger proportion o f  soil nutrients.

• W ater 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 o f  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 bccause 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 o f the 

applied N fertilizer.

• Irrigated rice extracted more N, P, 1C, Mg, Ca, Fe, Mn and Zn from the soil than crops ^

without irrigation due to exploitation o f a larger volume o f a soil by plant roots in /

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

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

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

recovery percent o f  applied N. |

The following conclusions were drawn from the results o f  the study: ’

1. Increasing the tillage intensity beyond two ploughings may not be needed for wetland 

rice in silty clay soils.

2. The zero tillage practice for transplanted rice is more suitable than CT (puddled soil) in 

terms o f  some physical properties o f  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.

3. 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 wheal after 

transplanted aman rice.

4. Nitrogen doses o f  60 kg/ha in T.Aman, 120 kg/ha in Boro for rice and 140 kg/ha for

wheat may be adequate resembling the experimental conditions. ^

7
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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 o f soil for a transplanted modem variety of 

rice may be beneficial under conditions o f liberal supply o f water to achieve a target yield 

o f 6 t/ha. Intermittent irrigation o f the rice crop, where irrigation is provided 4 days after 

disappearance o f standing water, can be practiced under conditions o f limited water 

supply to obtain a target yield o f 5.5 t/ha.

7. The present study opens avenues for investigation with different soil types and the 

evaluation o f  long-term effects o f different tillage practices under varying cropping 

patterns.

7
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APPENDICES

Appendix Table 1. Morphological characteristics o f soil profile o f experimental site (Chhiata 
series)

Location: West byde. Block B, Plot 33 

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

Soil/Series: Chhiata

Taxonomic classification:Aerie Haplaquept 

Date o f Examination: May 3, 1999 

Physiographic position: M id terrace 

Slope: 2%

Vegetatiori/'Land use: Rice and wheat plot 

Parent material: M adhupurclay 

Drainage: Poorly drained 

Depth o f  groundwater: 150 cm.

Evidence o f  erosion: None

Flooding/Inundation (Depth & duration): Seasonally flooded by rain water upto 15 cm for 2­
3 days.

Horizon Depth (cm) Description

A p i 0-18

A p 2 g  1805

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 fme continuous vertical and oblique inped tubular 
pores; many fme and medium roots; pH 6.9; gradual smooth boundary.

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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ABg 35-70 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.

2 C l 70-80 With thin (0.5 cm) layer o f micaceous silt (whitish) on top o f the
horizon. Gray (10 YR 6/1) moist, silty clay; firm, sticky and plastic; 
weak medium sub angular blocky structure; many fine disdnct clear 
yellowish red (5 YR 5/8) mottles; many fine continuous vertical inped 
tubular pores; few small hai'd spherical Fe-Mii concretions; very few 
fine roots; clear smooth boundary; pH 6.9.

2 C2 80-90 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 .

C3 90-118 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.

C4 118 cm. Light gray (2.5 YN 6/) moist, silty clay; slightly firm, sticky and
and below 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 o f  the experimental field soil with different classification systems

Soil
Series

General soil 
Type
(Brammer’s
classification)

Agro
Ecological
Zones
(AEZ)

FAO/
UNESCO

USDA Systems (7‘̂  approximation)

Sub Group Great group Sub­
order

Order

Chhiata Grey Terrace 
Soil

Modhupur
Tract

Dyslric
Gleysol

Aerie
Haplaquepts

Haplaquepts Aquepts Tnceptisol
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Appendix Table 3. Average monthly potential evapotranspiration (mm/day) for Dhaka region o f 
Bangladesh, (From Karim and Akhand, 1992).

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

Dhaka 2.87 3.92 5.44 6.25 6.06 4.42 4.66 4.52 4.28 3.87 3.31 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 - - - 1 . 10 1.15 1.30 1.00 - - - - -

T.Aman - - - - - - - 1 . 10 1.5 1.30 1.00

Boro 1.15 1.25 1.00 - - - - - - - 1.00

Wheat 1.15 0.20 - - - - - - - 0.50 0.75
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Appendix Table 5. Analysis o f  variance o f experiment 1 with split- plot design ; main plot
is tillage and sub plot is N  level.

Sources o f 
variation

Degree o f 
freedom

Sum of squares Mean square F-value

N H 4-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**
T x N 6 5.72856 0.95476 <1
Error (B) 27 27.13034 1.00483
Total 47 125.11457

5.2. 30 DT

Replication (R) 3 5.30712 1.76904 1 . 1 2  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**
T x N 6 3.47193 0.57865 1.23 ns
Error (B) 27 12.75086 0.47225
Total 47 146.20743

5.3. 45 DT

Replication (R) 3 57.99805 19.33268 23.91**
Tillage (T) 2 2.83508 1.41754 1.75 ns
Error (A) 6 4.85191 0.80865
Nitrogen (N) 3 44.77205 14.92401 25.40**
T x N 6 5.12511 0.85418 1.45 ns
Error (B) 27 15.86200 0.58748

(C on td .  A p p e n d ix  T a b le  5)
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F-value

5.4. 60 DT

Replication (R) 3
Tillage (T) 2
Error (A) 6
Nitrogen (N) 3
T x N  6
Error (B) 27
Total 47

2.85464
4.45820
4.94229
40.34377
2.41766
11.15741
66.17399

0.95154
2.22910
0.82371
13,44792
0.40294
0.41223

1.66 ns 
2.70 ns

32.54**
<1

5.5. 75 DT

Replication (R) 3
Tillage (T) 2
Error (A) 6
Nitrogen (N) 3
T x N  6
Error (B) 27
Total 47

4.76800
3.05776
4.45250
11.62437
3.86798
3.28168
31.05232

1.58933
1.52888
0.74208
3.87479
0.64466
0.12154

2.14 ns 
2.06 ns

31.88** 
5 3**

5.6. 90 DT

Replication ( R ) 3
Tillage (T) 2
Error (A) 6
Nitrogen (N) 3
T x N  6
Error (B) 27
Total 47

3.82303
0.08686
1.84335
3.75303
1.38615
6.62128
17.51373

1.27434
0.04343
0.30722
1.25101
0.24523

4.15 ns 
<1

5.10**
<1

5.7. 105 DT

Replication ( R ) 3
Tillage (T) 2
Error (A) 6
Nitrogen (N) 3
T x N  6
Error (B) 27
Total 47

1.14917
4.10510
4.07839
10.64297
5.09239
4.99145

0.38305
2.05255
0.67973
3.54765
0.84873
0.18486

<1
3.02 ns

19.19**
4.59**

(Contd. Appendix Table 5)
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Sources o f  variation Degree of 
freedom

Sum of 
squares

Mean square F-value

NO3-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 18.15**
T x N 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**
T x N 6 0.02371 0.00395 1.58 ns
Error (B) 27 0.06753 0.00250
Total 47 0.56206

5.10. 45 D T

Replication (R) 3 0.13108 0.04369 1.96 ns
Tillage (T) 2 0.04239 0.02118 <1
Error (A) 6 0.13365 0.02275
Nitrogen (N) 3 1.58690 0.52896 8.30**
T x N 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 32.21**
T x N 6 1.51906 0.25317 8.46**
Error (B) 27 0.80841 0.02994
Total 47 7.18152

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

5.12. 75 DT
Replication ( R ) 3 0.65861 0.21953 2.20 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**
T x N 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**
T x N 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**
T x N 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**
T x N 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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V

Sources o f  variation Degree o f 
freedom

Sum o f 
squares

Mean square F-value

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**
T x N 6 22.79 3.80 <1
Error (B) 27 329.56 12 .21
Total 47 2140.48

Tillers/m^
5.17. S W T

Replication ® 3 16647.73 5549.24 3.19ns
Tillage (T) 2 16370.17 8185.08 4,70ns
Error (A) 6 10447.83 1741.30
Nitrogen (N) 3 71428.56 23809.52 294.93**
T x N 6 2860.00 476.67 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**
T x N 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 71.22
Nitrogen (N) 3 9845.39 3281.80 28.64**
T x N 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 o f  variation Degree o f 
freedom

Sum of
squares

Mean square F-value

5.20. Grain/panicle

Replication ( R ) 3
Tillage (T) 2
Error (A) 6
Nitrogen (N) 3
T x N  6
Error (B) 27
Total 47

466.06 
504.29 
334.37
4356.06 
266.87 
4005.81 
9933.48

155.35 
252.15 
55.73 
1452.02 
44.48
148.36

2.79ns
4.52ns

9.79* *

<1

5.21. Percent unfilled ^ a in

Replication ( R ) 3
Tillage (T) 2
Error (A) 6
Nitrogen (N) 3
T x N  6
Error (B) 27
Total 47

20.50
1.29
15.87
90.57
34.37
46.12
208.67

6.83
0.64
2.64
30.17
5.73
1.71

2.58ns
<1

17.66**
3.35*

5.22. 1000 Grain weight

Replication ( R  ) 3
Tillage (T) 2
Error (A) 6
Nitrogen (N) 3
T x N  6
Error (B) 27
Total 47

12.79
2.24
5.18
0.87
1.98
8.58
31.65

4.26
1.12
0.86
0.29
0.33
0.32

4.93*
1.30ns

<1
1.04ns

5.23. G ra in  yield

Replication ( R ) 3
Tillage (T) 2
Error (A) 6
Nitrogen (N) 3
T x N  6
Error (B) 27
Total 47

0.424
0.247
0.325
9.735
0.280
0.462
11.474

0.141
0.124
0.054
3.245
0.046
0.017

2.61ns
2.28ns

189.79**
2.73*

(Contd. Appendix Table 5)
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Sources o f  variation Degree of 
freedom

Sum of 
squares

Mean square F-value

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**
T x N 6 0.037 0.006 <1
Error (B) 27 0.475 0.017
Total 47 23.933

N -C o n ten t (% )
5.25. Shoot

Replication ( R ) 3 0.087 0.029 < 1
Tillage (T) 2 0.430 0.215 4.57*
Error (A) 6 0.280 0.047
Nitrogen (N) 3 1.315 0.438 12.34**
T x N 6 0.264 0.044 1.24ns
Error (B) 27 0.959 0.035
Total 47 3.336

5.26. Crain

Replication (R) 3 0.034 0.011 10.23**
Tillage (T) 2 0.031 0.015 13.73**
Error (A) 6 0.006 0.001
Nitrogen (N) 3 0.172 0.057 23.47**
T x N 6 0.025 0.004 1.70ns
Error (B) 27 0.066 0.002
Total 47 0.335

5.27. 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**
T x N 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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V

Sources o f variation Degree of 
freedom

Sum o f squares Mean square F-value

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**
T x N 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**
T x N 6 65,37 10.89 3.81**
Error (B) 27 77.31 2.86
Total 47 1941.31

5.30. kg g rain /kg  abso rbed  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**
T x N 6 92.93 15.48 1.99ns
Error (B) 27 209.73 7.76
Total 47 2844.37

5.31. kg abso rbed  N/lOO kg applied !S

Replication (R) 3 227.83 75.94 2,69ns
Tillage (T) 2 185.17 92.58 5.08 *
Error (A) 6 109.17 18,19
Nitrogen (N) 3 8455.50 2818.50 177.39**
T x N 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 o f variance o f  experiment 2 w ith split- plot design ; main
plot is moisture regimes and sub plot is N levels.

V

Sources o f  variation Degree o f 
freedom

Sum o f squares Mean square F-value

NH 4-N at 45 DT
6.1 . 0-10  cm.

Replication (R) 3 0.6510] 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**
M X N 9 216.305 24.0339 52.72**
Error (B) 36 16.4123 0.45589
Total 63 1614.64

6 .2 . 10-20  cm.

Replication (R) 3 3.24476 1.0S148 5.02*
Moisture regimes (M) 3 21.8246 7.27487 33.79**
Error (A) 9 1.93751 0.21527
Nitrogen (N) 3 10.3496 3.44988 I fSjg**
M X N 9 3.31407 0.36823 1.79 ns
Error (B) 36 7.39724 0.20547
Total 63 48.0678

NH 4-N at 65 DT

6.3. 0-10 cm.

Replication (R) 3 1.37628 0.45842 <1
Moisture regimes (M) 3 24.4923 8.16411 7.93**
Error (A) 9 9.26298 1.02922
Nitrogen (N) 3 33.0560 11.0186 95.06**
M X N 9 0.66663 0.07407 <1
Error (B) 36 4.172S7 0.11591
Total 63 73.0261

(C ontd. A ppendix  Table 6)
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Sources o f variation Degree o f 
freedom

Sum of squares Mean square F-value

6.4. 10-20 cm.

Replication (R) 3 0.97095 0.32365 1.06 ns
M oisture 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**
M X N 9 1.70142 0.18904 1.63 ns
Error (B) 36 4.17703 0.11602
Total 63 13.2771

NOi-N at 45 DT
6.5. 0-10 cm.

Replication (R) 3 0.34969 0.11656 2.34 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
M X N 9 0.28185 0.03131 <1
Error (B) 36 3.21784 0.08938
Total 63 5.11241

6.6. 10-20 cm.

Replication (R) 3 0.42013 0.14004 2.35 ns
M oisture regimes (M) 3 1.67665 0.55888 9.38**
Error (A) 9 0.53610 0.05956
Nitrogen (N) 3 0.02793 0.00931 <1
M X N 9 0.05090 0.00565 <1
Error (B) 36 1.02966 0.02860
Total 63 3.74139

N O 3- N  at 65 DT
6.7. 0-10 cm.

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) 3 0.88881 0.29627 6.91**
M X N 9 0.41896 0.04655 1.09 ns
Error (B) 36 1.54306 0.04286
Total 63 13.62954

{Contd. A ppendix Table 6)
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V

Degree o f freedom Sum o f squares Mean square F-value

6.8. 10-20 cm. N 0 3 -N a t6 5  DT

Replication (R) 3 1.71277 0.57092 2.53 ns
M oisture 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
M X N 9 0.13678 0.01519 <1
Error (B)
Total

6.9. Active tillerine

36
63

3.00523
13.3407

Plant height

0.08347

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 21.73**
M X N 9 89.5156 9.94618 3.05*
Error (B) 
Total

6.10. Panicle 
initiation

36
63

117.312
678.984

3.25868

Replication (R) 3 28,9218 9.64062 1.00 ns
M oisture regimes (M) 3 118.546 39.5156 4.11*
Error (A) 9 86.5156 9.61284
Nitrogen (N) 3 1648.67 549.557 92.31**
M X N 9 274.265 30.4739 5,12**
Error (B)
Total

6.11. M aturity

36
63

214.312
2371.23

5.95312

Replication (R) 3 144.546 48.1822 11,72**
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 X N 9 164.890 18.3211 3.98**
Error (B) 
Total

36
63

165.687
2399.48

4.60243

(Contd. Appendix Table 6)
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V

Sources o f  variation Degree o f 
freedom

Sum of squares Mean square F-value

No. ol 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**
M X N 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 <1
Error (A) 9 34168.0 3796.44
Nitrogen (N) 3 374337 124779 138.00**
M X N 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
M oisture 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 X N 9 3645.06 405.006 4.19**
Error (B ) 36 3476.62 96.5729
Total 63 171810

Root length density
6.15. O-IOcm.

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**
M X N 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 o f  variation Degree of 
freedom

Sum of squares Mean square F-value

6.16.10-20 cm.

Replication (R) 3 0.000835 0.000418 1.18 ns
M oisture regimes (M) 3 0.002139 0.000713 2.01  ns
Error (A) 9 0.002129 0.000354
Nitrogen (N) 3 0.007056 0.002352 11.52**
M X N 9 0.001968 0.000218 1.07 ns
Error (B) 36 0.004900 0.000204
Total 63 0.019031

6.17. 20-30 cm.

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 X N 9 0.000816 0.000090 <1
Error (B) 36 0.004100 0.000170
Total 63 0.013866

Root miiss density
6.18. 0-10 cm.

Replication (R) 3 0.11141 0.03713 <1
M oisture regimes (M) 3 1.24051 0.41350 3.31 ns
Error (A) 9 1.12480 0.12497
Nitrogen (N) 3 17.7910 5.93035 106.04**
M X N 9 3.23851 0.35983 6.43**
Error (B) 36 2.01335 0.05592
Total 63 25.5196

6.19. 10-20 cm.

Replication (R) 3 0.00467 0.00155 <1
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 X N 9 0.00836 0.00092 1 .2 1  ns
Error (B) 36 0.02773 0.00077
Total 63 0.16726

(Contd. Appendix Table 6)
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Sources o f  variation Degree of 
freedom

Sum o f squares M ean square F-value

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 <1
M X N 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 <1
M oisture regimes (M) 3 713.812 237.937 <1
Error (A) 9 4151.31 461.256
Nitrogen (N) 3 131296 43765.6 566.98**
M X N 9 2028.81 225.423 2.92*
Error (B) 36 2778.87 77.1910
Total 63 141418

6.22. Grains/oanicle

Replication (R) 3 127.250 42.4166 <1
Moisture regimes (M) 3 445.125 148.375 4.01*
Error (A) 9 332.625 36.9583
Nitrogen (N) 3 2374.37 791.458 17.51**
M X N 9 373.000 41.4444 <1
Error (B) 36 1627.62 45.2118
Total 63 5280.00

6.23.W t. of 1000
2 rain

Replication (R) 3 2.3056 0.76854 1.30 ns
M oisture regimes (M) 3 14,187 4.72729 8.0 0 **
Error (A) 9 5.3168 0.59076 54.58**
Nitrogen (N) 3 61.548 20.5160 2.50*
M X N 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 o f  variation Degree o f 
freedom

Sum of squares Mean square F-value

6.24. % unfilled
trains

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**
M X N 9 119.812 13.3125 23434=
Error (B) 36 197.125 5.47569
Total 63 1026.43

6.25. Grain vield

Replication (R) 3 2220809 740269 19.87**
M oisture regimes (M) 3 8068161 2689387 72.18**
Error (A) 9 335333 37259
Nitrogen (N) 3 97681971 32560657 2124.47**
M X N 9 998096 110899 7.24**
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 7.70**
Error (A) 9 1331284 147920
Nitrogen (N) 3 89283597 29761199 706.22**
M X N 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 ns
Moisture regimes (M) 3 0.23227 0.07742 <1
Error (A) 9 0.82484 0.12747
Nitrogen (N) 3 6.64057 2.21352 51.71**
M X N 9 0.70320 0.07813 1.83 ns
Error (B) 36 1.02740 0-04280
Total 63 10.4130

(Contd. Appendix Table 6)
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V

Sources o f variation Degree o f 
freedom

Sum of squares Mean square F-value

6.28. Shoot at 65 DT

Replication (R) 3 0.55542 0,27771 3.98 ns
M oisture regimes (M) 3 0.11881 0.03960 <1
Error (A) 9 0.41837 0.06972
Nitrogen (N) 3 5.83328 1.94442 234.74**
M X N 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
M oisture 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 X N 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
M oisture regimes (M) 3 0.02295 0.00765 4.05 ns
Error (A) 9 0.01136 0.00189
Nitrogen (N) 3 0.02858 0.00952 5.65+*
M X N 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 X N 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 o f variation Degree of 
freedom

Sum o f squares Mean square F-value

6.32. P in ?rain

Replication (R) 3 0.00152 0.00076 7.81*
M oisture regimes (M) 3 0.00995 0.00331 33.89**
Error (A) 9 0.00058 0.00009
Nitrogen (M) 3 0.00048 0.00016 1.72 ns
M X N 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
M oisture 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 X N 9 0.49217 0.05468 5.68**
Error (B) 36 0.23113 0.00963
Total 63 3.10512

6.34. K in ?r»in

Replication (R) 3 0.00557 0.00278 7.65*
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
M X N 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
M oisture 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
M X N 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 o f  variation Degree o f 
freedom

Sum of squares Mean square F-value

6.36. Ca in srain

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 0.00005 0.00001 1.90 ns
M X N 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
M oisture 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 X N 9 0.00290 0.00032 <1
Error (B) 36 0.01831 0.00051
Total 63 0.03738

6.38. M s in srain

Replication (R) 3 0.000006 0.000003 <1
M oisture regimes (M) 3 0.004152 0.001384 6.18*
Error (A) 9 0.001344 0.000224
Nitrogen (N) 3 0.000163 0.000054 <1
M X N 9 0.002696 0.000299 <1
Error (B) 36 0007920 0.000330
Total 63 0.016283

6.39. Fe in straw

Replication (R) 3 272.375 136.187 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 <1
M X N 9 805.083 89.4537 1.37 ns
Error (B) 36 1572.00 65.5000
Total 63 3817.25

(Contd. Appendix Table 6)
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Sources o f variation Degree o f 
freedom

Sum o f squares Mean square F -value

6.40. Fe in prain

Replication (R) 3 3007.29 1503.64 <1
Moisture regimes (M) 3 29827.1 9942.39 6.5*
Error (A) 9 9170.70 1528.45
Nitrogen (N) 3 2711.16 903.722 1.41 ns
M X N 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
M oisture regimes (M) 3 385604 128534 29.71**
Error (A) 9 25955.1 4325.85
Nitrogen (N) 3 10598.0 3532.68 3.53*
M X N 9 25321.3 2813.48 2.81*
Error (B) 36 23995.8 999.826
Total 63 487373

6.42. Mn in ?rain

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 X N 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
M oisture regimes (M) 3 1347.16 449.055 2.87 ns
Error (A) 9 938.958 156.493
Nitrogen (N) 3 659.833 219.944 3.47*
M X N 9 270.000 30.0000 <1
Error (B) 36 1521.17 63.3819
Total 63 5263.00

(Contd. Appendix Table 6)
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Sources o f variation Degree of 
freedom

Sum of squares Mean square F-value

6.44. Zn in erain

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 4.91666 1.63888 <1
M X N 9 12.9166 1.43518 <1
Error (B) 36 46.6666 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
M X N 9 3.48666 0.38740 <1
Error (B) 36 24.5283 1 .02201
Total 63 156.550

6.46. Cu in orain

Replication (R) 3 16.2679 8.13395 3.72 ns
M oisture 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
M X N 9 6.32354 0.70261 <1
Error (B) 36 28,24333 1.17680
Total 63 285.719

6.47. N-UDtake

Replication (R) 3 160.221 80.1107 2 . 12  ns
M oisture regimes fM) 3 865.610 288.536 7.65*
Error (A) 9 226.266 37.7111
Nitrogen (N) 3 10129.4 3376.48 1804.37**
M X N 9 58.3056 6.47841 3.46**
Error (B) 36 44.9106 1.87128
Total 63 11484.7

(Contd. Appendix Table 6)
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Sources o f  variation Degree o f 
freedom

Sum o f squares Mean square F-value

6.48. Ke 2 rain/ke
aoDlied N

Replication (R) 3 14.2916 7.14583 <1
Moisture regimes (M) 3 307.416 102.472 6.32*
Error (A) 9 97.2083 16.2013
Nitrogen (N) 3 10202.4 3400.80 669.93**
M X N 9 154.750 17.1944 3.39=^*
Error (B) 36 121.833 5.07639
Total 63 10897.9

6.49. Ke erain /ke
absorbed N

Replication (R) 3 10.1250 5.06250 <1
Moisture regimes (M) 3 302.500 100.833 1.32 ns
Error (A) 9 459.875 76.6458
Nitrogen (N) 3 288.333 96.1111 9.18**
M X N 9 501.833 55.7592 5.32**
Error (B) 36 251.333 10.4722
Total 63 1814.00

6.50. K e NuDtake
/lOOke aoDlied IN

Replication (R) 3 21.1250 10.5652 1.48 ns
M oisture 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 X N 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 o f variance o f experiment 3 with split-plot design ; main
plot is moisture regimes and sub plot is tillage.

Sources o f  variation Degree o f 
freedom

Sum of squares Mean square F-value

Soil drying
(Portab le 7.1 to 7.6, only tillage treatment were considered for statistical analysis)

7.1. ODWD

Replication (R) 3 8.66666 2.88888 <1
Tillage (T) 2 82.6666 41.3333 5.46*
Error 6 45.3333 7.55555
Total 1 1 136.666

7.2. 5DWD

Replication (R) 3 8.00000 2.66666 <1
Tillage (T) 2 74.6666 37.3333 4.87 *
Error 6 46.0000 7.66666
Total 1 1 128.000

7.3. 10 DWD

Replication (R) 3 8.66666 2.88888 <1
Tillage (T) 2 50.6666 25.3333 5.18*
Error 6 29.3333 4.88888
Total 1 1 88.6666

7 .4 .15DWD

Replication (R) 3 56.8333 18.9444 1.31 ns
Tillage (T) 2 115.083 57.5416 4.00*
Error 6 86..3333 14.3611
Total 1 1 258.2493

7.5. 20DWD

Replication (R) 3 78.0000 26.0000 24.00**
Tillage (T) 2 38.1666 19.08333 17.62**
Error 6 6.50000 1.08333
Total 1 1 122.666

{Contd. Appendix Table?)
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Sources o f  variation Degree o f 
freedom

Sum of squares Mean square F-value

7.6. 25DW D

Replication (R) 3 7.99856 2.67000 <1
Tillage (T) 2 83.0001 41.5000 5.49*
Error 6 45.3468 7.5578
Total 1 1 136.345

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 <1
Error (B) 12 0.06466 0.00538
Total 23 1.23526

7.8. Straw

Replication (R) 3 2.11377 0.70459 10.24**
Irrigation (I) I 0.78120 0.78120 11.35**
Error (A) 3 0.20637 0.06879
Tillage (T) 2 0.00232 0.00116 <1
IxT 2 0.03005 0.01502 <1
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 (I) 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 o f  variation Degree of 
freedom

Sum of squares Mean square F-value

7.10. N in grain

Replication (R) 3 0.00854 0.00284 2.34 ns
Irrigation (I) 1 0.01450 0.01450 11.98**
Error (A) 3 0.00364 0.00121
Tillage (T) 2 0.00763 0.00381 1.15 ns
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 . 1 1  ns
Irrigation (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 erain

Replication (R) 3 0.000454 0.000151 1.02 ns
Irrigation (I) 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
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 <1
Error (A) 3 0.15961 0.05320
Tillage (T) 2 0.20025 0.100 12 2.15 ns
IxT 2 0.03145 0.015729 <1
Error (B) 12 0.55988 0.04665
Total 23 1.07539

(Contd. Appendix Table 7)
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Sources o f  variation Degree of 
freedom

Sum of squares Mean square F-value

7.14. K in ?raiii

Replication (R) 3 0.001518 0.000506 .

Irrigation (I) 1 0.000120 0.000120 2.92 ns
Error (A) 3 0.000124 0.000041
Tillage (T) 2 0.000431 0.000215 2.44 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 .0 01 1 1 0.00037 <1
Irrigation (I) I 0.00013 0.00013 <1
Error (A) 3 0.00326 0.00108
Tillage (T) 2 0.00132 0.00066 2.47 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 ^rain

Replication (R) 3 0.000145 0.000048 <1
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 . 1 1  ns
IxT 2 0.000700 0.000350 3.32 ns
Error (B) 12 0.001266 0.000105
Total 23 0.004095

7.17. M e in straw

Replication (R) 3 0.00208 0.00069 <1
Irrigation (I) 1 0.00080 0.00080 <1
Error (A) 3 0.00271 0.00090
Tillage (T) 2 0.00175 0.00087 6 .1 0 *
IxT 2 0.00062 0.00031 2.16 ns
Error (B) 12 0.00172 0.00014
Total 23 0.00971

(Contd. Appendix Table 7)
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Sources o f  variation Degree of 
freedom

Sum of squares Mean square F-value

7.18. M e in ?rain

Replication (R) 3 0.0001944 0.0000648 <1
Irrigation (I) 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 1.15 ns
IxT 2 249.083 124.541 <1
Error (B) 12 1915.66 159.639
Total 23 11325.7

7.20. Fe in erain

Replication (R) 3 149.125 49.7083 <1
Irrigation (I) 1 9.37500 9.37500 <1
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 (I) 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 o f  variation Degree of 
freedom

Sum o f squares Mean square F-value

7.22. Mn in ?rain

Replication (R) 3 48.8333 16.2777 <1
Irrigation (I) 1 95.0000 95.0000 3.15 ns
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. Z n  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 5.25*
Error (B) 12 146.000 12.1666
Total 23 1920.96

7.24. Zn in ?rain

Replication (R) 3 1 1.0000 3.66667 <1
Irrigation (I) 1 2.66666 2.66667 <1
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

7.25. Cn in straw

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 <1
Error (B) 12 5.8415 0.4867
Total 23 11.146

(Contd. Appendix Table 7)
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Sources o f  variation Degree of 
freedom

Sum o f squares Mean square F-value

7.26. Cu in ?rain

Replication (R) 3 0.4262 0.1421 < 1
Irrigation (I) 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 2 0.1827 0.0914 <1
Error (B) 12 3.1203 .2600
Total 23 7.9211

7.27. Total N iintake

Replication (R) 3 41.0170 13.6723
Irrigation (I) 1 133.0574 133.0575 11.76 **
Error (A) 3 33.9418 11.3139
Tillage (T) 2 7.8636 3.9318 1.57 ns
IxT 2 14.7457 7.3728 2.95 ns
Error (B) 12 29.9960 2.4996
Total 23 260.6218

7.28. Total P uotake

Replication (R) 3 7.6930 2.5643
Irrigation (I) 1 4.6288 4.6288 5.89 *
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
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Sources o f  variation Degree o f 
freedom

Sum of squares Mean square F-value

7.29. T otal K un take

Replication (R) 3 1 13.8385 37.9461
Irrigation (I) 1 966.7242 966.7242 12.13 **
Error (A) 3 238.9825 79.6608
Tillage (T) 2 563.1137 281.5568 2.27 ns
IxT 2 10.1806 5.0903 <1
Error (B) 12 1485.3626 123.7802
Total 23 3378.2023

7.30.Total C a u o take

Replication (R) 3 1.4884 0.4961
Irrigation (I) 1 0.0580 0.0580 <1
Error (A) 3 15.8491 5.2830
Tillage (T) 2 2.1712 1.0856 4.76 *
IxT 2 4.5993 2.2996 10.07 **
Error (B) 12 2.7392 0.2282
Total 23 26.9054

7.31.Total M e UDtake

Replication (R) 3 7.1981 2.3993
Irrigation (I) 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 <1
Error (B) 12 7.6161 0.6346
Total 23 37.3479

7.32. Total Fe UDtake

Replication (R) 3 0.0680 0.0226
Irrigation (I) 1 0.1650 0.1650 12.99
Error (A) 3 0.0382 0.0127
Tillage (T) 2 0.0097 0.0048 <1
IxT 2 0.0082 0.0041 <1
Error (B) 12 0.0660 0.0055
Total 23 0.3552

(Contd. Appendix Table 7)
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Sources o f  variation Degree o f 
freedom

Sum o f squares Mean square F-value

7.33.Total M n un take

Replication (R) 3 0.1982 0.0660
Irrigation (I) 1 0.4902 0.4902 50.00
Error (A) 3 0.0294 0.0098
Tillage (T) 2 0.0364 0.0182 <I
IxT 2 0.1372 0.0686 1.47 ns
Error (B) 12 0.5608 0.0467
Total 23 1.4524

7.34. T otal Z n uo take

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 <1
Error (B) 12 0.00566 0.00047
Total 23 0.04853

7.35. Total Cu uDtake

Replication (R) 3 0.000033 0.000011
Irrigation (I) 1 0.000066 0.000066 2.00 ns
Error (A) 3 0.000100 0.000033
Tillage (T) 2 0.000025 0.000012 < 1
IxT 2 0.000058 0.000029 1 . 1 1  ns
Error (B) 12 0.000316 0.000026
Total 23 0.000600

Dhaka University Institutional Repository



2 2 6

Appendix Table S. Analysis o f  variance o f  experiment 4 with split- split plot design; main
plot is moisture regimes, sub-plot is tillage and sub-sub plot is N 
levels.

Sources o f variation Degree of 
freedom

Sum of squares Mean square F-value

Plant height
8.1. M aximum dllerin p

Replication (R) 3 181.611 60.5370 1.18 ns
M oisture 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 7.89**
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 11.73**
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
M xTxN 4 397.972 99.4930 3.75*
Error (C) 36 956.333 26.5648
Total 71 6986.65

8.3. Maturitv

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 o f  variation

Tillage (T) 
MxT 
Error (B) 
Nitrogen (N) 
MXN 
TxN 
MxTxN 
Error (C) 
Total

Degree o f 
freedom

Sum of squares Mean square F-value

2
2
12
2
2
4
4
36
71

330.361
361.833
5158.86
103.527
100.222
794.889
1111.83
10164.44

165.180
30.1527
2579.43
51.7638
25.0555
198.722
30,8842

5.48=̂

<1
83.52** 
1.68 ns 
<1
6.43* ^

8.4. M aximuin tillerinp
Replication (R) 3
Moisture regimes 1
(M)
Error (A) 3
Tillage (T) 2
MxT 2
Error (B) 12
Nitrogen (N) 2
M XN 2
TxN 4
MxTxN 4
Error (C) 36
Total 71

Tillers/m

29244.27
276768.00

65256.33 
32780.77
332360.33 
367724.22 
34S068.69 
88254.75 
58153.89
120981.66
451575.67 
2171168.61

9748.09
276768.00

21752.11
16390.39
166180.16
30643.68
174034,34
44127.37
14538.47
30245.42
12543.77

< 1
12.72**

<1
5.42*

13,87** 
3.52* 
1.16ns 
2.41 ns

8.5. Bootine stage

Replication (R) 3
M oisture regimes 1
(M)
Error (A) 3
Tillage (T) 2
MxT 2
Error (B) 12
Nitrogen (N) 2
MXN 2
TxN 4
MxTxN 4
Error (C) 36
Total 71

99215,9
57347.55

5810.55 
18957,25 
172992.36
142776.39 
80633.58 
3934,19 
36614.66
39748.39 
310295,17 
968249.50

33071.79 
57347.55

1936.85
9478.62
86496.18
11898.03
40316.79
1967.09 
9153.67
9937.09 
8617.19

17.08**
29.62**

<1
7,27*

4.68*
<1
1.06 ns 
1.15 ns

(Coutd. Appendix Table 8)
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Sources o f  variation Degree of 
freedom

Sum o f squares Mean square F-value

8 .6 . M atu rity

Replication (R) 3 43121.15 14373.71 <1
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 com ponents

8.7. Panicle/m^
Replication (R) 3 29299.15 9766.38 <1
Moisture regimes 1 123753.12 123753.12 5.85*
(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 <1
Error (C) 36 182737.00 5076.03
Total 71 547280.65

(C ontd. A ppendix Table 8)

Dhaka University Institutional Repository



2 30

Sources o f variation Degree o f 
freedom

Sum of squares Mean square F-value

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 3579224.15 1193074.72 18.84**
M oisture regimes 3 17053773.35 17053773.35 270.60**
(M)
Error (A) 189092.71 63030.90
Tillage (T) 2 94563.69 47281.85 2.43 ns
MxT 12 247922.86 123961.43 6.37*
Error (B) 2 233509.89 19459.16
Nitrogen (N) 2 42279928.69 21139964.35 444.67**
MXN 4 536748.69 268374.35 5.65**
TxN 4 443141.81 110785.45 2.33 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 5.56*
Moisture regimes (M) 1 17199112.5 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 4 2183271.5 545817.9 3.29*
MxTxN 4 2194054.9 548513.7 3.31*
Error (C) 36 5964656.5 165684.9
Total 71 120792829.8

(Contd. A ppendix Table 8)

Dhaka University Institutional Repository



2 31

Sources o f  variation Degree of 
freedom

Sum of squares Mean square F-value

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) 2 0.0250] 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 <\
Error (C) 36 0.08090 0.00224
Total 71 0.24403
8.14. N in ?rain
Replication (R) 3 0.1700 0.0566
M oisture regimes (M) 1 0.0503 0.0503 2.44 ns
EiTor (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 71 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 0.0043 1.50 ns
TxN 4 0.0138 0.0034 1.19 ns
MxTxN 4 0.0179 0.0044 1.55 ns
Error (C) 36 0.1047 0.0029
Total 71 0-2287

(Contd. Appendix Table 8)
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Sources o f variation Degree o f 
freedom

Slim o f squares M ean square F-value

8.16. P in ? ra in

Replication (R) 3 0.00982 0.00327
M oisture regimes (M) 1 0.00031 0.00031 <1
Error (A) 3 0.00467 0.00155
Tillage (T) 2 0.01017 0.00508 7.31**
MxT 7 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 <1
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  Id straw
Replication (R) 3 0.0646 0.0215
Moisture regimes (M) 1 0.6612 0.6612 11.18**
Error (A) 3 0.1798 0.0599
Tillage (T) 2 0.3250 0.1625 14.43**
MxT 2 0.1797 0.0898 7.98**
Error (B) 12 0.1351 0 .0 1 1 2
Nitrogen (N) 2 0.3786 0.1893 15.40**
MXN 2 0.0025 0.0012 < 1
TxN 4 0.1522 0.0380 3.10*
MxTxN 4 0.1372 0.0343 2.79*
Error (C) 36 0.4425 0.0123
Total 71 2.6589

8.18. K  Id 2rain
Replication (R) 3 0.0189 0.0063
M oisture regimes (M) 1 0.0000 0.0000
Error (A) 3 0.0001 0.0000
Tillage (T) 2 0.0018 0.0009 2.58 ns
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 3.55*
TxN 4 0.0013 0.0001 2.09 ns
MxTxN 4 0.0004 0.0002 <1
Error (C) 36 0.0055
Total 71 0.0574

(Contd. Appendix Table 8)
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Sources o f  variation Degree of 
freedom

Sum of squares Mean square F-value

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 <1
TxN 4 11505.97 2876.49 1.05 ns
MxTxN 4 9637.80 2409.45 <1
Error (C) 36 98469.66 2735.26
Total 71 179088.61
8.20. Fe in ^rain
Replication (R) 3 1847.48 615.82
M oisture regimes (M) 1 58.68 58.68 19.45**
Error (A) 3 9.04 3.01
Tillage (T) 2 140.58 70.29 <1
MxT 2 2225.52 1112.76 5.51*
Error (B) 12 2423.88 201.99
Nitrogen (N) 2 628.08 314.04 2.55 ns
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 71 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 25.76**
Error (B) 12 108.72 9.06
Nitrogen (N) 2 36.11 18.05 <1
MXN 2 151.00 75.50 3.71*
TxN 4 36.05 9.01 <1
MxTxN 4 209.00 52.25 2.57 ns
Error (C) 36 731.83 20.32
Total 71 2810-61

(Contd, Appendix Table 8)
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Sources o f variation Degree of 
freedom

Sum of squares Mean square F-value

8.22. Zn in erain
Replication (R) 3 746.33 248.77
M oisture regimes (M) 1 10.88 10.88 <1
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 77.59 2.71 ns
MXN 2 123.69 61.84 2.16 ns
TxN 4 244.39 61.09 2.13 ns
MxTxN 4 24.22 6.05 <1
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 <1
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 ?rain

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 2.25 ns
MxT 2 125.36 62.68 1.62 ns
Error (Bj 12 465.00 38.75
Nitrogen (N) 2 276.02 138.01 9.28*
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 o f  variation Degree of 
freedom

Sum of squares Mean square F “ value

8.25. Cu in straw
Rqjli cation (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 <1
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 ?rain
Replication (R) 3 9.62 3.20
Moisture regimes (M) 1 1.66 1.66 <1
Error (A) 3 7,72 2.57
Tillage (T) 2 1,40 0.70 < 1
MxT 2 9,87 4,93 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 <1
TxN 4 1 . 10 0.27 <1
MxTxN 4 0,72 0.18 <1
Error (C) 36 16.86 0.46
Total 71 59,80

N Use efficiency
8.27. N UDtake

Replication (R) 3 2299.11 766.37.37
Moisture regimes (M) 1 10416.05 10416.05 381.25**
Error (A) 3 81.94 27.31
Tillage (T) 2 25.86 12.93 <1
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 o f  variation Degree o f 
freedom

Sum of squares Mean square F-value

8.28. K p  e ra in /k g  abso rbed  N

Replication (R) 3 11.59 3.86
M oisture 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) 2 172.52 86.26 17.09**
MXN 2 30.36 15.18 3.01 ns
TxN 4 17.14 4.28 <1
MxTxN 4 17.63 4.40 <1
Error (C) 36 181.67 5.04
Total 71 708.98

8.29. K? IN uDtake/100 k?  N anolied

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 6 .02**
TxN 4 551.63 137.90 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 p e ra in /k e  aD olied N
Replication (R) 3 69.94 23.31
Moisture regimes (M) 1 72.00 72.00 194.59**
Error (A) 3 1 . 1 1 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 . 1 1 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 J4 * *
Error (C) 36 137.33 3.81
Total 71 3S61.50
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Appendix Table 9. Analysis o f variance o f experiment 5 wilh split plot design; main plot is 
tillage and sub plot is N levels.

Sources o f variation Degree of 
freedom

Sum o f squares Mean o f squares F- Value

Yield component

9.1. Num ber of oanicles/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 8.14 **
T x N 6 1691.8 282.0 1.81 ns
Error b( ) 18 2809.0 156.1
Total 35 14294.3

9.2. Number o f filled prains/oanicle
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 **
T x N 6 1016.83 169.58 1.46 ns
Error b ( ) 18 2088.17 116.01
Total 35 8962.31

9.3. W eight o f 1000 filled trains
Replication ( R ) 2 2.8889 1.4444
Tillage ( T ) 2 1.7222 0.8611 < 1
Error ( a ) 4 5.6111 1,4028
Nitrogen ( N ) 3 0.7500 0.2500 < 1
T x N 6 3.1667 0.5278 1.08 ns
Error b( ) 18 8.8333 0.4907
Total 35 22.9722

9.4. Percent unfilled erain
Replication ( R ) 2 8.1666 4.0833
Tillage ( T ) 2 57.1666 28.5833 2.37
Error ( a ) 4 48.1666 12.0416
Nitrogen ( N ) 3 51.2222 17.0740 4.29 *
T x N 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 o f variation Degree o f 
freedom

Sum o f squares Mean o f squares F- Value

9.5. C ra in  vield

Replication ( R ) 2 0.0304 0.0151
Tillage ( T ) 2 1.3478 0.6739 2.19ns
Error ( a ) 4 1.2301 0.3075
Nitrogen ( N ) 3 11.0522 3.6841 75.13 =**
T x N 6 0.1957 0.0326 < 1
Error (b) 18 0.8826 0.0490
Total 35 14.7389

9.6. S traw  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 **
T x N 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 o f variance o f experiment 6 with randomized complete block
design

Sources o f  variation Degree o f 
freedom

Sum of squares Mean o f  squares F- Value

10.1. Plant height
Replication (R) 3
Treatment 5
Tillage (T) 2
Irrigation (I) 1
T x l  2
Error 15
Total 23

40,3333
388.5000

32.2500
352.6666

3.5833
127.1666
556.0000

13.4444
77.7000
16.1250

352.6666
1.7916
8.4777

1.59 ns 
9.17 
1.90 ns 

41.60** 
<1

10.2. Number o f tillers per m*
Replication (R) 3 3304.1250 1101.3750
Treatment 5 60737.7083 12147.5416
Tillage (T) 2 6900.0833 3450.0416
Irrigation (I) 1 52922.0416 52922.0416
T x l  2 915.5833 457.7916
Error 15 1839.1250 122.6083
Total 23 65880.9583

10.3. Number panicles per m~
Replication (R) 3 397.8333 132.6111
Treatment 5 39803.8333 7960.7666
Tillage (T) 2 4985.08333 2492.5416
Irrigation (I) 1 34656.0000 34656.0000
T x l  2 162.7500 81.3750
Error 15 686.1666 45.7444
Total 23 40887.8333
10.4. Number o f grains per D anic le

8.98 ** 
99.08 ** 
28.14 ** 

431.63 
3.73 *

2.90 ns 
174.03 ** 

54.49 ** 
757.60 

1.78 ns

Replication (R) 3
Treatment 5
Tillage (T) 2
Irrigation (I) I
T x l  2
Error 15
Total 23

0.8333
99.3333
36.0833
54,0000

9.2500
7,6666

107,8333

0.2777
19.8666
18.0416
54,0000

4.6250
0,5111

<1
38,87 ** 
35,30 ** 

105,65 ** 
9,05 **

(Contd. Appendix Table 10)
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Sources o f variation Degree of 
freedom

Sum o f squares Mean o f squares F- Value

10.5. 1000 grain weight
Replication (R) 3
Treatment 5
Tillage (T) 2
Irrigation (I) 1
T x l  2
Error 15
Total 23
10.6. Percent unfilled grain
Replication (R) 3
Treatment 5
Tillage (T) 2
Irrigation (I) 1
T x l  2
Error 15
Total 23
10.7. Grain yield
Replication (R) 3
Treatment 5
Tillage (T) 2
Irrigation (I) 1
T x l  2
Error 15
Total 23

23.3745
49.3120

3.9216
42.2941

5.0963
31.6000

104.2847

0.1250
0.3283
0.1258
0.2016
0.0008
0.2850
0.7383

18124.458
7888766.875

639489.250
7151508.375

97769.250
37785.292

7944676.625

7.7908
9.8624
1.9608

42.2941
1.5481
2.1066

0.0416
0.0656
0.0629
0.2016
0.0004
0.0190

6041.486
1577753.375 

319744.625
7151508.375

48884.625
2519.019

3.70*
4.68

< 1  
20.08 ** 

< 1

2.19 ns 
3.46* 

3.31 ns 
10.61 ** 

< 1

2.40 ns 
626.34 ** 
126.93 

2839.00 
19.41

10.8. Straw yield
Replication (R) 3
Treatment 5
Tillage (T) 2
Irrigation (I) 1
T x l  2
Error 15
Total 23

7650.79
13902445.38 

1065677.25
12758958.38 

77809.75 
44730.46

13954826.63

2550.26
2780489.08

532838.63
12758958.38

38904.88
2982.03

<1
932.41 
178.68 ** 

4278.61 ** 
13.05
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