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INTRODUCTION 

Wheat (Triticum !,estivum Linn. emend. Fiori and Pao!.) 

is the major cereal crop of win'ter season and forms a staple 

food of the habitants of Northern. India. In India, the crop 115 
t 

grown in 24.09 million, hectares with annual foodgraln 

production of 53.99 mi'llion tonnes (Anonyroous, 1990). The 

corresponding figures for Himachal pradesh are 373.20 thousand 

hectares and 51.32 thousand tonnes (Anonyroous, 1990). The 
I. 

figures for average yield of the crop for India and Himachal 
, -1 

pradesh are 22.41 and 13.60 q ha , respectively, which are 

much lower than those C!f major wheat producing countries such 
, 

as U.S.A., U.K., Argentina and Australia. 

From acreage ~int of view wheat ranks first among all 

the cereal crops in Himachal Prad.esh, but the average yield in 

the state is much lower than the national average. This is 

inspi te of the fact th~t more than 90 per cent of the wheat 
, 

growing area in the state 1s under high yielding varieties. 

"The main reasons for low yield are (i) the large area under 
, , 

rainfed conditions, (ii) low input of nutrients, (ili) poor solI 

and water management practices, (iv) occurrence of sub-optimal 
," 

air temperatures, and (v) less weed control and plant protection , 
measures.' Only 17 per cent of the total area under wheat is 

having assured irrigation • practically in all major wheat 
.~ 

growing areas of the state, about 80 per cent of annual rains 

are received from mid June to mid septanber.. Winter rains 
• . . 

are meagre, erratic and .qui te often wheat crop suffers from 
I 

, 
moisture stress. In the absence of timely rain and pre-sowing 

'\ 



irrigation facility. the sowing of the crop is ct)nlSiderably 

dela.yed resul ting in poor yield. 

At recede of monsoon rains, the soil profile is wet 

which Soon starts losing moisture after harvest of maize. The 

seed-zone gets desiccated 'py the time wheat is to be seeded. 

The lower layers, however,' continue to remain wet and 

contribute very little moisture for wheat growth due to poor 
I 

water transmission characteristics (Chenkual and AcharYa. 1990). 
, 
I 

Even a small fraction of moisture stored in the seed-zone has a 

favourable effect on germination and early establishment of the 

wheat crop· (Acharya and Kapur, 1938). The subsurface depths, in 
I 

general, are compact and r~strict root growth (Bhagr.lt and 

Acharya, 1937). The moisture in these depths thus remains 

untapped. 

The different tillage operations are known to modify 

the water use by crops through their effect on profile water 

storage and its utilization, (Bennie and GOss, 19d6) • Deep 

tillage enhances water intake and its storage and provides 

favourable environment for root growth in subsurface depths 

(Acharya and Bhagat, 1934, Bhagat and Acharya, 1987, Barbosa 
• 

et al., 1939). In situations like ours in the state where land -- . 

is mostly slopy and undulating, tillage not only provides 

greater opportunity for infiltration and retention of rain 

water, but also reduces soil erosion owing to reduced runoff. 

Early tillage after harvest :of the previous crop, thus, mar 
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irrigation facility, the sowing of the crop is considerably 

delayed resulting in poor yield. 

At recede of ~nsoon rains, the soil profile is wet 

which soon starts losing moisture after harvest of maize. The 

seed-zone gets desiccated by the time wheat is to be seeded. 

The lower layers, however, continue to remain wet and 

contribute very little moisture for wheat growth due to poor 

water transmission characteristics (Cherikual and AcharYa, 1990). 

Even a small fraction of Iroisture stored in the seed-zone has a 

favourable effect on germination and early establishment of the 
\ 

wheat crop· (Acharya and) Kapur, ·1988). The subsurf('lce depths, in 
I 

general, are compact and restrict root growth (Bhag;:lt and 

Acharya, 1987). The moisture in these depths thus remains 

untapped. 

The different tillage operations are known to modify 

the water use by crops through their effect on profile water 

storage and its utilization (Bennie and Goss, 19d6).Deep 

tillage enhances water intake and its storage and provides 

favourable environment for root growth in subsurface depths 

(Acharya and Bhag-at, 1984, Bhag-at and Acharya, 1987, Barbosa , 

et al., 1939). In situations like ours in the state where land -- . 

1s mostly slopy and undulating, tillage not only provides 
I 

greater opportunity forinf.:lltration and retention of rain 

water, but also reduces soil erosion owing to reduced runoff. 

Early tillage after harvest of the previous crop, thus, may 
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enhance the moisture supply of the seed-zone at sowing of 

winter crops. 

The water depletion from deeper depths is a function 

of atmospheric demand. soil water stora~e and its 

transmissibility, rate of root extension, rooting density and 

frequency of rains or irrigation. Under the si tuations where 

root length and proliferatlon are restricted, the I'OOts can 

be made to penetrate deeper with deep tillage. However, water 

may be a limiting f.actor for enhancing root growth if subsurface 

depths are deficient in -moisture storage for optlnum root growth. 

A strong interaction exists between nitrogen application 

and moisture supplies in the soil profile. The response of N 

application varies with 'the soil texture (Singh ~ ll., 1975) 

and until a critical threshold moisture content is reached, 

there is no response ofN application (prihar!l !l., 1985). 

Higher levels of N result in greater root growth (Jat ~ !l., 

1976b) that keep the canopy of wheat cooler and hence less 

stressed than that of N deficient crop (Seligman .~ .!l., 1933). 

Nitrogen fertility influences plant water relations (Shimshi, 

19701 Radin and parker, 19791 Radin and Boyer, 19,321 Upreti 

and Sirohi, 1986). Thus, ,t~e nitrogen supply at appropriate 

quanti ty and at the desired depth plays an important role for 
! 

early establishment of roots which may go deeper and extract 

water from these depths. ThiS, however, is governed by the water 

content at the shallower depths. For each ~mount of N supply 





there has to be a critical moisture content in the soil below 

which the desired response of applied N is not obtained. Thus, 
c
i 
; 

ttle plant and root growth is affected by soil-watcer." content 
" and N leVels whereas the ~isture supplies within the soil , ) ; 

profile are governed, ~o a large extent, by the u.~nipulations 

done at the surface and sub6~rface depths (Bhagat and Acharya, 

19d6). 
"I , 

"Different indices have been proposed by several workers 

(Weatherley, 1950, waring and Cleary, 1967, Idso ~ !l., 1977) 

to identify the moisture stress experienced by the crop. Certain 

stages have been identi,fied that are comparatively more 

sensitive than others to moisture stress. These indices are 
I 

based on both amount and energy status of water in the soil and 

plant. since soil-plant-atmosphere is one continuum, the water 

production function evaluated in one system llUlst correlate well 

with the other)determiried in the other system for identifying 

moisture stress in the crop. However, there are lim! tations of 

measurement within each", component of this continuum. The levels 
> . 

of soil management, nitrogen application, and water supplies in 

the soil profile which govern plant and root growth are likely . 
to influence profile wa'ter extraction and various water 

production functions. Profile water extraction, therefore, is 

a complex phemmenon dependent on soil rooisture storage and its 

availability, nitrogen supply and structural status for root 

proliferation. The information on these interaction aspects 
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is lacking, although, there are some studies to relate plant 

and root growth and water extraction patterns, individually 

with ~uch factors as water supplies, nitrogen levels, and 

tillage depths. 1he studies, were, therefore, undertaken 

with the following broad objectives: 

1- To evaluate the water E!)Ctraction pattem from di fferent 

depths by wheat crop as a function of soil water 

stocks, nitrogen levels and tillage depths1 

I 

2- to evaluate the plant and root.growth parameters in 

~eat as influenced by soil water stocks~ nitrogen 

levels and tillage depths1 

3- to evaluate the water stress in wheat crop as related 

to root growth ,:,and development in the surface and 

subsurface depthsl and 

4- to correlate the different water proQuction functions 
, 

such as leaf water status, day degree stress and crop 

c_nopy temperatUre with profile water str;ttuS. 
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, 
REVIEW OF LITEM1\) RE 

In this chapter, literature pertaininq to the effect 

of soil moisture regimes, nitrogen levels and tillage depths 
, ' 

on water use and its depletion pattern, plant and root growth 

parameters, various plant water stress indices and their 

relation with profile water storage, soil water suction, ha~ 

been briefly reviewed under the following heads. 

2.1 Effect of tillage 

2.1.1 Effect of tillage on soil physical properties and 
plant growth 

2.1.2 Effect of tillage on water uptake from soil profile 
I 

2.2 Effect of moisture regi:nes 

2.2.1 Effect of moisture regimes on root and plant growth 

2.2.2 Effect of moisture regimes on water uptake from the 
so11 profile 

2.3 Effect of nitrogen 
l 

2.3.1 Effect of nitrogen on root and plant growth 

2.3.2 Effect of nitrogen on water uptake from soil profile 

2.4 Interaction effect of moisture, tillage and nitrogen 
on root and plant growth and water uptake from the soil 

2.5 Water production functions (stress indices) 1n 
relation to soil moisture regimes, nitrogen and 
tillage depth 

2.6 Inter-relationships between various water production 
functions / 

2.1 Effect of tillagl _ 

Tillage refers 'to the mechantcal manipulation of soil 

to obtain seed bed physically, chemically and biologically 

suited to crop plant. soil ~illage methods such as conventional 
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and deep tillage are considered important soil nw,nagement 

practices fOr a successful wheat crop, which alter the soil 

physical environment and affect the plant and root growth, 
) 

water and nutrient uptake and crop yield. 

2.1.1 if;est 0' Tillage on 50il Physical Ppopert.!es an~ 
p l.ant a£Qwtl) 

Tilling or ploughing over years produces a plough pan 

at a certain depth, which is a characteristic:· of the average 

depth of ploughing over years. Yet another possibility of 

occurrence of a hard lim! ting pan at the subsurface layer can , 

be continued field traffic {Moorman and Van Breeman, 1978> or 

clay migration from the surface layer,particularly under rice 
, . 

culture Ct"1ottomura tt iJ.,., 1970). These li1liting layers 

besides impeding water movement in soil also restrict the 

elongation and prolifera~ion of ro9tS. Attempts have been 
, 

made over years to shatter the~e hard pans by deep ploughing 

the land to provide a better environment for plant growth. 

There has been large variations in the success of deep 
! 

ploughing operations. This would depend upon type of soil, 

the nature of crop, the climate and economics of the operation. 

Burnett and Tackett (1968) indicated that deep ploughing 

modifies the soil physically and results in greater utilization 

of subsoil moisture. 

NUmerous experiments reported the beneficial effects 

of deep ploughing. Increased yields of corn and ,cotton have 

resulted from deep tillage and placement of fertilizers in 
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soils where ~t penetration was restricted ,by a traffic pan 

(Pattric .§ !l., 1959). Also there has been increased 

utilization of subsoil lDO,isture during drying periods between 

rains by the deep root, system. Favourable effect of deep 

ploughing on the modification of soil hydraulic properties" 

viz., infiltration and permeability has also been observed. 

YUmura and Ishihara (1971) indicated' that drainage of poorly 

drained heavy Ultisolsincreased with deep ploughing and 

contributed towards the increased yields o'f teosint.e and com 
. 

to the tune of about 10 per cent over conventional ploughing. , 
, 

Acharya and Bhagat (1984) also reported higher in.flltration 

under deep ploughing Which favourably moderated the air-water 

relations through quick disposal of heavy storms during maize 

growth and produced higher grain yield. Bhagat and Acharya 

(1987) repOrted that deep ploughing encouraged greater upward 
, 

flWc during the dry period of wheat growth. This coupl~ with 

higher rooting density under this treatment resulted in 

increased grain yield of wheat. 

Allamaras ~!l. (1977) reported that in a layered 

silt loam, hydraulic conductivity increased after deep 

91oughing, however, the' effect was more pronounced in the 

upper 30 am layer than below, because a layer with low 

hydraulic conductivity existed between.30-45 em. Jassen (1979) 

studied some physical a~d chemical characteristic~ of deep 

ploughed soil upto 70 cm. He observed that organic matter 

content increased by 20 per cent upto 50 em depth followed by 

an i~provement in soil structure. 

• 



9 

Subharami and Dakshinamurti (1971) stud1ed the effect 

of various tillage operations on root growth of wheat and 
t 

maize and revealed that the parameters of root growth like 

total root length, root diameter, dry weight of roots, root 

volume, number of prinaxy and secondaxy roots, etc. were 

significantly higher with deep ploughing followed by mould 

board ploughing. Root penetration was better because of 

improvement in soil s~.nlcture in the rhizosphere~ Allamaras 

and Nelso.n (1971) reported that corn root weight configurations 

were changed by tillag'e and straw mulch treatments. But the 
, 

same treatments produc,ed different root growth in two years 

of study. 

Unger (1979) reported significantly higher yields of 

sugarbeet roots under deep tillage (4ucm depth) than with 
, 

conventional tillage.' He attributed this to the improved soil 

physical conditions resulting from disrupting the dense high 

strength ~il horizon" Increase in root growth under deep 

ploughing has been observed by Reddy ~~. (1977). Bhagat 

and Achaxya (1987) stUdied the effect of various soil 
I 

management practices on root growth parameters in "neat and. 

found that the total ~ot length and root density under 

conventional cultivation + mulch was double to that obtained 

under conventional cultivation. The mu1~ treatment was 

followed by deep ploughing. 

In tilled soil a ploughsole layer at 20-30 em depth '. 
induced higher rooting denSity, but restricted proliferation 
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of roots in deeper layers. The -water uptake on oat was 

functionally related to. xooting density and soil water 

potential (Ehrler.!i .!l., 1980). The grain yield of wheat wa. 

nearly 20 per cent greater under deep ploughing than in those 

crops sown by direct drilling. 'lbe ploughed treatment had 

lower soil strength and coincided with more rapid wetting of 

the subsoil and fast root extension rates (Hamblin.~ il.,1982). 

A study by Bennie and Botha (1986) on the effect of 

deep tillage and controlled traffio on root growth of maize 

and wheat showed that deep ripping and controlled traffic lead 

to a significant increas~ in rooting depth, rooting density in 

the subsoil as compared to other tillage treatments. Barbosa. 

~ y. (1989) worked on the effect of deep tillage treatments 

on soil properties, growth and-yield of soya in· a compacted 

Ustochrept and revealed that loosening of the compacted layer 
• I 

by deep tillage treatments resulted in lower penetrometer 

resistance and bulk density and deeper rooting (31 to 33 em) 

compared 'With conventional treatments (24 em). Deep tilled , 

soya exhibited higher growth rates than conventionally tilled. 

Increaseo root growth ra,tes from deep tillage were attributed 

to deep root penetration which had greater access to subsoil 

moisture and nutrients, ~specially during dry periods after 

emergence. 

f 
Sharma (1985) reported that forage accumulation, plant 

height and final forage yield of fodder oats were significantly 

less under m1nL~um tillage (Tl ) than under reduced tillage (T2) 
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or conventional tillage (T3). Reduction in yield under T1 was 

associated wi th restr~cted root growth and high soil strength 

ano bulk oensity in the 8urface and subsurface layers. Majid , 

~~. (1987) studied the effect of different tillage 
i 

techniques on wheat production and recorded maximum grain 
1 ' ' , 

yield of 5.5 t ha- with deep ploughing which waa a 28 per cant 

increase over conventional cultivation. Increase in yield was 
i 
I 

attributed to better root development, utilization of soil 
, 

moisture and redistribution of nutrients. 

Sharma and AchaI."ya (1987) studied the effect of soil 
t 

managE3llent on plant growth and yield of rainfed. wheat and 

recorded 'significantly higher nry matter yield in. deep 

ploughing than conventional cultivation at stem elongation 
\ 

and healing stages of 'Wheat growth during 1981-82 and ~t 

heading during 1980-81:. Deep ploughing gave significantly 

higher grain yield ov~ conventional cultivation ouring both 

the years of study. The study further revealed that increa.aed 

plant growth and yield under these tillage practiCes was a 

consequence of better soil physical environment that enhanced 

gross root weight and '1 ts act! vi ty and in turn shoot gr.owth. 
I 
I 

Orellana ~~. (1990) noted significantly higher 
, 

yield of soya with deep tillage treatment compared to 

con~lentiona1 tillage. '! They attributed the higher yield to 

improved drainage associated with lower penetrometer resistance 
i 

during the exceptionally wet germination emergence period. 
i 

Arora ~~. (1991) studied the tillage effects on corn in 
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sandy soils in relatio~ to water retentivity and water 

management and seasonal evaporativity and found that increasill9 

tillage depth from 10 to 30 cm increased the mean yield from 

2.8 to 4.7 t ha -1 in the unmanured plots and 3". a to 5.4 t ha-l 

in the manured plots. qajri tt ll. (1991) also studied the 

-tillage effects on yield of wheat crop on coarse textured 

soils and "found that deep tillage significantly increased 

grain yield over conventional tillage and on an average it 

was 12.0 per cent higher with deep tillage. 

2.1.2 Effect of Tillage on water U2tak~ from t.>oj,l.. Profile 

Tillage helps in controlling weeds, improvement in soil 

physical properties, conservation of moisture, fI'ee exchange of 

gases in soil and air which results in better root growth, 

their penetration to subsurface depth and hence greater 

utilization of subsoil moisture (Burnett and Tackett, 1968; 

Allamaras ~ !l., 1977, Hamblin ~ !l., 1982, Bhadoria, 1938, 

Orellana ~ .!l., 1990). Increase in moisture uptake (Czeratszki 

and Shulze, 1971; Carlson, 1978, Unger, 1979) and root growth 

followed by grain yield (Reddy ~ .!l., 19771 Trouse, 1979) 

have been observed through deep ploughing. 

Bhagat and Acharya (1988) studied the water uptake (r ) z 

by wheat roots under various management practices and showed 

that the treatment having deep tillage maintained higher uptake 

values from the subsu;-fcice depths. The total water wi thdrawal 

from the profile 'R' (integral of r from 0 to 60 cm depth) was z z 
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the highest (1.183 cm d-1) under this treatment and the lowest , 
(0.5738 em d-1) under the treatment having zero cultivation. 

Similarly, SOod (1987) ,also studied the water ·uptake by potato 

roots after rice crop from .... different depths under various 

treatments. When deep 'puddling, compared to conventional 

puddling was imposed before planting of rice, its effect 

prevailed in the subsequant crop of potato too. This treatment 
, 

extracted greater amount of water in potato in comparison to 

the remaining treatments. 

2.2 Effect of Moisture Regimes 

Soil moisture 1s one of the most important factors 

which govern the crop stand and ultimately its yield. In the 

absence of optimum moisture, seed ~oes not germinate. Water 

is essential for absorption an~ conveyance of various mineral 

nutrients from soil as well as for the various phYSiological 

processes like photosYnthesis and transpiration. 

2.2.1 Effect of Moisture Regimes on Root and plant Growth 

Well developed~ root system invariably produces high'er 

ylelcs. Restricted root growth results in reduced nutrient 

and water uptake an~ poor growth of plants (Drew, 19781 

Peterson ~ .2l., 1984).' Root growth may be a.ffected as a 

result of inadequate moisture in the s01l, mechc:mica.l 
impeC!ance (Taylor and Gardner, 19631 Taylor and Ra·tliff, 19691 

Chaudhary and Sandhu, 1~83) and suboptimal thermal r~gime 

(Acharya and Bhagat, 1984). 
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A dense network of roots in wheat developed when 

soil moisture tension was above 15 atmosphere and under 

favourable moisture conditions roots were observed to a 

depth of 13 feet (Kmoch £ .!l.1 1957). Extent of root growth 

of cereal plant was highly correlated with the soil 

moisture level (Salim et al., 1965). A nonlinear decrease in --
root elongation of wheat and mung was noted as the soil 

moisture stress increased from -0.3 to -1.5 bar (Gupta and 

Singh, 1975). Oat plants growing under soil moisture stress 

showed rtnting to a greater depth (sandhu and Horton, 1977). 

The root growth of wh'eat at heading was linearly related to 

the soil water content in the surface 30 em of the soil 

during the 30 to 60 days period (Gaj ri and Prihar l 1985). 

Ehrler ~~. (1980) showed that the relative growth rate of 
• 

root length decreased with soil water potential and ended 

at -19 bar .. 

Bhatia .!U; y. (1977) studied the rooting pattern of 

wheat in relation to soil moisture regime and revealed that 

rooting depth inerea~ed from 60 em with 7.5 em soil moisture 

to 90 em with 25 em soil moisture in the upper one metre of 

soil profile, but found no significant differen~es in the 

root weight or rooting depth between 20 and 25 em treatments. 

Mehta ~.!l. (1985) studied the rooting pattern of different 

genotypes of wheat in relation to irrigation and found that 

root weight and grain yield increased with increasing number 

of irrigations. Ahmed and Misra (1986) reported curvilinear 
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decrease in root length ;~ity of wheat grown under rainfed 

or with 1 to 4 irrigations. 

bOil llOiature stress effects almost f!Nery' aspect of 

plant growth and development by modifying the morphological, 

physiological and chemical characteristics of a plant. Plant 

growth il5 an integrated ',effect of many factors any of wh1ch may 

restrict the growth. lbe adverse effect of soil water deficit 
. , 

on cra? growth and yield ia well documented (Aspina.l1n !l., 

1964, Hsiao, 1973). Many research workers have repurted that 

plants under continuous readily available 5011 moi~ture 

conditions during growing period make more to~al growth than 

the plant's under 11 n1ted water suP?ly (Goode and liyrycz, 1964, 

Fieldstein and Childers, 1965, Carlson, 1967, Frendrich, 1967, 

Goode and Ingra~ 1972, 'Janjic .Go .Al., 1972, Cripps, 1981). 

Day and Intalap i (1970) denonstrated that water stress 

in wheat at jointing stage not only reduced the mmber of day. 

to flower, but also resulted 1n shorter plants, more lodg1119, 

lower grain yield and fewer seeds per head. Carbon (1971) 

noted that increased diurnal water stress reduced plant growth 

and tiller mmbers in grain sorghum. Also, less water was 

evaporated from the treatment showing the greatest levels of 

diurnal water stress. 

Patil and Batkal (1975) recorded the higheEot grain 

yield in ~eat when irrigations were schedUled at tillering, 

boot leaf, flowering and grain development stages. An increa68 

in number of irrigations increased the effective tiller number 
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per metre row length, grain number per ear, grain weight per 

ear and lOu grain weight which culminated in the increased 

yield of wheat. Sandhu, and Horton (1977) timed the water 

stress period in oats to occur during the boot leaf stage and 

the anthesis through early grain formation stage (separately 
I 

and in combination) ana noted that stress at either stage 

decreased plant height; and number of florets per panicle. 

water stress at all stages caused a marked decline in the 
,) 

yield of straw" top wi,thout panicle, kernels and dehulled 

kernelS. Stress at boot leaf stage and at anthesis thxough 

early 'grain formation 'reduced yield 2 0 a~d 85 per cent l 

respectively whereas combined stress reduced kernel yield by 

67 per cent. 

• 
Ritchie (~976) summarised the effects of soil water 

deficits on plant growth and reported that during vegetative 

growth a decrease in soil water availability Was first reflected 

in decreased expansive growth without a~ decrease in 

photosynthesis and transpiration. This reduced the sink size 

of active leaves for the storage of photosynthetes which were 

then preferentially transported to roots and root growth was 
; 

sti.1lUlated at the expense of shoot growth. A stUdy by Upreti 

and Sirohi (19d5) on the effect of water stress on leaf area 

development and grain' yield of two wheat varieties (Kalyansona 

and C-306) showed that water stress treatment had bxought 

significant reduction in specific leaf area (cm2g -1) in both 

the varieties. water stress at tillering, anthesis and seed • 
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development stages signlficantly reduced the grain yield of 

t Kalyansona t, _ wh erea ~ in: C-3 06 t reduction wa s observed du~ to 

stress at anthesis and seed development stages only. btress 

treatment brought significant -decrease in leaf area , , 

development in both the varieties. 

Gogoi (19aa) ref)orted ~ignificant increasi~! in leaf 

area index (LAI) with eath ad<ii tional irrigation at different 

physiological growth stages of wheat crop. Hochman (1982) 
-I • 

found that stress from tillering to anthesis stage in wheat 

reduced LAI and grain nUJ'!lber and decreased grain yield by 28' 
, 

per cent compared with control. ~tress from boot leaf to grain 

filling stage gave reduced grain number and grain weight and 

caused 3~ per cent reductiJn in grain yield. &tress during 

grain filling stage reduced 100 grain weight and grain yield 

was 16 per cent belOW th~t of the control. Jalota ~ li. (19:35) 

showed that wheat is more sensitive to stress from flowering 

to grain formatj,on stage. 

Singh and Malik (1933) studied the effect of water 

stress at three growth stages of wheat and found that a 
'_1 

maximum yield of 5.2 t ha was recorded with no water stress 
, 

treatment. All levels ofiwater stress eKcept -O.9MPa during , , 
flowering to ma~urity_ reduced grain yield significantly 

compared with no stress treatment.The greatest effect of 

water stress on grain yi~ld waE observed during sowing to 

jointing ~stages when the highest reduction in grain yield 
! 

(33.5%) was with -1.5 MPa' water stress. ~imilar water stress 
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during jointing to! flowering and flowering to maturity reduced 
i '. 

grain yield by 26 and 2~.6 per cent, respectively. Sharma 

~.!l. (1931) found that weekly percentage increas(~ in green 

matter production of wheat was greatest at field capacity 

(-0. 3 bar) and decreased, sharply as stress increased to -5.0bar 

and thereafter linearly' reaching negligible value at -17bar. 

Leaf area, stem height,~ relative to those of unstressed plant 

decreased sharply to -5~ Obar and slowly thereafter. ~hootl root 
< , 

Showed similar trend. Hassan (1937) recorded less number of 

tillers per square metre and leaf area in wheat under moisture 

stress. 

2.2.2 Effect of Mo~sture ~,;im!:.~ .09 ~x~~e~ Up~a~e from SQil 
\ frofile 

The rate of water uptake by plants from a given volume 

of soil depends on rooting density, water retention and 

transmission characteristics of the soil as well dS on the 

potential gradient at the soil root interface (Gardner, 1964). 

The water uptake is highest where rooting density is greatest 

provided that the matric suction is uniform throughout all 

depths of the rooting zone. l-ormally,there are differences 

in the rooting density ~ithin the soil profile which results 

in the non uniformity of water uptake from the depths of 

rooting zone (Ogata ~ $!_, 1960). 

Gaj ri and Prihat (19:35) showed that the capacity of ' 

plant to absorb water with limited supply was closely related 
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to the size of the root system, root weight ind£:x 

-3 ) (RWI :II mg root em soil surface in the entire rooting zone 

and available soil water fraction (ASWF) as both influence 

water uptake by the crop. With high RWl a higher rate of water 

uptake could be sustained even at relatively low ASWF. Higher 

leaf water potential at higher RWl irrespective of Aswr also 

showed thi! over-riding importance of the root system for 

water uptake by the crop. Inter-relations among root growth, 

water use and grain yield are ascribed to positive effects 
, 

of rooting on plant water status during the growing season of· 

the crop. However, Stone ~!1. (1976) revealed that the 
·3·11 

depletion effectiveness (em of water 9 - of root d- ) of roots 

decreased with tine in a given soil layer, and increased with 

depth in a given time. Not only the distribution of roots, but 

also its activity plays an i.nportant role in water extraction 

by roots. Even a small portion of the root system can be 

responsible for a much "water uptake. 

In general, rooting density is greater";: in the upper 

layers than in the lower layers 0 f the rooting zone, and the 

roots deep within the profile are less effective than those 

near the soil surface (Klepper et al., 1973). The water --
content in the lower layers is thus depleted by the two 

simu1 taneous processes, viz., uptake by the roots of that 

layer and the flux divergence, the direction of which would 

depend upon the directions of the suction gradientso The 

oontribution of lower layers towards the total wa"ter uptake 



20 

increased as the dry period after irriqaticcl advanced 

(La Rue n !l., 1963). 'lhe rate of water use increased with 

the development of crop canopy, but once the maximum leaf 

area is attained it remained mainly a function of the 

evaporative demand of the atmosphere (Lal and Sharma, 19.76). 

Nnymah and Black (1977) observed that ~ good cor.l':elation' 

existed between water uptake rate, rooting density and the 

profile water depletion and results agreed well with the 

eva?otranspiration calculated from the micrometeorological 

factors. 

Gupta and Aggarwal (1971) reported that moisture 

depletion of 1.SOm profile plus water infiltered into the 

profile during growth period may provide necessary good 

estL~ate of seasonal water use by crops. Whereas, Jana ~ !l. 

(1934) re9Qrted that moisture extracted from the surface 

0-15 cm soil layer was mini num (26.2Xa) under irrigation at 

0.50 atm tension throughout. The ,noisture ectract.ion ?atte~ 

from different soil layers decreased successively) with an 

increase in soil depth in all treatments. Sharma and Ghildyal 

(1977) reported that the' water extraction rate per unit root 

volume increased significantly with increasing soil water 

tension. The studies further suggest that root systems that 

developed under relatively d.ry soil conditi'ons were capable 

of extracting greater amount of soil water on a unit root· 

volume,basis than those developed under moist conditions. 
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The rate of water uptake per unit length of root for 

the whole orofile and for individual soil layers generally 

decreased throughout the period of measurement (Gregory ~ !l., 

197d). In all the soil moisture regimes during'the initial 

stage of crop growth upto the crown root in! tiation stage, the 

rate of water use was low. 'lhereafter, the rate of water use 

increased progressively with the development of crop canopy 

throughout tillering, booting, flowering and grain filling. 

Beyond this, in general, there was a fall in the rate of water 

use due to leaf senesence (Singh and Dastane, 19711 Patil, 1976, 

Singh and Bhardwaj, 19a1). 

More than 60 per cent of the total moisture. used by 

wheat was depleted from 0-30 em layer and thereafter moisture 

depletion increased with an increase in soil depth (Gupta and 

Dargan, 19711 Singh ~ 21., 1971, KUmar ~ !l., 1986). Similar 

observations were also noticed in the irrigated wheat although 

in unirrigated wheat, moisture depletion was relatively more 

but absolutely less than the irrigated wheat in deeper layers. 

This 'NaS because the moisture depletion from the upper layers 

was less in case of unirrigated wheat than the irrigated. This 

clearly suggested that under restricted moisture, root 

penetration \tIClS better and this extracted more moisture from 

deeper soil layers (Singh and Bhardwaj, 1981, KUmar ~ ~.,19a6). 

Water uptake was functionally related to rooting density and 

soil water potential (Ehrler n li., 1980). 
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Pan0e ~~. (1975) reported that the major part, 

that is to the extent of 85 per cent of the total moisture 

used by the wheat crop was met from the top 60 em layer only. 

In all the, soil moisture regimes the maxinum depletion was 

from 0-30 cm soil layer and relatively more moisture was 

withdrawn from the wet regimes than was the caSe with the 

moist and dry regimes. The ~epletion decreased successively 

wi th an increase in dep,th and t~me an(! the lowest depletion 

occured from the lowest layer. However I moisture depletion 

from 30-45 em soil layer was more under low moisture regime 

than. hi gh m::>isture regime. Similarly I a study by Singh (1978) 

on conslUmptive use of water and soil moisture depletion pattern 

by wheclt revealed the greatest soil moisture depletion was from 

60 cm EIOil layer and was 81.2 to 92.3 per cent of the total 

conoulltJ_tive use (luring the two seasons and suggested that the 

top 60 em of soil layer should be wetted at each irrigation 

for efficient utilization of irrigation water. 

A study by prihar ~ !.!.. (1976) showed that water 

deplet:lon from 1.80m soil profile generally increased with 

clecreaJ:Jing irrigation water. Maximum profile water depletion 

occurrl3(! when a fixed amount of irrigation was appli eO •. Gogoi 

(1988) found that out of total moisture depletion, about 85 

per cent moisture was depleted from 0-45 em depth alone and 

attri~lted this to (i) the presence of more roots with more 

acti vi 'ties, and (ii) more evaporation from surface soil. Jaggi 

~ al. (1977) reported that deep so~l layers (1 .00 to 1.5Qm) 

contributed .about 11 to 13 per cent of seasonal '",ater use by 
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rainfed wheat. saini and Ghildyal (1978) showed that the 

contribu.tion of upward flux towards the total water requirement 

of \vheat was 36 to 73 per cent. whereas the soil water 

depletion. accounted for 11 to 19 per cent water. 

V'an Bavel .is..!!. (1968) reported that the indiscriminate 

use of soil water depletion rates to represent ~,e 

evapotranlspiration rates without accounting for deep 

percolaticln could be highly misleading. Bhagat and ~haIYa 

(1988) studied the effect of various soil management practices 

on soil wa1ter dynamics during the growth of rain fed wheat and 

reported that the soil water flux across root boundary should 

not be ignored while calculating the crop water requirement 

from profil1e water depletion method. Patro and Misra (1985) 

employed tensiometric techniques to meaSUre th~ percolation 

loss below t.he root zone and showed that it constitute5 a 

considerable fraction of the total consumptive use. 

Achaltya n al. (1979) reported that in an amended sodic 

soil root wat:er extraction by raya was mainly confined to a 

surface (O-lscm> depth. The flux divergen'.ce acmss root boundary 

was negligible due to poor hydraulic prop·erties of a sodic soil. 

Kalra ~!!. (1984) reported that root water extraction rates 

in wheat were lower in the top soil im.nedi.ately following 

irrigation. They observed that this was due to moisture 

redistribution and presence of younger and active IYJOts which 

enhanced llOist\lre extraction from the deept~r layers .. 
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Singh ~!l. (1986) studied the effect of water stress 

at three growth stages of wheat on water use and water use 

efficiency and noted that water extraction pattern and water 

use var.led markedly with water stress. The maxi:num water 

extraction of available soil water was from 0-30 em soil depth, 

being h.lghest with 00 water stress treatment. 'lhe per cent 

extract.ion of available soil water from this layer decreased 

with in,:::rease in the magnitude of stress particularly during 

jointinc;J to flowering stage. Most of the available water 

(d9 to 93%) was used from the upper 90 cm soil de;pth. lhe water 

use was higher with no stress treaonent and decreased 

consideJC'ably with severe water stress (.15 bar) imposed during 

j ointinq to flowering. 

2.3 llfect of Nt troam 

Among essential plant I'Jl trilents, nitrogen plays an 

illlPortant role in gro\rt,h and development of plant. It is an 

important constituent of all proteins that are active component 

of prot<>plasm and it is also a cons1;ituent of chlorophyll 

moleculE~. 

2.3.1 !~ffect.Q;' Nitrogen on ROQ,t a~lg_p1ant_Growth 

The m:>rpho1ogy of a plant root system influences the 

uptake clf water and nutrients • .sincE~ root m::>rphology of crop 

plant if; altered by routine operaticm of tillage and nitrogen 

fertili2:ation (Passioura and Wetselclar, 1972), it is important 

to under~tand such alterations and 1:heir implications to crop 
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growth. Research has demonstrated that N rates affect three 

essentilll components of root morphology (1) length (ii) number 

of apiclas, and (iii) fr~uency of branching. Drew tt!l.. (1973) 

and Tenlll&nt (1976) found that root length increased with N 

applied to either parts or all of the root system of temperate 

cereals .. Maizlish n!.!.. (1980) studied the root morphology 

and the:Lr early development in maize crop in a pot culture 

study rlaceiving 0, 21, 42, 145 and 210 ppm of N. Total root 

length ()f maize grown at the highest N level increased 

exponent.ially from 1.7m at 3 days after emergence to 143m at 

17 days after emergence. Root apices increased from 111 to 

greater than 2900 during the same period. Primary roots (axis) 

number per plant increased with increasing N, but elongation 

rate of an individual axis did not respond strongly to increase 

in N. 

Higher levels of N resulted in greater percentage of 

roots, lroot diameter (RD), root length density (RLD), root 

weight d.ensity (RWO) and deeper· root penetration (Xmoch .!:k .!l.., 
. 

1957, SjLngh and Das, 1986, Orellana 5 .!l., 1990). Root weight 

was Significantly higher after the application of 60 kg N ha -1, 

but with placement at 10-15 cm depth (Rathi and Singh, 1973). 

Yield response to N is influenced by level, time and 

method c)f its application as well as availability of moisture 

in the f;oil (Singh and De R&jat, 1973). Shekhawat ltt.!!. (1975) 

studied response of dwarf wheat to different levels of N 

(0, 40, SO, 120, 160 and 200 kg N hcl-l ) and reported that the 
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, 1 
increasing levels of N (upto 120 kg N ha- ) signJ.f1cantly 

increased the grain and straw yield of wheat. 

A study by Jat ll~. (1976a) showed that grain and 

straw yield of wheat increased with increasing N rates upto 

12u kg lha-l • Shrotriya and :1isra (1977) reported that leaf 

area index (LAI) in wheat increased ' ... ith an increase in N 

-1 application upto 120 kg ha at flowering and grain fil1il19 

etages. Similarly, the increase in LAI in wheat due to N 

applica1t;ion has also been reported by Mann (1957) and 

Srivastilva (1968). 

Singh and Singh (1979) obse,IVed that the application of 

120 kg N ha -1 increased grain yield of wheat in rice-wheat 

rotation and the economic N rate for wheat crop wae 121.2 kg 

N ha -1. ChaudhaJ:Y and Obmi (1984) observed that wheat gave 

the higher grain yield of 3.84 t ha,-l by applying 100 kg N ha-l 

in thre.~ splits under irrigated conditione. In sandy loam soils 

of Kulu, Tomar 5 ale (1977) found that wheat yield increased 

upto 240 kg N ha-l • At Palampur, Shclrma.5. Yo. (1987) found 

better grrowth of wheat crop as a result of improveci productivity 

due to a.pplication of Nand FlM which resulted in significant 

i111provement in yield attributes and consequently higher yield. 

Dhi:nan J1~. (1982) found that N application upto 120 kg ha-l 

increased the grain yield and further increase in N did not 

show any remarkable yield increase, bu t at 200 kg N ha -1 there 

was significant decrease in grain yield. In heavy soils of 
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Patna (Bihar), Chaudhaz: n li. (19a7) observed that N had 

positi,,'e effect in increasing the number of grains with 

increa.e.e in N level upto 120 kg N ha -1. 

Chandrasekharaiah 5 ale 0.985) reported that wheat 

-1 ' 
yields with 50, 100 and 150 kg N haL were 2.92, 3.69 and 

3.99 t ha -1. respectively. Tiwari (1988) also reported the 

highest grain yield (40.16 q ha-l ) with 120 kg N ha-l • Singh 

(1990) ,noted Significant increase in grain and straw yield with 

the application of N upto 120 kg ha -1. The plant height, number 

of tillrers, number of leaves increased significantly only upto 

80 kg N ha-l • 

2.3. 2 1~ffect o£ Nt t!Qgen on Water lJptak~ froR! SOil Profile 

Kmoch ~~. (1957) found ~lat N fertilization increased 

root welght of wheat and thereby moisture depletion was evident 

even upto a depth of 8 feet. Brown (1971) found that daily water 

use incz'eased as the season progressed and reached maxinum value 

during t.he heading to flowering stage. He also reported that in 

unfertilized treatments soil water extraction was largely linked 

to the upper 91 em of th,e soil whereias N fertilized wheat 

extracted water upto 180 cm depth. Yadav and Agar<lial (1981) 

noted that Napplication increased the moisture use slightly, 

but not Significantly. Soil moisture extraction pattern did not 

vary much with N but the" contribution of the top 3 0 em of 

profile :lncreased with the number of irrigations. 
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A study by Reddy and Bhard.waj (1962a) on water use in 

wheat showed that consumptive use of water increased with 40 

to 120 kg N ha-l and 20 to 25 kg P20S ha-l with marked increase 

in water use efficiency (WE) ~ Moisture extraction from the 

upper soil layers was higher with 1 to 2 irrigations than the 

adequate irrigations. ChandJ:asekhcLraiah ~ lie (l9dS) found no 

effect of N levels (50, 100 and l!SO kg N ha -1) on rooisture 

extraction pattern by the wheat Clrop. 

2.4 interaction Effect of Moisture, Tillage ~nd Nitr09!n-2D 
Ro0te aq,q. pl:ant.~qrowth, and Wa:ter Up1;ake from th§ §Oil 

Mathers n fl. (1971) worked on the sugar"beet response 

to deep tillage and N and found that sugarbeet yields were 

increased by deep tillage and add.ed oN, with adequate irrigation 

but there was no yield increase from applied P. Deep tillage 

increased yields more when N was applied. Also, the response to 

N was greater after deep tillage upto 40 cm. A study by Jat 

§.!!. (1976a) showed that grain and straw yield of: wheat 

increased with increasing N rates upto 120 kg ha-l and with 

frequency of irrigations. Singh and De Rajat (1973) studied 

the effect of different levelS of N at varying mo:1sture regi:'nes 

and found that dry matter accumulation increased with liberal 

water supply and 100 kg N ha-l • 

A study by Singh ~ i!. (1980) on wheat yield under 

different irrigation regimes and variable fertilization showed 

that maximum yield (5.09 t ha-l ) was with irrigation at 50 

per cent available soil water and 120 k9 N ha -1. Reddy and 
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Bhardwaj (1982b) st~died the influences of irrigation frequency, 

levels of Nand P on leaf area index (LAI) and leaf area ratio 

(LAR) in wheat and found that LAI upto 50 days after sowing (DAS) 

was similar with different irrigation frequencies. At 75 DAS, 

LAI with the adequate irrigation treatment (irrigation at 0.5 atm 

tention at 25 em depth) was higher than with 1 tc> 2 irrigations 

and it increased with applied Nand P. It was slightly higher 

with more irrigations than without irrigation. The flag leaf 

area increased with adequate irrigation and increasing Nand 

Prates. 

Moisture extraction from the deeper soil layers was 

higher with. 1 to 2 than the adequate irrigations and with Nand 

P fertilization than .without them (Reddy .and Bhardwaj, 1982a). 

Wheat yield responses to increased amounts of residual soil 

nitrate were much less than to freshly applied N. Yield 
, 

responses to both sources of N increased with increasing water 

supply (Prihar ~ li., 1985). Irrigation and NP a:.;.>plication to 
I 

oat increased the leaf water potential, stomatal I:::onductance 

and absorption of radiations and all of which increased the 

fodder yield (Singh J!t .!l., 1987). Orellana ~!!. (1990) 

obtained significantly higher yields of soya with deep tillaoe 

treatments and, fertilizer application, but no interaction 

effect was found. However, deep tillage, unlike fertilizer 

treatments also resulted in significantly higher plant· 

population compared to conventional tillage owing to inproved 
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~raina~e associated with lower penetrometer resistance, 

during the exceptionally wet geI:rnination emergence period'. 

A study by Jat ~.e1.. (19761» revealed ,that hi9ller 

level of N and rooisture resulted: in greater perc.entage of roots 

in 0-15 em soil depth as well as ,-Ii thin 0-15 cmradius 

laterally. They also founa that decreased N and rooisture 

level led to an increased distribution of roots upto 30 em 

depth. Misra ~!!. (1985) observed the effect of limited 

input of water on root growth and indicated that whether the 

soil profile is parti'llly or completely filled with water at 

sowing, it nid not effect the root growth of wheat at 56 days 

sampling. An irrigation at the nodal root gro\~th initiation 

stage (30 days after, sowing) promoted overall root growth. 

The root density at 1.20m depth was greater with drilled than 

with broadcast N. Singh and Das (1986) found tha,t root 

weight density (RWD) , root length density (RID) and root 

diameter (RD) increased with N rates. Root length showed a 

significant positive correlation with soil water depletion 

and grain yield. 

2.5 Water Production' Functions ~stress Incicthl in Relation 
to SOIl MoIsture RegImes an TIllage Dap 

The interaction of plant with the environment is 

complex and leaf water potential is influenced by a number of 

environmental factors, including the air and soil temperature, 

abso.lute hum1~ity, wind velocity an9 soil water availability 

(Kaufman and Hall, 1974, Ritchie, 1974). StegmatA ~ ale (1976) 
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have indicated that relating plant water stress development to 

variables indicative of prevailing soil and atmospheric 

environments will enable scheduling irrigation ~sed on plant 

water stress criteria. 

'lhe leaf water status or the level of water stress in 

plants profoundly influences, virtually all physiological and 

metabolic functions. In tecent years, the measurement of crop 

water stress has received considerable attention. Todd ~ li. 

(1962) emphasized the importance of measuring moisture tension 

on plant rather than in the soil. Weatherley (1950, 51) 

proposed the use of disc of leaf tissues which can be floated 

. on water and gave the term relative water content (RWC) and 

calculated as z 

RWC - Presq weiaht - dry weight X 100 
Full turgid weight - dry weight 

water status in plant can also be described by the 

energy status of plant water or leaf water potential (Hsiao, 1973). 

Decreased soil moisture leads to decreased leaf water potential 

and increased stomatal resistance and reduced photosynthesis and 

thus reduced plant growth (Boyer, 1968, Acevedo!5 si.,,1971). 

Effects of plant water deficit are specific to plant, genotype 

and need to be evaluated for i;nportant species/varie'ties. water 

relations of plant grown in green house have been well studied 

(Hsiao, 1973) which, however, have limited utilitY.I' as marked 
" 

discrepancies have been reported between water relations of 
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plants grown in controlled environment and in the field 

(Beqq and TUrner, 1976). 

A stuqy,by Rajaqopal!1!!. (1977) on diurnal variation 

in relative leaf water content (RLWC) of' wheat showed that it 

was lower in stressed plants than in nonstressed ones throughout 

the 24 h period. Although it was lowest at 12 h, it recovered by 

1500 h. Epstein and Grant (1973) i:ound RLWC values of potato 

leaves for irrigated plants betweEln SO and lUO per cent against 

76 to 87 per cent for unirrigated plants and these values were a 

function of soil water potential. 'Tomar and Ghildyal (1973a) 

noted that wilting phenomenon is not directly related to 15 bar 

soil water suction and it occurs' at a defin1 te value of turgor 

and is associated with ,a marked chclnges in elastic property of 

leaf. Moorby n.!1. (1975) studied the diurnal fluctuations of 

RLWC under irrigated and unirrigated conditions and found that 

unirrigated plants were not fully t.urgid at 0530 h and there was 

litUe variation. in RLWC from 0730 to 1530 h showing dependance 

on soil water potential. Rajput and Gupta (1978) conducted a 

stuqy on the effect of soil water potential on leaf water 

potential of wheat and reported that it decreased linearly with 

the soil water potelltial. 

Diurnal leaf water' potential. in sorghum changed rapidly 

from no plant water stress at dawn t~ large negative potential 

in mid afternoon, which suggested that the rate of supply of 

water was inadequate to meet the demand (Carbon, 1973). Singh 
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~!l.. (1984) studied the changes in xylem water ,potential (xwp) 

of wheat cultivars grown under different soil moisture regi~e. 

and reported that ~ decreased at the maximum rate of 0.2 bar 

per minute for 20 to 30 minutes after sunrise, but within an . r 
hour the rate became slow. At sunset the rate of recovery in 

XWP was more in rainfed than in irrigated wheat. 

Fisher (1973) reported thai; plants exposed to soil 

dIying cycle for a given number of days under carefully 

controlled conditions may reach diJ:ferent . levels of water 

stress depending on their stage of development. Xylem tension 

measured on the stem may produce a more useful indication of 

plant water stress than relative weLter content of the leaves, 

espeCially when effects on the devE!~oping ears dominate the 

overall yield response., 

Martin and Dougherty (1975) conducted a study on diurnal 

variations in the plant, water potential of leaves and ears of 

wheat and indicated that in flag leaves it decreased rapidly in 

the moming IOOre slowly to a leVel of about -20 to -22 bars at 

l200h and did not recover until evening. The diurnal changes in 

plant water potential and canopy temperature were documented 

for wheat by Ehrler!S~. (1978b). The diurnal range.of plant 

water potential was considerable fX'l:>m about -10 to -16 bar for 

well .watered plots and ~21 to -43 bar for a water deficit plot. 

The study showed that for canopy temperature measurement, 1400h 

is the best time of the day to asselss water stress. A similar 

conclusion was also reached by Blad ~!!. (1981). 
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Adjel and Kirkham (1980) measured the leaf water 

potential and stomatal resistance on (a) drought sensitive 

(b) drought resistant cul tivars of wheat and showed that when 

water was. lacking (a) had a lower leaf water potential than 

did (b). with both daily and weekl:y watering, stomatal 

resistance was higher in (b) than in (a) and showed that 

stomatal resistance was a better index when screening for 

drought resistance than the determination of leaf water 

potential. A study was conducted by KatGrJi .n.i!.. (1985) on 

the development of stomatal diffusion resistance and leaf 

water potential in duxum liIheat and ooted that in a season of 

frequent rain, the stomatal diffusion resistance of leaves 

from boot to grain formation growth stage ranged from 1 to 2 scm-1 

depending on soil water availability. From grain formation to 

milk ripe, stomatal diffusion resistance values depended 

principally on plant water status irrespective of soil moisture. 

Nagarajarao and MaDick (1980) sho~d a positive 

relationship between profile mois~~re contents and leaf ~ter 

potential for cowpea, sorghum and maize during the most active 

physiological stage of growth and beyond this stage, the leaf 

water potential decreased, inspite of high profile moisture 

contents. Bharabme ~ li. (l9a4) nl::>ted a linear, positive and . 
highly significant relationship be'tween soil water potential and 

leaf water potential under different levels oe N (0, 40, 80 and 

120 kg ha~l). Wallace J1~. (1983) found that tot&l water 

potential) of wheat leaves decreased in parallel with soil 



35 

water potential, concurrently leaf osmotic potential also 

decreased sufficiently to maintain positive leaf turgor 

potential. Losavio £.!!. (1984) r.!vealed that during crop 

development, lelf water potential decreased xrore rapidly in 

the rainfed wheat. Stomatal resistance was influenced by soil 

water cOntent, physiological stage and radiation load, but not 

by stomatal frequency. '!he critica:L leaf water potential for 

closure of stomata was.-20 and -27 bar for irrigated and 

stressed plants, respectively. 

The leaf water potential was lowest in the afternoon 

and highest at sun-up~(063Oh) and .!t this time the plant water 

status reflects the soil water status (Ritchie, 1974). 

Nagaraj arao (1984) conducted a study on behaviour of leaf 

water potential of wheat under field conditions. He found 

that increase of wheat leaf water potential correlated with 

available soil moisture percentage remaining in the root zone 

only for reproci.lctive phase of crop growth. For the vegetative 

phase of growth, no relationship could be established, possibly 

because of high and non-limiting sjJil moisture and sugge.ted 

that for adopting the regressions for irrigation scheduling, 

important growth phases have to be'considered separately. 

Joubert (1987) made comparison of 'wheat cultivars with respect 

to drought resistance and found cu.l tivar differem::es in dry 

matter accunulation at the low moisture level suggesting that 

leaf water potential dUring the fl,ag leaf stage under moisture 

stress conditions may be an indicator of difference in tolerance. 
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Rasioo ~~. (1937) grew six durum wheat varieties 

in the field unrer irrigated or unirrigated oonaitions. Three 

indicators of plant water stress, viz., leaf water potential, 

stomatal diffusion resistance and relative water content were 

stu~ied •. Of the three indicatorl! studied, leaf water potential 

was the IlDSt sensitive and discr:Lminated best among the 

varieties. Leaf water potential and stomatal diffusion 

resistance recovered to the level o'f mild stress, but took 

considerably longer time followil1g a severe stress. Walker et al, 

(1987) reported that in wheat le,af water potential recovered 

in two days followi~g a mild stress, whereas the leaf water 

potential of the severely stresslsd treatments never reCX)vered 

to the control value. The osnotic potential on the other hand 

remained lower than that of the 'i<lell watered control for 

several weeks after stress in wheat crop~.· thus maintaining a 

higher pressure potential. 

Canopy temperature measurement may be better indicator 

of plant water stress, atleast auring the early stages of stress. 

AS the canopy becomes several n e.grees warmer than air I the 

temperature difference beo:>mes insensi ti ve to changes in plant 

water potential (Ehrler et al., 1978al Blad et al~I19811 Gardner 
.--.. - -'~ 

~ !l., 19811 Heerman and Duke, 1978). Eaten an~ Belden (1929) 

measured cotton leaves temperature an~ found leaf temperature 

to be 2 to ,oC below that of air, but Curtis (1936) explained 

their results on the basis that low humidity allowed long wave 

energy to radiate to the clear ~ld sky, thus oooling the leaves. 
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Many scientists have shown that difference between 

canopy and air temperature (6T) i'~ a better criterion of water 

stress than the plant temperature (llone (Palmer, 1967, Carlson, 

1972, Ehrler ~ .!:l..# 1978 a,b, SU1l\l1Yao 5.!l., 1980). Ehrler 

(1973) reported that saturation vapour pressure deficit of air 

(so) influences the sensitivity of T as a reliable indicator 

of irrigation. He described a procedure for making allowance for 

variations in SD. Jackson ~!!. (1977) suggested the use of 

stress degree days (SOD) computed as the sunmation of 6T for 

detennj nin-;J t.he tinings and il1l1Ounts of irrigations to crops. 

Similarly, several research workers (Blad and Rosenberg, 1976, 

Idso and Ehrler, 1976) have also suggested that the difference 

between leaf or canopy temperature: and air temperature (6 T) can 

be used to indicate the plant water stress. 

Sandhu and Horton (1978) clbserved that duri.ng hotter 

part of the day under sem1-arid cl.irnate, fully exposed leave. 

0" of oats subjected to mild to modeI~ate stress were 1 to 4 C 

warmer- than the non-stressed leav.:~s. 

Idso .5.!l:.. (1977) used stress degree days (SDD) to 

predict final yields in -wheat. ThE~y plotted cumulative stress 

degree days (CDSS) from heading tC) maturity as a iunction of 

ti-ne for several wheat plots that had received different amount 

of irrigation water. They showed that CSDD increased steadily 

with ti ne and a low final grain y:leld was predicted. The SOD 

concept was also applied to red k:idney beans by Walker and 
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Hatfield (1979). They found that f:Lnal yield was inversely 

related to the SDD and concluded that the SDD is a valid 

representation of effect of lOOistu;['e stress on yield. 

Nt trogen influences plant-water relations (Sh1mahi, 

1970, Radin and parker, 1979, Radin and Boyer, 1932). Radin and 

Parker (1979) suggested that N deficiency decreased leaf water 

'potential and suggested that this was caused by increased root 

resistance to water flow in cotton plants. Radin and Boyer 

(1932) found that low N strongly decreased the hydraulic 

conductivity in sunflower plants thereby increasing water 

defici t in expanding leaf blades. 

A stuqy by Mooris and Dayanard (1973) on the influence 

of soil density on leaf water pote~ntial of com showed that 

with denser soil, leaf water potential declined more rapidly 

during dark intervals because of l~estricted root growth. 

2.6 ~nter-r!lationships Between Various Water Production 
Func:tiQnl 

Kramer (1963) reported thcLt it is not safe to assume 

that a certain level of water strE:!SS is accompanied by 

equivalent degree of plant water :~tress. 'lbe relative leaf 

water content is the Il¥)Bt suitablf:! approach of measuring leaf 

water status and has been found to be closely related to the 

water potential of same tissue. S!-n11ar observations have also 

been made by Gardner and Ehlig (1965) who reported that the 
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relationships between leaf water potential and relative leaf 

water content were different for different species and age of 

the plants. 

The plant and soil water p,otentials were same at dawn 

as the internal gradients disappeared due to li ttl. or no 

evaporative losses. Relative leaf water content was llDre 

effected by atmospheric conditions than soil water content 

(Winker, 1961, Slayter and Gardner, 1965, F.aiz and Haysoc, 1978). 

Tomar and Ghildyal (1973b) studied the relationship between leaf 

water potential (LWP) and relative leaf water content (RLWC) in 

rice and investigated the RLWC and LWP at which r.ice leaves 

visibly wilted. The LWP decreased sharply as RLWC decreased 

below 100 per cent, in intermediat.e RLWC range, the drop in LWP . 
was gradual, but below RLWC of 35 per cent, the drop in LWP was 

again very &harp. 

Ehrler ~!!. (1978a) studied the relationship between 

wheat caoopy temperature and plant; water potential and found 

that the temperature difference bE!tween plant canopy and air 

({:j T) was related to the plant wat;er potential. Increased 

drought decreased plant water potEmtial progressively and 

increased temperature difference aLccordingly. ~hen plant water 

potential decreased to -19.0 bar, ,~T was zero. Similarly, when 

plant water potential was -48 bar, 6T increased to 4!oaoc. Singh 

and Singh (1984) noted that canopy minus air temperature 

difference (6 T) was related to the leaf water potential in 

field grown wheat under two differential water supplies at 
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50 and 60 per cent depletion of available soil JOOisture in 

the root zone. 

Gardner ~!!. (1981) co~ared the difference in plant 

water potential between stressed and non-stressed sorghum and 

the canopy temperature difference between the two plots. A 

parabolic relation was found betwee:n the difference to a 

maximum of about "oC which laterde:creased. The study further 

recognized the effect of measurement variability and suggested 

that stomatal opening and closing n~y affect relationship 

between canopy te:nperature and plant water potent.tal. Katerji 

(1919) showed a direct relationship ,between diffusive 

resistance and leaf water potential. in wheat as 11011 water 

deficit decreased. Frank ~ si. (1913) studied the effect of 

temperature and plant water stress on leaf water potential and 

leaf diffusion resistance in sprin9 wheat. l"1easurements were 

made on the fifth leaf at tillering and the flag leaf at 

heading, flowering and grain fillilng growth stages for plant. 

grown at 10, 18' and 21oC. They found that stomatal closure of 

stressed plant occurred at -13, -13 and -15 bar leaf water 

potential at tillering, at -18, -1'7 and -26 bar at h.ead1ng for 

10, 18 and 21oC, respectively. A,s the flag leaf ma:tured, stomata 

closed at progressively lower le~f water potential. 

The reduction in stomatal aperture increases the 

resistance to water vapour of the leaves and the transpiration 
, 

slows down. Several investigators (Van Bavel, 1967, ~zeica and 

Long, 1969, Sandhu and Horton, 1977) haVe reported that leaf 
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• 
diffusion resistance is closely jretlated to plant water 

status. 

Pal and Yarade (1982) no'te:d the influence of soil water 
I 

I 
potential on transpiration rate,! leaf water potential (LWP) and 

relative water content (Rwe) intvw'O aerial environments and 

found significant and positive cbr'relation between Rwe and LWP, 
I 

i 
Rwe and transpiration rate were effected by aerial environments 

and soil texture. A study by Ras!ico ~ sl,. (1987) on seasonal 

changes in 80me indicators of wate:r stress and their variation 
I 

anw:>ng wheat genotypes revealed the highest value for leaf water 
! I 

potential and lowest for relative water content. The correlation 
.• I 

between leaf water potential andl stomatal resistance was 
i 

significant only in the irrigat~ treatments. 
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MATERIALS AND l'1ETHC)DS 

Studies were conducted at t.he experimental farm of 

Hi.nachal Pradesh Krishi Vishvavidyalaya, Palampur (l<angra). 

This place is located between 3206 1 N latitude and 7303 1 E 

longitude at an altitude of 1300m cLbove mean sea level. The 

annual rainfall of the· area is around 250 cm. More than ~O 

per cent of this is received during monsoon. Winter rains are 

meagre and erratic. The average minimum and maximum temperatures 

recorded during the first year of c:rop study ranged from 1. a to 

19.40C and 10.8 to 30.aoC" respecti,vely. The mininum temperature 

of 1. aOc on 117 days after sowing (DAS) and maximum of 31. aOc on 

172 DAS were recorded during the mcmths of March and April, 

respectively. In the second year ot: study the corresponding 

temperatures ranged from -0.5 to 201.60C and 6.0 to 30.20C with 

mini.num of -0. 5°C on 56 DAS and maxinum of 3 O. 6°C on ld3 DAS 

during the months of December and May, respectively. The rainfall, 

temperature and open pan evaporation during the wheat growing 

season are given in Appendix I and II, respectively (for the 

years 1989-90 and 1990-91). 

The soils of the experimental area are classified as 

Alfisol, Typic Hapludalf. The pH ranges from 5.3 to 5.8. The 
, 

soils are generally rich in clay content with the accumulation 

of sesquioxides in the subsurface layers. The organic carbon 

is around 0.94 per cent. 
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The present study entitled, "profile water extraction 

through water - nitrogen - tillage interaction in wheat" aimed 

at evaluating the effect of different nitrogen levels, tillage 

methods and water stocks on water SKtraction from subsurface 

depths. The effect of imposed treatments on water stress in 

wheat, root growth, water extracti'on pattern, soil - plant -

water relations, N content in plant and its uptake, and growth 

and yield was evaluated. 

3.1 aete;mination of Physical and Ph~-chem1cal Properties 
qf the study Area 

I'his includes the determination of particle size 

distribution, aggregate analysis, bulk density, soil physico-

chemical properties, 50il water retention and tra.nsmission 

characteristics. 

3.1.1 Particle Size Dis,tributi2,n 

The particle size distribution was done by 

international pipette method (Piper, 1950). The tsture of 

different profile depths was ascertained by using textural 

diagram of the International Society of Soil science. 

J~1.2 Aggregate Analysis 

The aggregate size distriblltion analysis:.rias performed 

with the help of Yoder's apparatus (Yoder, 1936). The apparatus 

was calibrated to give about 3/4 inch btroke, for 29 stroke5 
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per minute. Air dried samples collel:::ted from different profiles 

depths were broken by hand into small crumbs and fractionated 

by sieving through a rom, sieve. The material retained in 4 mm 

sieve was analysed for aggregate si:~e distribution after 

saturating it over night. The sieve set (' &tandard of Geologists 

Syndicate India Ltd, Calcut·ta) was :Lmmersed in water at about 

22±.0. SoC. The apparatus was IUn for 20 minutes. 'lhe resulting 

s~-nples on the respective sieves weJ:-e oven dried at 10SoC and 

I 
weighed. The different size fractions were calculated. The 

results were calibrated for the coarse prinary pal·ticles 

retained on each sieve to avoid deslgnating them falsely as 

aggregates. This was done by dispen>ing the material collected 

from each sieve using dispersing agEmt (IN NaOH) , stirring it 

mechanically and finally washing the material back through the 

same sieve. The weight of sand retained after the second 

sieving was subbtracted ·from the total weight of the dispersed 

material retained after the first sieving and percentage of 

stable aggregates (SA) was calculat€~ using the relation 

(Kemper, 1965) as follows. 

~ SA • Weight retained .-:weight of sand _~._ X ( ) 
Weight of total sample - weight of sand 100 •• 1 

The mean weight diameter (M'wD) waE, compute<1. w:Lth the 

help of procedure as outlined by Van Bavel (1949) 

n 
MWD • L di Wi 

i=l 

~ wi 
•• (2 ) 
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where d1 is the mean diameter of each size fraction (mm) 

and wi the weight of that fraction in the sample (;). 

3.1.3 Bulk Density 

The bulk density was determined by core method 

(Singh, 1990) using a metaliic core (11.5 em height and 9 cm 

internal diameter). The core has a sharp edge at the bottom 
I 

to facilitate easy penetration into the soil and 1.0 cm thick 

open circular cap fitting on the edge of the core at the top. 

A profile at the experimental site was excavated upto 90 cm 

depth. The core was driven into the soil by hammering with a 

centre weight concentrated hammer. Three cores for each depth 

were removed at an increment of 15 c;n upto 90 cm depth. The 

soil was freshly weighed and moisture content determined by 

gravimetric method. The dry bulk density was calculated using 

mass volume relationship. 

3.1.4 Soil Physico-che·nical Pr0l2.erties 

Soil pH was detennined in 1: 2. 5 soil wate:l: suspension 

and the organic carbon was esti:nat.ad by wet digest.ion method 

(Walkley and Black, 1934). Available N was determ.:l.ned by 

alkaline permanganate method (Sub};t;lah and Asij a, 1956), 

available P by Olsen's 'method (Olf;Em ~ • .!l., 1954) and 

available K by neutral normal ammonium acetate method CMorwin 

and peach, 1951). The cation exchange capacity was determined 

by neutral normal allllOOliium acetate method as described by 

Black (1965). 
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3.2 ~oil water Reten£ion and Transmission Charac~eristics 

3.2.1 L!A2rafo~ Determ1nation~ 

3.2.1.1 Retention Characteristi~~:: Undisturbed soil core 

samples, drawn in metal rings (3 cm long and 5 em diameter), 

were collected in triplicate, from a profile exposed in the 

study area, from the different dep1:~hs upto 90 crn with the 

help of a core sampler (Cat. No. 200A, manufactured by ~oil 

Moisture Equipment COrP, ~anta Barbara, Californ.ta, usA) •. The 

samples were wrapped in polyethylene bags and stored in the 

refrigerator for further use. 

Moisture content (6) at different matric suctions (~) 

ranging from 0 to 15000 m bar was determined with the help of 

pressure plate apparatus. Soil samples were saturated for 24 

hours an6 then equilibrated against applied pressure. The 

water content was detennined gravi~etrically and converted into 

volumetric water content by multiplying with bulk density of 

the corresponding depth. Soil mois,ture characteristic curves 

were drawn for different depths by' plotting suction (f> Vs water 

content (e) on a Simple scale. ThE! retention data were fitted to 

the equation of the type (Gardner, 1970) 

•• (3) 

where ~ is the soil water suction (mbar), e is the soil 

water content on volume basis (cm3I cm-3) and a and b are the 

constants. 
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3.2.1.2 Saturated. Hydraulic Conductiviqz The undisturbed soil 

cores having soil column thickness of 3 em and diameter of 8 em 

were collected in triplicate from each 15 em depth increment 

upto 90 cm depth. 1l1e cores were wrapped in polyetheylene 

envelopes, properly packed and transported to the laborator;y. 

Saturated hydraulic conductivity (Ks) was determined 

. by con.stant head method. Ks was calculate d by Darcy's equation 

(Richard, 1954) as, 

•••• 

where, Ks ~ Saturated hydlaulic condUctivity (cm d-1) 

Q • Steady state v'olume of outflow from the 

entire soil sample (cm3) 

A • Cross sectiona.l area of soil (cm2
) 

t .. Time (d) 

H • Hydraulic head (cm) 

Z a Depth of soil in the column (em) 

dH 1 Tz • Hydraulic gradient (em e~ - ) 

3.2.2 tield Determinations 

3.2.2.1 Drainage CharaeteristiesJ: Changes in soil water' 

content 'w' with ti.ne 't' at diffE!rent depths for the 

internally draining profile were :f:itted to the relation of 

the type (Richards ~ !l., 1956): 

•••• (5) 
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The data were plotted on a log-log scale and the 

. constants a and n evaluated for different depths. 

3.2.2.2 Hydraulic ConductivitX' The hydraulic conductivity 

of different depths of the soil profile of the experimental 

si te was determined by the method as described by Hillel ~ !!. 

(1972). The data of the internal drainage of profile was 

analysed as under. 

The general equation de:scribing flow of water in 

a vertical soil profile is 

. (K (9) g~ -) ., ... (6) 

where, 0 is the volumetric wetness, t the time, 

Z the vertical depth taken positive downward,.K is the 
. . . 

hydraulic conductivity which is a function of soil wetness 

and H is hydraulic head • 

. Integrating EJq. (6), we oat 

z 

f ole dZ K JH 
C)t :I (--)z 

clZ • • • • (7) 

0 

de z K 
JH 

~t • (--n-)z • ,"" • 6) 
(8) 

where Z is the soil depth to which the measurements 

are applied. If the soil surface is covered to prevent 

evaporation and only internal drainage is allowed, the total 

water content change per unit time is given by 
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• K ·(t) z • Q[ .•• If. (9) 

where, W is the total wate!r content of the profile 

upto depth Z i. e. 

z 
w • J • ••• (10) 

iinally, eq. (9) gives 

K- q/dH/dZ •••• (11) 

The data obtained for hydriiiulic conductivity (1<) Va 

moisture content (8) were fitted tC) the ~uation o:f the type 

K ba (12) • a • • ••• 

where a and b are the empir:1cal constants. 

;3.3 treatment petails 

The experiments were condUcted for two years during 

l£!2i 1939-90 and 1990-91 with wheat~ (Ir1~ieum al&~iXHm Linn. 

4emend. Fiori and Paol.)' a& a test c:rop. f\heat (VL 421) was 

lseeded on 6th November :u.uring both the years of study. One 

~)resown irrigation during both the years was given before 

field preparation. lhe sowing was cione in rows 20 em apart in 

5 x 2 m 91ot&. The details of the t.reatments are as follow8: 

31. 3.1 1j~twlD 

Three levels of N, viz., 4u', dO and 120 kg ha-l 

designated as N40' Nao and N120, respectively were applied 
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~ I 
-t:.hrough urea (46% N). Fifty per cent of N was applied at sowing 

4ind the rest in two equal SPlitS,! at maxinum tillering and 

:flowering stages. PhosphoIUS and pc)tash were applied as basal 

doses with 60 kg ha -1 of P as singl.e supexphosphate and 30 kg ha-l 

K as muriate of potash, respectiJel.Y. . 

3.3.2 ~illage 

Two tillage methods, viz., conventional tillage (Tl ) 

upto 15 cm depth and deep ploughiJngr ('1'2) upto 30 cm depth with 

t;urn1ng of soil were followed. 
I 

31.3.3 ~ater Stocks 

Three· variable water stoclks (W
l

, W2 and rJ3) around 

maximum tillering stage of wheat ~rop. depending upon the 

initial water content were imposer. 'Ihis was accomplished by 

a.pplying different depths of watelr at this stage depending 

upon the antecedent water stocks In 0 to 90 cm profile depth. 

Before and after this stage, the krloP was grown under rainfed 

conditions. l 
The treatments were impos - in Split Plot DeSign having 

combinations of nitrogen levels abd tillage methods in main I 

. I 
plots and three variable water st~cJ(S in sub plot~;. The 

012 
t.reatments were replicated three times in 10 m plots making 

a total of 54 plots (2x3x3x3) .Thl scheme of treatments is 

I summarised in Table 1. 
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Table 11 Scheme of treatments 

Main Plot, Combinations of three .Levels of nitrogen (N) and 

two tillage (T) methods 

Nitrogen (N) levels 

. -1 N40 40 kg N ha 

Nao ao kg N ha-l 

N
120 

. 120 kg N ha-l 

Tillage (T) methods 

Tl COnventional tillage (manual digging with spade 

upto 15 cm depth) 

T2 Deep ploughing (.narlual digging with s9ade upto 

30 cm depth and turning of soil) 

~Q..Plot' Three variable water (W) s't~ocks viz., Wl , W2 and W3 

through application of variable a~ullts of water depending upon 

thl~ initial water stocks in 0 to 90 c:m profile at maxi,num 

til.l ering • 

Replications 

Plot size 

Total number 
of plots 

3 

5 x 2 m 

54 
______________ 0 ________ • __ 

water stocks were made variable 75 DAS .cMring both the 

year's of study and various plant-water stress indices were 

evaluated during crown root initiation (35 DAS), maximum 

tillering (77 DAS), and flowering (150 DAS) stages. 
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3.4 ~il studies During the Crop Growth 

3.4.1 Soil water Content 

The chaD;;les in soil water e::ontent dUring crop growth 

at increments of 15 em upto 90 em depth were monitored with 

'the help of Neutron noi.ture meter at weekly intervals and on 

the day followed by rain during thee whole crop growth period. 

Al- access tubes were installed only in one of the replications. 

~rhe water content for 0-15 em and 15-30 em depth. were 

determined gravL~etrically. 

3.4.2 Soil Water Potential 

. 
Mercury manometer tensiomet.ers at different depths 

(15, 30, 45, 60, 75 and 90 em) wert!t installed in one of the 

replications (having Al- access tubes) to monitor the changes 

in hydraulic gradients at differen1: depths and time during the 

crop growth. 

3. S Evaluation of Crge. w~t~r StrefL§ 

The different parameters oj: water stress viz., relative 

leaf water content (RLWC), xylem water potential (XWP), leaf 

diffusion resistance (LDR) and strEass degree days (SDD) were 

evaluated at important growth stagE!S, i. e. crown root in! tiation, 

maximum tilleringand flowering,as follows; 

:J.5.1 Relatiye Leaf Water 90ntent 

Relative leaf water content: (RLWC) of fully exposed 

leaf (second from the top) of rrothE!r shoot was com.,;>uted from 
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the fresh weight, turgid weight and oven dry 'IN'eight, at 

maximum ti11ering the flowering stages according to the , 

method given by Weather1ey (1950) I 

RLWC • 
Fresh weight - Oven dry weight 1 
Fully turgId weight _ O,ren dry weIght x 00 

••• '(13) 

3.5.2 Xylem Water Potential 

Xylem water potential (XWP) was recorded using a 

portable pressure ~hamber apparsltus (Waring and Cleary, 1967). 

Observations were taken during mid-day (1200-1400 h) under 

full sunlight and diurnal changE!s were recorded from 0800 to 

1700 h. At crown root ini tiatioln whole plant was taken for 

measurement after cutting from the ground level. At other 

growth stages fully exposed leaf:, second from the top, was 

selected_ Three leaves per trealtment were sampled at each 

time of the day. 

3.5.3 Leaf Diffusion Resist,ance; 

An automatic porometer MK-3 (De1ta-T Devices Ltd.,. 

Burwell, Cambridge, England) was used on the intact leaves 

to measure the leaf diffusion resistance (LDR). The' 

porometer was calibrated for different temperatures and 

relative .humidity ranges ~ Observations were ta]<:en at maximum 

ti1lering and flowering stages of wheat growth dur.ing mid-day 

(1200 to 1400 h) under full sunl,ight on the fully exposed 
second leaf from the top of the roother shoot. 
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3.5.4 gz:es s De9~e Days , 

Stress degree days (SDD) I were recorded from maxinllm 

tillering to dough stage of whea!t growth with the help of 

Telatemp Infra-Red-Thermometer (iIR TheIl'OC)meter). The 
, 

measurements were made during ~d-·day (121.)0 to 1400 h). Ihe 
i , 0 

IR thennometer waa directed over; tlle crop canopy at 30 angle 

and six observations were taken :in each treatment. Stress 
I 

degree days were calculated as deficribed by Jack::;on .~ lie (1971) 
I 
I 

SDD 'l'c 'l'a 
, 

• - i 
•• :Jl • 

(oC) where, SDD :I: Stress degfe4! days 

(14) 

• Crop canopy 1:emperature (oC) 

I 
• Air temperature C<>C) 

I 

CSDD - ~ SDD • • • • (15) 
1 .. 1 

I 
where, CSDD ::II CUllUlativ~6tress degree days (oe) 

• ! 

n • Number of, observations 

3.6 Bo,gt Studies 
I 

Root growth parameters, I viz., root mass dl~nsity (RMD), 

root volume and root length density (RLD) were determined at 

imporeant growth stages, i.e. crown root initiation# maxinum 
, I 

tillering, flowering and at ha~est of wheat crop during the 

years 1939-90 and 1990-91. Meta'lli.c cores (10.3 em internal 

diameter and 13. 4cm height) wJrE! excavated from previously 
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randomly selected rows, selected for biomaas production. The 

cores were kept in water, overnight, and then roots were made 

free from soil by waShing with fi.ne jet of water. The root. 

were collected on fine sieves £0.17 final washing with. m1cJt,jet 

taP. 

Ro.ot length was measured in a glass bottomed shallow 

dish 0 f 40 x 20 em dimenSions. Graph paper ruled in RIm was 

placed below the dish. The wet X'oots were cut from the root 

shoot joint and spread randomly into the dish containing some 

water with the help of forceps atnd needle so that they did not 

overlap. The long brailched~otf~ were cut'into smaller pieces. 

The counts for intersections of roots (N) with vertical and 

horizontC\l lines of 1 em grid f.rom the graph paper were 

recorded. Care was taken to avoid more than 400 counts at one 

instance (Kopke, 1979). Root length was computed using the 

modified version of Newman (1966) formula as proposed by HarM 

(1971) and Tennant (1975) as, 

. Root length CR.) 11. ' • Ii X number of intersections (N) X grid unit 

••• . (16) 

Total root length was divided by the volume of the core to 

cc:mpute root length density. 

The volume of roots was determined by d!splaceruent. 
, 

method and divided by the voll.iLme of ~e c:x:>re to compute the roo' 

volume per unit volume of soiJ~. Roots were then transferred to 
, 

filter paper and pl."essed gently in its folds to remove imbibed 

water. The roots were then dried in an oven at 60°c to a constal 
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lIIreight and finally the dried w~ight; was taken. The dry weight 

"ras divided with the volume of the core to (X)mpute the root 

'areigh t dens! ty • 

oata on soil _tar content and potential were first 

-1 flnalysed to estimate soil wt~r flU:K (Vz , em d ) using 

Dazey's law, as. 

v • -K (2!L) 
z z az z , .... (17) 

where, K 16 the hydrau11c: cI')nduc:t1v1t.y (em d-l ) a.nd 

H is the hydraulic: head, 'being the ISum of suction head (b) 

cUld the gravitational head (Z), Z b.I1D9 the depth to which the 

measurements apply. 

; The rate and pattem of watf;r uptake by roots at a 

g:Lven depth were o})tain~d from the J:ate of dlange of soil 

weLter c:ontent ( :: ) and flux dive~Jence ( d~) at the depth 

(C)g& ta & ~., 1960) ae under. 

de dV, 
- dt· dZ + rz •••• (18) 

or 

- •••• (19) 

where, Vz is positive downward and r z (emJ of water 

cm-3 of soil 4-1 or d-1) is the water uptake by roots at depth 

Z .• Since r z is the sink ~erm, hence a negative quantity. To 
-1 ' obt.ain Rz (em d ), which 16 the sum total of water extraction 
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by roots and evaporation, r z is integrated over a given depth 

interval in the root zone, i.e. 

R • z ! rdZ z • ••• (20) 

To apply eqs. (19) and (20), selected time interval 

representing active grOwth period 'of crop was choosen. Changes 

in water content (~) for selected time interval were 

determined. Then using K Va' e relations established in situ, 

values of K were found out for each value of e. Using eq. (17) 

the flux V
z 

was calculated and then values from successive 

profiles were averaged to obtain V values. 'I'hes e were then z 

differentiated with respect to depth to obtain flux divergence 
dV 
(~). Values of r z were then calculated using eq (19). Rz ' 

which is the sum of water extractJon by root'S and evaporation, 

was obtained by numerically integi:.-at"ing I r I values over the z 
root zone. 

3. a Profil;e wa~e; Depl!;tiop 

The profile water depletion (6Sz > was calculated by 

taking'the difference of water stc)cks during two ti ne intervals 

Ctl -140 day, t 2-170 day) and was c::alculated with the help of 

equation given below: 

65 • z 

z 
J o 

~ dZdt 
dt. 

(21) 

where, 6.5z ' profile water depletion (cm) for 0 to 90 cm 

"depth, t, time (d), Z, depth (cm) and~, volumetric wetness 

(cm1cm-3) • 
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NUmber of tillers in ane metre row length of randomly 
I 

selected rows were counted. The lf~af area of leaves of five 

tillers waa 'recorded on Area Measurement System-MK-2 (Delta - T 

Devices Ltd. Burwell, cambridge, J::ngland). This value when 

multiplied by the number of tillers in one metre row length 

gave the leaf area per metre row length. For convenience of 

presentation and interpretation, these values were then 

converted to total leaf area per plot (s'q. metre). Leaf area 

index (LAI) was calculated by thE~ fonnula given by Redford 

(1967) as followsl 

LA! • 
Leaf 'area 
Ground Area • ••• (22) 

1he dr,y matter accumulation was recorded at three 

important growth stages, viz .. c:rown root initiation, maximum 

tillerlng and flowering. The plamts were clipped, closest 

possible to ground level, in 50 cm row length from randomly 

selected rows. '!he plant samplels were then oven dried at 60°C 

to a constant weight. The values obtained were converted into 

,·2 
dry weight and eKpressed as g m • 

3.11 crop Yi§ld 

The wheat crop was harvested at maturity on May 14 and 

8 in the years 1990 and 1991, respectively. The grain and straw 

yields were recorded and expre~)sed on per hectare basis. 
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3 tl 12 Ni trogen C2.ntent and Upt.kl : 

Nitrogen coneentration was determined at crown root 
I 

I 

illi tiation. maxi;num tillering, fl~wE~rin9 and at harvest by 
I 

the method outlined by Jackson (19731). Nitrogen uptake was 
i 

calculated by nultiplying the N cqnt~ent with dry matter yield. 

3., 13 Met~w19g~cal parameters 

The data for rainfall. terdpe,rature and open pan 

elraporation were procured from the observatory of the 

Department of Agronomy, HPKV, palampur, located at about 

200 m from the experi.llental si tee 

The data were analysed using standard statistical 
: ' 

te~chniques described by Cochran anp COx (1963). 



EXPERIMENTAL RI~SULTS 



EXP ERIMENTAL RESULTS 

The experimental results aJre presented under the 

f:ollowinq broad headings: 

4.1 Soil ehysical and physico-cher~~~l properties 

4.2 ~il ,studies during crop g~~ 

These include changes in s(::>il water content6 hydraulic 

gradients and hydraulic flux (at d2. 5 em) during a typical 

drying period under different treatments. 

4.3 water withdrawal pattern 

This includes the water uptake by the roots, total 

water extraction rate and per cent contribution of water by 

different profile depths. 

4.4 Comparison of profile water ~eeletion and total ~ 
water uptalt!. 

4.5 Root studies 

These include the root mass density, root volume and 

root length density at different growth stages and at harvest. 

4.6 ~aluation of crop water s~~ 

Thi s includes the determination of relatl've leaf water 

content, xylem water potential, leaf diffusion r€;sistance and 

stress degree days. 

4.7 So;!~plant-water rel~tion5 

These include the relationships between d.:lfferent water 

production functions such as relative leaf water content, xylem 

water potential and leaf diffusion resistance with soil moi~ture 

storage, soil water potential. 
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4.8 Plant growth stud!es 

These include the leaf area index, dry matter production, 

grain and straw yield, nitrogen content in plant and its uptake 

at different growth stages and at crop harvest in grain and 

straw. ' 

4.1 Soil Physical and Physico-Chemical P rogerties 

4.1.1 Particle bize Distribution, Aggregate Anal~sis and 
Bulk Density 

The particle size distribu,tion, textural class, bulk 

density, mean weight diameter u"fWD) of aggregates, and water 

retention at 100, 330 and 15uOO mbar are given in Table 2. The 

data reveal that the clay content is maximum (32.~~) in 

J 0-4 5 cm and mtnimum (28. a"") in 60-75 em layer. The clay 

content in the surface (0-15 cm) layer is less than the other 

profile layer •• AlSO the surface layer (0-15 em) Showed the 

maximum percentage of ,silt '49.6~) which gradually decreased 

wi th depth upto 90 cm.' The total clffiount of sand (coarse plus 

fine) is minimum (2U.6%) in v-15 c:m depth, w;dch increased 

with depth and became, maximum (37.310) in 75-9\.1 em depth. The 

textural class of the different pl~file layers is silty clay 

loam. 

The aean weight diameter Itl\iWD) of aggregates 

(Tabl e 2) did not. Show any consist.ent trend wi th depth and 

its valUes for different profile depth increments of v-15, 

15-30, 30-45, 45-6\.1, 60-75 and 75·-90 cm were 2.43", 1.<:32,2.40, 



'rable 2 I Some basic soil pxoperties of the experimental site 

Depth (em) Mes;han!cal separates (%) Textural 
Clay Silt Sand class 

o - IS 29.4 49.6 20.6 silty 
clay loam 

15 - 30 32.2 41.8 25.3 Silty 
clay loam 

30 - 45 32.9 40.2 25.4 Silty 
clay loam 

45 - 60 29.5 33.5 31.5 Silty 
clay loam 

60 - 75 28.8 37.2 33.6 Silty 
clay loam 

75 - 90 31.5 30.8 37.3 Silty 
clay loam 

-3 Bulk _densitl ~g m ~ 
~ Conventional tillage(Tl) 

0-15 em 

15-30 em 

(i~.) 'Jeep ploughing ('r
2

) 
0-15 em 

15-30 em 

BUlk 
density 
(Mg m-3 ) 

1. 1Oj:0. 02 

1.17±0.01 

1.24±O.03 

1.2 6:t. 0.02 

1. 3l±0. 01 

1. 36;t.0. 02 

12.8~-9v 

l.10±0.02 

1. 25t,0. 02 

Ie 04±O. 03 

1.14±.0.02 

MWD 
(am) 

2. 43;t,0. 05 

1. 82±O. 09 

2. 46±0. 07 

2.01±O.13 

2.19±0.13 

2.31±0.12 

1990-~1 

1. 0S±,0. 0) 

1.22±0.02 

O. 99±O. 05 

1.09±O.02 

• 
Moisture content 

(% ~ ~olum:) suit! n (m bar> : .: :: 
100 336 15000 

33.0 27.0 17.0 

34.5 29.5 19.5 

37.5 34.5 20.8 

39.0 36.0 26.0 
(J\ 
N 

43.5 38.5 27.5 

45. ° 39.5 28.1 
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2.01, 2.19 and 2.31 men, respectively. Maximum value of 2.4.0 mm 

was obtained for 30-45 em and minimum of 1.32 rom for 15-30 em 

soil layer. 

The bulk density value of different profile depths 

showed an increasing trend with the depth (Table 2). Maximum 

. -3 
bulk density value of l l.36 1'19 m was obtained for 75-90 cm 

-3 profile layer and miniInum of 1.10 :-.1.g m for surface layer 'of 

u-15 em. 

After the imposition of tillage treatments, the bulk 

density under deep ploughing and turning of soil lowered down 

both in surface (0-15 cm) and subsurface (15-30 cm) depths 

compared to the treaonent of conventional tillage (Table 2). 

Soil moisture characteristic curves for undisturbed 

soil samples are depicted in Fig.l whereas the water retention 

at some selected suction values a,re given in Table 2. 'Ihe 
I 

volumetric water content (6) at a,ll depths decreased with 

increase in 5Uction(~. The value~s of .~t at 100, 330 and 

15000 mbar for 0-15 em depth are 33.0, 27.0 and 17.0 per cent, 

respectively, whereas, the respective values for 75-90 cm 

depth at these suctions were 45.0, 39.5 and 28.7 per cent. The 

water retention increased with dE~pth at all suction values 

(Fig. 1) • There was an abrupt decrease in water content with an 
r J 

increase in ~ upto a value of lOc) mbar and beyond this value 
I ) 

the decrease in water content wi 1:h increase in 'i" became 

gradual. The resulting empirical relationships from the data 
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are shown in Table 3. 'lhe constan1: 'b' which iiS indicative of 

change of suction with water contf:!nt showed an increasing trend 

with depth upto· 75 em, beyond which its value decreased. 

4.1.2 Qrainage Characteris~~ 

The drainage characterist:Lcs of the St1~dy area are 
\. 

prebented in Fig.2. '!he data showf3d that amount of water 

drained down the profile increased. with depth ,and the rate of 

drainage decr~ased with depth. The rebulting enpirical 

relationships fro.n the data are shown in Table 3. The con~tant 

• n' which is indicative of the aVl3rage rate of decrease of 

water content with time was the lc)west for 0-90 cm profile 

layer (0.03) and maximum for u-15 cm layer (0.09). 

4.1.3 Hydraul!£ ConductivitI 

4.1.3.1 ,§a1rurated Hydr~c Conductivity: The saturated 

hydraulic conductivity (Ks) value:s determined 1n the laboratory 

for different profile depths at 15 em depth interval upto 90 em 

depth are presented in Table 3. llle depthwise di::;,tribution of 

• Ks' showed a decreasing trend. Upto 45 cm dep·t:Jl there was an 

abrupt decrease and below this tl'H~ decrease is gradUal. 

4.1.3. 2 ~turated Hydraulic Conduc1:.!~1 The unsaturated 

hydraulic conduct,ivi ty • K (9)' valuef> obtained 1n situ for ._-
different layers are presented in Fig.3. The ']((6)' values for 

0-15, 15-30 and 30-45 em depths w€!re comparablf3 and are grouped 

in one empirical relationship (Table 3). Similc1rly, the values 



Table 3: Some important s011 water functional relationships 

Depth (em) 

o - 15 

15 - 30 

30 - 45 

45 - 60 

- 60 - 75 

75 - 90 

'fJ- a gb 

4xlO-2 &-7.11 

3xlO-2 9-7 •88 

4X10-2 9-8 •24 

6.9x10-3 9-10 •75 

9.6x10-3 a-11 •33 

2X10-2 9-10 • 85 

n W ::10 at 

7.24 t-o·09 

(0-15 em) 

14.13 t-o .06 
(0-30 em) 

21.88 i-O •OS 

(O-4S cm) 

28.84 t -0.05 
(0-60 om) 

36.31 t-o .04 
(0-75 ern) 

43.65 t-O .03 
(0-90 em) 

K 
.8 

26.22 

23.07 

17.41 

13.82 

12.10 

10.37 

t.,here \~.~ . , Matric :suction (mbar): &, Volumetric water 
W; Soil water storage (em), K, Unsaturated 
(em d-1 ) 1 t,tima en); a and n, constants; 

conductivi ty (em c:!-1) 

K :a aehe 

o .0015e10 .63& 

o .0015e10 .639 

o .0015e10 .639 

0 .• 0003e14.899 l 
I 
t 

0.0003e14.899 

o .0003e14 .899 

3 -3 content {em em }; 

0-45 em 

45-90 em 

hy~rau1ic conductivity 
Ks' saturated hydraulic 

0\ 
UI 
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for 45-60, 60-75 and 75-90 cm depths w~re also comparable and 
I 

grouped in one empirical relatione,hip. The magnitude of 

difference between the two layers, i.e. 0-45 em and 4?-9U em 

was increasing wi th an increase in water content. At 39 

per cent volumetric wetness the values of 'K(e) 1 were equal 

for the two layers and above this wetness, the value.s of 'K(6) , 

were more for 45-90 em as compared to 0-45 em depth .. 

The functional dependence of '1(' upon !Q' was worked 

out for the entire water content rclnge for all depths and 

resul ting empirical relationships eire depicted in Table 3. The 

slope lb l of the equation is an i~licative of the change of 

hydra·ulic conductivity 'K' with water content la
l

• The values 

of constant showed an increasing tI~end with depth and its values 

for 0-45 and 4S-9U cm depths were 1.v.63 and 14.69, respectively. 

4.1.4 Soil Physi99-chemi~~l properties 

SOil che.ilical and phy::.ico-chemical proper.:ies of the 

study area for u-15 cm depth are shown in Table 4,." :rhe soil of 

the experinental site is acidic in reaction, medium in per cent 

organic carbon, available, N, P and K. 

Table 4. ~me chemical and physico-chemical properties of the 
study area (0-15 em depth) 

-------------------------------------------------------------
pH 

o.c • . 
CEC 

Available N 

Available P 

Availabl~ K 

5.5 

0.94% 

14.0 ernol (Pi') kg-l 

2'52 kg ha-l 

17 kg ha-l 

216 kg ha-l 

-----------------------,------------ ,-----------------------
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4.2 ~i1 Stuqies Dqrina crop Growth 

4.2.1 Chan~es in SOil water Conteqt 

The changes in 60il water content on some selected days 

during a typical dIying period (March 25 to A9ril 24) from 140 

to 170 days after sowing (DAS) in the first year of the study 

under different main plot treatment combinations are depicted 

in Fig.4 (a, b, c, d, 6, f). this dry period corresponds with 

flowering and dough growth stages of wheat for which various 

stress indices and water uptake are also calculated. The figures 

show that the water content in the surface 0-15 em layer under 

all the treatments was less than the water content in the l'ower 

layers. As the dry period advanced, surface (0-15 on) layer 

lost water rapidly to the atmosphere in comparison to the 

subsurface layers. The decrease in water content fr.om 0-15 em 
:~ 

layer was maximum (31.1.5 to 13. J%). under the treatment combinatlon 

of N120T2 and was equal to the uecrease unaer N120Tl (37.5 to 

2 0.0".4). 'Xhe dectrease in water content from this layer in the 

treatments of N40Tl , NaoTl , N40T2 and NaOT2 was JO.3 to 17.31 

35.3 to la.8, 34.0 to 23.3 and 33.5 to 16.3 per cent, 

respectively, which turned out to. be 1.95, 2.48, 1.61 and 

2.5d cm, respectively, as compared to 2.63 em under both the 

In 15-30 cm layer the water content under all the 

treatments de~_sed as the dry period ;;>rogresseo., but the 
I ' .. ;.-..... 

maximum deCL"eaSe from 3d.-S to 25.3 per eent (1.93 em) was 
\ 
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()bserved in the treatment of ~20T2' followed by the treatment 

of NaOT2' being 4u.0 to 28.3 per cent <1.76 cm). Corresponding 

(:hang-es in this layer (15-30 em) und~r the treatments of 

N40Tl , NaoTl' N12uTl and N40T2 were 39.0 to 32.5, 42.5 to 

33.8, 41.3 to 30.0 and 36.8 to 28.3 per cent which are equal 

to 0.98, 1.31, 1.79 and 1.28 cm, respectively. 

Soil water content in 3u-45 cm layer decreased under 

all the treatments as the dry period progressed. Max imum 

decrease (45.0 to 35.3'''') from this layer occurred in the 

treatment of ~20Tl whiCh was equal to the change under N120T2 

(45.0 to 35.~"'). The corresponding decreases for this layer 

under the treatments of N40Tl , NeoTl' N40T2 and NSOT2 were 

43.5 to 38.3, 43.8 to 35 .• a, 39. a to 36.0 and 43.0 to 34.3 

pa~ cent, which are equal to 0.78, 1.20, 0.45 and 1.31 cm, 

re:spectively, as compared to 1. 3~ em under the treatments of 

For 45-60 em layer the maximum decrease in water content 

was in N120T2 (from 45.8 to 34.8 per cent) followed by the 

treatments of HaoT2 (42.8. to 35.0%), N120Tl (43.5 to 37.0>"), 

NeoTl (44.3 to 38.0%), N40T2 (44.3 to 39.3%) and N4C!T1 (43 to 

38.:3%) which are equal to 1.65, 1.17, 0.93, 0.95, 0 .. 75 and 

0.71 cm, respectively. Ihere were· slight changes in INCiter 

content for 60-75 and 75-9 U em, depths under eli fferent 

trea.tments. 

Comparison of changes in water content for different 

treatments unuer different, depths revealed that the rr<ax i:num 
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eecrease under N40T1 , NaoT1 , N40T2 and NaoT2 occurred in 

0-15 cm and 15-30 ern depths, however, in Case of N120T1 and 

N120T2 the maximum decrease was upto 30-45 .cm depth. Total 

soil water content in the profile upto 90 em depth on the first 

day (140 DAS) of the ~rying period was highest in N120T1 

(43.e%) followed by NeOT1 (42.5%) and the lowest !nN40T1 

(40.2%) and on the last day (170 DAS) of drying period the 

highest water content was in N40T2 (40.lYo) followed by the 

treatment of N120T1 (33.9%) and the lowest in N120T2 (30.0%). 

4.2.2 Changes in HX,draulic Gradients 

The changes in hydraulic gradients with time during a 

typical nrying perioe from 140 to 170 DAB during the first year 

of study under different main plot treatment combinations are 

shown in Fig.5 (a, b, c, d, ., f). The figures show that in 

general, the hyaraulic gradients for 15-30 cm depth remained 

upward for most of the time under N
ao

T1 , N120T1 , NaOT2 and 

N120T2 whereas in cas~ of N40T1 , and N40T2 these were downward or 

near the zero line of gradients upto day 150 and thereafter 

became upward as the dry period advanCed. The upward increase 

in hydraulic gradients for 15-30 em depth was more in N120T2 

( -1 -1 -14cm cm ) followed by N120T 1 (-12 em em ) whereas for other 

treatments these were comparable. 

For 30-45 cm d~th, the value of hydraulic gradients 

changed. from 0.0, +0.6, ... 1.3, +0.4, -l.a and -0.4 em em-1 

(on day 140) to -4.0, -4.8, -4.0, -7.4, -7.0 an<i -4.0 em em-1 
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(on day 170) under the:treatments of N40Tl , N40T~, NSOT1' 

NaoT2 , N120Tl and N120T2 , respectively. 

For 45-6u cm depth the max imum change in hydraulic 

gradients was under N120T2 (0 to -7.0 em cm-l ) followed by 

NSOT2 (0.2 to-4. S cm c;:m -1) and N40T2 (O to -3.0 em em -1) • 

-1 Under N40Tl the gradients remained downward (u to +3.6 cm em ), 

whereas, in other treatments the gradients varied from 1.0 to 
·f 

-1 . 
-4.4 em em • Similarly, for 6J-75 c1Jl depth the maxi-num increase 

was under N120Tl (2.0 to -9.6 em cm-l ) and minimum in N40T2 I 

(l.O to-O. a em cm-l ) and under other treatmentQ the gradients 

/. -1 
changed between 1.4 and -5.6 em em • 

The challges in' hydraulic gradients for 7 5-9 0 em depth 
• 

were almost negligible 'under all the treatments. 

A critical analysis of FigoS (a, b, c, d, e, f) shows 

that changes in hydraulic gradients were more in surface 

{1S-30 cm) layer under all the treatments in comparison to 

subsurface layers. The hydraul,ic gradients remaint:;d upward for 

most of the time under.various treatments in surface depths. 

The changes in other depths were more under the treatments of, 

4.2.3 91C!nqes in Hydraqlic .Fl~ 

The changes in hydraulic flux at 82.5 em depth under 

different main plot treatment combinations for a {irying period 

from 140 to 170 DAS are: depicted in Fig.6. The fl\'lX on day 140 

under different treatments was downward, being max:imum under 

-1 . ' 1 
N40T2 (0.30 cm d ) and minimum under N120Tl (0.1 em d- ). 
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There were no differences in the value of flux under the 

treatments of N40Tl , NaoTl and N30l'2 on 140th day and it 

remained around 0.56 cm d-l • 'D1.e flux remained downward upto 

160, 164 and 165 days under NaoT2, NaoTl and N40Tl , 

respectivelYI upto 150 days under N120Tl and N40T2, for a very 

small period under ~20T2. The flux under N40Tl , NaoTl and 

NaOT2 treatments decreased slowly with time and became upward 

after 165, 164 and 160 days, respectively, whereas under' 

N120Tl , N40T2 and N120T2 on days 15u, 150 and 145, respectively. 

At the end of dIying periodl i. e. on day 170, thE' flux became 

upward under all the treatments and the max irnum value was 

-1 observed under N40Tl (0.42 em d ) whereas under other treatments 

its value changed between 0.13 to 0.26 em d-l • 

4.3 water W!thdraw~l Pattern 

4.3.1 .k!ate.[ Uotake by. Roo~ 

The water uptake by wheat roots under different main 

plot treatment combinations for a typical dIying period, i.e. 

from 140 to 170 DAS for the first year of study is Shown in 

Fig.7 (a, b, c, d, e, f). 'Ihe water uptake • r I (including z 

evaporation) from ~-15 em layer was maximum under N120l'2' 

-1 ( (\' -1, being 0.0062 d followed by NaOT2 rz:zv.OuSd d i and minimum 

under N40Tl <rz=o. 0040'd-l ). whereas, for 15-30 CIT! layer the, 

maximum and minimum values of • r z ' were observed under Naol'2 

and N40Tl , being 0.00a7 and 0.0038 d-l , respectively. l'he 

respective valUes for 30-45 cm layer were noted under N120Tl 
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(rz=O.0074 d-l ) and N40Tl (rz.0.0012 d-l ). The treatments of 

N40Tl and N40T2 did not show any root· water uptake below 45 cm 

depth whereas under NeoTl (rz=-0.0015 d-l ) and NaOT2 (rz:lO. 0022 d-
l
) 

it was observed upto 6u cm depth. Likewise, the treatments of 

N120Tl and N120T2 extracted water from lower layer of 75-90 cm 

as well, the values being 0.0012 and 0.0017 d-l , respectively. 

4.3.2 Total water Extraction Rate 

The 'R I which includes the total water uptake plus z 
surface evaporation (Fig.7 a, b, c, d, e, f) was maximum under 

( . -1) the treatment of N120T2 U.392 cm d followed by the 

-1 -1 treatment.sof N120Tl (~.344 em d ), NSOT2 (0.234 cm d ), 

NeoTl (0.245 ~ d-l ), N40T2 (0.156 cm d-l ) and minirnum under 

the treatment of N40Tl' (0.135 cm d-l ). 

4.3.3 l!er cent Contribut~oll of )~ater by DiffereI}t PrQ:;ile . 
Deeths 

The per cent contribution to the total water uptake of 

water by different profile depths under different main plot 

treatment combinations; N levelS and tillage methods is shown 

in Table 5. An examination of the data revealed t.hat the 

treatments of N40Tl and N40T2 extractea maximum (44.4 and 44.2%) 

and equal percentage of water from 0-15 cm depth. The treatments 

of NaoTl' NaOT2' N120Tl and N120T2 extracted 33.1, 30.6, 24.9 

and 23.7 per cent water, respectively. From 15-3u em depth, the 

treatment of NaoT2 extracted the highest percentage (46.~~) of 

water and the treatment N120Tl the lowest (24.4%)$ From 30-45 cm 



Table 5, The percent of the total water depletion from different profile depths under 
various treatments I nitrogen levels and tillage methods 

Treatments D!J2ths ~cm} ---
IS 30 45 60 75 90 

N40Tl . 44.4 42 .. 2 13.1 

NaoTl 33.1 41.0 16.5 9.2 

N120T1 24.9 24.4 32.3 7.0 6.1 5.2 

N40T2 44.2 41.3 14.4 

NaOT2 30.6 46.0 11.6 11.6 

N120T2 23.7 27.1 24.9 9.6 8.0 6.5 

Ni trogen levels (N) -l 
w 

N40 43.3 41.a 13.8 

N80 31.9 43.5 14.1 10.4 

N120 24.3 25.a 28.7 8.3 7.1 5.9 

Tillage methods (T) 

T1 34.1 3S .9 20.6 5.4 2.0 1.7 

T2 32.8 '38.1 17.0 7.1 2.7 2.2 
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depth the treatments of N40'l'1 (13.1%) and N40T2 (14.4%) 

extracted very less percentage of water compared to N120Tl 

(32.3") and. N120T2 (2 4.9%) treatments. There was no:> water 

extraction below 45 em depth under the treatments of N40'l'1 and 

N40T2 • However# the treatments of NeoT! and Nao'l';!, '~20'l'1 and 

N120T2 extracted 9.2, 11.6, 7.0 and 9.6 per cent ,o:f water, 

respectively from 45-60 cm depth. Like N40Tl and N40T2 , there 
• 

was no water extraction below ~iJ cm depth under the treatments 

of NaoTl and NaoT2 • The treatments of N120Tl and ~20T2 

extracted water upto 90 cm depth, the percentage being 6.1 and 

8.0 for 61.1-75 em layer and 5.2 and 6.5 for 75-90 cm layer, 

respectively. 

The max imum extraction of water (50 to a5%) occurred 

from 0-30 em depth under different treatments, N levels and 

tillage methods (Table 5). The per cent contribution of water 

by different profile depths to total water uptake followed no 

consistent trend upto 30 em layer both under N le'lrels and 

tillage methods. But beyond this layer, the trend was decreasing 

under Nao ' the per cent water extractions were 14.1 and 10.4 

from 30-45 and 45-60 em depths, respectively. Similarly, at 

N120, it was 28.7, 8.3, 7.1 and 5.9 per cent from 3,,)-45, 45-6u, 

60-75 and 75-90 cm depths, respectively. Conventional tillage 

(1'1) extracted 20.6, 5.4, 2.0 and 1.7 per cent water' from 

30-45, 45-60, 60-75 and 75-90 cm, depths, respect:i.vely. '!he 

corresponding per cent extrations under '1'2 were 17.(), 7.1,2.7 

and 2.2. 
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The per day profile water withdrawal and total water 

uptake during a typical d%ying period from 140 to 1.70 DAB 

calculated by the method of Ogata ~!!. (1960) and with the 

help of eq. (21) is presented in ~bles 6a and 6b. l~e profile 

water depletion (6s ) was calculated by taking the difference z 
in profile water stocks from 0 to 90 cm depth during two tine 

intervals (tl -14U day, ~.170 day). lhe ds/dt calculated for 

o to 90 em depth obtained from eq. (21) did not correspond with 

the R (Table 6&), calculated by the method of ogata et al. 
z --

(1960). In ds/dt the flux (V), for each treatrnent was not z 

adjusted. When this was done, the values became quite close:' 

to R • z 

The total water use under various treatments (Table 6b) 
I 

during the drying period obtained from eq. (21), i .. e,. 6s and z 
calculated by the method of Ogata ~!l. (1960), i.e. ax 30 days 

. z 
also did not match. When the fluxes were adjusted in 6s z 
(profile water depletion) then ~ .... CUIlUlative flux at 82.5 cm z-

. depth (dUring 140 to 170 DAS) and the total root water uptake 

(Rz x 30 days) became close to ~ach other. 

The total water use (calculated from R x 30 days) was z 

the highest under the treatment N120'l'2' being '11.16 em and the 

lowest in N40Tl , being 4.05 em (Table 6b). It increased from 

4.37 em to 11.04 em with increase in ,N level from 40 to 120 kg ha-: 



'I'able 6a: Comparison of profile water depletion ( 65z) and total roo t water 
uptake (RzX30 days) 

'J: reatments 

N40Tl 

N80T1 

N120T1 

N40T2 

NaoT2 

N120T2 

/:::'5 ... 
" 

R profile water z depletion (em d-1 ) 
(em) 

0.135 5.55 

0.245 7.28 

0.344 8.89 

0.156 4.83 

0.284 9.00 

0.392 10.54 

~ 

• 01 ('-2 de dzdt 
t.l ""'d£ 

1 

(65z ) 
da Cumulati va flux Flux (Vz ) 
dt at 82 .Scm depth (ern a-I) 

(em d-1 ) during 140 to 
170 DAB 

(em) 

0.19 +1.89 +0.06 

0.24 +1.20 +0.04 

0.30 -0.65 -0.02 

0.16 +0.81 +0.03 

0 .• 30 +0.86 +0.03 

0.35 -0.59 -0.02 

••••• (21) 

Profile water 
wi thdrawal rate 
after adjusting 

fluxes (~: ±V z> 

(em d-1 ) 

0.13 

0.20 

0.32 

0.13 

0.27 

0.37 

where 65z , P.t"ofile water depletion for 0 to 90 em depth; t, time (ti = 140 day. 

t2 = 170 flay); Z, depth (em); R z ' water uptake (em d-1 ) 1 v z. flux (em d-1 ) 

~ 
0'1 



Table 6bl Total water use under various treatments during a typical dxying period 
from 140 to 170 days after sowing 

Treatments 

N40Tl 

NaOTl 

N120Tl 

N40T2 

NaOT2 

N120T2 

water uptake 
during the 
period fro. 
140 to 170 
DAS (R x30) 
(em) Z 

4.05 

7.35 

10.32 

4.68 

3.52 

11.76 

Profile water CUnulative 
depletion from flux at a2.5cm 
o to 90 em depth durinq 
depth (As ) 140 to 170 DAB 

(em) Z (em) 

5.5S +1.89 

7.28 +1.20 

d.a9 -0.65 

4.d3 +0.61 

9.00 +0.66 

10.54 -0.59 

Total \~ter use after 
adjusting the fluxes 
(em) during the dxying 
per1od(140 to 170 DAB) 

(em) 

3.66 R x30 day From 
Z profile 

6.26 degletion 
method 

9. S3 
N40 4.37 3.77 

3.67 
Nao 7.94 7.20 

8.14 N120 11.04 10.33 

11.13 
Tl 7.24 6.4S 

T2 6.32 7.71 

.~ 

~ 
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Siuilarly, under tillage methods the total water use was higher 

under T2 (8.32 em) in comparison to Tl (7.24 em). 

4.5 Root Studies 

The root growth parameters (0-30 em depth) viz., root 

mass density (RMD), root volume and root length density (RLD) 

studied at important growth stages and at harvest of. Wheat crop 

during the years 1989-9v and 1990-91 are presentt:.!d in Tables 7, 

a and 9. 

4. 5.1 Root Mas;; DenS!tI 

The data depicting the influence of different N levels, 

tillage methods and water /Stocks on RM.D in 0-30 em depth at 

different growth stages, viz., crown root initiation, maximum 

tillering, flowering arid at crop harvest are presen.ted in 

Table 7.The root mass density at different depths and growth. 

stages are given in Appendix IV for the years 1989-90 and 

1990-91. An examination of the data (Table 7) rev,:=als that at 

crown root initiation there was no effect of N levels on RMD 

during both the years of study. Nitrogen had signif.l.cant 

influence on RMD at maximum tillering, flowering and at crop 

harvest stages during both the years of study. At maximum 

tillerin:::J stage, RMD significantly increased from 0.10 x 106 to 

6 -3 0.15 x 10 mg m with an increase in N level from 40 to 120 

kg ha-l during the year 1989-90. During the year 1990-91, the 

increase with N level was not Significant, but 120 kg N ha-l 

gave significantly higher (0.17 x 106 mg m-3) RMD over 40 kg 



Table 71 Effect of nitr~gen levels, tillage methods and water stocks on root mas. 
dens! ty (mg m- x 1(6) at different stages and harvest of wheat crop 

1989-90 1990-91 
Treatments stage § 0 f )(h@t.. grg!ftb 

CRI MT FS Ali CRI MT FS AH 

Nitrogen levels (N) 

N40 0.05 0.10 0.15 0.18 0.05 0.13 0.17 0.17 

N80 0.06 0.12 0.20 0.25 0.06 0.15 0.21 0.26 

N120 0.07 0.15 0.24 0.29 0.07 0.17 0.32 0.30 

CD 0.05 NS 0.01 0.04 . 0.43 .NS . 0.03 . 0.08 ~O. 04 

Tillage methods (T) 

Tl 0.06 0.12 0.19 0.22 0.05 0.14 0.20 0.23 

T2 0.06 0.14 0.20 0.25 0.06 0.16 0.26 0.26 

CD 0.05 NS 0.01 NS 0.02 NS NS NS NS 

water stocks (W> 

Wl 
0.13 0.18 0.23 

(35.0) (31.2) (3 O. 7) 

W2 0.13 0.20 0.23 
(36.4) (30.8) (30.1) 

W3 0.12 o ... ,~ 0.26 ."'\.1 
(37.3} (31.1) (31. J) 

CD 0.05 NS NS NS 

CRI .. Crown root initiation, MTamaximurn tillering, FS=aFlowering stage, AH-.~t harvest 

Figures in parentheses are water stocks (em) 

'l 
\0 
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N ha-l (0.13 x 106 mg m-3). At flowering stage RMD J.ncreased 

6 -3 . ( ) O· 6 -3 significantly from 0.15 x 10 mg m N40 to .20 J<: 10 mg m 

(Nao)' but Nao and N120 were at par with each other .. ' During the 
6 -3 second year RMD increased significantly from 0.17 x 10 mg m 

at N40 to 0.32 x 106 mg m-3 at N120• The significant increase 

-1 6 -3) with N level was from 80 kg N ha (0.21 x 10 mg m to N120 

(0.32 x 106 reg m~). At crop harvest RMD increased significantly 

6 ~ 6 ~ from 0.18 x 10 mg m at N40 to 0.29 x 10 mg m at N120 

during 1989-90 and 0.17 x 106 mg m-3 at N40 to 0.26 x 106 mg m-3 

at Nao during the second year, but N80 (0.26 x 10
6 

mg m-
3

) and 

( 6 -3) N120 0.30 x 10 mg m were at par with each othel". 

lhe effect of tillage methods on Rl."1D (Table 7) was not 

significant at crown' root initiation and flowering stages during 

the year 19a9~90 and at all the growth stages during the second 

year of study, but numerically T2 always produced higher RMD 

than Tl treatment at all the growth stages. The RMD under 

tillage methods Significantly increased from 0.12 x 106 (Tl ) to 

0.14 x 106 mg m-3 (T2) and 0.22 x 106 (Tl ) to 0.25 x 106 mg -3 m 

(T2 ) at maximum tillering and at crop harvest, respectively 

during the year 1989-90. 

There was no significant effect of water stocks on RMD 

(Table 7) at any of the gro'~ stages during the year 1989-90. 

DUring the second year of study, these observations ylere not 

recorded. 

In general, it was observed that there was appreciable 

effect of N levels on RMD than the t~llage methods during both 
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the years of study. '!he increase in HMD with time from crown 

root initiation to maxinum tillering was more than two times 

and to flowering stage it was three times of the value at crown 

root initiation both under N levels and tillage methods. The 

increase under N levels from crown root initiation to maxinum 
6 . 6 

tillering during the year 1989-90, being 0.u5 x 10 , 0.06 x 10 

and O.Od x 106 mg m-l and from maximu.n til!ering to flowering 

being 0.03 x lO~, 0.05 x 10° and 0.05 x 106 mg m-3 at N40, Neo 

and N120, respectively. The corresponding increases during these 

6 6 stages for the second year were 0.08 x 10 , 0.09 x 10 and 

0.10 x 106 mg m-3, 0.04 x 106 , 0.06 x 106 and O.l~)·x 106 mg -3 m 

Under tillage methods, Tl and T2 , during the year 1939-90, t?e 

6 6-3 increases Were 0.06 x 10 and 0.08 x 10 mg m from crown root 

• 

ini tiation to maxLnum tillering anti 0.07 x 106 and 0.00 x 100mg m3 

from maxi~um tillering to flowering, respectively. 1~e respective 

increases for the year 1990-91 were 0.09 x 106 and 0.10 x 106mg m-3; 

6 6 -3 . 
0.06 x 10 and 0.10 x 10 mg m • Similarly, the increases in HMD 

under water stocks were 0.05 x 106 , 0.07 x 106 and O. 08 x 106mg m-3 

from maxi~um tillering to flowering at Wl , v~2 and ~v3' respectively. 

4.5.2 Root Volum! 

The effects of various levels of N, tillage methods and 

water stocks on root volume recorded at different g~'wth stages, 

viz., crown root initiation, maxi~m tillering, flowering and at 

harvest during the years 1989-90 and 1990-91 are g.l.v';m in 

Table 8. A perusal of the data reveals that there \,;as significant 



Table 8: Effect of nitrogen levels, tillage methods and water stocks on roo~ 'VOlume 
(m3m-3x 10-3) at different stages and harvest of wheat crop 

1989-9 9 1990-91 
Treatments stages o'l wfieat 9rowth 

CRI MT FS AH CRI MT FS 

Ni trogen levels (N) 

N40 0.48 0.99 1.25 1.40 0.51 0.72 0.95 

N80 0.51 1.12 1.41 1.62 0.52 0.94 1.18 

N
120 0.65 1.26 1.82 2.09 0.72 1.08 1.66 

T CD 0.05 0.04 0.16 0.18 0.22 0.05 0.18 0.50 

Tillage methOds (T) 

Tl 0.52 1.07 1.39 1.61 0.55 0.89 1.22 

T2 0.56 1.18 1.60 1.80 0.62 0.94 1.40 

CD 0.05 NS NS 0.08 0.08 NS NS NS 

Water stocks (W) 

W1 1.08 1.46 1.67 
(35.0) (31.2) {30.7) 

W
2 1.11 1.52 1.70 

(36.4) (30.8) (30.1) 

W3 1.18 1.si 1.7+ 
(37 ~3) (31.1) (31.C) 

CD 0.05 NS NS NS 

CRI :::l Crown· root initiation, MT = Maximum tillering, FS :: Flowering stage, 
AH ::a At harvest 
Figures in parentheses are water stacks (em) 

AH 

0.98 

1.44 

1.70 

0.38 

1.26 

1.48 
(X) 
N 

NS 
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effect of N on root volume at all the growth stages during both 

the years of study. There was increasing trend in root volume at 

each growth stage with increase in N l,,-vels from 40 to 120 

kg ha-1 • Root volume increased significantly from 0.51 x 10-
3

, 

1.41 x 10-3 and 1.62 x 10-3 m3m-3 to 0.65 x 10-3 .. 1.82 x 10-3 

and 2.09 x 10-3 m3m -3 with an increase in N level from 80 to 

120 kg ha-1 at crown root initiation, flowering and at crop 

harvest, respectively, during the year 1989-90. 'rhe level 
-1 . 

120 kg N ha showed ~ignificantly higher root volume over 

N
40 

(0.~8 x 10-3, 0.99 x 10-3 and 1.25 x 10-3 m3m-3) at these 

stages. At harvest 40 kg N ha-l (1.40 x 10-3 m3m-3) and 80 kg 

N ha -1 (1.62 x 10-3 m3m -3) levels were at par wit~h each other. 

At maximum tillering stage ~20 produced Significantly higher 

( -3 3 -3 -3 3-3 root volume 1.26 x 10 m m ) over N40 (0.99 x 10 m m), 

but the increase with N levels was not Significant. During the 

-3 3 -3 second year of study, root volume increased from 0.51 x 10 m m 

-3 3-3 at N40 to 0.72 x 10 m m at N120 at crown root ini t1ation. 

But the significant increase with N levEi...s was from 0.52 x 10-3 

3 -3 ( ) -3 3 -3 . m m Nsoto 0.72 x 10 m m (N120). At maximum tillering 

and at crop harvest root volume increased Significantly frOm 

0.72 x 10-3 and 0.9<3 x 10-3 m3m -3 to 0.94 x 10-3 and 1.44 x 10-3 

. m3m -3, respectively with increase in N from 40 to 80 kg ha -1. 

It further increased to 1.Od x 10-3 and 1.70 x 10-3 m3m-3 at 

N120 at these stages, but the increase was oot siqnificant. ~t 

third stage, i.e. flowering, N120 exhibited significantly higher 

f 1 -3 3 -3 -3 3-3 root volume 0 .66 x 10 m mover N40 of 0.95 x 10 m rn , 

but increase witp N levels was not significanto 
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The effect of tilla.ge methodS on root volume (Table 6) 

at crown root initiation and maxi num tillering during 1989-90 

and at all the growth stages during the year 1990-91 was not 
"l 

significant. Root volume increased significantly from 1.39 x 10'" 

-3 3 -3 -3 -3 3-3 and 1.61 x 10 m m (T1) to 1.60 x 10 and 1.30x 10 m m 

(T2 ) at flowering stage and at crop harvest, respectively 

during the year 1989-90, At crown. root initiation and maxi:num 
, 

tillering, root volume increased from 0.52 x 10-3 and 1.07 x 

-3 3 3 3 -3 3 -3 ) 10 m m- (T
l

) to 0.56 x 10 and 1.16 x 10 m rn (T2 , 

respectively, but the increase was not significant~Similarly, 

during the second year of study, root volume at crown root 

initiation, maximum til1ering, flowering and a.t crop harvest 

increased from 0.55 x 10-3, 0.69 x 10-3 , 1.22 x 10-3 and 

1 2 ~ 10-3 3 -3 () 0 62 0-3 0 0-3 0 10-3 
• I:) x m m T1 to • xl, .94 xl, 1.4 x 

-3 3 -3 ) and 1.43 x 10 m m (T2 , respectively. 
I 

There was no significant effect of water stocks on 

root volume (Table 8) at any growth stage during the year 

1969-90. Since the water stocks during the yea.r 1990-91 were 

not variable, the data on root volume were not recorded. 

In general, it was observed that with thE'': advancement 

in age of the crop, the increase in root volume was more from 

crown root initiation to maximum til1ering than from maximum 

ti11ering to flowering.The increases being 0.51 x 10-3
# 

0.61 x 10-3 and 0.61 x 10-3 ~3rn-3 from crown root initiation 

to maxinum ti11ering and 0.26 x 10-3, 0,29 x 10-3 and 0,56 x 10-3 

3 -3 
m m from maximum tillering to flowering at N40, N130 and N

120
, 
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respectively during the first year of study. 11111-"* corresponding 

increases during the second year were 0.21 x 10-3, 0.42 x 10-3 

-3 3 -3 -3 0-3 0 5 10-3 and 0.36 x 10 m ~ 1 0.23 x 10 , 0.24 x 1 and. d x 
3 -3 . m m • Under tillage methods, Tl and T2 , the increases were 

0.55 x 10-3 and 0.62 x 10-3 m3m-3 from crown root initiation 

to maximum tillering, 0.32 x 10-3 and 0.42 x 10-3 m3m-l from 

maximum tillering to floweLing, respectively. during the year 

1989-90. The correspo~ding increase for the second year of 

study were 0.34 x 10-3 and 0.32 x 10-3 m3m-3, 0.33 x 10-3 and 

0.46 x 10-3 m3m-3• The increases under the water E;tocks Wl , 

-3 -3 10-3 3-3 W2 and W3 were 0.3a x 10-· , 0.41 x 10 and 0.33 x m m , 

from maximum til1ering to flowering, respectively. The root 

volume, except crown root initiation stage, was higher under 

both N levels and tillage methods during the year 1989-90 in 

comparison to 1990-91. 

4.5.3 Boot Length Densi~ 

The data depicting the influence of different levels 

of N, tillage methods and water stocks on root length density 

(RLD) in the 0-30 em depth at important growth stages, viz., 

crown root initiation, maximum tillering, flowering and at crop 

harvest are presented in Table 9 for the years 1989-90 and 

1990-91. 

A perusal of the data (Table 9) indicate~ t,hat there 

was significant influence of N on RLD at differerrt stages of 

growth during both the years of study. 'rhere was increaSing 



Table 91 Effect of nitrogen levels, tillage methods and water stocks on root length 
density (mlm-3xl04) at diffe~nt stages and harvest of wheat crop 

-- 1939-90 1990-91 __ 0'_' __ _ 

Treatments Sta<;le~~:t_wheCl.t_gJ:O.~ __ ~ __________ ~ 
CRI MT FS AH CRI MT FS Ali 
. 

Nitrogen levels (N) 

N40 0.15 0.27 Oa3S 0.39 0.12 0.33 0.3S 0.39 

NSO 0.17 0.33 0.42 0.49 0.14 0.41 0.45 0.54 

N120 0.26 0.42 0.49 0.55 0.24 0.46 0.61 0.57 

CD 0.05 0.06 0.06 0.00 0.04 o.oa O.OS 0.04 0.03 

Tillage methods (T) 
-

i, Tl 0.18 0.31 0.41 0.46 0.17 0.38 0.43 0.47 

T2 0.20 0.37 0.44 0.49 0.17 0.41 0.52 0.53 

CD 0.05 NS 0.03 NS NS NS NS N5 NS 

water stocks (w) 

w1 
0.34 0.40 0.46 

(35.0) (31.2) (30.7) 

W2 0.34 U.43 0.46 
(36.4) (30. a) (30.1) 

\'43 0.32 0.49 0.52 
(37.3) (31.1) (31.0) 

CD 0.05 NS ~~ NS 
"l -......-...-----

CRI=Crown root initiati on# l'1T=Maximum ti11ering, FSaFlowering stage,AH-At harvest 

Figures in parentheses are water s~cks (cm) 

~ 
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trend in RLD at each growth stage with increase .ir.i N from 40 

to 120 kg ha-l • Root length density increased significantly 

from 0.17 x 104 and 0.33 x 104 m3m-3 to 0.26 x 104 and 0.42 x 

104 m3m-3 at crown root initiation and maximum tillering 

stages, respectively with increase in N level frl:>m 30 to 
... 1 

120 kg ha during the year 1989-90. At crown root initiation 

4 3 -3) N120 (0.26 x 10 m m showed significantly higher RLD over 

N40 (0.15 x 104 m3m-3) and at maximum tillering N40 

(0.27 x 104 m3m-3) and Nao (O~33 x 104 m3m-3) were at par with 

In the year 19S9-90 the RLD at flowering 

crop harvest significantly increased from 

0.39 x 104 m3m-3 to 0.49 x 104 and 0.55 x 

4 0.35xl .. ) 

4 3-3 10 m rr. , 

and at 

and 

-1 respectively with increase in N level from 40 to 120 kg ha • 

During the second year of study the RLD at crown root 

initiation increased significantly from 0.12 x 104 m3m-3 at 

4 3-3 N40 to 0.24 x 10 m m at N120• The increase in N level from 

. SO to 120 kg ha-l increased RLD from 0.14 x 104 m3m-3 to 

0.24 x 104 m3m-3• At maximum tillering N120 gave significantly 

higher RLD (0.46 x 104 m3m-3) over N
40 

of 0.33 x 104 m3m-3, 

. 4 3-3 but N40 and Nao (0.41 x 10 m m ) were at par with each other. 

Root length density at flowering significantly increased from 

0.3a x 10
4 m3m-3 at N40 to 0.61 x 104 m3m-3 at N1.;~O with the 

increase in N levels, whereas, at crop harvest the significant 

4 3 -3 4 3 -3 increase was only from 0.39 x 10 m m at N
40 

to 0~54 x 10 m m 

(0 4 3 -3) ( 4 3-3 at NSO• But NSO .54 x.10 m m and N120 0.57 x 10 m m ) 

were at par with each o"ther. 
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The effect of tillage methods on RLD (Table 9) was not 

significant at any growth stage during both the years of study 

except maximum tillering stage during the year 1999-90, where 

it increased significantly. '!he trend in RLD was increasing at 

all the growth sta.;;es and increased from 0.18 x 104, 0.31 x 104, 

0.41 x 104 and 0.46 x 104 m3m-3 at Tl to 0.20 x 104 , 0.37 x 104
, 

0.44 x 104 and 0.49 x 104 3 -3 mm at T2 at c~~wn root initiation, 

maxi~ tillering, flowering and at crop harvest, respect!velyo 

4 The corresponding values for the second year were 0.17 x 10 , 

0.39 x 104, 0.43 x 104 and 0.47 x 104 m3m-3 at Tl and 0.17 x 104, 

0.41 x 104 , 0.52 x 104 and 0.53 x 104 m3m -3 at T2 method of 

tillage. 

The water stocks did not reflect their effect on RLD 

, 4 
(Table 9) at any growth stage, but it increased from 0.41 x 10 

4 3 -3 . 4 4 3-3 and 0.46 x 10 m m (W
l

) to 0.49 x 10 and 0.52 x 10 m m 

(W3 ) at flower"lng and at crop harvest, respectlvely. At maximum 

tillering and at crop harvest, Wl and W2 showed equ,al values of 

RLD being 0.34 x 104 and 0.46 x 104 m3m-3, respec·tiv'ely. At 

maximum tillering, however, it decreased to 0.32 x 104 m3m-3 at 

W3 level of water stock. During the year 199Qe91, the data on 

RLD were not recorded. 

In general, the RLD under N levels and tillage methods 

at crown root initiation was more during 19d9-90, whereas, at 

other crop growth stages and at crop haIVest it was more during 

1990-91 (Table 9). The increase in RLD was more from crown root 

ini tia tion to max imum tillering than from maxi mlm tillering to 



89 

flowering. The increases were 0.12 x 104, 0.16 x 194 and 

0.16 x 104 m3m-3 from crown root initiation to mc3)(;i.num 

tillerin9 and 0.0:3 x 104
, 0.09 x 104 and 0.07 x 104 m3m-3 from 

maximum tiller1ng to flowering at N40, Neo and }o;120' 

respectively, during the first year of study. The corresponding 

increases during these stages for the year 1990-91 were 

4 4 4 3 -3 4 0.21 x 10 , 0.27 x 10 and 0.22 x 10 m m 1 0.05 x 10 • 

4 . 4 1-3 
0.04 x 10 and 0.15 x 10 m m • The increases under the 

tillage methods, Xl and T2 , from crown root initiation to 

maxi,rtUm tillering and maxirmlm tillering to flowering were 

4 4 3-3 0.13 x 10 and 0.17 x 10 m m 1 U.05 x 104 and 0.05 x 104 ml m-3 

4 4 3-3 
for the first year of study, 0.21 x 10 and 0.24 x 10 m;n 1 

0.05 x 104 and 0.11 x 104 m3;n -3 for the second y'l~ar of study, 

respectively. lhe inc~eases under the water stocks Wl , W2 and 

4 4 4 3-3 
W3 were 0.06 x 10 , 0.09 x 10 and 0.17 x 10 mill , 

respectively, from maximum tillering to flo· .... erini~ stage. . I 

4.6 ~aluation of,CEOP Water~ess 

The crop water stress indices viz., relative leaf water 

content (RLWC), xylem water potential (XWP), leaf diffusion 

resistance (LDR) and stress degree days (SOD), recorded at 

different stages of wheat growth, are presented in Tables 10, 

11, 12 and Fig.10 (a, b). 

4.6.1 Relatixe Leaf water Content 

The relative leaf water content determined .:it maxinum 

tillering and flowering stages of wheat growth durilig the years 
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1939-90 and 1990-91 is presented in Table 10. A perusal of the 

data indicates that the RLWC wa's significantly affected by N 

levels at maximum tillering and flowering stages during the 

y~ar 1989-90. Relative leaf water content increased 

significantly from 73.9 per cent to 80.6 per cent with increase 

in N level from 40 to 120 kg ha -1 at maxiIfll.lm tillering" but at 

f1ow~ring stage the increase was from 72.4 per cent at N40 to 

77.3 per cent at Nao• The levels 80 and 12J kg N ha-l showed 

equal value of RLWC (77.3%) at flowering during the first year 

of study. Relative leaf water content increased from 79.8 and 

71.5 per cent to 82.7 and 75.9 per cent with increase in N 

level from 4u to 120 kg ha-l at maximum tillering and flowering 

stages" respectively" during the second year of study, but the 

significant increase was only at flowering stage. 

The influence of tillage methods on RL.~C (Table 10) was 

significant only at maximum tillering stage during 19.39-90. 

Relative leaf water content increased from 76.3 and 75.5 

per cent at Tl to 78.2 and 76.3 per cent at T2 at maximum 

tillering and flowering stages, respectively, during the year 

1989-90. the corresponding values for the year 19~0-91 were 

31.1 and 73.2 per cent at Tl and 81.2 and 73.9 per cent at T2 • 

There was no Significant effect of water stocks on RLWC 

(Table 10) at both the growth stages during the fir~;t year of 

study. During second year of study, the data on HLWC were not 

recorded. 



Table lOa Effect of nitrogen levels, tillage methods 
leaf water content (%) at different stages 

and water stocks on relative 
of wheat growth 

1939-90 1920-91 
Treatments Steges of whea~ growth __ 

MT PS MT i'S 

Nitrogen levels (N) 

N40 

N80 

N1l0 

CD 0.05 

Tillage methods (T) 

Tl 

T2 

CD O. OS 

water stocks (W) 

W1 

W2 

W3 

CD 0.05 

73.9 

78.0 

80.6 

1.7 

76.8 

78.2 

1.4 

76.7 
(35.0) 

76.5 
(36.4) 

17.3 
(37.3) 

NS 

72." 79.8 71.5 

77.8 80.8 73.3 

77.3 82.7 75.9 

3.5 NS 1.3 

75.5 81.1 73.2 

76.3 31.2 73.9 

NS NS NS 

74.3 
(31.2) 

76.7 
(30.8) 

76.6 
(31.1) 

NS 

---------.--.. ----.. --------------------~--------~--------~----------------------~-----------------~,------------,---------------------------------
MT-Max1mum t111ering, F~Flowering stage 

Figures in parentheses are wate~ stocks (em) 

.0 
~ 
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A comparison of results for the year 1999-90 (Table 10) 

at different gro,wth stages reveals that N120 maintained higher 

RLWC (aU.6 and 77.a~) over N
40 

(73.9 and 72.4~) and T2 

maintained higher RLWC (78.2 and 76.3~) over Tl (76.8 and 75.5") 

at maxi:nu,n tillering and flowering stages, respectively. 

Whereas, during the year' 199u-91 the corresponding RLWC values 

at N120 were 92.7 and 75.9 per cent; at N
40 

being 79.8 and 

71.5 per cent. Under tillage methods the I-U~WC values were 31.2 

and 73.9 per cent at T2 , and 031.1 and 73.2 per cent at T
l

• The 

RLWC 'has higher at maxi llUm tillering than a t flowering stage 

during both the years of btudy. It decreased with tine and the 

decreases were 2.1, 0.3 and 3.6 ?er cent during 1989-90 and 

11.7, 10.2 and 9.0 per cent during 1990-91 from maxi;l1Um 

tillering to flowering at N40, Nao and N120, respectively. The 

corresponding decreases under tillage methods, Tl and T2 , were 

1.7 and 2.5 ?er cent during 1989-90; 10.8 and 9.9 per cent 

auring 1990-91. The decrease with time was very ~:,mall during 

the year 1989-90, both under N levels and tillage methods, in 

comparison to the year 1990-91. 

4.6.2 Xylem water Potenti!! 

The influence of N levels, tillage methods and water 

stocks on xylem water potential (x~e) recorded at three 

important growth stages of wheat, viz., crown root initiation, 

maximu;n tillering and -flowering during the years 1939-9U and 

1990-91 is shown in Table lla. A perusal of the data indicates 



Table lla: Effect of nitrogen levels, tillage methods and water stocks on xylem 
water potential (-bar) at different stages of wheat growth 

---------- 1989-90 1990-91 
Treatments _ - stages -of wheat growtl} 

CRl MT FS CRl ~ FS 

Nitrogen levels (N) 

N40 10.6 12.9 17.9 5.1 17.1 , 18.0 

Nao 9.3 12.6 17.0 4.7 16.1 16.8 

N120 3.6 1.2.2 15.7 4. a 1.6.4 16.4 

CD 0.05 0.8 0.5 0.8 NS ~ 0.6 

Tillage methods (T) 

T1 0.5 12.9 17.3 4.9 16.9 17.0 

T2 9.4 12.3 16.5 "4.8 16.1 16.5 

CD Q.05 NS 0.4 0.7 NS ~s NS 

Water st;)ocks (W) 

Wl 12. a 17.4 
(3 5.0) (31.2) 

W2 12.6 17.2 
(36.4) (30. a) 

\-J3 12.7 16.8 
(37.3) (31.1) 

CD o. OS NS NS --
CRl,.. Crown root ini tiati.m, MT = Maximum tilleriJl9, FS :00 Flowering stage 

Figures in parentheses are water stocks (em) 

\0 
\» 



that there was significant effect of N on XWP at a.11 the growth 

stages during the yeur 1989-90, but only at flowering stage 

during the year 1990-91. At crown root initiation XW? increased 

significantly from -10.6 to -9.3 bar with increase in N level 

fro. 40 to 80 kg ha-l • It further increased to -3.6 bar at 

120 kg N ha-l , but the increase was not, significant. At second 

stage, i.e. maximum t1l1ering, there was increasing trend in 

-1 XWP with increase in N level from 40 to 120 kg ha I but the 

increase with N levels was not significant. HoweVer, N120 

(-12.2 bar) ~howed significantly higher XWP over N40 C12.9 bar). 

At flowering" XWP increased signi ficantly from -17.9 to -15.7 

bar with increase in.N from 40 to 120 kg ha-l • During the 

second year of study XWP at crown root initiation stage 

increased from -5.1 at N40 to -4.7 bar at NgO then decreased 

to -4.8 bar at N120, but there was no significant effect of N 

levels. Si'nilar trend was observed at maximum tillering, where 

XWP increa&ed from~7.l bar at N40 to -16.1 bar at NgO' then 

decreased to -16.4 bar at N120• At flowering ~tag€, XWP increased 

significantly from -18.0 bar at N40 to -16.4 bar at N120• 

Xylem water potential increased under tillage methods, 

Tl and T2, at evety stage (Table lla) during both -the years of 

study, but the significant effect was only at maximum tillering 

and flowering stages during 1989-90. XYlem water potential (XWP) 

increased from -9.5, -12.9 and -17.3 bar (T l) to -9.4, -12.3 and 

-16. 5 bar (T2) at crown root initiation, maximum t :lllering and 

flowering Etages, respectively, during the year 1939-90. The 
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corresponding XWP values for the year 1990-91 were -4.9, -16.9 

and -17.0 bar at Tl and -4.8, -16.1 and -10.5 bar at T2 • 

The interaction NlCT was found significant at crown 

root initiation stage dUring the first year of study (Table l1b) , 

Table llb, Interaction effect cf nitrogen levels and tillage 
methods on xylem water potential (-bar) at crown 
root initiation stage of wheat growth 

----------------------------,---------------------------------Tillage 
methods 

---.--.-.--~ 

10.7 9.3 

9.2 

8.6 

a.5 

A perusal of the data (Table llb) indicates that both 

under Tl and T2 , XWP increased bignificantly from -10.7 and 

-10.4 bar at N40 to -9.3 and -9.2 bar at Neo' respectively. 

It further increased to -8.6 and -8.5 bar at N120, but the 

increase was not significanto Under N levels, T2 always showed 

higher value of XWP t~an T
l

, but did not differ ~ignificantly. 

'!he treatment Nl20T2 showed significantly higher X~iiP over the 

treatments N40Tl and N40T2 • 

There was no significant effect of water st:ocks on XWP 

(Table lla) during the year 1989-90. During the ~;econd year 

(1990-91), the observations on XWP were not recordedo 

A comparison of results for the XWP at different growth 

stages during the two years of study (Table lla) reveals that 

its status was low at crown root initiation durinq. the year 
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1989-90, but was high at rnaxiIlUlm tillerinq stage .ir~ comparison 

to 1990-91. At flowering stage the XWP was almost same or 

comparable during two years of study. There was reduction in 

XWP with age of crop. For example, as the crop advanced from 

croWn root initiation to maximum tillering and maximum 

tiller1ng to flowering the recuctions in XWP during the year 

19d9-90 were 2.3, 3.3 and 3.6 bar, and 5.0, 4.4 and 3.5 bar at 

N40, N80 and N120, respectively. lhe corresponding redUctions 

for the year 1990-91 were 12. a, 11.4 and 11.6 bar, and 0.9, 

1.0 and 0.0 bar. Under tillage methods, Tl and T2 , the 

reductions were 3.4, 2.9 bar from crown root initiation to 

• maximum tillering, 4.4 and 4.2 bar from maximum tillering to 

flowering, respectively during the year1989-9v. The 

corresponding reductions for the year 1990-91 were 12.0 and 

11.3 bar; 0.1 and 0.4 bar. Under water stocks Wl , W2 and w3' 

the reductions were 4.6, 4.6 and 4.1 bar, respectively from 

maximum til1ering to flowering. The ~eve1 120 N kg ha-l 

maintained 18.9, 5.4 and 12.3 per cent higher XWP over N40 

during the year 1989-90, 5.9, 4.1 and 9.9 per cent during the 

year 1990-91 at crown root initiation, maxinum tillering and 

flowering stages, respectively. ~i o1.1arly, 'f2 maintained 1.1, 

4.7 and 4.6 per cent higher XWP over Tl during 1989-90 and2.G, 

4.7 and 2.9 per cent during 1990-91 at crown root initiation, 

maximum tillering and 'flowering stages, respectively'. Under 

\':ater stocks, W2 maintained 1.6 and 0.01 per cent higher XWP 

over Wl and W3' respectively at maximum tillering, whereas ~3 

showed 3.4 per cent higher ~ over Wl at flowering stage. 
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".6.3 Diurnal Changes in X~lam Wat.er Potential:. 

The diurnal changes in iMP from 0800 to 1700h under 

different levels of N, tillage methods and water stocks at 

flowering stage of wheat Qrowth for the years 1,989-90 and 

1990-91 are depicted in Figs. S(a,b,e) and 9(a,b) • 

• • 6.3.1 Diurnal Changes in XWP under N levels I The diurnal 

changes in XWP under different levels of N at flowering 

st.age of wheat growth are depicted in Fig. 8a for the year 

19S9-90. A perusal- of the figure reveals that at OSOOh, 

XWP under different lavela of N was equal and maximum 

C.ll.7 bar). At 1100h it decreased rapidly with ·time and 

reached t.he values of -16.9, -15.3 and -15.2 bar unner N.O' 

NSO and ~120' respectively. For N40 level the .xwp remained 

minimum (-16.9 bar) from 1100 to 1300h, whereas for Nao and 

N120 levels it steadily decreased until 1300h, and attained 

minimum values of -16.4 and .15.9 bar, respect! vely. Beyond 

1300h XWP started recovering and reached the maximum values of 

-13.7, -13.6 and -12.9 bar under N,O' NSO and N120 , 

respectively at 1700h. 

The second year of crop stUdy (Fig. 9a) reveals that 

XWp under different levels of N at 0800h was quite high 

(.6.7 bar) and beyond this period XWP decreased very rapidly 

ti 11 1300h and reached the minimum valuelS of -1 'i' .:!., .16.4 and 

-16.0 bar under N40 , N80 and N120 ,respectivelYM' It recovered 

slowly until 1500h, but after tilat it increased with a .rapid 

rate and attained maximum values of -11.3, .11.2 and .11.7 bar 

at 1700 h for N40 , Neo and N120 levels, respectively. 
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4.6.3.2 D~urnal changes in XWP under Tillage M~hQ~& The 

diurnal changes in XWP under tillage methods, '1'1 and T2 }at 

flowering stage of wheat growth during the years 1989-90 and 

1990-91 are depicted in Fig. 8b and 9b. A perusal of the 

Fig. 8b reveals that the XWP at 0800h under tillage methods, T1 

and T 2' was equal and maximum, being -11. 7 bar. At 11 OOhi t 

decreased rapidly with ,time and reacher the values of -16.2 and 

-15.4 bar under T 1 and 1'2' respectively. It remained constant 

(-16.2 bar) from 1100 to 1300h under T1 )but decreased to -16 bar 

unCler 1'2. Beyond 1300h it startoo recovering and reached the 

maximum values of -14.0 and -13.0 bar under Tl and T2 , 

respectively at 1700h. 

The secon(l year of study (Fig .9b) reveals that XWP 

under d1ffBrent tillage methods at 0800h was ':ruite high (-6.7 bar) ., 

It decreased rapidly with time an~ reached the values of -13.2 

and -13.0 bar under 1'1 and 1'2 at 1100h, but it further decreaseO 

~,d reached the minimum values of -16.7 and -16.5 bar under ~1 

and T 2' respect! vely, at 1300h. Beyond this, i t t~tarted recovering 

and attained the maximum value of -11.4 under T 1 and T 2 at 1700h. 

4.6.3.3 Diurnal Changes in XWP under Water Stocks I The diurnal 

changes in XWP Under the water st-ocks at flo,..,ering stage of 

wheat growth during -the year 1989-90 are depicted in Fig .8c. 

A perusal of figure reveals that ~P was quite high at OBOOh, 

being -12.7, -11.7 and -11.2 bar under W1 ' W2 and w
3

' 

respecti",Yely. It decreased \;Jith time rapidly till 1.100h and 

reached the values of -15.7, -15.8 and -16.0 bar, it further 
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decreased, but at a slower rate and attained the minimum values 
I 

of -16.6, -15.6 and -1~.4 bar~nder Wl , W2 and vJ3' respectively 

at 1300h. Thereafter, it started recovering and reached the 

values of -14.4, -12.3 and -13.5 bar Un(er Wl , ~2 and W3' 

respectively at 17UOh. Since the water stocks during the year 

199u-91 were rot variable, hence the data on XI:4l were not 

recorded. 

In general, it was observed that during the first year 

of study the XWP at 0800h was quite low in comparlson to the 

second yeC:ir, both under N levels and tilla'~e methods. The 

reduction beyond 0300h was slow during 19d9-90 in comparison to 

1990-91. The mid-day values of XWP both under N levels and 

tillage methods, were comparable for the ,two yeart> of study. 

The values attained at 1700h after the recovery were low during 

1989-90 in comparison to the year 199u-91. At 1700h the values 

of XWP were quite low than the values at OaOOh both under N 

levelf and tillage methods during both the years of study. With 

respect to water stocks, the i'V'2 maintained higher XWP than Wl 
and W3 at OBOOh, but during the mid-day (l300h) W1 maintained 

XWl? status lower than the W2 and w3' but W2 maintainled XWP 

higher than w3• Similarly, at l7uOh the xwP under Wl water 

stock was lower than the values at W2 and w3-

4.6.4 Leaf DiffUsion Resistance 

Leaf diffusion resistance (LDR) determined at max~num 

tillering and flowering stages of wheat growth during the years 
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1989-90 and 1990-91 is shown in Table 12. A penLSal of the 

data indicates that there was significant effect of N on LDR 

at both the stages in the year 1989-90, but only at flowering 

stage during the year 1990-91. During the first year of study 

LOR at maximum tillering stage decreased significantly from 

3.06 to 2.40 s em-I with increase in N level from 40 to 80 kg 

ha-1 , but not significantly. Similarly at flowed.ng stage LOR 

drcreased significantly from 4.25 to 3.25 s em-1w1th increase in 

N from 80 to 120 kg ha-1 • The level 120 kg N ha-1 showed 

significantly lower LOR in comparison to the value of 4.53 s em-1 

_1 
unci er 40 kg N ha treatment. The seconrJ year of study 

reflected no effect of N on LDR at maximum tillering stage, 
.1 

but it decreased from 2.12 to 1.84 s em with increase in N 

from 40 to 120 kg ha-1 • At flowering N
120 

sho'ved significantly 

-1 -1) low LDR (2.83 s em ) over N40 (3.75 5 em ,but values were 

·at par under N
40 

and Nao (3.06 s em-1) treatments. 

Leaf diffusion resistmlce was significantly affected by 

tillage methods at flowering stage (1989-90), but th~re was no 

significant effect at both the growth stages curinq the second 

year of study (Table 12). Deep ploughing (T
2

) alwc!l.p showed 

lower value of LDR over conventional tillage (T 1) at each growth 

stage during both the years of study. The LOR values were 2.31 

and 3.77 s cm-l at T2 , 2.75 and 4.25 s em-1 at Tl at maximum 

tillering and flo,,,eringstages, respectively during the year 

1989-90. The corresponeing values for the seCOne year of study 

were 1.84 and 3.05 s cm-1 , 2.09 and 3.47 s cm-1 • 



Table 12: Effect of nitrogen levels, tillage methocs and water stocks on leaf 
diffusion resistance (s cm-1 ) at 0ifferent stages of wheat growth 

1989-90 1990-91 Treatments 
Stages of wheat growth 

MT FS 

Ni trogen levels (N) 

N40 3.06 4.53 

N80 2.40 4.25 

N120 2.12 3.25 

CD 0.05 0.58 0.46 
Tillage methods (T) 

T1 2.75 4.25 

T2 2.31 3.77 

CD 0.05 NS 0.38 
Water stocks (W) 

W1 2.68 4.07 
(35 .0) (31.2 ) 

W2 2.39 4.00 
(36.4) (30.8) 

W3 2.52 3.95 
(37 .. 3) (31.1) 

CD 0.05 NS NS 

MT = Maximum tillering, FS = Flowering stage 

Figures in parentheses are water stocks (em) 

MT 

2.12 

1.98 

1.84 

NS 

2.09 

1.84 

NS 

FS 

3.75 

J .06 

2.83 

0.69 

3.47 

2.95 

NS 

.... 
0 .... 
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;rhere was no significant effect of water stocks on 

LOR (Table 12) at both the growth stages (1989-90), but it 

varied from 2.68 (WI) to 2.39 (W2) s cm-
1 

at max.imum tillering 

and 4.07 (WI) to 3.95 (W3' s cm-
1 

at flowering. Since the 

water stocks during the year 1990-S1 were not variable', hence' 

the data on LOR were not recorded. 

Leaf diffusion resistance during 1989-90 was higher 

than the year 1990-91 at both the growth stages, b~th under N 

levels and tillage methods. The treatment 120 kg N ha-
1 

maintained 30.7 and 28.3 per cent, 13.2 and 2~.5 per cent lower 

LOR over N40 at maximum till'3ring and flowering, respect! vely 

during the year 1989-90 and 1990-91. Similarly, T2 maintained 

• 
16.0 and 11.3 per cent lower LOR over T1 during 19f:l9-90 at 

maximum till ering and flowering stages, respectively. The 

corresponding values for the year 1990-91 were 12.0 and 12.1 

per cent. 

At maXimum tillering W
2 

maintained 10.S and 5.2 per cent 

lower LOR over W1 and w3 ' respectively, but at flowering W3 

maintained 2.9 per cent lower LOR over w1 • Leaf diffusion 

resistance increased \d th the age of crop I the increase being 

1.47, 1.85 and 1.13 s em-l from maximum tillering to flowering 

during the year 1989-90 under N40 , NSO and N120 , respectively. 

The corresponding increase for the second year was 1.63, 1.0S 
. -1 

and 0.99 s em • Similarly, under tillage methocs, T1 and T
2

, 

the increases were 1.50 and 1.46 s cm-1 from maxi ITlU.m tillering to 

flowering, respectively during the first year of study. The 
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Corres xmding values for the s'3cond year were 1.38 and 

1.11 s cm-1 • The increases under water stocks were 1.39, 1.61 

. ~ ~ i 1 f xi and 1.43 s cm atW
1

, W
2 

anu \"3' respect v,= y rom rna mum 

tillering to flowering. Leaf cUffusion r?sistance at both the 

growth stages was higher during 1989-90 than the year 1990-91. 

4.6.5 stress Degree Day! 

The crop canopy rrdnus air temperature ','las recorded claily 

(except cloudy and rainy days) from 1200 to 1400h under different 

levels of N and tillage metho~s, during the growth period from 

102 to 169 DAS during 1989-90 and 85 to 171 DAS during 1990~91. 

This perioc corresponds with maximum tillering, flowering and 

dough stages of wheat growth. The crop canopy minus air 

temperature clifference also known as stress degree nays (SDD) 

an~ its summation, the cumulative stress 0egree days (CSOD) were 

also calculated. The CSDD were plott3Ci as a function of time 

under (liff':~rent levels of N (1989-90) and tillage methods 

(1989-90 and 1990-91) and depicted in Fig. 10 (a,b) '. A glance at 

Fig. lOa indicates that arounn maximum tillering (70 to 90 DAS) 

there was slight difference in CSDD unrer (lifferent levels of 

N, i.e. at 90 DAS the CSDD were -3.8, 5.0 and 6.So C at 40, 80 
_1 

and 120 kg N ha , respectively. The difference in. csno under 

different levels of N increased with the age of tho:\! t:!rop, but 

csnD decreased e.g. at 110 DhS the values for CSDD were -14.5, 

o ° -18.5 and -20.0 C, at 145 DAS -11.0, -21.8 and -24.0 C and at 

171 DAS -18.0, -33.0 and _36.00 at 40, 80 and 120 kg N ha -1 , 
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respectively. The differf..2nces in CSDD at corresponding time , 
between N40 and Neo' Neo and N120, and N40 and N120 were 4.0, 

1.S and 5.SoC; 10.8, 3.2 and 13.00 C, -and 15.0, 3.0 and la.OoC, 

respectively. The CSDD at N40 decreased very ~lightly with time, 

but atter 122 DAS (-16. SoC) it started increasing and reached 

to a valu~ of -10. SoC at 127 DAS then decreased to -15.00 C at 

13S DAS and then again increased to _11.00 C (145 DAS) and again 

decreased to -la.OoC at 171 DAS. 

The CSDD under tillage methods, as shown in Fig.1Ob, did 

not differ from each other during both the years of study but 

during the year 1989-90 these were higher than the values in the 

year 1990-91 only for a period from 102 to 127 DAS. 

The variable water stocks could not be achieved in the 

field, hence the data on SDn and CSDD were not recorded during 

both the years of study. 

In general, it was observed that the cro;? was not under 

moisture stress during· both the years of study as the CSDD did 

not reach or cross the zero line of CSDD. HO\,lever" wi thin N 

levels the differences were quite distinct. This ;~1eans that 

under 40 kg N ha-l the crop had higher stress, i.e. higher SDD 

than under 80 and 120 kg N ha-l levels. The cro? under 80 kg 

N ha-l level showed higher value of SDD compared to 120 kg N ha-lo 

4.1 Soil-Plant-vJater Relations - -. 
The relationships between soil moisture storage, soil 

water potential with plant-water relations, viz., relative leaf 
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water content (RLWC), xylem water potential (xwp) and leaf 

diffusion resistance (LDR) and among themselves at flowering 

stage of wheat growth are presented in Fig.ll, 12 and 13, 

respectively. 

4.7.1 ~elationshi2s Between SOi,l M9istu~stora(cL~~~ 
~~Water -.6.t.-a ... t ... u .... s .. 

Relationships between soil moisture storage (water 

stocks in 0-90 cm depth) and plant water status under different 

levels of N and tillage methods, at flowering stage of wheat 

growth are presented in Fig. 11 (a,b,c) and Table 13. 

4.7.1.1 §.qil .l'1Q.!stqre ~aSl!...!!!d Relative .L~t.~a~r .. Content z 

A glance at Fig. 11 (a) reveals that RLWC was inflUenced by N 

level£ and tillage methods. Under N levels, it changed from 

69.5 (N40) to 71.6 per cent (N12U) and 73.3 (N40) to 84.0 

per cent (N120) at the lowest and the highest soil !noisture 

storage, respectively. BUt with respect to tillage methods, it 

changed from 71.0(Xl ) to 73.2 per cent (X2 ) and 32.2 (Xl) to 

33.9 ger cent (T2). In general, the RLWC increased with the 

inc~ease in N level, for exam;>le at soil moisture storage of 

32 cm the RLWC was 72.5, 80.3 and 80.3 ?er cent at 4u, 80 and 

120 kg N ha -1, r.spectively. ,sinilarly, it increased under 

tillage methods, Tl a~d X2 , the values being 79.3 and 81.0 

per cent, respectively, at soil moisture storage of 32 cm. The 

increase in RLWC with increase in soil moisture storage was 

more under N levels than tillage methods. 
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The relationship between soil moisture storage and 

RLWC (Table 13) was linear positive and found significant at 

Nao (r:: u.77) and under tillage methods, Tl (r = 0.66) and 

T2. (r :: 0.d3). 

4.7.1.2 §Oil MQistyre Storage and Xylem Water Pqtential: The 

relationship between soil moisture storage and xylem water 

;;>otential (xwp) at flowering stage of wheat growth under 

different levels of N and tillage methods is depicted in 

Fig.ll (b). The XWP ranged from -19.3 to -17.8 bar and -16.6 

to -13.9 bar at the lowest a'nd the highe::t soil moisture storage 

respectively with increasing levels of N from 40 to 120 kg ha-1• 

The XhP at the lowest value of moisture ~torage unoer tillage 

methods changed from -1a.2 to -17.6 bar. But at ble highest. 

soil moifture storage it was almost same under both the ti11age 

methods. The XWP was more affected by N, e.g. N120 maintained 

1.5 and 2.9 bar higher XWP over N40 at the lowest and the 

highest Soil moisture ,storage, respectively. The tillage method 

T2 maintained 0.6 bar higher XWP over Tl at the lowest soil 

moisture storage. 

The relationship between soil moisture storage and XWP 

(Table 13) was linear, positive and found significant at N40, 

Nao' N120, Tl and T2 with coefficient of correlations of 

r ::: 0.60, 0.66, 0.64, 0.79 and 0.66, respectively. 

4.7.1.3 §.oil :1oisture Storage and L,eaf Diffusi2!LB£sistC3;nce; 

The relationship between soil moisture storage ant LDR under N 

levels and tillage methods is shown in Fig.ll(c). It is evident 
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Table 13: Correlation coefficients (r) for relationships between 
soil moisture storage (S~S) and (a) relative leaf water 
content (RLWC), (b) xylem water potential (XWP) and 
(c) leaf diffusion resistance (LDR) at-flowering stage 
of wheat growth 

'r' NUmber of 
observations 

.. -------- ---.------~- ~ 

(a) Between soil moisture storage {~~S)and 
relative leaf water content (RLWC) 

N40 

Nao 
N120 

Tl 

T2 

RL\~C :I 37.87 + 1.09 &1S 

RL'v~C = 5.45 + 2.34 ~S 

RLWC=-15.03 + 3.03 ~1,b 

RL VIC = - 4. 22 + 2. 6 -; S>1 S 

(b) Between soil moi sture storage (5Mb) and 
xylem water'potential (xwp) 

N40 XWP:8 -37.57 + 0.63 SIiS 

Nao XWP = -34.34 + 0.55 &~S 

N120 XWP :II -45.62 + 0.96 SMS 

Tl XWP = -32.96 + 0.51 &~b 

T2 XWP =- -27.77 + 0.35 ~s 

(c) Between soil moisture storage (b~S)and 
leaf diffusion resistance (LDR) 

i, 
"'30 

N120 

Tl 

T2 

LDR = 15.45 - U.35 SMS 

LDR = 16.79 - 0.41 SiJ1S 

LDR = 2 5. d2 - 0.75 SvlS 

LDR = 9.50 0.16 ~'-1S 

LDR = 22.27 .J.57 &'-1S 

0.71* 

0.58 

0.86* 

0.83* 

0.60* 

0.66* 

0.64 * 

J.79* 

0.66* 

-0.54 

-0.77 * 

-w.57* 

-0.33 

-0.71* 

------_.----------------------
* Significant at 5 per cent level 

11 

11 

11 

13 

13 

11 

11 

11 

11 

11 

13 

13 

13 

12 

12 

" 
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from the figure that LDR decleased linearly with increase in 
'\ 

soil moisture storage under N levels and tillage methods. It 

-1 ) ranged from 5.30 (N40) to 4.07 s cm (Nl20) and 3.90 (N40 to 

1.07 s em-l (N120) ,at the lowest and the highest values of 

soil ;noisture storage, respectively. under N levels. Under 

tillage methods, at corresponding soil moisture storage, LDR 

ranged 

3.46 s 

from 4.96 (Tl ) to 5.74 s cm-1 (T2) and 4.32 (Tl.) to 

-1 cm (T2). Leaf diffusion resistance decreased with 

increase in N levels. For example, at soil ;noisture :5torage of 

-1 31 cm, the LDR was 4.60, 4.08 and 2 .57 s em at N40, Neo and 

N120, respectively. But under ti~lage methods the LDR was equal 

at this soil moisture storage. However, at soil moisture storage 

value above 31 cm, the LDR was lower under T2 than Tl • However, 

the relationship was not discernible under tillage methods. 

The relationship between soil moisture storage and LDR 

(Table 13) was linear, negative and found significant for Nao' 

N120 and T2 with 'r' values of 0.77, 0.57 and U.71, respectively. 

4.7.2 Relationships Betweeq SOil water Potential and 9.ant 
water Status 

Relationships between soil water potential (average of 

soil water potential from 0 to 90 cm depth) and 91ant; \vater 

status under different levels of N and tillage methods at 

flowering stage of wheat g~wth are presented in Fig. 12 (a,b,c) 

and Table 14. 
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Table 14: Correlation coefficients (r) for relationship between 
soil water potential (~wp) and (a) relative leaf water 
content (RLv~C), (b) xylem water potential (XWP) and 
(c) leaf diffusion resistance (LDR) at flowering stage 
of wheat growth 

(a) Between soil water potential (t.>WP ) 
and relative leaf water content (RLvJC) 

N40 RL't.C == 79.18 + 0.044 S1,>11' 

Nau RLWC. 34.11 + 0.060 SWP 

N120 RLWC :I 84.59 + v.040 SWP 

T 1 RLv~C == 34.53 + 0.059 SWP 

T2 RL'V\C :a 85.9S + O. 050 ~WP 

(b) Between soil water pot~ntia.l (~WP) 
and xylem water potential (XWP) 

N40 XWP ;: -16.31 + w.015 SWP 

Nao XWI? :I -16.01 + 0.010 SWP 

N120 XWP :I -13.05 + 0.025 SWP 

T1 Xv&> :I -15. <:33 + 0.012 SWP 

T2 XWP = -12.94 + 0.022 SWP 

(c) Between soil water potential (swp) 
and leaf diffusion resistance (LDR) 

N4U LDR == 3.71 - 0.005 SWP 

Nao LDR ::I 2.89 - 0.008 SWP 

N120 LDR :I 1.99 - 0.OU8 SWP 

T1 LDR == 3.39 - 0.006 ~WP 

T2 LDR ::& 1.70 - v. U12 bWP 

• r' 

u. 72 * 

0.76* 

v.53 

0.58* 

0.42 

0.35* 

U. 65* 

U.77* 

0.42 

0.64* 

-0.34 

-0.35 

-0.62 * 

-0.44 

-0.55* 

Number of 
observations 

10 

10 

10 

17 

17 

11 

11 

. 11 

16 

16 

11 

11 

11 

14 

14 
----- .,----,---.~-., 

* Sigr;i ficant at 5 t>er cent level 
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4.7.2.1 Soil water potenti!.!, and Relatiye Lea f v.later contel}S' 

'lhe relationship between soil water potential and RLWC under N 

levels and tillage methods is depicted in 1ig.12 (a). A perusal 

of the figure indicates that the RLWC was influ.enced by N 

levels and tillage methods. It ranged from 60.2 to 74.6 per cent 

at the lowest and 74.8 to 80.6 per cent at the highest values of .. 
soil water potential with increase in N from 40 to 120 kg ha-l 

respectively. At corresponding values of soil water potential, 

RLWC under tillaQ"e methodS ranged from 69.8('1'1) tc> 73~ 5 

per cent ('1'2) and 78.6' ('1'1) to 81 .. 0 per cent ('1'2)" the tillage 

methods# 1'1 and '1'2' maintained higher RIJWC (69. t~ i3Alld 73.5%) . 

than N40 (68.2%) and NSO (69.1%) levels of N,bvt lower than 

N120 (74.6%) at the lowest value of soil water potential. 

The relationship between soil water potential and RLWC 

(Table 14) was linear, positive and found signi1:icant for N"O' 

Neo and '1'1 with cOefficients of correlation of r.=CI.72, 0.76 

and 0.50, respectively. 

, 
4.7.2.2 Soil water PQtential and Xylem Water Potentiaia The 

relationship between soil water potential and XWP under 

different levels of N and tillage methods at flowE;·.ring stage 

of wheat growth is shown in Fig. 12 (b). An examina.t 10n of th'e 

figure reveals that ~ was influenced by l~ levels and tillage 

methods. It ranged from -20.1 (N40) to -19.3 bar (N
120

) at the 

lowen value 0 f soil water potential and -17. 8 (N 40> to -15.6 bar 

(N120) at the highest value of ~soil water potential under N 
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levels. Under tillage methods, at corresponding soil water 

potentials, the XWP ranged from -13.8 (Tl ) to -18.4 bar (T2) 

and -17.0 (T2 ) to -15.1 bar (T2 ). In general, tile ~WP increased 

with increase in N levels. For example, at soil water potential 

of -150 robar, the XWP was -13.6,-17.5 and -16.8 bar at N40, 

N80 and N120, respectively. Similarly, under tillage methods, 

Tl and T2 , the XWP was -17.6 and -16.2 bar, respectively at 

-150 mbar soil water pot~ntial. 

The relationship of soil water potential with XWP was 

linear, positive and f:JUnd significant at N40, Tao' N120 and 

T2 with ~rl values of 0.85, 0.65, 0.77 and 0.64, respectively. 

4.7.2.3 Soil water Potential and Leaf Diffu~~~~sistanceJ The 
. , 

relationship between soil water potential and LDR under different 

levels of N and tillage methods at flowering stage of wheat growth 

is shown in Fig.12 (c). A glance at the figure indicates that LDR 

was influenced by Nand tillaye methods. Leaf diffusion 

-1 resistance under N levels ranged from 4.89 (N40) to 3.9~ s cm 

(N120) and 4.21 (N40) ·to 2.79 s cm-l (N120 ) at the lowest and the 

highest values of soil water potential, respectively. Similarly, 

under tillage methods LDR at eorresp~nding values of soil water 

potential ranged from 4.89 (Tl ) to 4.70 s em -1 (T2) and 3.99 

-1 (Tl ) to 2.90 s em' (T2 ). In general, LDR decreased with 
, 

an increase in N levelS, for example, at soil water 

potential of -150 robar, the .LDR was 4.46, 4.09 and 

3.19 s cm-l at 40, 80 and 120 kg N ha-l , respectively. 

Similarly, under tillage methods, Tl and T2, the LDH was 4.29 
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and 3.50 s em-l, respectively at soil water potential of 

-l5u mbar. The relationship under tillage methods was more 

discernible. 

The relationship between soil water potential and LDR 

(Table 14) was linear, negative and found significant for 

Nl20 and T2 with Irc values of 0.62 and 0.55, respectively. 

4.7.3 Relationships Between water P roduc~!on FuJ)ctions 

4.7.3.1 ~lem water ?otential and Relative Leaf ~'iater Content, 

The relationship between XWP and RLWC at fIowerJng stage of 

wheat growth under N levels and tillage methods is presented in 

Fig.13(a). An examination of the figure reveals that RLWC under 

N levels ranged from 69.6 (N40) to 75.2 per cent (N120) and 

74.0 (N40) to 79.9 per cent (N120), at the lowest and the 

highest values of XWP, respectively. At corresponding values 

of X~'ll? I the RLWC under tillage methods ranged from 70.6 (T
l

) 

to 71.3 per cent (T2 ) and 75.7 (Tl ) to 78.2 per CEnt (T2). In 

general, the RLWC increased with increase in N levels, for 

examPle, at XWP of -18 bar, the RLWC was 71.7, 73.7 and 76.9 

per cent at 40, 80 and 120 kg N ha-l , respectively. Similarly, 

under tillage methods, Tl and T2, RL~~C at -18 bar XWP was 72.6 

and 74.1 per cent, respectively. 

The relationship of RLWC with XWP (Table 15) was 

linear, positive and found significant at Neo' Nl2y Tl and T2 

with correlation coefficients of r=u.34, u.60, 0.60 and 0.77, 

respectively. 
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Fig.13 Relationship between v.'ater production 'functions 
I 

(a) xylem wat~r potential (XWP) and relative, leaf 
wa ter content (RL we) 

(b) leaf diffusion resistance (LOR) and relative 
le~f water content (R~G), and 

(c) xylem ~yater potential (XWP) and leaf ?i ~fusion 
resistance (LDR) at flowering stage of wheat 
growth 
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Table 15, Correlation coefficientf. 'r' for inter-relationships 
between plant water relations and (a) xylem water 
potential (XWP) and relative leaf water content (RL~C), 
(b) leaf diffusion resistance (LDR) and relative leaf 
water qontent (RLWC) and (c) xylem wat~r 'potential 
(XWP) and leaf diffusion resistance (LDH) at flowering 
stage of wheat growth 

'r' Number of 
observations 

-----------------------------------._-----------------------------
(a) Between xyleln water potential (XWP) 

and relative leaf water content~RLWC) 

N40 RLWC == 85.24 + 0.75 XWP v.55* 12 

Nao RLWC ::a 110.96 + 2.07 XWP u .:34'" 12 

N120 RLWC:a 91.30 + 0.033 XWP U.60 11 12 
"-

Tl RLWC. 90.80 + 1.01 XWP u.60* 15 

T2 RLWC == 9a.71 + 1.37 X~'d' 0.77 11' 15 

(b) Between leaf diffusion resistance(LOR) 
and relative leaf water content (RL~~C) 

N40 RLWC :II 73.22 - 1.39 LDR -0.46 12 

Nao RLv~C ::a a9.09 - 3.31 LDR -0.32" 12 

N120 RLWC :II 32.90 - 1.22 LOR -0.63* 12 

Tl RL~~C == 32.53 - 2.13 LDR -J. 55 ... 15 

T 2 
RLv~C :II 83.89 - 2.01 LDR -j.79* 15 

(c) Between xylem water;,)otent1al (xva» 
and leaf diffusion resistance (LDR) 

N
40 

LDR == -3.47 - 0.45 XWP -0.714- .12 

N80 LDR = -3.72' - 0.44 XViP -0.80,r 12 

N120 LDR == -9.31 - 'J.70 X\~ -0.37* 12 

Tl LOR = -5.20 - 0.53 XWP -J. 89;: 15 

T2 LDR ,. ~5. 49 - 0.53 XWP -0.94* 15 

* .significant at 5 per cent level 
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4.7.3.2 Leaf Oiftusi~n R!sistance and Relative Leaf water QQnten~ 

The relationship between LOR and RLWC under N levels and tillage 

methods at flowering stage of wheat growth is shown in Fig.13(b). 

An examination of the figure indicates that under N levels RLWC 

ranged from 75.4 (N40) to 82.5 per cent ,(N120) and 69.9 CN40) 

to 75.6 per cent (N120) at the lowest and the highest values·.~ 

of LDR, respectively. 1he changes under, tillage methods at 

CGrrespondinq values of LOR were from 78 .. 3 (Tl ) to 79.6 per cent 

(T2 ) and 69.8 (Tl ) to 71.8 per cent (T2 ). In gen,eral, the RLWC 

decreased with an increase in LOR. For example, at LOR of 

4 s cm-1, the RLWC was 72.7, 75.9 and 78.0 per cent at 4u, 80 

and 120 kg N ha-l , respectively which decreased to 71.3, 72.5 

and 76.6 per cent as LDR increased to 5 s cm-l • Si~larly, under 

tillage methods, the 'values were 74.0 (T1) and 75. a per cent (T2 ) 

at LOR of 4 s cm-l , which decreased to 71.9 (Tl ) and 73.8 

per cent (T2 ) as LDR increased to 5 s em -1. 

The relationship, between RLWC and LDR (Table 15) was 

linear, negative. and found significant for Neo' N 120, Tl and 

T2 with 'r' values of 0.82, 0.63, 0.55 and 0.79, respectively. 

4.7.3.3 xYlem water Potential and L§af Diffusion ~esistancel 

The relationship between XWp and LOR under N levels and tillage 

methods at flowering stage of Wheat growth 1s depicted in 

Fig. 13 (c). A glance at the figure reveals that under N levels, 

the LDR ranged from 5.53 (N40) to 5.89 s cm-l {N
120

) and 

3.28 (N40) to 2.09 s cm-1 (N120) at the lowest and the highest 
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values of XWP, respectively. At corresponding values of XWP, 

the LDR under tillage methods ranged from 5.40 ('1:1 ) to 

5.11 s cm-l (T
2

) and 2.75 (Tl ) to 2.46 s cm-l (T2 ). In general, 

LDR decreased with an increase in N. For example, at XWP of 

-17 bar, the LDR was 4~la, 3,76 and 3.60 s cm-l at 40, 80 and 

120 kg N ha-l , respectively. Si~larly, under tillage methods, 

-1 Tl and T2 , the values were 3.81 and 3.52 s cm , respectively 

at XWP of -17 bar. 

The rela ti::mship bet\veen XWP and LDR (Table 15) was 
, 

linear, negative and found significant at all levels of N 

having Irl values of 0.71, 0.80, and 0.87 at 4U, 80 and 120 kg 

N ha -1, respectively. For tillage methods, Tl and T2 , the 'rl 

valUes were 0.89 and 0.94, respectively. 

4. a Plans Growth Studie 

4.8.1 ~fArea Index 

Leaf area index (LAI) studies at max imum tLLlering and 

flowering stages of wheat growth during the yearl; 1989-90 and 

1990-91 is presented in Table l6a. A perusal of the data 

reveals that there was significant increase in LAI with N 

levels at both the stages during both the years of study. Leaf 

area index increased from 1.63 at N40 to 2.08 at N120 at 

maximum tillering and.2.56 at N40 to 3.28 at ~20 at flowering. 

Similar results were obtained dUring the second year of study 

and the corresponding changes at the two 'stages in LAI with 



Table 16aa Effect of nitrogen levels, tillage methods and water stocks on leaf 
area index at different stages of wheat growth 

1989-90 1990-91 
Treatments Stages of wheat g-ro--w~th~~~~-------------------

MT FS MT FS 

Ni trogen levels 

N40 

N80 

N120 

CD O.OS. 

Tillage methods 

Tl 

T2 

CD O.OS 

Water stocks (W) 

WI 

"'2 

W3 

CD 0.05 

(N) 

(T) 

1.63 

1.87 

2.08 

0.19 

1.69 

2.03 

0.16 

1.74 
(35.0) 

1.84 
(36.4) 

1.99 
(37.3) 

NS 

2.56 

2.91 

3.28 

0.32 

2.73 

3.00 

0.26 

2.77 
(31.2) 

2.98 
(30.8) 

2.95 
(31.1) 

NS 

MT = Maximum tillering, FS s Flowering stage 

~igures in parentheses are water stocks (em) 

1.;18 2.40 

1.60 3.08 

1.95 3.39 

0.25 0.25 

1.51 2.88 

1.64 3.04 

NS NS 

... ... 
0\ 
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increase in N from 40 to 120 kg ha-l were 1.18 to 1.95 and 

2.40 to 3.39. 

The t!lla<,le metho0s increased LAl significantly 

(Table 16&) during the'year 1989-90 from 1.69 (T1) to 2.03 

(T
2

) at maximum tillering and 2.73 (T1) to 3.10 (T 2) at 

flowering. During the second year of study the effect was 

not signi ficant, but the trend was same to that of first year 

of study, i.e. IAl increased from 1.51 (T1) to 1.64 (T2) and 

v 2.88 (T1) to 3.04 (T2) at maximum tillering and flowering 

stages, respectively. 

Since variable water stocks could not be achieved in 

the field, hence there was no effect of water stocks on LAl 

(Table 16a) at any growth stage (1989-90). During the second 

year of study, these observations were not recorded. 

The interaction NxT was found significant at maximum 

tillering stage ~uring the year 1989-90 (Table 16b) • 

Table 1Gb z Interaction effect of nitrogen levels B.nd tillage 
methods on leaf area index at maximum tillering 
stage of wheat growth 

Tillage Nitrogen levels 
methods N40 N80 N

120 

Tl 1.56 1.75 1.98 

T2 1.70 1.98 2.17 

CD 0.05 0.25 
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A perusal of the data reveals that under T1 , LAI 

increased from 1.56 at N40 to 1.98 at N120 , but the increase 

was not signi ficant. Similarly, under T2 , LAl increased with 

increase in N level, but the significant increase was from 

1.70 at N80 and 1.98 at N120 • The treatment N120 T2 was found 

signific~tly superior over the treatments of N40 T1 , 

N40T2 and N80T1 • 

At maximum tillering stage the LAl (Table 16a) was 

higher and at flowering stage it was lower during 1989-90 in 

comparison to the values during the year 1990-91. The level 

-1 120 kg N ha gave 27.6 and 28.1 per cent, 65.3 and 41.3 
-1 per cent higher LAI over 40 kg N ha at maximum tillering and 

flowering stages during the years 1989-90 and 1990-91, 

respecti vely • The increase in T 2 over T 1 for the two years of 

study was 20.1 and 9.9 per centl 8.6 and 5.6 per cent, 

respectively. The LAl increased with time anC' the increase was 

0.93, 1.04 and 1.20 at N40 , Nao and N120 , respectively during 

the year 1989-90 from maximum tillering to flowering. The 

corresponding increase, for the second year was 1.22, 1.48 

and 1.44. Similarly, unCler tillage methods, T1 and T2 , the 

increase was 1.04 and 0.97, 1.37 and 1.40 from maximum 

tillering to flowering during the years 1989-90 and 1990-91, 

respectively. The increase with age was llDre dUl:'ing the year 

1990-91 than the year 1989-90 both under N level~ an~ tillage 

methods. 
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4.8.2 Dry Matter production 

The ~ry matter production recorded at important 

• growth stages, viz., crown root initiation, maximum tillering, 

flowering and at crop harvest (,9rain and straw yield) during 

the years 1989-90 and 1990-91 is presented in Table 17. An 

examination of the data reveals that there was significant 

effect of N on dry matter production at all the growth stages 

during both the years of study. The dry matter production 

1 -2 increased significantly with Nevels from 25.4 and 89.4 9 m 

at 40 kg' N ha -1 to 43.3 and 163.5 9 m-2 at 120 J<g N ha-1 at 

crown root initiation and maximum tillering stages, respectively 

during the year 1989-90. At third stage, i.e. flowering, the 

significant increase was from 313.9 9 m-2 at N
40 

to 398.2 g m-2 

at N
80

• The cry matter production further increased to 

435.2 9 m-2 at N120 , but the increase was not significant. 

Puring the second year of study, the dry matter production 

significcn tly increased from 28.3 (N40) to 54.7 9 m-2 (Nl=20) 

and 115.6 (N
40

) to 161.5 9 m-2 (N120) at crown root ini tlation 

and maximum till ering stages, respectively. Thi.s increase 

was not significant at both these stages with incr,';)ase in N 

.. 1 
from 80 to 120 kg ha • At third stage, i.e. fliJ\olering, the 

dry matter production increased significantly from 332.40 to 

~ th 1 ~ 473.8 9 m wi~ increase in Nevel from 40 to 120 kg ha • 

The tillage methods increased dry matter production 

(Table 17) from 32.2, 117.2 and 355.7 9 m-2 (T1 ) to 35.7, 

136.4 and 409.2 9 m-2 (T
2

) at crown root ini tiatio n, maximum 



Table 17. Effect of nitrogen level. t1l.lage methods and wat.er stoc:ka on dJ:y matter 
production at different stages and haJ:Veat of ""eat. crop 

1989~9R .. - - - ... -- 1990=21. .. ---
s~ •• of lileat growth At. hazyea stages of wheat. growth At ha1'Yest. 

(g .-2) (9 ht..J.) t 'g .. -2) • (q h,-l) 
au: MT •• -4ra1n straw au itT .& Grain Straw 

Nitrogen l._als eN) 

R40 25.4 89.4 3l3.9 20.4 46.4 2a.3 ll0.6 332.4 2J.6 4a.3 

Nao 34.7 127.4 198.2 25. a. 35.7 J5;7-~ 145.2 430.;9 31.9 iO.8 

Nl20 43.3 163.5· 435.2 29.0 62.9 54.7 161.5 473.8 32.9 65.8 

CD 0.05 5.9 10.a 55.3 2.4 6.l 9.4 22.5 38.8 4.6 7.1 

Tillage methods ('1') 

Tl 32.2 11.7.2 . 355.7 23.3 53.5 37.0 130.3 388.7 27.6 57.1 

'1'2 15.7 136.4 409.2 26.7 56.3 43.3 151.9 -436.0 11.4 59.5 

CD 0.05 NS 8.9 45.1 2.0 .NS, NS lB. 3 31.7 l.a N8 

lo-Jater stocks (W) 

W1 120.5 356.7 24..8 54.8 27.6 55 .. 4 
(15.0) (31.2) (30.7) (29.5) 

W2 124.1 413.4 25.5 55.5 30.7 59.9 
(36.4) (30.8) (30.1) (:~O. 5) 

Vl3 135.8 377.2 24.6 55.3 30.0 59.4 
(37.3) (31..1) (31.0) (29.7) 

CD 0 .. 05 NS NS NS NS NS NS 
--------- -

CR! .. Crown zoot initiation, M'l' - Maximum til1ering, FS - Flowering staSl.-

F.1gurf!S in parentheses are water stocks (em) 

... 
I\) 

0 
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ti11ering and flowering stages, respectively during the year 

1989-90. But the significant increase was at maxitllUm tillering 

and flowering stages only. bim11ar results were obtained 

during the year 1990-91 and the corresponding values of dry 

matter were 37.0, 130.3 and 388.7 g m-2 at Tl , and 43.3, 

-2 151.9 and 436.0 g m' at T2• 

There was no significant effect of water stocks on 

dry matter production (Table 17) at maximum tillering and 

flowering' stages, during the year 1989-90. During the year 

1990-91, these observations were not recorded. 

In general (Table 17), it was observed that the dJ:y 

matter production at different growth stages during the year 

1990-91 was higher than the year 19a9-90. '!he' level 120 kg 

N ha -1 showed 7 O. 5, 82 • 9 and 38. Ii per cent high et.' d:cy matter 

over 40 kg N ha -1 at crown root initiation, maximum tillering 

and flowering stages, respectively during the first year of 

crop study. The corresponding per cent increases during the 

second year of study were 93.3, 39.7 and ~2.5. Similarly, 

under the tillage methods, T2 produced 10.9, 16.4 and 15.0 

per cent higher dry matter over Tl at crown root initiat'on, 

maximum ti11ering and-flowering stages, respectively, during 

the year 1989-90. The corresponding incr~ases during the second 

year were 17.0, 16.6 and 12.2 per cent. water stocks, ~'J3 and W2 
gave 12.7 and 15.8 per cent higher dry matter over W

l 
at 

maxi.num tillering and flowering stages, respectively. 
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4.a.3 Grain and Straw Yield 

The effect of N levels, tillage methods and water 

stocks on crop yield (grain and straw) during thE~ yedrs 1939-90 

and 1990-91 is presented in Table 17. The grain and straw yield 

during the year 1939-90 increased significantly from 2 O. 4 and 

46.4 q h~ -1 to 29.0 and 62.9 q ha -1, respectively' with 

increase in N from 40 to 120 kg N ha-l • During the second year 

of study, the grain and straw yield increased from 23.6 and 

43.3 q ha-l at N
40 

to 32.9 and 65.d q ha-l at N
120

,respectively • 
• 
BUt the significant increase was with an increase in N from 40 

-1 -1 to 80 kg ha (31.9 and 60.d q ha ). 

The tillage methods increased the grain and straw 

yield (Table 17) from 23.3 and 53.5 q ha-l (T
l

) to 26.7 and 

-1 ( 56.3 .q ha T2 ), respectively during the year 1939-90. 

&imilarly, like the previous year, the grain and straw yield 

in,creased from 27.6 and 57.1 q ha -1 at Tl to 31.4 and 59.5 q ha-l 

at T2 during the year 1990-91. The Significant increase under 

tillage methods was only for grain yield during both the years 

of study. 

The water stocks did not reflect their ef:F.ect on grain 

and straw yield during both the years of study (Table 17). 

In general (Table 17), it was observed that N
120 

gave 

42.2 and 35.;) per cent higher grain and straw yieid, 

respectively over N40 during the first year of study .. The 

corresponding values for the second .y'ear wefe 39.4, and 36.2 
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per cent. similarly, under tillage methods, T2 showed 14.6 and 

5.2 per cent higher grain and straw yield, respectively over 

Tl during the year 19d9-90 and 13.8 and 4.2 per cent higher 

during the year 1990-91. The per cent increase in grain and 

straw yield under N levels was more than the tillage methods. 

But it was almost of same magnitude during the two years of 

study. 

4.8.4 Nitrogen cpntent irLPlant 

Thoe N content determined at crown root ini ti,a tion, 

maximum tillering, flowering and at crop harvest :in grain and 

straw is ;?resented in Table 13. A perusal of the da-t:a reveals 

that there was significant effect of N on its con'tent in plant 

at different growth stages and at crop harvest in grain and 

straw lhlring both the years of study. At crown root initiatLm 

and at crop harvest in grain, the N content increased from 0.62 

and 2.25 per cent ~t N40 to 0.72 and 2.46 per ceni:: at N120, 

res~ectively. The significant increase with increase in N 

level was from 0.66 and 2.32 per cent (80 kg N ha-l ) to 0.72 

and 2.46 per cent (120,Kg N ha-l ) during the first year of crop 

study •. ~t maximum tillering, flowering and at crop harvest in 

straw, N content increased significantly from 0.97, 1.40 ctnd 

0.22 per cent to 1.18, 1.80 and 0.37 per cent, respectively 

with increase in N from 40 to 120 kg ha-1• During the second 

year of crop stuqy, N content increased from 0.53, 0.95 and 

0.22 per cent at N40 to 0.72, 1.15 and 0.39 per ce.nt. at N120 at 

crown root initiation, maximum tillering and at crop harvest in 



Table 181 Effect of nl trogen levels, tillage methods and water stocks on nl trogen .content (%) # 
in plant at different stages and harvest of Wheat crop 

Trea ants 1989-90 --f990.:.9T-----~----

tm Stages of wheat growth At harvest stages of wh~t growth At harvest 
CR.I MT FS Grain Straw CR.I MT FS Grain Straw 

Ni trogen levels (N) 
N40 0.62 0.97 1.40 2.25 0.22 0.58 0.95 1.34 2.12 0.22 

Neo 0.66 1.08 1.62 2.32 0.31 0.68 0.99 1.46 2.27 0.26 

N120 0.72 1.18 1.80 2.46 0.37 0.72 1.15 1.68 2.43 0.39 

CD 0.05 0.07 0.08 0.08 0.12 0.04 0.07 0.13 0_.22 _ 0.20 0.06 

Tillage methods(T) 

Tl 0.65 1.07 1.64 2.33 0.29 0.64 1.05 1.42 2.15 0.28 

T2 0.68 1.09 1.65 2.38 0.31 0.68 1.06 '1.56 2.35 0.32 

CD 0.05 NS NS NS NS NS NS NS NS NS NS 

Water stocks (W) 

W
1 

1.12 1.65 2.33 0.33 2.31 0.31 
(35.0) {31.2} (30.7) (29.5) 

W2 1.06 1.67 2.33 0.30 2.32 0.30 
(36.4) (30.8) (30.1) (30.5) 

W3 1.06 1.61 2.46 0.29 2.20 I) .29 
f37 3) {11.1j (31.0) (29 = 7) \ .. 

... "'D 0 .. 05 NS NS NS NS NS NS 

CRI = Crown root initiation, MT lS Maximum tillering# FS = Flowering stage 

Figures in parentheses are water stocks (em) 

.... 
t.,) .,. 
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straw, respect! vely. At crown root initiation t.he significant 

increase with N levels was from 0.58 (N40) to 0.68 per cent 

(N
8 

). At maximum tillering and at crop harvest in straw, the o . 
significant increase in N content was from 0.99 and 0.26 

per cent at Nao to its content at N
120

• At flowering and at 

-1 crop harvest in grain the level 120 kg N ha showed 

significantly higher N content, the valu~s being 1.68 and 

2.43 per cent over 40 kg N ha-1 of 1.34 and 2.12 per cent, 

respect! vely. But the increase with N level was not significant. 

At flowerihg, the lev~ls ~o kg N ha-1 (1.4~) and 120 kg N ha-
1 

(1.6~/n) were at par with each other. 

Under tillage m~ods, N content (Tabl,~ 18) increased 
! 
I 

from 0.65, 1.07, 1.64, 2.j33 and 0.29 per cent at 'X'1 to 0.68, 

1.09, 1.65, 2.38 and 0.31 per cent at T2 , at crown root 

ini tiation, maximu.m tillering, flowering and at crop harv~t 

in ',Jrain and straw, respectively ·0uring the first year of crop 

study. Nitrogen conttmt at the corresponding stages curing the 

second y~ar of study increased from 0.64, 1.05, 1.42, 2.15 and 

0.28 per cent at Tl to 0.68, 1.06, 1.56, 2.35 and 0.32 per cent 

at T
2

• Thero llaB no significant effect of tillage methods 

on N content in plant at any growth stage durin£ both the years 

of crop study. 

There was no signifi('!ant effect of ',vate:r stocks 011 N 

CClntent in plant at any growth stage and at crop harvest in 

grain ana straw during both the years of study (Table 18) • 
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4.3.5 Nitrogen Uotak, 

Nitrogen u9take at different stages of wheat growth 

and at crop harvest in grain and straw during the years 

1989-90 and 1990-91 is presented in Table 19. A perusal of 

the data indicates that there was significant effect of N on 

its uptake at different stages during both the years of crop 

study. Ni trogen uptake increased significantly from 0.16, 

0.37 and 4.42 9 m-2 to 0.32, 1.92 and 7.33 9 m-2 at crown 

root initiation, maximum tillering and flowering stages, 

respectively, with an increase in N level from 40 to 120 kg ha-l 

during the first year of stuqy. Similar results were obtained 

during the second year of crop study and N uptake increased 

signi ficantly from 0.17, 1.10 and 4.60 9 m -2 to 0.38, 1.87 

and 7.86 9 m-2 a.t crown root initiation, m3X.i&1m tillerlng and 

flowering stages, respectively. 

Under tillage methods, 

·from 0.23, 1.28 and 5.83 9 m-2 

N uptake (Table 19) increased 

-2 (Tl ) to 0.25, 1.49 and 6.72 g m 

(T2 ) at crown. root initiation, maxi.TUm tillering and flowering 

stages, respectively, during the year 1969-90. This increase, 

except at crown root initiation, was significant at both the 

growth stages. Similar results were obtained during the second 

year of study and N uptake increased from 0.23, 1.31 and 

-2 -2 5.61 g m (Tl ) to 0.30, 1.63 and 6.89 g m (T2 ) at crown 

root initiation, maximum til1ering and flowering etages of 

wheat growth, respectively. 



Table 191 Effect of nitrogen levels, tillage methods and water stoclas on nitrogen uptake 
at different stages and harvest of wheat crop 

1989-90 - --- ~-~- 1990~1~ -- _. -~ .----
~------~~--~----~~~~~~--------Treatments stages of wheat qrmvth At harvest Sta.ges of ~.,heat growth At harvest 

(9 m-2) (kg ha-1) . {g m-2 ) (ka ha-1) 
CR.I NT FS Grain StL<'iW csrr MT FS Gra!n Straw 

Nitrogen levels(N) 
N40 0.16 0.874.42 45.89 10.12 0.17 1.10 4.60 50.16 10.96 

N80 0.23 1.37 6.45 59.46 17.00 0.26 1.45 6.29 72.11 15.65 

"120 0.32 1.92 7.88 7i.o6 23.27 0.38 1.87 7.86 80.16 26.00 

CD 0.05 0.04 0.16 0.73 4.87 1.80 0.07 0.14 1.20 6.32 4.68 

Tillage"methods(T) 

Tl 0.23 1.28 5.83 54.07 15.27 0.23 1.31 5.61 59.20 16.13 

T2 0.25 1.49 6.72 63.55 17.78 0.30 1.63 6.89 75.76 18.92 

CD 0.05 NS 0.13 0.60 3.98 1.47 NS 0.25 0.98 11.50 NS 

Water stocks (W) 

W1 1.37 5.89 57.84 17.96 64.04 17.04 
(35.0) (31.2) (30.7) (29.5) 

• 
W

2 
1.33 6.90 59.58 16.90 71.58 17.99 

(36.4) (30.8) (30.1) (30.5) 

W3 1.45 6.08 59.09 15.82 66.9 17.55 
(37.3) (31.1) (31.0) (29.7) 

CD 0 .05 NS NS NS NS NS NS 

CRI = Crown root initiation, MT = Maximum tillering, FS = Flowering stage 

Figures in parentheses are water stocks (em) 
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There was no significant effect of water stocks on 

N uptake (Table 19) at maximum tillerinq and flowering stages 

during the year 1989-90. During the year 1990-91, these 

observations were not recorded. 

Nitrogen uptake in grain and straw increased 

significantly (Table 19) from 45.39 and 10.12 kg ha-1 to 71.06 

and 23.27 kg ha-1, respectively, with an increase in N level 

from 40 to 120 kg ha-l during the year 1989-90. Similar results 

were obtained during the year 1990-91, and N uptake in grain 

and straw increased significantly from 50.16 and 10.96 kg ha-l 

at N40 to 80.16 and 26.00 kg ha-l at N
120

; respectively. 

Under tillage methods, N uptake in grain and straw 

(Table 19) increased significantly from 54.07 and 15.67 kg ha-l 

(Tl ) to 63.55 and 17.78 kg ha-l 'T2 ), respectively, during the 

year 1989-90. During the second year of study,' N uptake in 

grain increased significantly from 59.20 (Tl ) to 75.76 kg ha-l 

(T2). In straw, it incrieased from 16.13 (Tl ) to 18.92 kg ha-l 

(T2 ), but the increase was not Significant. 

Since variable water stocks could not be achieved in . -

the field hence there was no effect of water stocks on N 

uptake (Table 19) at crop harvest in grain and straw during 

both the years of crop ~tudy. 



DISCUSSION 



DISOJ~SION 

P resent studies' were condUcted at the experimental 

farm of Himachal Pradesh Krishi Vishvavidyalaya l J?alampur 

(Kangra) for two years during the period from November to May 

in 1989-90 and 1990-91.' Wheat(VL-421) was used as a test crop. 

The treatments included three levels of N viz., 40 (N40)1 

80 (N80) and 120 (N120) kg ha-1, two tillage methods viz., 

conventional tillage, (Tl ) and deep ploughing (T2) # and three 

water stocks viz. , Wl , W2 and W3 in the soil profile. The 

studies -aimed at evaluating the effect of these treatments on 

water extraction pattern, plant water stress and plant growth. 

The water stress at different growth stages has been expressed 

in terms of different water production functions like relative 

leaf water content (RLWC)I xylem water potential (XWP), leaf 

diffusion resistance (LDR) and stress degree days (SDD). The 

different plant water indices have been correlated with soil 

water status. 

Mechanical composition of the soil of eKperimental site 

indicated th,at the soil texture is silty clay loam (Table 2). 

Clay content is higher (32.~~) in 30-45 cm and lowest (2a.8~) 

in 60-75 em layer. The 'silt content decreases with depth from 

49.6 per cent for 0-15 em to 30.8 per cent for 75-90 em depth. 

But the sand content increases with depth from 2u.6 per cent 

for 0-15 em to 3u.S per cent for 75-90 em depth. The bulk 

-3 density of the profile increased with depth fmm 1.10 Mg m 

O -3 for -15 em to 1.36 Mg m for 75-90 cm depth (Table 2). In 
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0-15 and lS-lu em depths the bulk density at the time of 

imposition of tillage treatments under deep ploughing (T2 ) was 

lower than that under conventional tillage (Tl ) during both the 

years of study (Table 2). This was due to more loosening 0 f 

soil under T
2

• As is apparent from Table 2, the mean weight 

diameter (MWO) in general is higher, the value is minimum 

(1. B2 nun) for 15-30 em and maximum (2.46 mn) for 30-45 em 

depth. The soil dominates in oxides of Fe, Al and Mn (Bishnoi 

et al, 1937) and may be ascribed as one of the reasons for --
higher values of MWD. The water retention at or around field 

capacity in the surface 0-15 and 15-l0 cm depths is poor in 

comparison to subsurface depths (Fig. 1, Table 2). This may be 

due to higher values of MWD and lower bulk density in surface 

layers. The depth of 75-90 em·retained maximum and 0-15 em the 

mini:num amount of water at all values of matric suction. 

Available water capacity (Awe) worked out to be 16 and 

10 per cent, 15 and 10 per cent, 16.7 and 13.7 per cent, 13 and 

10 per cent, 16 and 11 per cent and 16.3 and 10.8 per cent by 

volume at li.n! ts of 1/1 0 to 15 and 1/3 to 15 bar for the 

layers 0-15, 15-30, 30-45, 45-60, 60":75 and 75-90 cm, 

respectively. Available water capacity for 30-45 em layer was 

the highest, whereas, 45-60 em layer Showed the lowest value of 

AWC and wa s comparable wi th other depths. For all depths, . the 

decrease in water content from 0 to 100 mbar suction was quite 

rapid and became gradual beyond 100 mbar suction (Piq.l). '!he 

decrease in water content from 0 to 100 mbar suction for the 
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surface O-lO em layer was as high as 17.0 per cent by volume. 

The saturated hydraulic condUctivity (Ks) decreased with depth 

as the bulk density increased (Table 3). For 15-30 and 30-45 cm 

layers, having higher clay content and bulk density than the 

surface layer, the saturated hydraulic conductivity (Ks) was 

lower than the surface 0-15 em layer. 

The 1!! ~ hydraulic conductivity 'K(d)', determined 

.;; during the int~rt'\a.1 drainage of the profile at the experi.nental 

site (Fig.3), was identical for 0-15-l0-45 em and 45-60-75-90cm 

layers. Hence, for the purpose of computing fluxes within the 

root zone, a combined 'K(e) , relation was derived separately, 

one for 0-15-30-45 .<;m layers and the other for 45-60-75-90 em 
, 

layers. In the 'K(&)' relationship the exponent 'b' related to 

the permeability function, was slightly lower for O-15-3v-45 em 

layers in comparison to the subsurface layers of 45-60-75-90 cm. 

This may be ascribed to higher percentage of sand in lower 

layers. The values of hydraulic conductivity obtained from the 

field data were used to est! nate the fluxes within the root 

zone. 

The data on soil water content and matric ~?tential 

for the first year of study were used to compute tb.a root 

water uptake (rz > during a typical drying period fn)m 140 to 

170 days after sowing (DAS). During the second year, the 

rainfall was slightly less than the first year, but was more 

uniformly distributed and no well defined dry period was 
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available. DUring both the years of study, attempts were made 

at maxi:nwn tillering stage of crop growth to vary the water 
, 

stocks depending upon the antecedent soil moisture. But because 

of high frequency of rainfall the water stocks could not 

exactly be modified or there was difficulty in varying the water 

stocks. The total rainfall received during complete growing 

season of wheat for the years 1989-90 and 1990-91 was 650.3 

and 612 ~n, respectively. 

The changes in soil water content (Fig. 4) and hydraulic 
I ' 

gradients (Fig. 5) showed that during the drying period between 

140 to 170 days after sowi~ (DAS) f the crop extracted water 

upto 30 em depth under low fertility level (N40Tl and N40T2 ) 

and upto 45 em depth under the remaining treatments. 

The decrease in water content (Fig.4) and change in 

hydraulic gradient (Fig.5) were maximum upto 45 em depth under 

the recommended fertility level (N120T1 and N120T2 >. In case' 

of treatments N4'OTl andN40T2 , the gradients in 15-30 em depth 

were downward upto 150 DAS, but thereafter showed stl!ep upward 

increase. 5i nilarly, the gradients in 30-45 em depth also 

remained downward upto 155 DAS under N40Tl and N40'J~2 a.nd later 

this increase was in upward direction, but of small magnitude, 

i.e. the values remained near the zero line of gradients. This 

is further substantiated by the fact that the changes in water 

content in Q-15 em layer under low fertility level (N40T
l 

and 

N40T2 ) were also minirrum. Generally, the upward increase in 
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hydraulic gradients and decreases in water contents were higher 

under h~gher fertility level and deep ploughing (N120T2). This 

may be dUe to the fact that 120 kg N ha -1 increased the root 

growth (Tables 7, a and 9). The deep ploughing (T2 ) because of 

beneficial effect of decrease in bulk density helped the roots 

to penetrate to subsurface layers and thereby increased the 

utilization of subsoil moisture, resulting in greater upward 

increase in gradients. Greater utilization of -subsoil moisture 

with higher levels of N has also been reported by several 

workers (Kmoch ~ !l., 1957, Campbell ~ )1., 1977, yadav and 

Agarwal, 1981). However, the depth of 60-75 em showed upward 

increase of gradients after 155 DAS under the treatments of I 

1~12 OT 1 and N120T2 but there wa s no change in water content 

under these treatments at this depth. In general, the hydraulic 

gradients were near the zero line below 45 cm under all the 

treatments. i1a:3owan (1974) and Grego%y ~!l. (1976) have 

defined the effective ~oting depth as that depth at which the 

hydraulic gradients are zero. lhe maximum rooting depth in 

these studies worked out to be 30 em under the treatments of 

N40Tl , N40T2 and upto 45 em under the remaining treatments. 

This is further substantiated by the magnitude and direction 

of hydraulic flux estimated at 32.5 em depth (Fig.6). The 

charges in hydraulic flux under all the treatments during this 

drying period highlighted the extent of root activity in the 

rooting zone which induced the flow towards the surface. The 

flux remained downward under all the treatments for most of 
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the time. It was only at the end of drying period (160 to 165 

DAS) that the flux under the treatments of N40Tl , NaoTl and 

NaOT2 passed the line of zero flux and turned upward (Fig.6). 

Under the remaining treatments the flux became upward between 

145 to 150 DAS as the dry period progressed. 

The total water uptake (Rz ) from the profile (0 to 90cm) 

increased with increase in N level both under conventional 

tillage (T
1

) and deep ploughing (T2). The compari.son of 

different treatments (Fig.7) showed that the value of Rz was 

-1 (0· -1) maxi:nuffi (0.392 em d ) under N120T2 and minLl1llm , .135 cm d 

under N40T
l

• The root growth in 0-30 cm layer (Tables 7, a and 9) 

was also higher at N120 and under T2 • Ehrler ~!!. (19dU) 

found that root water uptake was functionally related to rooting 

densi ty and soil water potential. 5i n11arly, Nny;nah and Black 

(1977) and Chaudhary and Bhatnagar (1980) found a close 

correspondence between the rooting density, root distribution 

and water extraction pattern. Under tillage methods l the value 

of both rand R were higher under T2 (Appendix III). This z z 

ODuld be ascribed to beneficial effect of deep ploughing (T2 ) 

on soil physical properties resulting in better root growth 

and higher water uptake. Burnett and Tackett (1968) and 

Shadoria (1938) indicated that deep ploughing modifies the 

soil physically and results in greater utilization of subsoil 

roo i sture. Deeper and denser rooting resulting in higher water 

uptake under deep tillage has also been reported by several 
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Upreti and Sirohi (1986) had also recorded highex' ~,alue of 

RLWC at higher N nutrition but the effect was not significant. 

mey reported that the application of N regulated the plant 

water relations, i. e. osmotic potential decreases and XWP 

increases which resulted in higher RLWC. At maximum tillering 

and flowering stages, the deep tillage (T2 ) maintained higher 

RL'i'JC of 78.2 and 76.3 per cent than conventional tillage (T
l

) , 

being 76. a and 75.5 per cent, respectiveiy during the year 

1939-90 (Table 10). But during second year of study, the RLWC 

values were alroost same under both the tillage methods at both 

the stages of crop growth. The higher RLWC values u.,nder deep 

ploughing (T2 ) might be due to improvement in soil bulk density 

(Table 2) which resulted in higher wa~er availabi.lit.y and 

thereby enhanced root growth and its activity. Similar 

observations were also made by BUrnett and Tacket (1968), 

Bennie and Botha (1936), Barbosa tl~. (1939), Arora ~ .!l.. 

(199l) and Gajri et ale (1991). The RLWC decreased as the crop --
advanced from maximum tillering to flowering stage. This may 

be ascribed to comparatively higher air temperature during 

flowering stage (Appendix I and II) which might have resulted 

in greater transpiration losses, thereby decreasing RLWC. 

Plant water potential is a measure of energy status of 

plant water and is a good indeX of phYSiological and bioche~1cal 

phenomenon taking place in plant. Plant water potential 

expressea as xylem water potential (XWP) 1s direct.ly related 
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to the integrated influence of soil water, plant factors and 

evaporative demand of the atmosphere. In the present study. 

}Cl,-oP increased with N application at all the growth stages 

during both the years of study (Table lla). The effect of N 

was significant at all the growth stages during 1989-90 and 

only at flowering stage during the year 1990-91. At crown root 

initiation, maximum tillering and flowering stages, the 12 0 kg 

N ha-l maintained la~9, 5.4 and 12.3 per cent higher XW? over 

40 kg N ha-l during the year 19d9-90 and 5.9, 4.1 and 3.9 

per cent during 1990-91, respectively. The increase in XWP 

with N application could be ascribed to increase :In tissue 

elasticity (bulk modulus of elasticity) and apoplastic water 

content of leaf (Upreti and Sirohi, 1936). Nitrogen fertility 

influences plant water relations (Shimshi, 1970, Radin and 

parker, 1979, Radin and Boyer, 1982) and N deficiency- decreases 

leaf water potential as. a result of increased root resistance 

(Radin and Parker, 1979). The increase in XWP could be ascribed 

to better root growth r~sulting in higher water uptake. Gajri 

and Prihar (19d5) reported that higher root.density had a 

large influence on leaf water potential of wheat through its 

effect on water uptake, at a given water potential in soil. 

In their field eKper~~ent, leaf water potential of· wheat 

increased with increase in rooting density even tl"H:>ugh the 

root zone soil water content was lower in higher root densi~ 

plots. In the present study the XWP was higher under deep 

ploughing (T2 ) at all the growth stages during both the years 
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of stuqy (Table lla). lhe significant effect of tillage methods, 

however, was only at maximum tillering and flowering stages 

during the year 19139-90. The tillage me.thod '1'2 maintained 1.1, 

4.7 and 4.6 per cent hi~her XWP over '1'1 during 19d9-90, 2.1, 

4.7 and 2.9 per cent during 1990-91 at crown root initiation, 

maxi~m tillering and flowering stages, respectively. This 

could prooably be due to i nprovement in soil physical 

properties resulting in better root growth and higher uptake' 

of water. Similar observations have also been made by BUrnett 

and TaCKett (1968), Reddy ~!!. (1977), Bhadoria (1983), Arora 

5. li. (1991) and GaJri II li. (1991). Deep ploughing ('1'2) has 

favourable effect on the modifications of soil physical 

properties, viz., infiltration, increase in drainage of poorly 

drained soil, bulk density and porosity of soil (Y\1;nura and 

Ishihara, 1971, Allamaras ~ !l., 1977, Acharya and Bhagat, 

1964). The treatment N120'1'2 was found significantly superior 

for XWP over N40'1'1 and N40'1'2 at crown root initiation during 

the year 1989-90 (Table llb). This could be due to higher root 

growth at higher level of N and deep ploughing ('1'2) which 

produced favourable conditions for penetration of roots to 

deeper depths and thus extracted greater amount of subsoil 

moisture. xylem water potential decreased as the crop advanced 

in.age, i.e. crown root initiation to flowering stage. This is 

due to high evaporative demand (Appendix I and II) at flowering 

than at crown root initiation and maximum tillering stages as 
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the leaf water potential is highly affected by evaporative 

conditions such as relative humidity and net radiation as long 

as soil water is not limiting (Slayter and Gardner, 1965). 

Similar results for wheat have also been earlier reported 

(Anonymous, 1977, Singh ~ J!., 1984). 

The critical values of LVi» decrease.s with increasing 

temperature (Frank!1 al., 1973) and during the vegetative 

stage of wheat, the stomata close at high water potential, but 

stomatal opening is ensured during reproductive stage at lower 

total water potentials (Teare ~ ~., 1980). Hence, the 

cri tical value of XWI? in wheat representing water s·tress is 

different for different growth stages. 

The diurnal changes in XWP of wheat at flowering stage 

under N levels, tillage methods and water stocks (Fig. a and 9) 

showed that it was almost the same at OaOOh under different 

levels of N (Fig.Sa, 9a). The values at l700h were also sinilar 

under N levels, but were lower than ,the values at 0800h. This 

could be ascribed to the fact that due to no evaporative demand 

during night and almost negligible at 0800 and 1700h the 

internal gradients disappeared. There was progressive' ~ 

development of stress or decrease in XWP after 0800h till 

lJOOh under N levels, tillage methods and water stocks., This 

was due to higher evaporative demand at lJOOh and the rate of 

water uptake was inadequate to meet this demand. Xylem water 

potential was the lowest in the afternoon (1200 to 1300h) and 

the highest at 0800h under N levels, tillage methods and water 
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stocks. Similar findings have also been reported by Nag-araj arao 

(1984) and Singh ~.Ii. (1984). The level 40 kg N ha-
l 

maintained more negative XWP than 80 and 120 kg N ha -1 from 

1000 to lQOQh during the year 1989-90 and till 1300h during 

1990-91. This could be due to less root growth under N40 

(Tables 7, a and 9) which did not maintain higher water ~Ptake 

to com~ensurate with evaporative demand. The second possible 

reason could be the role of N nutrition to regula.te the plant 

water relations (Shi;nshi, 1910, t1preti and Sirohi, 1986). The 

decrease in XWP with ti ne was more during the year 1990-91 

possibly due to comparatively higher evaporative demand 

(Appendix II). 

The diurnal changes in XWP under tillage methods 

(Fig. db, 9b) showed that XWP was also the same at OaOOh under 

both the methods_ Beyond thiS, the value of XWP at every ti;ne 

of the day was low under conventional tillage (T
l
). This may 

be ascribed to the fact that root growth was less under Tl 

than T2 (Tables 7, a and 9). Mooris and Dayanard (1978) noted 

that in dense soil leaf water potential declined more rapidly 

because of restricted root growth. During the year 1990-91, 

there was oot ItUch difference in XWP under the tillage methods 

owing to no water stress at any time of the day as the rainfall 

distribution was more uniform during the second year of study. 

As the water stocks were not variable, the diurnal changes in 

XWP did not follow a~ consistent trend with respect to water 

stocks (Fig. 8c). 
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The leaf diffusion resistance (LDR) decreased with 

increase in application of N at maximum tillering and flowering 

stages of wheat growth during both the years of ~tudy (Table 12). 

The first year of study reflected significant effect of N at 

both the growth stages but during the second year, the effect 

-1 was significant only at flowering ~tage. The level 120 kg N ha 

-1 maintained 30.7 and 28.3 per cent lower LDR over 40 kg N ha 

during the year 19d9-9ul 13.2 and 24.5 per cent during 1990-91 

at maxirnum tillering and flowering t;tages, respectively. 'Ihe 

-1 lower LDR at higher N level (12 u kg N ha ) was dIJ,e to higher, 

XWP. ~everal investigators Van Bavel, 1967, ~zeica and Long, 

1969, sandhu and Horton, 1977) have reported that LDR is closely 

related to plant water status. The higher LDR at 40 kg N ha-l 

could be due to increase in root resiEtance to' water flow in 

wheat plant' owing to decrease in ~ydraulic conductivity~ 

similar observations have also been made by Shimshi (197J) for 

cotton plants and Radin and Boyer (1932) for sunflower plants. 

The decrease in LDR with increasing application of N could be 

related to increase in root gro\tJth (Tables 7, :3 and 9) resulting 

in higher water uptake (Appenaix III). 

Leaf diffusion resistance was lower under deep ploughing 

(T2 ) at both the growth stages during both the yeal:'s of study 

(Table '12). 'Ihe significant effect of tillage methodS, however, 

was only at flowering stage during the year 1989-9U. The 

tillage method T2 maintained 16.0 and 11.3 per cent lo~ver LDR 

over Tl during 19d9-901 12.0 and 12.1 per cent during 1990-91 
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at maximum tillering and flowering stages, respectively. The 

lower value of LDR under '1'2 could be ascribed to the beneficial 

effects of'deep ploughing (Table 2) o~ the :nodification of soil 

physical properties which resulted in higher moisture 

availability and better root growth (YUmura and Ishihara, 1971, 

Allamaras ~ !l., 1977, Acharya and Bhagat, 1934, Bhadoria, 

1938). As the variable water stocks could not be achieved in the 

field, hence there was no effect of 'water stocks on LDR 

(Table 12). Leaf diffusion resistance was higher .;3,t flowering 

stage in comparison to maximum tillering stage, under N levels, 

tillage methods and water stocks. Incr'ease in LDR with ageing of 

plant ;nay be due to increase in resistance to' flow of water as 

9lant aged (Anonymous, 1977, Samui and Kar, 1981). 

The crop canopy is the integral part of the crop stand 

which acts as a site for various physiological processes and 

gives better indication of water status in plants. When the. 

evapotranspiration (ET) is reduced following the development of 

water deficit in plant, the energy saved in the process of ET 

is partly diverted to raise the temperature of lea.f. Thus, the 

crop canopy minus air temperature difference knOwrl as stress 

degree days (SDD) inc.r'eases. The sumnation of ~DD known as 

cumulative stress degree days (CSDD) was higher at N40 
(Fig. lOa).· In general,' the CSDD decreased with time, both 

under N levels and tillage methods (Fig.10a, b). This tren~ 

however, was not exactly increasing or decreasing. The level 

120 kg N ha-l maintained lower CSDD than 40 and 30 kg N ha-l 
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levels because of better root growth which extracted higher 

aroount of water, maintained hijher XWP (Table lla) and kept 
. -1 the canopy cooler than 40 and 80 kg N ha • Similar observations 

were also made by Seligman ~!!. (1983) and Gajri and Prihar 

(1985). The crop canopy minus air temperature difference has 

been related to leaf water potential in wheat (Ehrler ~ !i., 

197da; ~ingh and Singh, 1984). Increasing drought decreased 

leaf water potential and increased canopy minus air temperature 

accordingly (Ehrler ~ j!., 1973b). 

~he stress degree days and CSOD under tillage methods 

during the years 1989-9U and 1990-91 (Fig.lub) did not differ 

during the period understuqy. But during the year 1989-9u the 

CSDD were higher than the values in 1990-91. This could b~ 

ascribed to roore uniform distribution of rainfall during the 

year 1990-91. It indicated that the use of ~DD for stress 

evaluation is applicable only when the stress is appreciable. 

Arora !1!!. (1991) reported that the canopy temperature of 

wheat under deep tillage treatment (3.J em) '~Jas 2 _3°C lower 

because of higher water uptake than the crop where tillage was 

done upto 10 cm depth. 

The relationship between soil moisture storage and 

various plant water status parameters viz., RLWC, XWP and LOR 

showed that these are affected by N and tillage methods 

(Table 13 and Fig. lla,D,c). Relative leaf water content and 

XWP increased, but LOR decreased linearly with increase in 
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profile moisture storage both under N levels and tillage 

methods. The increase in RLWC and XWp with increase in profile 

moisture content can be ascribed to higher moisture availability, 

variable root growth under N level~ and tillage met~ods 

(Tables 7, 8 and 9) resulting in differential water uptake 

(Appendix III). 

Leaf diffusion resistance. decreased linearly with 

profile moisture storage (Table 13 and Pig. llc). lhis may be 

due to increase in RLWC and XWP. Decreased soil noisture leads 

to decreased leaf water potential and increased resistance to 

movement of water (Boyer, 196dl Acevedo ~ !l., 1971). The 

degree of correlation under N levels was good for X~~'P followed 

by LDR and least for RLWC. This suggested that XWP is more 

sensitive to the changes in soil water content •. Uncer tillage 

methods the correlation was stronger for RLHC in c.:o:11parison to 

xwp and LDR. 

Relationship between soil water potential and plant 

water relations (Table 14 and Fig.12a,b,c) showed that RLWC and 

XWk> increased, .whereas LDR decreased linearly with increase in 

soil water potential both under N levelS and tillage methods. 

Bharabme ~!!. (1984) also found positive and significant 

correlation between soil water potential and XWP of wheat under 

different levelS of N. 

Leaf diffusion resistance decreased linearly with 

increase in soil water potential both under N levels and tillage 

methods (Table 14 and P"ig.12c). The decrease in LDR 1s attributed 
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to increase in plant water status (Fig.12a,b). Katerji ~!!. 

(1985) noted that from boot to grain formation. stage of wheat, 

stomatal diffusion resistance depends principally on soil 

water availability. But from grain formation to milk ripe, 

stomatal diffusion resistance depended principally on plant 

water status irrespective of soil moisture. A study by 

Oosterhuis and walker (19d7) revealed that at the onset of 

water stress in wheat, stomatal diffusion resistance showed a 

clear increase which coincided with change in leaf water 

potential. The degree of correlation between soil water 

potential and plant water relations was stronger fOL' XWP than 

for RL~~C and LDR under N levels and tillage methods. This 

indicated that XWP is a better indicator of 91ant water status 

and recponds more quickly ~o changes in soil water potential. 

The relationship between XWP and RLWC (Table 15 Fig.13a) 

showed that RLWC increased with increase in XWP, both under N 

levels and tillage methods. At XWP of -18 bar, RLWC ranged 

from 72 to 76.9 per cent with increase in N from 40 to 120 kg 

-1 N ha • Similarly, under tillage methods, Tl and T2, RLWC 

ranged from 72.d to 74 per cent. Similar relationship has also 

been reported by Kramer (1963) who reported that RLWC is the 

best indicator of plant water status and has been found to be 

closely correlated with water potential of the same tissue. 

Tomar and Ghildyal (1973a) noted that LWP of rice decreased 

sharply as RLWC decreased below 100 per cent. In tile 
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intennediate RLWC range,' the drop in LWi? was gradual, but 

below RLWC of 35 per cent, the drop in LWP was again very 

sharp. 

Relative leaf water content decreased linearly with the 

increase in LOR' (Table 15 and Fig.13b) both under N levels and 

tillage methods. Relative leaf water content ranged froln 72.6 

to 78.0 per cent with N levels increasing from 40 to 120 kg ha-l 

at LDR of 4 s em-l • Similarly, under tillage methods, Tl and T2 , 

RLWC ranged from 73.8 to 75.0 per cent at LDR of 4 s em-l • 

Several investigators (Van Bavel, 19671 ~zeica and Long, 19691 

Sandhu and ,Horton, 1977) have reported that LUR is closely 

related to plant water status. The correlation was good under 

N levels than tillage methods suggesting that the RL~"¥C is more 

affected by N. 

The relationship between XWP and LOR (Table 15,Fig.13c) 

showed that LOR is influenced by N levels and tillage methods. 

Leaf diffusion resistance decreased linearly with increase in 

xwp. At higher value of XWP, LOR ranged from 3.23 to 2.09 s cm-l 

with N levels increasing from 40 to 120 kg ha-l • &.:lm:tlarly, 

under tillage methods, Tl and T2, LDR r~nged from 2.75~o 

2.46 s cm-l.'lhe correlation was 3.1most €\..iually good both under 

N levels and tillage methods suggesting that J..,0R is E~qually 

affected by both. The re~ationship between stomatal resistance 

and leaf water potential is not single valued, it is modified 

by soil moisture, radiation and plant age (Toma.r and 0 I Toole, 

1962) • 
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Growth of crop ~r~ssed in terms of leaf area index 

(LAI), accumulation of dry matter at oifferent growth stages 

and crop yield at harvest was appreciably affected by N levels 

an~ tillage methoAs (Tables 16a and 17). Leaf area incex 

significantly increased with the application of N at all the 

growth stages curing lx>th the years of study (TablEJ 16a). The 

N level of 120 kg ha-1 gave· 27.6 and 28.1 per cant higher LAI 

over 40 kg ha~1 during ,1989-90, 65.3 and 41.3 per cant during 

1990-91, at maximum tillering and flowering stages, respectively. 

This may be attributed to an increase in number of tillers per 

metre row length, number of leaves ana leaf size. Higher LAI at , 
-1 120 kg N ha may be attributed to better root growth which 

could help in higher water anc nutrient uptake and thereby 

,extensi va vegetative growth. Significant increase in LAI Clue 

to application of N has also b~en raported by several workers 

f,Mann, 19571 srivastava, 1968; Shrotriya and Misra, 1977, 

Reddy anCl Bhardwaj, 1982a). 

Numerically the LAI was higher un(ler aeep ploughing 

(T 2) in comparison to conventional tillage (T I ) at all the 

growth stages during both the years of study (Table 16a). The 

significant effect, however, was only during the first y·ear of 
, 

stu~y. The tillage metho& T2 gave 20.1 and 13.6 per cent higher 

LAI over Tl rurin~ 1989-90; 8.6 and 5.6 per cent curing 1990-91 

at,maximum tillering and fiowering stages, respectively. The 

increase in LAI uneer deep ploughing (T
2

) could be ascribed 

to deep penetration of roots and higher rooting denSity, 
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resul Ung in more upta~ of water and nutrients which produced 

more extensive vegetative growth. Similar observations were 

also made by Hsiao (1973) and Arora n li. (1991). As the 

distinct variable water stocks could not be achieved in the 

field, there was no significant effect on LAI Witil respect to 

water stocks (Table 16a) at any growth stage (1989-90). 

Leaf area index at maxinum tillering (Table l6b), 

increased with N application, bo~ under Tl and T2 during the 

year 1989-90. The treatment N120T2 ~as significantly superior 

over the treatments of N40Tl , N40T2 and NaoT1• This could be 

attributed to better root gro{,ith under N120T2 combination 

(Tables 7, d and 9) resulting in higher water uptake 

(Appendix III) and nutrient uptake (Table 19) which resulted 

in greater vegetative growth. 

Dry matter production at different growth stages and 

at harvest (grain as well as straw yield) incr·:::ased with N 

application during both the years of stuqy (Table 17). The 

increase in dry matter production may be due to increase in 

number of tillers or shoots per metre row length, number of 

leaves, plant height and leaf area index. ~imilar observations 

have also been reported by shrotriya and Misra (1977), 

Chaudhary and Sherif (1982), Sharma (1983) and ~ingh (1990). 

Signi ficant. increase in grain and straw yield wi th N 

application has also been reported by several workers (Patil 

and Batkal, 1975, Jat ~ !l., 1976, Rathore and Singh, 1977, 
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Agarwal and Koolani, 1978, Singh and Sharma, 1979, Tomar 
. -1 

~ 51., 1979, Singh, 1990). The level of 120 kg N ha gave 

70 .. 5, 82.9 and 38.6 per cent higher dry matter yield over 

40 kg N ha-l during the year 1989-90, 93.3, 39.7 and 42,5 

per cent during 1990-91 at crown root initiationl maximum 

tillering and flowering stages, respectively. Similarly, at 

-1 harvest the level 120 kg N ha gave 42.2 and 35.6 per cent 

higher grain and straw yield, respectively during the year 

1939-90. 'lbe corresponding values for the second year of study 

were 39.4 and 36.2 per· cent. 

The deJtP tillage (T2) gave significantly higher dry. 

matter yield at different growth stages and at crop harvest 

(grain and straw yields) during both the years of stuqy 

(Table 17),. The effect, however, was not significant during 

both the years at crown root initiation and at harvest in straw 

yield. lhe higher dry matter production under T2 is ascribed to 

the favourable integrated effect of soil physical environment 

that enhanced root growth for greater uptake of water and 

nutrients and thus produced more plant height and number of 

ears per plant. Si-n11ar observations were also made by 

Chaudhary and Sherif (1982), Whitley and Dexter (1932) and 

Sharma and Acharya (1987). Besides water and nutrient uptake, 

roots can markedly influence the activities of shoots 

(Torey, 1976), The tillage method T2 produced 10.9, 16.4, 

15.0, 14.6 and 5.2 per cent higher dry matter over Tl during 
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19819-90, 17.0" 14.2, 10.8" 13.8 and 4.2 per cent durinq th, 
yea.r 1990-91 at crown root initiation, maximum tillering, 

flowering and at harvest in the grain and straw yield, 

res:pectively. Deeper and denser root system in deep ploughing 

has been reported to ex tract more water from the soil during 

thE! reproductive phase resul tinq in increased y1.eld of wheat 

(Bhagat and Acharya, 1988, Arora tt al., 1991 and Gajri et ale 

1991) • 

As the water stocks were not variable, there was no 

effect of water stocks on dIy matter production (Table 17) at 

any' growth stage and at crop harvest in grain and straw yields 

dur'ing both the years of study. 

There was significant effect of N application on its 

con.tent in plant at different growth stages and at harvest in 

grain and straw during both the years of study (Table 18). 

Application of N, enhanced its availability and absorption 

by plants. Increase in N content in grain and straw with the 

application o~ N has also been reported by Shrotriya and Misra 

(1977), Jat ~.t!. (1976a), Sandhu and Gill (1976) and Singh 

(1990). JIllmerically, the N content was higher under deep 

plo·ughing (T2 ) in comparison to conventional tillage (Ti) at 

all the growth stages durinq both the years of study (Table 15). 

But the effect of tillage methods was not Significant at any 

qrowth stage, except in straw (1969,.90), during both the years 

of study. These find1nqs are in conform! ty with thoa.of 
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Barb~sa ~!!. (1989) who also did not find any significant 

difference in N content under various tillage practices. The 

higher N content in plant under T2 may. be attributed to 

i npr10vement in soil phYf)ical environment resulting in better 

root growth and their penetration to deeper depths and hence 

greater access to subsoil moisture and nutrients. Since the· 

variable water stocks could not be achieved in the f.ield, 

there was no effect on N content due to water stocks at 

different growth stages and at harvest in grain and straw 

(Ti:LOle 18). 

Nitrogen uptake in plant, at different growth stages 

and at harvest in grain and straw (Table 19), showed that it 

increased significantly with N application during both the 

yeaz's of study. Increase in N uptake was' due to increase in 

dry matter production (Table 17) at different growth stages 

and at harvest in the grain and straw yields together with 

high.er N concentration. Increase in N uptake in wheat with the 

appl.ication of N has also been reported by several other workers 

(ShE!khawat ~ .!!l, 19751 Sinha, 1975, Sandhu and G111, 19761 I 

Shal~, 1983, Singh, 1990). N1trogen uptake was Significantly 

higher under deep ploughing (T2 ) at each growth stage during 

both the years of study except crown root initiation and at 

han'est in straw (1990-91). This was due to higher dry matter 

production under T2 • Secondly, the higher uptake under T2 . 
coul.d be due to improvement in soil structu1",e in the rhizosphere 
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(better soil physical environment) which resulted in better 

root growth that facilitated more removal of N (Nielsen and 

Humphries,1966, Terman II C!lu 1976, Chaudhazy and Sandhu, 

1983, Rehman and Islam. 1986 and Sharma and Acharycl, 1987). 

The foregoing discus~ion suggests that the application 

of 120 kg N ha-l in combination with deep ploughing had 

favourable effect on plant growth and water production 

I functions during both the years of study. Deep ploughing 

lowered the bulk density and in combination with higher level 

of N resulted in better root growth and development. This 

helped in the eKtraction of water from subsurface depths and 

thereby maintained higher plant water status, i.e. higher RLWC 

and XWP, and low LDR and SDD. Integrated effect of better root 

growth was reflected in efficient W'ater and nutrient uptake, 

higher LAI and dry matter production at different growth 

stages and at crop harvest during both the years of study. 

Various indices of plant water status showed good agreement 

with soil moisture storage and soil water potential, both under 

N levels and tillage methods. 
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SUMMARY 

The studies entitled "Profile water extract.ion through 

water-nttrogen-tillage interaction in wheat" were carried out 

at the experimental farm of Himachal Pradesh Kriehi 

Vi shvavidyalaya, Palampur (Kangra). The experinent 'A'as laid 

out in Split Plot Design with 18 treatments, consisting of 

combinati-:ns of three levels of N (40, 80 and 120 kg ha-l ), two 

tillage method& viz., conventional tillage (Tl ) and deep 

ploughing (T2 ) in main plots and three variable water stocks 

viz., Wl , W2 and W3 in 'subplots. The experiment had three 

replications and plot size was 5K2 m. wheat (VL-421) was used 

as a test crop. The studies were aimed at evaluating the 

effect of these treatments on water eKtraction pattern, water 

production functions viz., relative leaf water cont.:mt (RLWC) I 

xylem water potential (XWP) , leaf diffusion resistance (LDR) 

and stress degree days' (SDD), root· and plant growt,:h4! nutrient 

content and uptake. Relationship of soil moisture storage, soil 

water potential with water production functions, and 

inter-relationships among themselves have also been evaluated. 

The results obtained are summarized in the subsequent 

paragraphs. 

The texture of the experinental site was silty clay loam. 

The clay content was higher in 30-45 em (32.~~) and 15-30 em 

(32.2~) depths in comparison to 0-15 em (29.4%) and other 

depths (23.8 - 31.~). The bulk denSity increased with depth 

and the subsurface depth of 75-90 em had comparatively higher 
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bulk density U.36 Mg m-3) in comparison to the :bur-face depth 

of 0-15 em (l.10 Mg m-3). The deep tillage (T2 ) i'.;.reatment 

lowered bulk density at surface and subsurface depths during 

both the years of study at sowing of the crop. 

The water retention in the 0-15 and 15-3J cm depths 

was poor in comparison to subsurface depths. The depth of 

75-9u cm retained the highest and 0-15 em depth the lowest 

amount of water at any value of suction. Field determined 

hydraulic conductivity values showed that the lalrers 

0-15-30-45 em were slightly less permeable than the subsurface 

layers of 45-00-75-90 em. The saturated hydraulic conductivity 

decreased with depth. 

. 
The decrease in soil water content and changes in 

hydraulic gradients were maxinum upto 30 cm depth under the 

treat~ents of N40Tl and N40T2 and ·upto 45 em depth under the 

remaining treatments. This sU9gestedthat under low fertility 

level water needs were met by the layers upto 30 em, whereas 

by the layers upto 45 em under the recommended fertility 

level. The changes in hydraulic flux across 82.5 em depth 

showed that the flux remained downward for most of the ti~e 

under the treatments of N40Tl and N40T2 and became upward at 

the end of drying period (during 100 to 105 DA&). Under the 

remaining treatments, the flux became upward between 145 to 

150 DAS, but after that remained near to zero lim~ (.Jf flux. 
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The root water uptake (rz ) from different depths showed 

that the treatments of N40Tl and N40T2 extracted maximum amount 

(95:f.) of water from 0-15 and 15-30 em depths and very less 

quantity from 30-45 em depth. The depthwise eKtraction of water 

under these two treatments decreased with depth. Unaer the 

remaining treatments about 75-80 per cent of total water was 

extracted from 0-45 em depth. There was, however, no well defined 

trend for the water uptake with respect to depth. The total water 

uptake (R ) which also includes evaporation, increased with z 

increase in N levels both under conventional tillage (Tl ) and, 

deep ploughing (T2). The maxi mim uptake of water was under the 

-1 treatment of N120T2 (0.392 ern d ) and the lowest under N40Tl 

(U.135 em d-l ). 

The per day water withdrawal calculated by the method 

of Ogata ~.!1:.. (1960) and from profile depletion (6t. ) showed z 

that the hydraulic flux at the lower boundary of the profile 

should be adjusted in the latter as its magnitude dUring the 

complete life'cycle of the crop is appreciable. 

Root growth (root mass density, root volume and root 

length density) determined at different growth stages, and at 

harvest, increased with the application of Nand Wa,$ higher 

under T2 during both the years of study. The maximum .root growth 

was obtained at recomnended fertility level (120 kg N ha-l ) and 

under tillage method T2• 
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The relative leaf water content (RLWC) determined at 

max1~ tillering and flowering stages of wheat growth increased 

wi th the application of N during both the years of study. The 

effect of N levels was significant at both the growth stages 

during 1939-90 and only at flowering stage during 199u-91. The 

deep tillage, T2 , maintained higher RLWC, but its effect was 

significant only at flowering stage (1989-90). 

Xylem water potential (XWP), determined at three 

Lnportant growth Etages, increased with N application.'Ihe effect 

was significant at all the growth stages during first year of 

study and only at flowering stage during 1990-91. The XWP was 

higher under T2 , but the effect was significant only at maximum 

tillering and flowering stages during the year 1939-90. 

The diurnal changes in XWP at flowering stage of wheat 

(growth showed that it was alnr:>st the same at OaOOh under N levels
J 

~ \ 
I tillage methods and water stocks, but the values were quite 

higher during the second year of study. Similarly, at 17()uh the 

values were also the same, but the second year of study showed 

higher XWP. The lowest XWP was observed from 1200 to 1300h. The 

changes were rapid in the rooming and evening hours in 

comparison to major part of the day. The XWP started. recovering 

after 1300h, but the recovezy was not upto the values observed 

at OaOOh. 
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Leaf diffusion resistance (LDR), determined at maximum 

tLllering and flowering stages of wheat growth, decreased with 

increase in N dose. Ihere was significant effect of N at both 

the growth stages during the year 1939-90 and only at flowering 

stage during 1990-91. The deep ploughing (T2 ) ma~ntained lower 

LDR than conventional tillage (Tl ), but the effect was 

significant only at flowering ~tage during1989-9u. 

The stress degree days (SDD) were recorded from 102 to 

169 DAS during 1989-90 and 85 to 171 DAS during 1990-91. The 

level 120 kg N ha-1 maintained lower SDD than 4U, and 80 kg N ha-1 

The cUmulative stress degree days (CSDD) steadily decreased with 

tine under all the levels of N and tillage methods. CSDD were 

higher under N40, but there was' not much difference under Nao 
and N120• There was no difference in CSDD under tillage methods, 

but during 1989-90 CSDU 'were higher than during 1990-91. In 

general, the crop was not linder stress(neither under' N levels 

nor unaer tillage methods)as the values of CSDD were always 

negative. 

The relationship of different water production functions 

. viz., RLWC, XWP and LDR with soil :noisture storage a·t~ flowering 

stage of wheat growth Showed that under N levels, the XWP was 

:nore affected by,s(Dil water content;whereas)RLWC under tillage 
I 

methods. Similarly, both under h levels and tillage methods, 

XWP showed better correlation with soil water potential, 

suggesting that it is more affected by soil water potential. 
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The inter-relationships between different water 

production fUnctions showed better correlation between XWP and 

LDR, both under N levels and tillaqe methods. 

The leaf area index, recorded at maximum tlllering and 

flowering stages, increased significantly with increase in N 

levels. lhe deep tillage method, T2, maintained higher LAI, but 

the significant effect was observed only during the first year 

of study. 

The dry matter production recorded at different growth 

stages, viz., crown root initiation, maximum tillering, flowering 

and at crop harvest (grain as well as straw yield) s.ignificantly 

increased with N application during both the years of study. The 

grain and straw yield increased significantly with increase in N 

levels during the first year of study. BUt, during the year 

1990-91, the significant increase in crof) yield (grain as well 

as straw yield) with N levels was only lipto 80 kg 1',; ha -1. It 

further increased with N a;?plication, but the inc,r.ease was not 

signi flcant. The tillage method T2 Showed higher dI)t matter 

yield at different growth stages and at harvest. The effect# 

however, was significant at maxi num tillering, flowf?ring and 

at crop harvest in grain. 

~itrogen uptake and its content increased with N 

ap91ic~tion and the effect was significant at all the growth 

stages and at crop harvest in grain and straw, during both the 

years of study. The tillage method T2 showed higher N content 

and its uptake at every growth stage. 
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Since the variable water stocks could noc be achieved 

in the field due to frequent rains during both the years of 

study, their effect on plant and root growth was not discernible. 

There was no effect on either of the water produi:.:tion function-s 

studied. The same was true for dry matter production at 

different growth stages and in grain and straw yields at 

harvest of crop. 

COtCLli SIONS 

The study brought out that the higher level ofN and 

deep tillage resulted in water extraction from sub~urface depths 
I 

and maintained higher plan:t water status, lower LDR and SDD 

thus giving higher crop yield. Under the situatic,n, like ours 

in the ~tate, where wheat is mostly grown as a retinfed crop, 

it is important that subsoil moisture is judiciously utilized 

by the crop. The- interaction of deep tillage and higher level 

of N· upto 120 kg ha-1 encouraged greater root growth and helped 

in higher extraction of subsoil moisture and thereby increased 

the grain and straw yield. DUring the dry periods, there is 

considerable upward flux from lower layers, the magnitude of 

which is not to be ignored while making the field water balance. 

Among different water productions, the XWP Showed better 

relationship with profile water status and profile water 

potential. The crop canopy minus air temperature difference, 

i.e. WD is quite sensitive to changes in plant wdtE!r status 
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and is a good and precise index for evaluating the drought 

resistance of different varieties and plant species. This is 

much easier to measure and interpret. 

The study brought out that the application of 120 kg 

N ha -1 (the recom.llended dose) is essentia.l for proper root 

and shoot growth. The deep tillage checks weed growth, lowers 

down the mechanical inpedence and creates favourable air-water 

relations for growth and proliferation of roots. 
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APPENDICES 



APPEtDIX II Daily rainfall, pan evaporation and aVerage temperature 
(maxinllm and minimum) during the crop growing season 
(1989-90) 

Days Rain- Pan Temperature Days Rain- Pr.:ln Temperatu re 
after fall Evapo- .- Oc after' fall eva po- Oc '-sowing (nun) ration Max. Min. sowing (mn) ration Max. Min. 

'mm~ 'l\~ 
1 2 3 .. 5 6 7 S' 9 10 - ----. 
1 l6~) 2.7 18.7 8.0 45 36.9 2.3 13.0 9.4 
2 2.6 19.2 7.2 46 1.0 0.5 11.1 5. a 
3 2.3 20.3 8.0 47 35.3 0.5 13.6 5.5 
4 2.5 20.9 9.0 '48 0.5 13.7 5.0 
5 2.9 22.1 10.6 49 1.2 13.4 4.4 
6 3.4 23.2 11.5 so 8.5 12.7 4. a 
7 3.1 23.3 12.9 51 1.4- 12.5 2.6 
a 2.7 22.4 12.5 52 1.5 13.7 2.5 
9 3.0 22.0 11.5 53 1.3 14.7 3.1 

10 2.6 21.7 9.9 54 1.1 14.8 3.7 
11 2,. 4 21.2 9.4 55 0.4 13.3 4.5 
12 3.0 21.3 9.5 56 - 1.5 13.7 -2.5 
13 1.5 20.7 11.0 57 (1~) 1.1 13.8 3.4-
14 2.4 20.5 10.0 58 0.9 13.2 3.0 
15 2.d 21~ 0 9.7 59 1. d 14.6 3.5 
16 2.4 20.8 9.5 60 1.0 14.7 6.0 
17 9.2 3.2 2 0.5 9.3 61 2.0 14.8 4.6 
18 0.1 2.0 19.3 9.4 62 9.2 1.5 15.3 5.7 
19 29.8 3.3 17.1 10.3 63 1.4 15.0 5.6 
20 6.3 1.7 14.5 8.6 64 1.3 15.3 4.4 
21 1.4- 15.0 6.0 65 1.4- 16.4 3.4 
22 1.3 17.2 6.6 66 2.:3 18.7 6.5 
23 1.7 17.3 7.0 67 3.0 19.7 7.1 
24 1.4 17.1 6.5 68 2.ti 20.7 8.6 
25 1.3 17.7 6.0 69 - 2.0 21.1 9.4 
26 1.2 18.2 6.6 70 2.7 19.9 3" 5 
27 2.3 18 .. 1 6.4- 71 2.0 19.8 5.6 
28 1.9 19.0 7.2 72 2.1 19,7 9.6 
29 1.9 19.4 6.6 73 1.8 19.3 8.1 
30 1.1 18.4 6.5 74 1.3 18.3 11.0 
31 1.0 16.7 7.2 7rJ 2.2 13.9 9.5 
32 1.3 16.5 9.2 76 2.2 21.0 10.6 
33 2.0 17.8 9.5 77 1.2 20.4 11.5 
34 1.4 la.l 8.6 78 1.9 19.7 9.5 
3~ 1.2 16.1 6.9 79 1.4- 20.0 a.4 
36 1.5 15.4 6.2 80 1.7 20.4 8.0 
37 1.6 16.3 5.4 81 1. ;) 20.4 3.0 
38 1.6 16.6 5.6 82 1.9 19.0 9.5 
39 1.3 16.9 5.1 83 13.2 4 • .s 18.2 10.0 
40 - 1.2 16.5 6.0 84 0.6 16.5 7.4-
41 1.6 16.8 7.6 85 0.7 0.7 15.3 7.0 
42 1.9 17.5 8.1 66 - 1.6 16.5 6.5 
43 1.6 15.9 7.0 87 3.7 1.9 16.8 6.3 
44 32.0 1.6 15.2 9.4 S8 1 ... 1 1. (~ 16.0 5.9 

contd ••• 



II 

APPENDIX I • Contd. •• - 2 3 4' 5 6 7 8 9 15 - ~ 8, - 2.0 lQ.2 4.0 140 3.5 15.5 4.5 

90 - 1.3 16.9 7.0 141 3.6 17.7 6.4 

91 2.6 13.2 7.7 142 3.~ 18.3 S.O 

92 - 1.3 17.0 6.2 143 5.9 2.2 16.0 7.0 

93 2.1 1.7 16.1 7.5 144 12.2 3.13 16.4 5.5 

94 303.0 4.0 15.5 9.5 145 2.41 16.1 1 7.5 

95 25.6 3.9 14.5 8.0 146 2.2 1.4- 16.6 7.5 

96 - 2.3 17.9 7.0 147 2.0 4.2 19.7 6.5 

97 0.2 1.1 17.7 9.7 148 3.7 103.7 6.5 

99 - 1.1 16.6 7.0 149 4.0 20.2 9.0 

99 21.7 2.7 15.7 9.3 150 4.1 21.5 9.5 

100 57.5 2.1 12.7 7.2 151 4.0 22.4 10.6 

101 2.2 12.4 5.1 152 J.5.0 2.0 20.6 13.6 

102 2.4 15.4 4.6 153 10.9 4.5 19.7 10.2 

103 - 2.6 15.7 3.3 154 5.2 21.5 11.3 
104 0.8 14.3 5.6 155 5.3 22.3 10.0 
105 - 0.5 12.1 4.7 156 - 6.2 23.5 10.8 

106 - 1.7 13.0 3.9 157 6.4 26.0 15.5 
107 0.3 1.6 14.8 S.O IS9 10.3 5; 3 26.0 17.5 
106 - 1.4 15.3 4.7 159 - 3.9 23.8 10.0 
109 - 1.a 16.0 4.5 160 - 4.7 22.5 12.5 
110 3.7 2.2 16.0 5.5 161 - 3.8 23.7 12.5 
111 5.0 1.0' 14.3 7.0 162 1.0 3.8 23.7 14.2 
112 23.1 1.1 11.2 6.0 163 - 4.5 25.5 15.5 
113 1.5 2.4 11.2 5.0 154 - 6.9 27.8 18.2 
114 26.0 2.4 11.7 6.3 155 - 7.0 28.1 15.0 
115 8.5 2.2 10.8 4.0 166 7.0 27.8' 14.4 
116 - 1.9 13.2 3.5 167 - 9.6 28.2 14.5 
117 2.5 14.7 1.8 159 8.2 29.5 17.4 
118 - 0.8 15.6 3.5 169 - 7.8 29.6 19.5 
119 - 2.7 16.4 5.0 170 7.6 29.7 16.5( 
120 - 1.5 15.5 6.4 171 - 9.1 30.8 18.1 
121 2.6 ' 17.0 5.0 172 5.8 30.0 20.2 
122 3.1 13.5 6.1 173 - 8.2 28.3 18.2 
123 2.9 2-.1.2 7.5 174 - 6.4 27.5 14.2 
124 3.9 20.7 9.2 175 5.4 26.4 14.8 
125 3.1 19.1 9.0 176 - 6.6 27.5 15.9 
126 1.3 1.5 16.6 10.0 177 - 6.5 27.7 16.0 
127 3.3 17.4 7.5 178 0.5 5. a 27.3 17.9 
123 - 2.9 19.8 8.1 179 4.6 27.5 15.1 
129 - 3.3 20.8 9.1 180 0.5 4.2 27.1 16.6 
130 - 2.0 2 o. 9 10.4 181 0.6 3.0 25.4 14.5 
131 2.2 21.0' 10.7 162 13.4 7.4 25.4 14.9 
132 28.0 1.7 21.9 12.4 183 3.5 26.2 15.9 
133 25.0 2.8 20.3 10.0 184 - 4.4 26.6 16.5 
134 29.5 3.7 17.2 11.5 185 - 4.8 213.3 19.4 
135 16.6 5.' 15.9 9.2 186 6.2 5.0 29.3 11.0 
136 56.7 3.2 16.0 9.2 137 6.4 29.6 18.5 
137 19.2 3.6 15.3 10.0 188 24.2 4.0 23.5 18.3 
138 0.8 1.7 15.3 6.1 189 - 5.2 26.1 16.4 
139 0~6 11 0 15.0 5s.S 190·* - 4.4 29!4 19.3 

·water stocks made variable in 0 to 9 U em depth 
**crop harvested 



APPENDIX II. Daily rainfall, pan evaporation and average temperature 
(rnaxinum and mini t&lm) during the crop growing season 
(1990-91) - - . 

oays Rain Pan Temperature Days Rain Pan Temperature 
after fall Evapo- °c after fall eva po- o~ 
sowing (mn) ration Max. Min. sowing (nun) ration Max. ,Min. 

_.Jmm) . 'mm~ 
) 2 3 4 5 6 7 8 9 10 -
1 (~) .. 2.6 22.8 11.2 45 2.1 18.2 6.0 
2 2.5 22.2 11.2 46 1.6 16.7 5.3 
3 2.6 22.1 11.0 47 1.7 17.7 5.1 
4 2.5 21.7 11.3 48 1.8 17.8 4.5 
5 3.2 22.2 11.0 49 1.9 16.3 5.3 
6 4.2 23.8 11.3 SO .. 2.0 16.8 6.8 
7 - 3.5 24.1 12.5 51 1.9 18.1 7.0 
8 .. 3.2 24.0 11.6 52 8.9 2.7 18.5 8.4 
9 3.3 24.0 12.2 53 40.5 0.2 16.2 8.0 

10 3.1 23.5 11.4 54 76.8 0.7 12.7 8.3 
11 3.0 23.3 11.5 55 56.3 0.2 7.7 -0.1 
12 3.2 22.7 10. a 56 1 - 1.0 6.0 -0.5 
13 3.6 22.6 10.5 57~~) 1.1 1.1 6.7 0.0 
14 - 3.3 22.7 10.4 58 1.2 1.2 9.2 . 0.0 
15 1.8 21.7 10.4 59 1.8 12.0 0.9 
16 1.0 2.8 20.0 9.4 60 1.9 12.9 2.9 
17 2.4 1.6 16.6 8.9 61 2.2 13.8 1.5 
16 2.5 17.5 6.5 62 1.1 13.5 3.1 
19 - 2.9 19.5 7.9 63 ·5.0 2.0 12.7 5.7 
20 3.1 20.7 8.2 64 0.9 11.7 5.2 
21 2.8 20.9 8.6 65 - 1.8 13.6 3.5 
22 .. 2.1 19.9 8.4 66 1.7 15.0 4.0 
23 2.6 19.2 7.2 67 0.7 12.5 4.Q 
24 - 2.8 11.8 7.2 68 '1.7 11.5 3.2 
25 - 2.7 20.1 7.5 69 2.1 1.0 12.0 2.0 
26 2.6 19.7 7.5 70 1.1 10.8 0.5 
27 2.d 19.2 7.0 71 1.7 11.7 0.8 
26 2.6 18.6 6.9 72 1.3 11.6 4.0 
29 2.5 18.0 6.5 73 1.7 12.3 2.4 
30 2.4 18.1 6.1 74 1.2 13.7 3.3 
31 2.1 18.2 7.3 75* ... 1.6 13.7 1.5 
32 2.5 18.5 7.5 76 - 2.0 14.4 2.5 
33 2.0 17.0 8.4 77 2.8 14.6 3.4 
34 1.8 16.7 6.0 76 2.2 14.8 2.9 
35 1.8 16.4 5.0 79 2.1 14.9 3.9 
36 - 2.4 17.5 6.4 ao 2.4 16.2 4.1 
37 2.0 18.4 7.6 81 1.6 17.0 8.4 
38 2.4 18.5 6.9 82 2.3 17.5 9.0 
39 9.7 1.6 16.6 6.2 33 2.3 20.7 11.4 
40 31.2 0.7 11.0 5.8 94 1 .. 7 3.0 21.0 13.0 
41 3d.4 0.3 13.0 6.5 85 1.7 20.1 9.6 
42 2.0 15.2 5.4 36 1.6 18.2 4.8 
43 2.3 17.9 6.3 a7 2.9 17.3 6.4 
44 2.4 18.7 6.9 83 2.5 17.1 5.ot 

contd ••• 



IV 

APPENDIX II, Contd. •• 
I 6 7 

• -.------. g 

;L~ 1 2 3 4, 5 8 9 

89 2.1 16.7 5.1 138 3.3 2.7 19.5 7.9 
90 2.3 15.7 6.5 139 - 3.5 17.9 6.0 
91 2.6 15.2 4.7 140 - 3.8 19.4 6.0 
92 - 2.5 15.2 6.0 141 4:.6 21.2 9.7 
93 2.4 1.3 14.7 9.1 142 4.5 23.3 11.5 
94 2.3 15.5 6 •. 4 143 - 4.6 25.0 13.3 
95 3.2 17.6 7.5 144 5.8 26.6, 13.1 
96 6.5 1.1 11.5 10.5 145 5.8 27.2 15.3 
97 .2J.O 3.1 16.1 9.0 146 - 7.0 27.4 15.0 
98 43.3 3.3 13.1 6.7 147 8. 9 7.2 27.2 17.4 
99 2.4 12.7 4." 148 4.2 7.0 26.9 13.0 

100 1.4 15.1 4.4 149 2.1 3.7 24.9 11.5 
101 1.8 14.7 4.3 150 3.'1 23.2 12.5 
102. 1.8 14.5 4.5 151 - -1.4 24.3 13.0 
103 2.4 15.1 2.4 152 2.3 3.6 24.1 13.1 
104 3.3 15.1 2.0 153 - ].6 22.5 12.5 
105 3.4 15.9 4.3 154 20.1 . 5.9 21.6 12.6 
106 3.3 17.9 4.6 155 1.5 2.8 113.5 9.5 
107 3.0 18.8 9.0 156 3.1 3.4 17.6 9.1 
108 3.2 20.3 10.4 157 3.5 21.1 9.5 
109 4.1 21.3 10.5 158 0.3 2.5 22.1 12.5 
110 1.9 3. a 18.7 10.2 159 39.3 0.9 20.2 1.2.5 
111 14.7 2.5 16.1 10.0 160 3.0 1.9 19.2 10.3 
112 47.1 3.5 16.7 8.7 161 3.3 13.7 10.6 
113 2.0 1.0 16.2 5.3 162 - 4.7 20.2 10.0 
114 1.3 1.8 14.4 5.6 163 4.9 2 O. 6 8.1 
115 2.4 14.7 5.6 164 - 5.6 22.5 9.3 
116 - 3.5 16.9 4.0 165 5.0 24.8 11.6 
117 2.5 2.4 16.7 7.5 166 5.0 25. a 13.1 
118 3.2 1.9 15.6 7.1 167 6.2 27.0 14.8 
119 24.6 3.1 15.2 9.0 168 10.9 6.0 26.9 15.3 
120 2.0 15.7 5.7 169 2.1 6.1 25.0 11,8 
121 2.4 16.7 5.0 170 5.7 25.0 13.9 
122 2.5 18.0 6.2 171 (~. 7 27.0 14.3 
123 6. a 1.5 18.1 10.4 172 6.9 27.5 15.9 
124 2.4 18.5 10.7 173 - 5.7 27.8 16.4 
125 3.6 21.0 11.3 174 - 6.0 28.5 10.1 
126 4.0 22.2 10.9 175 1'.1 29.3 15.9 
127 3 .. 3 22.7 11.3 176 7.3 29.7 16.5 
128 34.7 2.1 17.9 9.7 177 4.0 4.6 29.4 17.3 
129 4.1 17.0 7.5 178 3.4 5.6 27.3 16.0 
130 4.3 21.3 9.0 179 5.5 27.5 15.2 
131 3.9 22.6 12.5 180 7.0 28.9 16.3 
132 4.6 23.5 12.5 181 3.8 29.3 20.6 
133 5 .. 8 4.4 24.3 15.5 182 5.4 29.4 16.4 
134 3.2 23.1 13.0 183 - 7.6 30.2 16.5 
135 3.6 22.5 11.0 184** - 6.4 29.7 19.2 / 
136 2.2 21.2 12.0 
137 9.4 4.1 20.6 10.6 .. water stocks made variable in o to 95 em depth 

-=---...-.- • 

** crop harVested 



APPENDl:X I II I water uptake by crop roots at different depths under different levels of 
nitrogen and tillage methods during a typical drping period from 140 to 
170 days after sowing 

Dept,l'L~ {~mL ~ __ ~ ___ ~~ _____ _ 
Treatments 15 30 45 60 75 gO _~.;;;t: __ _ 

Nitrogen levels (N) 

N40 0.0043 

Nao 
N120 

Tillagemethods(T) 

Tl 

T2 

0.0056 

0.0054 

0.0050 

0.0055 

0.0041 

0.0077 

0.0064 

0.0054 

0.u067 

0.0014 

0.0025 

0.0070 

0.0038 

0.0034 

0.0019 

0.0021 

0.0010 

0.0016 

0.0018 

0.0005 

0.0007 

O.OOlS 

0.0004 

0.0006 

0.147 

0.266 

0.363 

0.242 

0.278 

< 



APPENDIX IV. Effect of nitr99en levels, tillage methods and water stocks on root mass 
density (mg m-1x 106 ) at diffarent stages and harvest of .beat crop in 
0-15 and 15-30 cm (figure in parentheses) depths 

1989-90 1990-91 
Treatments Stag~s of wh~at· growth 

M1' FS AH MT FS ~-- AH 

-
Nitrogen levels eN) 

N40 0.19 0.25 0 .. 29 0.23 0.29 0.28 
(0.01) (0.04) (0 .. 06) (0.02 ) (0. (6) (0.07) 

Nao 0.22 0.33 0 .. 41 0.27 0.36 0.« 
(0.02 ) (0. OS) (0 .. 06) (0.03) (0. OS) (0.08) 

N
120 

0.28 0.39 0 .. 48 0.30 0.54 O. Sl 
(0.03) (0.07) (0.09) (0.03) (0.07) (o.oa) 

CD 0.05 0.03 0.03 0 .. 03 0.04 0.13 0.09 
(NS) (0.01) (0 .. 02) (NS) (NS) (NS) 

Tillage rnethods(1') 

1'1 0.21 0.31 0 .. 36 0.26 ~O.34 0.39 
(0.02) (0.05) (0.07) (0.02 ) (0.05) (0.07) 

1'2 0.25 0.34 0.42 0.27 0.44 0.43 
(u.02) (0.06) (0 .. 08) (0.03) (0.06) (o.oa) 

CD 0.05 NS NS NS NS NS NS 
eNS) (NS) (NS) (NS) (NS) (NS) 

Water stocks (W) 

w., 0.24 0.30 0.38 
.6- (0.02) (O~) (0 .. 07) 

W 0.23 0.34 0.38 2 (0.03) (0. OS) (0.07) 

W3 0.23 0.34 0.43 
(0.03) (0.05) (0.08) 

CD 0.05 NS NS NS 
(NS) (NS) (NS) 

MT=Maximum tillering, FS=Flowering stage. AH ~ At har~est 

~ 



APPEW IX Va·· Effect 0 f n1.trogen leve1.5 and tillage methods on weed (Jrowth 
., (dl.y weight" 9 m-2 ) at 50 days after sowing (DAS) 

Treatments 

Ni trogen levels (N) 

N40 

Nao 
N120 

CD 0.05 

1'111ag8 methods (or) 

'1'1 

T2 

CD 0.05 

1989-90 

18.4 

25.1 

34.1 

2.3 

a8.5 

23.5 

1.8 

1990-91 

15.8 

ao.s 

32.0 

3.1 

26.2 

19.5 

3.1 

:i 
M 


