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INTRODUCTION

Wheat (Triticum aestivum Linn, emend, Fiori-and Paol,)

1s the major cereal CF¢P of winter season and forms a staple

" food of the habitants of Northern India. 1In India, the crop is
grown in 24,09 millionihectares with annual foodgrain |
production of 53;99 miilion-tonnes (Anonymous, 1990) ., The
corresponding figures'%or Himachal Pradesh are 373,20 thousand

hectares and 51,32 thousand tonnes (Anonymous, 1990) . The

figurés for average yiéld of the crop for India and Himachal

1

Pradesh are 22.41 and 13.60 q ha™", respectively, which are

much lower than thbse ci_f major wheat producing countries such

3

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

From acreage point of view wheat ranks first among all
the cereal crops in Himachal Pradesh, but the average yield in

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

inspite of the fact that more than 90 per cent of the wheat

H

growing area in the state is under hiéh ylelding varieties,

‘The main reasons for low yield ére (1) the large area under
rainfed conditions, (11; low input of nutrients, (iii) poor scil
and watér management p;§cticas, (iv) occﬁrrence of sub-optimal
air temperatures, and (;) less weed control and plant protection
vmeasures.‘ Only 17 per cent of the total area under wheat is
having assured 1rrigatién. 'Practically in all major wheat

A

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

are received from mid June to mid September, Winter rains
are meagre,‘erratic and .quite often wheat crop suffers from

moisture stress, In thé absence of’timely rain and pre-sowing

]
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irrigation facility, the sowing of the crop is considerably
delayed resulting in poor yield,

¥

At recede of monsgon rains, the soil profile is wet
which scon starts losing moisture after harvest of maize, The
seed-zone gets desiccated ﬁy the time wheat is to be seeded.
The iower layers, however, continue to remain wet and
contribute very little moi§ture for wheat growth due to pooé
water transmission charactéfistics (Chenkual and Acharya, 1990),
Even a small fraction of méisture stored in the seed-zone has a
favourable effect on germiéation and early establishment of the
wheat crop (Acharya and Kapur, 1938), The subsurface depths, in
general, are compact.and réstrict root growth (Bhagat and
Acharya, 1937), The moistuée in these depths thus remains

untapped,

The different tillége operétions are known to modify
the water use by crops through their effect on profile water
storage and its utilizatioﬁ;(sennie and Goés, 1936) .Deep
tillage enhances water intake and its storage and provides
favourable environment for }oot growth in subsurface depths
(Acharya and Bhagat, 1934; éhagat and Acharya, 1987; Barbosa
et al,, 1989), In situqtioné like ours in the state where land
is mostly slopy and undulating, tillage not §nly provides
greater opportunity for 1nfiltration and retention of rain
water, but also reduces soi¥ erosion owing to reduced runoff,

¥

Early tillage after harvest:of the ptevious crop, thus, may



irrigation facility, the sowing of the crop is considerably
delayed resulting in poor yleld,

At recede'of m&nsoon rains, the soil profile is wet
which scon starts losiﬁg moisture after harvest of maize, The
seed-zone gets desiccaﬁed by thé time wheat is to be seeded,
The iower layers, however, continue to remain wet and
contribute very little moisture for wheat growth due to poor
water transmission chaf;cteristics (Chenkual and Acharya, 1990).
Even a small fraction o% moisture stored in the seed-zone has a
favourable effect on gé%mination and early establishment of the
wheat crop (Acharya and, Kapur, 1938). The subsurface depths, in
general, are compactvana restrict root growth (Bhagat and
Acharya, 1937), The moi?ture in these depths thus remains
untapped, , |

The different tillage operétions are known to modify
the water use by crops ghrough their effect on profile water
storage and its utilizagion (Bennie and Goés, 1936) ,Deep
tillage enhances water intake and its storage and provides
favourable environmept fbr root growth in subsurface depths
(Acharya and Bhagat, 193}: Bhagat and Acharya, 1987; Barbosa
et al,, 1939), In situgﬁions like ours in the state where land
is mostly slopy and undu}ating, tillage not énly provides
greater bpportunity‘for,;nfiitration and retention of rain

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

Early tillage after harvést of the previous crop, thus, may



enhance the moisture supply of the seed-zone at sowing of

winter crops.

The water depletion from deeper dépths iz a funcfion
of atmospheric demand, soil water storage and its
trénsmissibility, rate of root extension, rooting density and

| frequency of rains or irrigation. Under the situations where
root length and prolifetation are restficted, the roots can

be made to penetrate deeper with deep tillage, However, water
may be a limiting factor for enhancing root growth if subsurface

depths are deficient in moisture stbrage for optimum root growth,

. A strong 1ntera¢tion exists between nitrogen application
and moisture supplies in the soil profile, The response of N
application varies with ‘the soil texture (singh et al., 1975)
and until a critical threshold moisture content is reached,
there is no response of N application (Prihar et al., 1985):
Higher levels of N result in greater root growth (Jat et al.,
1976b) that kéep the éanppy of wheat cooler and hence less
stresged than that of N deficient crop (seligman et al., 1933),
Nitrogen fertility influénces plant water relations (Shimshi,
1970; Radin and Parker, 1979: Radin and Béyer, 19823.Upreti
"and Sirohi, 1986), Thus,;the nitrogen supply at appropriate
quantity and at the desited depth plays an important rovle for
early establishment of réots which may go deeper and extract
water from these depths. This, hovwever, is governed by the water

content at the shallower depths, For each amount of N supply






there has to be a critical moisture content in the soii below
which the desired response of applied N is not obtained, Thus,
the plant and root groﬁih is affected by soil-water content
and ereVels,whereas)tﬂ? moisture supplies within the soil

- profile are governed, ﬁo a large extent, by the manipulations

done at the surface and subsurface depths (Bhagat and Acharya,

R
)

1938).

Different indic?s have been proposed by several workers
(Weatherley, 1950; Warihg and Cleary, 1967; Idso et al.,, 1977)
to identify the'm§istnre stress experienced by the crop, Certain
stages have been identified that are comparatively.more
sensitive than others ﬁé moisture stress, These indices are
based on both amount and energy status of water in the soil and
plant, Since Soil-plant-atmosphere is one continuum, the water
production fuﬁction evaluated in one system must rorrelate well
with the other )determin'éd in the other system for identifying
moisture stress in.the crop, However, there are limitations of
measurement within eachicomponent of this continuum, The levels
of soil management, nit}ogen application, and water supplies in
the soil profile which ﬁovern plant and root growth are likely
to influence profile waier extraction ahd various water
production functions, P#ofile water extraction, therefore, is
a complex phenomenon depehdent on soll moisture storage and its’
availability, nitrbgen supply and structural status for root

prbliferatioh. The information on these interacticn aspects



is lacking, although, there are some studies to relate plant
and root gfowth and waéer extraction patterns, individually
with such factors és water supplies, nitrogen levels, and
tillage depths, The studies, weie, therefore, undertaken

i

with the followihg broad objectives;

l- To evaluate the water extraction pattern from different
depths by wheat crop as a function of scll water

- stocks, nitrogén‘levels and tillage depths;

‘ ,
2~ to evaluate the plant and root growth parameters in
wheat as influenced by soil water stocks, nitrogen

levels and tillage depths;

3- to evaluate th§ water stress in wheat crop as related
to root growthgand development in the surface and

subsurface depths; and

4- to correlate the different water production functions
such as leaf water status, day degree stress and crcep

canopy temperature with profile water status.
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REVIEW OF LITERATURE

In this chapter, literature pertaining to the effect
of soil mqistu:e 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, has

been briefly reviewed under the following heads:

2.1 Effect of tillage

2.1.1 Effect of tillage on soii physical properties and
" plant growth

2.1.2 Effect of tillage on water uptake from soil profile
2,2 Effect of moisﬁure regines
2.2.1 Effect of moisture regimes on root and plant growth

2,2,2 Effect of moisture tegimes on water uptake from the
soll profile

2.3 Effect of nitrogen
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 wWater production functions (Stress indices) in
relation to soil moisture regimes, nitrogen and
tillage depth

2,6 Inter-relationships between various water production
functions :

2.1 mo.t_agmz.ml
Tillage refers to the mechanical manipulation of soil

to obtain seed bed physically, chemically and biologically

suited to crop plant, Soil tillage methods such as conventional



and deep tillage are considered important soll ménagement
practices for a successful wheat crop, which alter the ©eoil
physical environment and affect the plant and root growth,
)

water and nutrient uptake and crop yield.

¥

2.1.1 Effect of Tillage on Soil Physical Properties and
P;ang gggggg :

* Tilling or ploughing over years produces a plough pan
at a certain depth,.which 1s a characteristic: of the average
depth of ploughing overiyears. Yet another possibility of
occurrence of a hard li@iting pan at the sﬁbsurface layer can
be continued field traffic (Moorman and Qan Breeman, 1978) o;
clay migration from the:surface layer)part;cularly'under rice
culﬁure (Mottomura et gi., 1970)., Thesé lindting lLayers
besides impeding water éovement in soil also restrict the
elongation and proliferation of roots, Attempts have been
made over years to shatt;r the@evhard pans by deep ploughing
the land to provide a better environment for plant g;owth. _
There’has Been large var;ations in the success of deep |
ploughing ope;ations. This would depend upon type of 5011,4
the nature of crop, the élimate and economics of the operati?n.
Burnett and Tackett (1968) indicated that deep ploughing |
modifies the soil physicélly 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 tillagé and placement of fertilizers in



soils where root penetration was restricted by a traffic pan
(Pattric et al., 1959). Also there has been increased
utilizati;n of subsoil moisture during drying periods between
rains by the deep root system, Favoﬁrable effect of deep
ploughing on the modification of soil hydraulic properties,
viz,, infiltration and permeability has also been observed.
yamura and Ishihara (1971) indicated that drainage of poorly
drained heavy Ultisols:increased with deep ploughing and
contributed towards the increased yields of teosinte and corn
to the tuhe of about lQ per cent over conventional ploughing,
Acharya and Bhagat (1954) also reported higher infiltration
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
 f£lux during the dry period of wheat growth. This coupled with
higher rooting density'#nder\this treatment resulted in

increased grain yield of wheat,

Allamaras gt al. (1977) reported that in a layered
silt loam, hydraulic conduct ivity increased after deep
oloughing, however; the effect was more pronounced in the
upper 30 cm layer than below, because a layer with low
hydraulic conductivity existed between 30-45 cm, Jagsen (1979)
studied some physical aéd chemical characteristics of deep
ploughed soil upto 70 cm. He observed that organic matter

- content increased by 20 per cent upto 50 cm depth followed by

"an improvement in soil struéture.



Subharami and Dakshinamurti (1971) studied the effect
of various tillage ope;ations on root growth of wheat and
maize and revealed tha£ the parameters of root growth like
total root length, root diameter, dry weight of roots, root
- volume, number of priﬁary and secondary roots, etc. were
significantly higher yith deep ploughing followed by mould
board ploughing., Root penetration was better because of
improvement in soil sg?ucture in the rhizosphere, Allamaras
and Nelson (1971) reported that corn root weight configurations
were changed by tillage and straw mulch treatments., But the
same treatments produé%d different root growth in two years

of study. %

Unger (1979) r;ported significantly higher yields of
sugaxbeet roots underfdeep tillage (4ucm depth) than with .
conventional tillage. He attributed this to the improved soil
physical conditions resulting from disrupting the dense high
strength soil horizod.'Increése in root growtﬁ uhder deep
ploughing has been obéerved by Reddy et al. (1977). Bhagat
and Acharya (1987) studied the effect of various soil
management practices on root growth parameters in vwheat and
found that the total fpot length and root density under
conventional cultivation + mulch was double to that obtained
under con§entional culiivation. The mulch treatmént was
followed by deep ploughing.

In tilled soil a ploughsole layer at 20«30 cm depth
1nduced higher rooting density, but restricted pzoliferation
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of roots in deeper layers, The water'uptake on oiat was
functionally related to.rooting density and soil water
potential kEhrler et al., 1980), The grain yield of wheat was
nearly 20 per cent greater under deep ploughing than in those
crops sown by direct drilling. The ploughed treatment had |
lower soil strengfh and coincided with more rapid wetting of

the subsoil and fast root extension rates (Hamblin et al.,1982).

A étudy by Bennie and Botha (19836) on the effecﬁ of
deep tillage and controiled traffic on root growth of maize
and wheat showed that deep ripping and controlléd traffic lead
to a significant increasg in rooting depth, rooting density in
the subsoil as compared\to other tillage treatments, Barbosa
et al. (1989) worked on the effect of deep tillage treatments
on soil properties, growth and-yield of soya in'a compacted
Ustochrept and revealed that 1oosening]of the compacted layer
by deep tillage treatments resulted in lower penetrometer
resistance and bulk density and deeper rooting (31 to 33 cm)'
compared with conventiogal treatments (24 cm), Deep tilled
soya exhibited higher growth rates’than éonventionally tilled.
| Increased root growth rates from deep tillage were attributed
to deep root penetration which had greater access to subsoil
moisture and nutrients, especially during dry perinds.after
emergence, | .

Sharma (1985) re;orted that forage accumulation, plant

height and final forage yield of fodder ocats were significantly

less under minimum tillage (Tl) than under reduced tillage (Tz)
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or conventional tillage (T3). Reduction iﬁ yield under '1‘1 was
associated with :estricted root growth and high soil strength
and bulk density in ﬁbe surface and subsurface layers, Majid
et al, (1987) studiaditha effect of diffe:ent tillage |
techniques on wheat p}oduction and recorded maximum grﬁin

yield of 5,5 t ha™? with deep §loughin§ which vas a.28 per‘cant
increass over cohvent%onai cultivation, Increase in yield was
attributed to better %oot deve10pmen£, utilization of soil

moisture and redistribution of nutrients,
: '
Sharma and Acharya (1987) studied the effect of soil

management on plant growth and yield of rainfed wheat and
recorded signiticantly higher Ary matter yield in deep
ploughing than convenéional cultivation at stem elongation

and heading stages offwhaat growth during 1981.82 and at
heading during 1980-8#. Deep ploughing gave significantly
higher grain yield ovér conventional cultivation during both
the years of study. véhe study further revealed that increased
plant‘growth and yielé under these tillage‘practices was a
consequence of betterT5011 physical environment that enhanced

gross root weight and ;its activity-and in turn shoot growth,
] v

Orellana et gl.'(1990) noted significantly highef
yield df soya with deeb tillage treatment compared to
conventional til lage. - They attributed the higher yield to
improved drainage assb?iated with lower penetrometer resistance
during the exceptionaliy wet germination emergencs pgfiod.

Arora et al, (1991) stﬁdied the tillage effects on corn in
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sandy soils in relatioﬁ to water retentivity anc water

management and seasonal evaporativity and found that increasing

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

2.8 to 4.7 t ha~! in the unmanured plots and 3.3 to 5.4 t ha ™+

in the manured plots. Gajri et al. (1991) also studied the |
tillage effects on yield of wheat crop on coarse textured
eoils and found that dgep tillage significantly 1increased
grain yield over conveqtional tillage and on an average it

was 12,0 per cent higher with deep tillage.

2.1.2 Effect of Tillage on Water Uptake from Soil Profile

Tillage helﬁs ih controlling weeds, improvement in soil
physical properties, éénservation of moisture, free exchange of
gases in soil an& air thch results in better root growth,
thelr penetration to subsurface depth and hence greater
utilization of subsoil moisture (Burnett and Tackett, 1968;
Allamaras et al., 1977; Hamblin et al., 1932) Bhadoria, 1938;
Orellana et al.,, 1990). Increase in moisture uptake (Czeratszki
and‘Shulze, 1971; C§r1s¢n, 1978; Unger, 1979) and root growth
followed by grain Yieldj(Reddy et g;;, 1977; Trouse, 1979) |

have been observed through deep ploughing.

Bhagat and Acharya (1983) studied the water uptake (r,)
by wheat roots under various management pfactices and showed
that the treatment having deep tillage maintained higher uptake
values from the subsurface depths. The total water withdrawal

from the profilefRé (integral of r, from 0 to 60 cm dépth) was
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the highest (1.183 cm d'l) undar this treatment and the lowest
(0.5738 c; d‘l) under the treatment havingvzero cultivation,
Similarly, Soodv(1987);also studied the water-uptake by potato
roots after rice crop from\different depths under various
treatments., When deéptpuddling, compared to conventional
puddling was imposed béfore planting of rice, its effect
prevailed in £he subsequent crop of potato too, This treatment
axtracted greater amount of water in potato in comparison to

the remaining treatments,

2.2 FEffect of Moisture Regimes

Soil ﬁoisture is one of the most important factors
which govern the crop stand and ultimately its yield, In the
absence of optimum moisture, seed does not germinate, water ‘
is essehtial for absorpfion and conveyance of various mineral
nutrients from soil as yell as for the various phySiological

processes like photosynthesis and tranSpiration.

2.2.1 Effect of Moisture Regimes on Root and Plant Growth

Well developediroot system invariably produces higher
yields, Restricted root growth results in reduced nutrient
and water uptake and poér growth of planté (Drew, 1978;
Peterson EE §l.,'1984).€ Root growth may be affected as a

result of inadequate moisture in the soil, mechanicel
impedance (Taylor and Gardner, 1963; Taylor and Ratliff, 1969;

Chaudhary ané Sandhu, 1283) and suboptimal thermal regime

(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 et al., 1957). Extent of root growth
of cereal plant was highly correlated with the soil
moisture level (salim et al,, 1965), A nonlinear decrease in
ioot elongation of whéat 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 ro>ting to a greater depth (Sandhu and Horton, 1977).
The root growth of wheat at heading was linearly related to
the soil water content in the surface 3u cm of the soil
during the 30 to 60 days period (Gajri and Prihar, 1935),
Ehrler gt al. (1980) showed that the relative growth rate of
root length decreased with soil water potential and ended

at -19 bar.

Bhatia et al. (1977) studied the rooting pattern of
" wheat in relation to'soil moisture regime and revealed that
rooting depth increased from 60 cm with 7.5 cm soil moisture
to 90 cm with 25 cm soil moisture in the upper one metre of
soil profile, but fo#nd no significant differences in the
root weight or rooting depth between 20 and 25 cm treatments..
Mehta et al. (lQSS)»étudied the rooting pattern of different
genotypes of wheat in relation to irrigation and found that
root weight and grain yleld increased with 1ncreasing number

of irrigations, Ahmed and Misra (1986) reported curvilinear
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decrease in root length .density of wheat grown under rainfed

or with 1 to 4 irrigations,

501l moisture stress effects almost every aspect of
plant growth and development by modifying the morphological,
physiological and chemical characteristics of a plant, Plant
growth is an mtegrated.'-effect of many factors any of whi&:h may
restrict the growth, mé adverse effect of soil water deficit
on crop growth and yield is well documented (Aspinallet al.,
19647 Hsiao, 1973), Many research workers have reported that
plants under continuous readily avalilable soil moisture .
conditions during growing period make more total growth than
the plants under linited water supply (Goode and Hyryce, 1964;
Fieldateih and Childers, 1965 Carlson, 1967; Frendrich, 1967;

Goode and Ingram, 1972; Janjic gt al., 1972; Cripps, 1981),

Day and Intalap;(l970) demonstrated that water stress
in wheat at jointing stage not only reduced the mumber of days
to flower, but also res&lted in shorter plants, more lodging,
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 tregtment showing the greatest levels of

diurnal water streass,

Patil and Batkal (1975) recorded the highest grain
yield in vheat when irrigations were scheduled at tillering,
- boot leaf, flowering and grain development stages, An increase
1n’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 100 grain weigﬁt which culminated in the increased
yield of wheat, Sandhu and Horton (1977) timed the water
stress period in oats so occur during the boot leaf stage and
the anthesis through early grain formation stage (separately |
and in combination) ané 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 without panicle, kernels and dehulled
kernel s, Stressvat boét leaf stage and at anthesis through
early grain formation@reduced yield 20 and 85 per cent,

respectively whereas combined stress reduced kernel yield by

67 per cent,

Ritchie (l9763 summarised the effects of soil water
deficits on plant groﬁth and reported that during vegetative
growth a8 decrease in soil water availability was first reflected
in decreased expansive growth without any decrease in
photosynthesis and trénspiration. This reduced the sink size
of active leaves for the storage of photosynth&tes which were
then preferentially t%ansported to roots and root growth was
stimlated at the expense of shoot growth, A study by Upreti
and sirohi (1935) on the effect of water stress on leaf area
development and grainfyield'of‘two wheat varieties (Kalyansona
and C-306) showed that water stress treatment had brought |,
significant reduction in specific leaf area (ecm?g™}) in both

the varieties, Water stress at tillering, anthesis and sgpd

1
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development stages significantly reduced the grain yield of
'Kalyansona', -whereas in!C-306' reduction was observed due to
stress at anthesis and seed development stages only; Stress

¥

treatment brought significant‘decrease in leaf area

develooment in both the varieties,

Gogoi (1933) repérted signifiéaht increas: in leaf
area index (LAI) with eaéh adaitional irrigation at different
physiological growth stages of wheat crop., Hochman (1982)
found that stress‘frdm tllléring to anthesis stagé in wheaﬁ
reduced LAIL an@ grain number and decreased grain yield by 28
per cént compared with céntrol. ttress from boot leaf to grain
filling stage Qéve feduc?d grain number and grain weight and
caused 35 per cent reduc;ian in grain yield, Stress during
grain f£illing stage‘reduqed 100 grain Qeight énd grain yield
was 16 per cent beléw that of the control, Jalota et al. (1935)
showed that whéat ig moré sensitive to stress from flowering

to grain formation stage.

singh and Malik (1933) studled the effect of water
stress at three growfh stages of wheat and found that a
maximum yield of 5,2 t hé'; was recorded with no water stress
treatment, All levels ofgwater stress except -0, 5MPa during
flowering to maturity‘reéuced gréin yield significantly
compared with no stress treatment.The greatest effect of
water stress on grain yiéld was observed during sowing to
jointing stages when theahighest reduction in grain yield

(33,54) was with -1.,5 MPa water stress. Similar water stress
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during jointing to%flogering and flowering to maturity reduced
grain‘yield by 26 %nd 2?.6 per cent, respectively., Sharma
et al. (1931) founé that weekly percentage increase in green
matter prdduction éf whgat'was greatest at field capacity
(-0,3bar) and decréasedlsharply as stress increased to =5.0bar
and thereafter linéarly?reaching negligible value at -l1l7bar,
Leaf area, stem height,®' relative to those of unstressed plant
decréased.sharply to -§;Obar and slowly thereafter. Shoot:iroot

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;sgute Regimes on Water Uptake from Soil
! Prof;lg !

The rate of water uptake by plants from a given volume

of soil depends on'rooting density, water retention and
tranémissioh characterigtics of the soil as well as on the
potential gradient at t£e sbil root interface (Gardner, 1954)._
The water uptake is highest where rooting density is greatest
provided that the matric suction is uniform throughout all
depths of the rooting ééne, Normally, there are differences
in the rooting dénsity within tﬁe soil profile which results
in the non uniformity o? water uptake from the depths of

rooting zone (Ogata et al., 1960).

Gajri and Prihar (1935) showed that the capacity of '

2lant to absorb water with 1imited supply was closely related
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to the size of the root system, root weight index

(RWI = 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 RWI a higher rate of water
uptake could be sustaiéed even at relatively low ASWF. Higher
leaf water potential at higher RWI'irrespgctive of ASWF also
showed the over-riding importance of the root system for
water uptake by the crop. Inter-relations among root growth,
water use and giain.yiéld are ascribed to positive effects

of rooting on_?lant waéer status during the growing seasonbéf
‘the crop. However, Stone et al. (1976) revealed that the
depletion.effectiveness.(cm3 of water g-l of root d-l) of roots
decreased with tine in a given soil layef, and increased with
depth in a gi§en time, Not only the distribution.of roots, but
also its activity play$ an inportant role in water extraction
by roots, Even a smalliportion of the root system can be |

responsible for a much ‘water uptake,

In general, roéting density 1s greater: in the upper
layers than in the'lowér layers of 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 léyers is thus depleted by the two
similtaneous processes, viz,, uptake by the roots of that
layer and the flux divergence, the direction of which would
depepd upon the directioné of the suction gradients. The

contribution of lower Iayers towards the total water uptake
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increased asg the dry period after irrigation a¢vanced

(La Rue et al,, 1963), The 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, 1976).
Nnymah and Black (1977) observed that a good correlation’
existed between water uptake rafe, :ooting density and the
profile water depletion and results agreed well with the

evarotranspiration calculated from the micrometeornlogical

factors.

Gupta and Aggarwal (1977) reported that moisture
depletion of 1,50m profile plus water infiltered into the
profile during growth period may provide necessary good
estinate of seasonal water use by crops, whereas, Jana et al.
(1334) re§orted that moisture extracted from the csurface
0=15 cm soil layer was minimum (26;2%) under irrigation at
0,50 atm tension throughout. The noisture extraction nattern
from different soil layers deéreased. succeséively)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 dry soil conditions were capable
of extracting greater amount of s0il 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 et al.,
1978). In all the soil moisture regimes during the initial
stage of crop growth upto the crown root initiation stage, the
rate of water use was low, Thereafter, 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, 1971; Patil, 1976;

Singh and Bhardwaj, 193l1).

‘More than 60 per cent of the total moisture. used by
wheat was depleted from 0-30 cm layer and thereafter moisture
depletion increased with an increase in soil depth (Gupta and
Dargan, 1971y Singh et al., 1971; Kumar et al,, 1986), Similar
observations were also noticed in the irrigated wheat although
in unirrigated wheat, molsture depletion was relatively more
but absolutely lecs:s than the irrigated wheat in deeper layers,
This was because the moiéture depletion from the upper layers
was less in case of unirrigated wheat than the irrigated., This
clearly suggested that under restricted moisture, root
penetration was better and this extracted more moisture from
deeper soil layers (Singh and Bhardwaj, 198l; Kumar et al.,1936),
Water uptake was functionally related to rooting density and

soil water potential (Ehrler gt al., 1980),
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Pande et al, (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 cm layer only,
In all the soil moisture regimes the maximum depletion was
from 0-30 cm soil layer and relatively more moisture was
withdrawn from thé weﬁ fegimes than was the case with the
moist and dry regimes, The Adepletion decreased successively
with an increase in depth and time and the lowest depletion
occured from the io&eat layer, However, moistufe deplation
from 30-45 cm 80il layer was more under low moisture regime
than high moisture regime, Similarly, a study by Singh (1978)
on consumptive use of Qater and soil moisture depletion pattem
by wheat revealed the greatest soil moisture depletion was from
60 cm soil layer and was 81,2 to 92,3 per cent of the total
consumptive use during the two sezsons and suggested that the
top 60 cm of soil layer should be wetted at each irrigation

for efficient utilization of irrigation water,

A study bvarihar et al, (1976) showed that water
depletion from 1,.,80m soil profile generally increased with
decreasing irrigation watar, Maximum profile water depletion
occurred wﬁen a fixed émounf of irrigation was applied,  Gogoi

(1588) found that out of total moisture depletion, about 85
per cent moisture Was depleted from 0-45 cm depth alone and

attributed this to (1) the presence of more roots with more
activities, and (ii) more evaporaticn from surface soil, Jaggi
et al. (1977) reported that deep soil layers (1,00 to 1,50m)

contributed about 11 to 13 per cent of seasonal water use by
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rainfed wheat, Saini and Ghildyal (1978) showed that the
contribution of upward flux towards the total water regquirement
of wheat was 36 to 73 per cent, whereas the soil water

depletion accounted for 11 to 19 per cent water,

Van Bavel et al. (1968) tepofted that the indiscriminate
use of soil water depletion rates t0 represent the
evapotranspiration rates without accounting for deep
percolation could be highly misleading, Bhagat and acharya
(1988) studied the effect of various soil management practices
on soil water dynamics during the growth of rainfed wheat and
reported that the soil water flux across root boundafy should
not be ignored while calculating the crop water requirement
from profile water depletion method., Patro and Misra (1985)
employed tensiometric techniqués to measure the percolation
loss below the root zone and showed that it constitutes'a

considerable fraction of the total consumptive use.

Acharya et al. (1979) reported that in an amended sodic
soil root water extraction by raya was mainly confined to a
surface (0-15cm) depth. The flux divergence across root boundary
was negligible due to poor hydraulic properties of a sodic soil.
Kalra et al. (1984) reported that root water extraction rates
in wheat were lower in the top soil immnediately fo;lowing
irrigation. They observed that this was due to moisture
redistribution and presence of younger and active roots which

enhanced moisture extraction from the deeper layers.
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Singh et al. (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 varied markedly with water stress, The maximnum water
extraction of available soil water was from 0-30 cm soil depth,
being highest with no water stress treatment, The per cent
extraction of available soil water from this layer decreased
with increase in the magnitude of stress particularly during
Jjointing to flowering stage., Most of the available water
(39 to 93%) was used from the upper 90 cm soil depﬁh. The water
use was higher with no stress treatment and decreased
considerably with severé water stress (#15 bar) imposed during

jointing to flowering.

2,3 Effect of Nitrogen

Among essential plant mutrients, nitrogen plays an
important role in growth and development of plant, It is an
important constituent of all proteins that are active component

~of protoplasm and it is also a constituent of chlorophyll

molecule,

2.3.1 Effect of Nitrogen on Root and Plant Growth

The morphology of a plant root system infiuences the
uptake of water and nutrients. Since roo£ morphology of crop
'plant is altered by routine operation of tillage ahd nitrogen
fertilization (Passioura and Wetselaar, 1972), it is important

to understand such alterations and their implications to crop
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growth., Research has demonstrated that N rates affect three
essential components of root morphology (i) length (ii) mumber
of apices, and (11i) frequency of branching. Drew et al. (1973)
and Tennant (1976) found that root length increased with N
applied to either parts or all of the root system of temperate
cereals, Maizlish et al. (1930) studied the root morphology
and thelr early development in maize crop in a pot culture
study receiving 0, 21, 42, 145 and 210 ppm of N, Total root
lengéh of maize grown at the highest N level increased
exponentially from i.?m at 3 days after émergence to 143m at
17 days after emergence, Root apices increased from 11l to
greater than 2900 durihg the same period. Primary roots (éxis)
mumber per plant increased with increasing N, but elongation
rate of an 1ndi§idual axis did not respond strongly td increase
in N, |

‘Higher levels of N resulted in greater percentage of
roots, root diameter (RD), root length dénsity (RLD), root
weight density (RWD) and deeper'roét penetration (Kmoch et al.,
1957; singh and Das, 1936y Orellana et al., 1990). Root weight
wae significantly higher after the application of 60 kg N ha-l,
but with placement at 10-15 cm depth (Rathi and Singh, 1973).

Yield response to N is influenced by level, time and
method of its application as well as availability of moisture
in the s0il (singh and De Rajat, 1973), Shekhawat et al. (1975)
studied response of dwarf wheat to different levels of N

(0, 40, 80, 120, 160 and 200 kg N ha™!) and reported that the
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increasing levels of N (upto 120 kg N ha'l) significéntly

increased the grain and straw yield of wheat.

A study by Jat et al. (1976a) showed that grain and

¥

straw yleld of wheat inéreased with increasing N rates upto
120 kg ha~!, shrotriya and 4isra (1977) reported that leaf
area index (LAI) in wheat increased with an increase in N

1

application upto 120 kg ha™" at flowering and grain filling

stages, Similérly, the increase in LAI in wheat due to N
application has also been reported by Mann (1957) and

Srivastava (1963),

Singh and Singh (1979) observed that the application of

1

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

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

N ha'l. Chaudhary and Obroi (1984) observed that wheat gave

the higher grain yield of 3.84 t ha™! by applying 100 kg N ha™t

in three splits under irrigated conditions, In sandy loam s0ils
of Kulu, Tomar et al. (1977) found that wheat yield increased

l. At ?alampur, Sharma et gl; (1987) found

upto 240 kg N ha”
better growth of wheat crop as a result of improved productivity
due to application of N and FWM which resulted in significant

4

improvement in yield attributes and consequently higher yield.
Dhinan gt al. (1982) found that N application upto 120 kg ha-l
increased the grain yield and further increase in N did not

show any remarkable yleld increase, but at 200 kg N ha™} there

was significant decrease in grain yield, In heavy scils of
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Patna (Bihar), Chaudhaz:' et al. (1987) observed that N had
positive effectvin increasing the number of grains with

increase 1nIN level upto 120 kg N ha'l.

Chandrasekharaiah et al. (1985) reported that wheat
yields with 50, 100 and 150 kg N ha > were 2,92, 3,69 and
3.99 t ha-l. 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 na~l, The p1an£ height, mumber

of tillers, number of leaves increased significantly only upto

80 kg N ha™l, S .

2,3,2 Effect of Nitrogen on Water Uptake from Soil Profile

Kmoch et al. (1957) found that N fertilization increased
root weight of wheat and thereby moisture depletion was evident
even upto a depth of 8 feet. Brown (1971) found that daily water
use increased as the season progressed and reached maximum value
during the heading to flowering stage, He also reported that in
unfertilized treatments soil water extraction was largely linked>
to the upper 91 cm of the soil whereas N fertilized wheat
extracted water upto 180 cm depth, Yadav and Agarwal (1981)
noted that N application increased the moisture use slightly,
but not significantly; Soil moisture extraction pattern did not
vary much with N but the contribution of the top 30 cm of

profile increased with the mumber of irrigations,
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A study by Reddy and Bhardwaj (1982a) on water use in
wheat showed that consumptive use of water increased with 40
to 120 kg N ha™} and 20 to 25 kg P,0 ha™" with marked increase
in water use éfficienq? (WUE), Moisture extraction from the
upper soil layers was higher with 1 to 2 irrigations than the
adequate irrigations, Chandrasekharaiah et al. (1935) found no
effect of N levels (50, 100 and 150 kg N ha'l) on moisture

extraction pattern by the whgat CXop.

2.4 Interaction Effect of Moisture, Tillage and Nitrogen on
Root and Plant Qrowth, and Water Uptake from the Soil

Mathers gt al. (1971) worked on the sugarbeet response
to deep tillage and N and found that sugarbeet ylields were
increased by deep tillage and added N, with adequate irrigation
but there was no yleld increase from applied P. Deep tillage
increased yieldé more when N was applied, Also, the response to
N was greater after'deep tillage upto 40 cm, A study by Jat
et al. (1976a) showed that grain and straw yleld 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 mcisture regimes
and found that-dry matter accumulation increaged with liberal

water supply and 100 kg N na=t,

A study by Singh et al. (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

1

per cent available soil water and 120 kg N ha ~. Reddy and
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Bhardwaj (1982b) studied the influences of irrigation frequency,
levels of N and P on leaf area index (LAI) and leaf area ratio
(LAR) in wheat and found that LAI upto 50 days aftser sowing (DAS)
was similar with different irrigation frequencies, At 75 DAS,
LAI with the adequate irrigation treatment (irfigation at 0,5 atm
tention at 25 cm depth) was higher than with 1 to 2 irrigations
and it increased with applied N and P, It was slightly higher
with more irrigations than without irrigation. The flag leaf

area increased with adequate irrigation and increasing N and

P rates,

Moisture extraction from the deeper soil layers was
higher with 1 to 2 than the adequate irrigations and with R and
P fertilization than without them (Reddy and Bhardwaj, 1982a),
Wheat yleld responses éo 1ncreésedAamounts of residual soil
nitrate wére mach less than to fresply applied N, Yield
responses to both sources of N 1ncreased with increasing water
supply (Prihar et al., 1935), Irrigation and NP applicationlto
oat increased the leaf water potential, sﬁomatal tonductance
and absorption of radiations and all of which increased the
fodder yield (singh gt al., 1987)., Orellana et al. (1990)
obtained significantly higher yields of soya with deep tillage
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 i aproved
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Adrainage associated with lower penetrometer resistance,

during the exceptiohélly wet germination emergence period.

A study by Jat et al. (1976b) revealed that higher
level of N and moistpre resulted in greater percentage of roots
in 0-15 cm soil depth as well as within 0-15 cm radius
laterally, They also found that decreased N and moisture
level led to an 1ncréased distribution of roots upto 30 cm
depth, Misra et al, (1985) observed the effect of limited
input of water on root growth and indicated that whether the
goil profile is paftiqlly or completely filled with water at
sowing, it A4id not effect the root growth of wheat at 56 days
sﬁmpling. An irrigation at the nodal root growth 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 that root
weight density (RWD), root length density (RLD) and root
diameter (RD) increased with N rates, Root length showed a
signifiéant positive correlation with soil water depletidn
and grain yield, j

2.5 Water Production Functions (Stress Indices) in Relation
to Soil Molsture Regimes and Tillage Depths '

The interaction of plant with the environment is
complex and leaf water potential is influenced by a number of
anironmental factors, including the air and scil temperature,

absolute humidity, wind velocity an¢ soil water availability
(Kaufman and Hall, 1974; Ritchie, 1974), Stegnan et al, (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 based on plant

water stress criteria,

The ieaf water status or the level of water stress in
plants profoundly influences, virtually all physiélogiéal and
metabolic functions, in recent years, the measurement of crop
water stress hés received considerable attention., Todd et al.
(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:

Fresh weight - dry weight X 100

RHC = W1l turgid weight - dry welght

water siatus 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 pétential
and increased stomatal resistance and reduced photosynthesis and
thus reduced plant growth (Boyer, 1968; Acevedo et &l., 1971).
Effects of plant water deficit are specific to plant genotype
and need to be evaluated for inportant species/varieties, Water
relations of plant grown in green house have been well studied
(Hsiao, 1973) wh{Fh, however, have limited utility, as marked

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

(Begg and Turner, 1976),

A study by Rajagopal et al. (1977) on diurnal variation
in relative leafvwater content (RLWC) of wheat showed that it
was lower in stressed plants thén in nonstressed ones throughout
the 24 h period, Although it was lowest at 12 h, it recovered by
1500 h. Epstein and Grant (1973) ﬁound RLWC values of potato
leaves for irrigated glants between 80 and 1U0 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 Qiliing phénomenon is not directly related to 15 bar
soil waﬁer suction and it occurs at a definite value of turgor
and 1is associated with a marked changes in elastic ptpperty of
leaf, Moorby et al. (1975) studied the diurnal fluctuations of
RLWC under irrigated and unirrigated conditions and found that
unirrigated plants were not fully turgid at 0530 h and there was
little variation in RLWC from 0730 to 1530 h showing dependence
on soil water potential, Rajput and Gupta (1978) conducted a
study on the effect of soil water potential on leaf water
potential of wheat and reported that it decreased linearly with

the soil water potential.

Diurnal leaf water potential in sorghum changed répidly
from no plant water stress at dawn to 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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et al. (1984) studied~£he_changes in xylem water potential (XWP)
of wheat cultivars grown under different soil moisture regines
and feported that XwP éecreased at the maximum rate of 0,2 bar
per minute for 20 to 30 minutes after sunrise,'but witﬁ}n an
hour the rate became slow, At sunset the rate of recovery in

XWP was more in rainfed than in irrigated wheat.

Fisher (1973) reported that plants exposed to soil
drying cycle for a given number of days under carefully
controlled conditions may reach different 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 water content of the leaves,
especlally when effects on the developing ears dominate the

overall yield response,.

Martin and Dougherty (1975) conducted a study on diurnal
variations in the plant. water poteﬁtial of leaves and ears of
wheat and ind;cated that in flag leaves it decreased rapidly in
the‘morning more slowly to a level of about =20 to -22 bars at
1200h and did not recover until evening. The diurnal changes in
piant water potential and canopy temperature were docﬁmehted
for wheat by Ehrler ggl;i. (19728b) . The diurnal range of plant
water potential was considerable from about ~10 to -~16 bar for
well watered plots and i2l to =43 bar for a water deficit plot.
The study showed that f§r canopy temperature measurement, 1400h
is the best time of the‘day to assess water stress, A similar

conclusion was also reached by Blad et al. (1981).
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Adjel and Kirkham (1980) meésured the leaf water
potential and stomatal resistance on (a) drought sensitive
(b) drought resistant cultivars of wheat and showed that when
water was lack1ng (a) had a lower leaf water potential than
.did (b) . With both daily and weekly 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 Katerji gg,gl. (1985) on
the development éf stomatal diffusion resistance and leaf
water potential in durum wheat and noted that in a sSeason of
frequent rain, the stomatal diffusion resistance of leaves
from boot to grain formation growth stage'ranged from 1 to 2 scm™t
depending on soil water availability, From grain formation to
" milk ripe, stomatai diffusion resistance values depended

principally on plant water status irrespective of 5011 moisture,

Nagarajarao and Malick (1980) shéwed a positive
reiationship between profile moisture contents and leaf wgter
potential for cowpea, sorghum and maize during the most active
physiological stage of growth and beyond this stage, the leaf
Vwater potential decreased, inspite of high profile moisture
contents, Bharabme gt al. (1934) noted a linear, positive and
highly significant reiationship between soil water potential and
leaf water potential under different levels of N (0, 40, 80 and
120 kg ha™), wallace et al. (1983) found that total water
potential,of wheat leaves decreased in parallel with soil
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water potential, concurrently leaf osmotic potential also
decreased sufficiently to maintain positive leaf turgor
potential, Losavio et al. (1984) revealed that during crop .
development, 1edf water potential decreased more rapidly in
the rainfed wheat., Stomatal resistance was influenced by soil
water content, physiological stage and radiation load, but not
by stomatal frequency., The critical leaf watér pétenti#l for
closure of stomata was,-20 and =27 bar for irrigatéd and

stressed plants, respectively.

The leaf water potential'was lowest‘in the afternoon
and highest at sun-up .(0630h) and at this time the plant water
status reflects the soil water status (Ritchie, 1974).
Nagarajarac (1984) conducted a study on behaviour of leaf '
waﬁer potential of wheat under f£ield conditions, He found
that increase of wheat leaf water potential correlated with
available soil'moiSture percentage remaining in the root zone
only for reprodictive phase of crop growth. For the vegetative
phase of growth, no relationship could be established, possibly
because of high and non-limiting soil moisture and suggeltéd
that for adopting the regressions for irrigation scheduling,
important growth phases have to be'consideréd separately,
Joubert (1987) made comparison of wheat cultivars with respect
to drought resisténce and found cultivar differences in dry
matter accumulation at the low moisture level suggesting that
leaf water potential during the flag leaf stége under moisture

stress conditions may be an indicator of difference in tolerance,
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Rasico et al, (1937) grew six durum wheat varieties
in the field uncfer irrigated or unirrigated conditions, Three
indicators of plant Qater<stress, viz., leaf water potential,
stomatal diffusion resistance and relative water content were
studied, Of the three indicators studied, leaf water potential
was the most sensitive and discriminated best among the
varieties, Leaf water potential and stomatal diffusion
resistance recovered to the level of mild stress, but took
considerably longer time following a severe stress, Walker et al,
(1987) reported that in wheat leaf water potential recévered
in two days following a mild stress, whareas the leaf water
potential of the severely stressed treatments never recovered
to the control value. The osmotic potential on the other hand
remained lower than that of the well watered control for
saveral weeks after stress in wheat crop: thus maintaining a

higher pressure potential,

Canopy temperature measurement may be batter indicator
of plant water stress, atleast during the =arly stages of stress.
As the canopy becomes seﬁeral degrees warﬁer than air, the
temperature difference becomes insensitive to changes in plant
water potential (Ehrler et al,, 1978a; Blad et gl,}1981; Gardner
et al., 1981, Heerman and Duke, 1978) , Eaten an? Belden (1929)
measured cotton leaves temperature and found leaf temperature
to be 2 to 4°C 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 cold sky, thus codling thelleaves.
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Many scientists havg shown that difference between
canopy and air temperature (AT) is a better criterion of water
stress than the plant temperature alone (Palmer, 1967 Carlson,
1972; Ehrler et al.. l§78 a,by Sumayao et al., 1980), Ehrler
(1973) reported that saturation vapour pressure deficit of air
(SD) influences the sensitivity of T as a reliable indicator
of irrigation. He described a procedure for making allowance for
variations in SD, Jackson et al. (1977) suggested the use of
stress degree days (SDD) computed as the summation of AT for
determininy the tiaings and amounts of irrigations to crops.
Similarly, several research workers (Blad and Rosenberg, 1976;
Idsoc and Ehrler, 1976) have also suggested that the difference
between leaf or canopy temperature and air temperature (A T) can

be used to indicate the plant water stress.

sandhu and Horton (1978) observed that during hotter
part of the day under semi-arid climate, fully exposed leaves
of oats subjected to mild to moderate stress were 1 to 4°C

warmer - than the non-stressed leaves,

Idso et al. (1977) used stress degree days (SDD) to
predict final yields in wheat, They plotted cumulative stress
degree days (CDSS) from heading to maturity as a function of
tine for several wheat plots that had received different amount
of irrigation water., They showed that CSDD increased steadily
with tine and a low final grain yield was predicted, fhe SDD

concept was also applied to red kidney beans by Walker and
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ﬁatfield (1979) . They found that final yield was inversely
reléted to the SDD and concluded that the SDD is s valid

representation of effect of moisture stress on yield,

Nitrogen influences plant water relations (Sh;mahi,
1970y Radin and Parker, 1979; Radin and Boyer, 1982), Radin and
Parker (1979) suggested that N deficiency decreased leaf water

‘potential and.suggested that this was caused by increased root
resistance to wéier flow in cdtton plants. Radin and Boyer
(1982) found that low N strongly decreased the hydraulic
conductivity in sunflower plants thereby increasing water

deficit in expanding leaf blades,

A study by Mooris and Dayanard (1973) on the influence
of soil density on leaf water potential of corn showed that
with denser soll, leaf water potential declined more rapidly

during dark intervals because of restricted root growth,

2,6 Inter-relationships Between Various Water Production
Functions

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

that a certain level of water stress is accompaniesd by
equivalent degree of plant water stress, The relativg ieaf-
water content is the most suitable approach of measuring leaf
water status and has beenkfound to be closely related to the
water poténtial of same tissue, Siunilar 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 potentials were same at dawn
as the internal gradiehts disappeared due to litt}e or no
evaporative losses, Relative leaf water content was more
effected by atmospheric conditions than soil water content
(Winker, 1961; slayter and Gardner, 1965 Faiz 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 riceileavesl
visibly wilted, The LWP decreased sharply as RLWC decreased
below 100 per cent, in intermediate 3LWC range, the d:ob in LwP
was gradual, but below RLWC of 35 per cent, the drop in LWP was

again very sharp,

Ehrler et al. (1978a) studied the relationship between
wheat canopy temperature and plant water potential and found
that the temperaturevdifference between plant canopy and &air
(OT) was related to the plant water potential, Increased
drought decreased plant water potential progressively and
increased temperature difference accordingly. when plant water
potential decreased to =19.0 bar, AT was zero, Similarly, when
plant water potential was =43 bar, AT increased to 43°C. Singh
and Singh (1984) noted that canopy minus air temperature
difference (AT) 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 moisture in
the root zone.

Gardner et al. (19381) comhgréﬁ the difference in plant
water potential betweén stressed and non-stressed sorghum and
the canopy temperature di:ference between the two plots, A
parabolic relation vas found between the difference to a
maximum of about 4°C which later decreased. The study further
recognized the effect of measurement variability and éuggested
that stomatal opening and closing may affect relationship
between canopy temperature and piant water potential, Katerji
(1979) showed a direct ‘ielationship between diffusive
resistance aﬁd leaf water potential in wheat as ®o0il water
deficit decreased, Frank g;‘g;; (1973) studied the effect of
temperature and plant water stress on leaf water potential and
leaf diffusion resistance in sprin{; wheat, Measurements were
made on the fifth leaf at tillering and the flag leaf at
heading, flowering and grain £filling growth stages for plants
grown at 10, 18 and 27OC. They found that stomatal closure of
stressed plant occurred at =13, =13 and =15 bar leaf water
pdtential at tillering, at -lé, ;17 and =26 bar at heading for
10, 18 and 27°C, respectively. As the flag leaf matured, stomata

closed at progressively lower leaf water potential,

The reduction in stomatal aperture increaseé the
- resistance to water vapour of the leaves and the transpiration
slows down, Several investigators (van Bavel, 1967; Szeica and

Long, 1969; Sandhu and Horton, 1977) have reported that leaf
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diffusion resistance is closelyjralated to plant water

status,

Pal and Varade (1982) noted the influence of soil water
potential on transpiration rateJ leaf water potential (pr) and
relativé water content (RWC) in kwo aerial environments aﬁd
found significant and_bositive cbrrelation between RWC and LWP,
RWC and transpiration rate wereieffected by aeiial environments
and soil iexture. A study by Rasﬁco et al, (1987} on seasonal
changes in some indicators of wéﬁer stress and their variation
among wheat genotypes revealed tpe highest value for leaf water
potential and lowest for relativg wate: content., The correlation

between leaf water potential and stomatal resistance was.

significant only in.thé irrigate§ treatments,
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Studies were conducted at the experimental farm of
Hinachal Pradesh Krishi Vishvavidyalaya, Palampur (Kangra),
This place is located between 32°6'N latitude and 73°3'E
longitude at an altitude of 1300m above mean sea level., The
anmual rainfall of the area is around 250 cm, More than 80
per cent of this is received during monsoon. Winter rains are
meagre and erra;ic. The average minimum and maximum temperatures
recorded during the first year of crop study ranged from l.3 to
19.4°C and 10,8 to 30.8°C, respectively. Ihe minimum tempergture
of 1.8°C on 117 days after sowing (DAS) and max imum of 31;8°C on
172 DAS were recorded during the months of March and April,
. respectively. In the seéond year of study the corresponding
temperatures ranged from -0,5 to 20,6°C and 6.0 to 30,2°C Qith
minimum of -0,5°C on 56 DAS and maximum of 30.6°C on 133 DAS
during the months of December and.&ay, 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 éenerally rich in clay content with the accumulation
of sesquioxides in the subsurface layers., The organic carbon

is around 0,94 per cent.



The present study entitled, "Profile water extraction
through water - nitrogen - tillage interaction in wheat" aimed
at evaluating the effect of different nitrogen lévels, tillage
methods and water stocks on water extraction from subsurface
depths, The effect of imposed treétments on water stress in
wheat, root growth, water extraction pattern, soil - plant -
water relations, N content in plant and its uptake, and growth

and yield was evaluated,

3.1 Determination of Physical and Physico-chemical Properties
of the Study Area

This includes the determination of particle size
distribution, aggregate analysis, bulk density, “o0il physico-
chemical properties, so0il water retention and transmission

characteristics,

3,1.1 Pparticle size Distribution

The particle size distribution was done by
international pipette method (Piper, 1950), The texture of
different profile depths was ascertained by using textural

diagram of the International Society of Soil Sclence.

3.1.2 Aggregate Analysis
The aggregate size distribution analysis was performed
with the help of Yoder's apparatus (Yoder, 1936). The apparatus

was calibrated to give about 3/4 inch stroke, for 29 strokes
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per mimite, Air dried samples collected from different profiles
depths were broken by hénd into small crumbs and fractionated
by sieving through 8 mm sieve, The material retained in 4 mm
sieve was analysed for aggrégate s8ize distribution after
saturating it over night. The sieve set (" $tandard of Geologists
Syndicate India Ltd, Caicutta) was lmmersed in water at about
2210.5°C. The apparatus{was run for 20 minutes, The resulting
samples on the respeétiQe sieves were oven dried at 105°C and
weighed, The different size fractions were calcﬁlated. The
results were calibrated for the coarse prinary particles
.retained on each sievé to avoid designating them falsely as
aggregates, This was done by dispersing the material collected
from each sieve using dispersing agent (IN NaOH), stirring it
mechanically and finaily washing the material back through the
‘'same sieve. The weiéht of sand retained after the second
sieving was substracted from the total weight of the dispersed
material retained after the first sieving and percentage of
stable aggregates (SA) was calculated using the relation

(Kemper, 1965) as followss

Weight retained - weight of sand X 100 (1)
Weight of total sample - weight of sand v

A SA =

The mean weight diameter (MWD) was compute< with the

help of procedure as outlined by Van Bavel (1949)

MWD. = anj.Wi
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where di is the mean diameter of each size fraction{mm)

and Wi the weight of that fraction in the sample (g).

3.1,3 Bulk Density
The bulk density was determined by core method

(singh, 198u) using a metallic core (11.5 cm height and 8 cm
internal diameter). The core has a sharp edge at the bottom
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 in;rement of 15 en upto 90 cm depth, The
s0il was freshly weighed and moisture content determined by
gravimetric method, Thé dry bulk density was calculated using

mass volume relationship,

3.1.4 Soil Physico-chenical Properties

Soil pH Qas determined in 1:2.5 soil water suspension
and the organic carbon was estinated by wet digestion method
(walkley and Black, 1934). Available N was determined by
alkaline permanganate method (Subhiah and Asija, 1958),
available P by Olsen's ‘method (0lsen et al., 1954) and
available K by neutral normal amnonium acetate method (Morwin
and Peach, 1951). The cation exchange capacity was determined
by neutral normal ammonium acetate method as described by

Black (1965).
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3.2 SOil-Watgr Retention and Transmission Characterisgics
3.2.,1 Labora;ggz Determinations |

3.2,1.1 Retention Characteristics: Undisturbed soil core
éamples, drawn in met§1 rings (3 cm long and 5 cm diameter),
were collected in triplicate, from a profile exposed in the
study area, from the different depths upto 90 cm Qith the
help of a core sampler (Cat, No; 200A, manufactured by Soil
Moisture Equipmenﬁ Copp, Santa Barbara, California, USA),. The
samples were wrapped in polyethylene bags and steored in the

refrigerator for further use,

Moisture content (©) at different matric suctions (¥)
ranging from O to 15000 m bar was determined with the help of
pressure plate appAratus. Soil samples were saturated for 24
hours and then equilibrated agéinst applied pressure, The
water content was detenmnined gravimetrically and convertéd into
volumetric water conteﬁt by multiplying with bulk density of\
the corresponding depth, <oil moiSture characteristic curves
were drawn for different depths by plotting suction (Y) Vs water
content (8) on a simple scale, The retention data were fitted to

the equation of the type (Gardner, 1970):
K-\J = aeb ( ) e (3)
where V15 the soil water suction (mbar), € is the soil

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

constants.
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3.2.1.2 Saturated deraﬁlic Conductivity: The undisturbed soil

cores having soil column thickness of 3 cm and Giameter of 3 cm
were collected in triplicate from each 15 cm depth increment
upto 90 cm depth. The cores were wrapped in polyetheylene

envelopes, properly packed and transported to the laboratory.

Saturated hydraulic conductivity (K.) was determined
‘by constant head method. Ks was calculated by Darcy's equation

(Richarag, 1954) ass

OH
KS' -%5'52 ese0 0 (4)

where, Kg = Saturated hydraulic conductivity (cm d-l)

Q = Steady state volume of outflow from the
‘ entire soil sample (cm>)

A = Cross sectional area of soil (cmz)

t = Time (&)

H = Hydraulic head (cm)

Z = Depth of s0il in the column (cm)
OH . -1
33 Hydraulic gradient (cm cm )

3,2.2 Field Determinations

3.2,2.1 Drainage Characteristics: Changes in soil water

content 'W' with tine 't' at different depths for the
internally draining profile were fitted to the relation of

the type (Richards gt al., 1956):

W = at™ . (5)

i
T T vt . e
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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 raulic Conductivity: ' The hydraulic conductivity
of different depths of the soii profile of the experimental
site was determined by the method as described by Hillel et al,
(1972) . The data of the interpal drainage of profile was |

énalysed as unders

The general equation describing flow of water in

a vertical soil profile is

(6)

%l _ 9 , OH__
3 ~3 :(K © =3

where, ¢ 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 eq, (6), we get

Z .

) . \
)
—& 2z - x (._—32.)2 ciee  (8)

where 2 is the soil dépth to which the measurements
are applied, If the soil surface is covered to prevent
evaporation and only internal dranage is allowed, the total

water content change per unit time is given by
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S = k@ =g ()

where, W is the total water content of the profile

upto depth 2 i.e,

Wa é' eaz ‘ ssce (10)
Finally, eq. (9) gives :

K= q/dH/dZ i ' . o-ooo (11)

The data obtained for hydraulic conductivity (K} Vs

moisture content (©) were fitted to the eyuation of the type

K = aebe v ) sece (12)

where a and b are the empirical constants,

3.3 ZIreatment Details

The expariménts were conducted for two years during

rabi 1939-90 and 1990-91 with wheat (Iriticum aestivum Linn,
emend, Fiori and Paol,) as a test crop, wheat (VL. 421) was
seeded on 6th November?unring both the years of study., One
presown irrigation during both the years was inen before
field p;eparation. The sowing wad&e cone in rows 20 cm apart in

5x 2m plots, The details of the treatments are as follows:

3.3.1 Nitrogen

Three levels of N, viz,., 40; 30 and 120 kg ha°l

designated.as Nyoo Nyg and N ggr respectively were applied
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through urea (46% N), Fifty per ient of N was applied at sowing
and the rest in two equal splits, at maximum tillering and
flowering stages, Phosphorus and potash were applied as basal

1

doses with 60 kg ha™" of P as single superphosphate and 30 kg ha

K as mariate of potash, respectively.

" 3,3.2 Tillage
Two tillage méthods. viz.|, conventional tillage (Tl)

upto 15 cm depth and deep ploughing (Tz) upto 30 cm depth with

turnipg of soll were followed,

3.3.3 Water Stocks

Three-variable water stocks (wl, W, and w3) around
maximum tillering stage of wheat crop, depending upon the
initial water content were imposed, This was accomplished by
applying different deptﬁs of water at this stage depending
upon the antecedent water stocks in 0 to 90 cm profile depth,
Before and after this séage, the crop was grown under rainfed

conditions,

The treatments were 1mposed in Split Plot Design having
combinations of nitrogep levels and tillage methocis in main .
plots and three variable water stocks in sub plots, The
treatments were replicated three times in 10 m2 plots making

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

summarised in Table 1.

1
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Table l: Scheme of tréatments

Main Plot: Combinations of three levels of nitrogen (N) and

two tillage (T) methods

Nitrogen (N) levels

' ha-l
Ngg 80 kg N ha™t
» -1
Niao 120 kg N ha

Tillage (T) methods

Tl Conventional tillage (manual digging with spade
upto 15 cm depth)
T, Deep ploughing (nanual digging with spade upto

30 cm depth and turning of soil)

Sub Plot: Three variable water (W) stocks viz,, Wi, W, and W,
through application of variable amounts of water depending upon

the initial water stocks in 0 to 90 <m profile at maximum

tillering.

Replications 3

Plot size 5x2m |
Total number 54

of plots ,

water stocks were made variable 75 DAS .during both the
years 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 Soil Stu s Durin Crop Growt

|

3.4.1 Soil wWater Content

The changes in soil water content during crop growth
at increments of 15 cm upto 90 cmv depth were monitored with
the help of Neutron moisture meter at weekly intervals and on
the day followed bj rain during the whole crop growth period.
Al- access tubes were installed only in one of the replications.
The water content for 0-15 cm and 15-30 cm depths were

determined gravimnetrically.

3.4,2 il Wat Potentia

Mercury manometer tensiometers at different depths
(15, 30, 45, 60, 75 and 90 cm) were installed in one of the
replications (having Al- access tubes) to monitor the changes
in hydraulic gradients at different depths and time during the

crop growth,

3.5 Evaluation of Crop Water Stress

’

The different parameters of water stress viz,, relative
leaf water content (RLWC), xylem water potential (XwP), leaf
di ffusion resistance (LDR) and stress degree days (SDD) were
evaluated at important growth stages, i.e., crown root initiation,

maximum tillering and flowering,as follows;

3.5.1 Relative Leaf Water Content

Relative leaf water content (RLWC) of fully exposed

leaf (second from the top) of mother shoot was computed from
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the fresh weight, turgid weight and oven dry weight, at
maximum tillering the flowering stages according to the

method given by Weatherley (1950):

o _Fresh weight - Oven dry weight ees (13)
RLWC Fully turgid weight - Oven dry weight x 100

3.5.2 Xylem Water Potential

Xylem water potential (XWP) was recorded using a
portable pressure chamber apparatus (Waring and Cleary, 1967).
Observations were taken during mid-day (1200-1400 h) under
full sunlight and diurnal changes were recorded from 0800 tc
1700 h, At crown root initiation whole plant was taken for
measuremﬁht after cutting-from the ground level, At other
growth stages fully exposed leaf, seacond from the top, was
selected, Three leaves per treatment were sampled at each

time of the day.

3.5.,3 Leaf Diffusion Resistance

An automatic porometer MK-3 (Delta~T Devices Ltd,,.
Burwell, Cambridge, Englénd) was used on the intact leaves
to measure the leaf diffusion resistance (LDR), The -
porometer was calibrated for different temperatures and
relative humidity rahges; Observations were taken at maximum
tillering and flowerlng stages of wheat growth during mid-déy

(1200 to 1400 h) under full sunlight on the fully exposed
second leaf from the top of the mother shoot,
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3,5,4 Stress Degree Days

were recorded from maximum

Stress degree days (SDD)
tillering to dough stage of whea% growth with the help of
Telatemp Infra-Red-Thermometer 4IR Thermometer), The
measurements were made.during mid-day (1200 to 1400 h), The
IR thermometer was directed oveé the crop canopy at 30° angle

and six observations were taken 'in each treatment, Stress

degree days were calculated as described by Jackson et al. (1977)

) .
SDD - TC - Ta ]! ‘ XK (14) v
where, SDD = Stress degree days (°c)
j
T, = Crop canopy temperature (°c)
T, = Alr temperature °c)
|
CSDD = 2 _ €DD ) _ (15)

i=1 i
where, CSDD = Cunu;ativg stress degree days (°c)

n = Number of observations
g
ji .

viz,, root mass density (RMD),

3.6 Root Studies :

Root growth parameters,

root volume and root length density (RLD) were determined at
1mporfan;\growth stageé, i,e, cfown root initiaticn, méxinum
tillering, flowering and at haﬁvest of wheat croé during the
years 1339-90 and 1990-91, Metallic cores (10,3 cm internal

|

diameter and 13,4 cm height) were excavated from previously
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randomly selected rows, selected for biomass production. The
cores were kept in water, overnight, and then roots were made

free from soil by washing with fine jet of water, The roots

i

were collected on fine sieves for final washing with a micxfojet
tap,. | |

Root length wés meésured in a g}_.ass bottomed shallow
dish of 40 x 20 cm dixﬁensiohs. Graph paper mled in mm was
placed below the dish; The'wet roots were cut from the root
shoot joint and spread randomly into the dish containing some
water with the help o;‘.-forcepé and needle so that they did' not
overlap, The long branched roots were cut into smaller pleces,
The counts for intersections of roots (N) with vertical and
horizontal lines of 1 cm grid from 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 Marsh

(L971) and Tennant (1975)’ asg

‘Root length (R) = -i-’_-%- X number of intersections (N) X grid unit
eoe {(16)
Total root length was divided by the volume of the core to

compute root length density,

The volume of roots was determined by displacémént
method and divided by the volume of the core to compute the roo!
volume per unit volume of soil, Roots were ther; transferred to
filter%paper and pressed gently in its folds to remove imbibed

water. The roots were then dried in an oven at 80°C to a consta:r



56

weight and finally the dried weight was taken. The dry weight
was divided with the volume of the core to compute the root

weight density.

3.7 Root Watexr Uptake
Data on 80il water content and potential were first
anadlysed to estimate éoil water flux (Vz, cm d"l) using

Daxcy's law, as;

Vz = ""K'z ( a ) . | EEXE (17)

where, K is the hyéraulic condactivity (cm ah and

H {8 the hydraulic head.‘ ‘being the sum of suction head (h)
and the gravitational head (2), z being the depth to which the
measurements apply. ‘ |

EThe rate and pattern of water uptake Hy roots at &
glven depth were obtained from the rate of change of soil
witer content ( ) and flux divergence ( -—--) at the depth
(Ogata et al., 1960) as unders

V, X
- %g =» ‘% + Z'z see0 (18)
or v
- r < 8, ,d= (19)

z &t T |

~where, vz is positive downward and r (cm3 of water

. z
cm°3 of soil d'l'or d'l) is the water uptake by roots at depth
2. since r, is the sink term, hence a negative quantity. To

obtain R, (cm 47), which is the sum total of water extraction
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by roots and evaporatién, r, is integrated over a given depth

interval in the root zdne; i.e.

RZ = f | rz,dZ esse (20)

i

To apply eqs. (19) and (20), selected timé interval
representing active growth period of crop was choésen. Changes
in water content Q%%) for selected time interval were
determined, Then using K Ve © relations established in situ,
values of K were found out for each value of 8, Using eq. (17)
thé flux v, was calculéted and then values from successive
profiles were averaged to obtain Vv, values, These were then
differentiated with respect to depth to obtain flux divergence
(E%g). Values of r, were tﬁen calculated using eq (19). R,
which is the sum of water extraction by roots and evaporation,

was obtained by numerically integrating 't ' values over the

root zone,

3.8 Profile Waterxr Dgglggiog '

The profile water depletion (Qsz)'was calculated by

taking the difference of water stocks during two tine intervals

(tlal40 day, t2~l70 day) and was calculated with the help of

equation given helow:

As = (2 99 gzat | (21)
- 2 f f dt £ eaece
where,lssz,profile water depletion (cm) for 0 to 90 cm

‘depthy t, time (d);y 2, depth (cm) and 9, volumetric wetness

3 3).

(ecm”em”™
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3.9 Leaf Area Index

Number of till;ers in dne metre row length of randomly
selecﬁed IOWSs were codnted. The leaf area of leaves of five
tillers was recorded on Area Measurement System MK-2 (Delta - T
Devices Ltd, Burwell, Cambridge, England)., 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 (sq, metre), Leaf area

index (LAI) was calculated by the formula given by Redford

(1967) as followss

Leaf area
Ground Area toee (22)

LAI

3.10 Dxy Matter Accumulation

The dry matter accumulation was recorded at three
important growth stages, viz,.,, crown root initiation, maximum
tillering and flowering. The plants were clipped, closest
possible to ground level, in 50 cm row length from randomly
selected rows, The plant samplet were then oven dried at 60°¢
to a constant weight. The values obtained were converted into
dry weight and expressed as g m”z.
3.11 gCrop Yield

The wheat crop was harvested at maturity on May 14 and
8 in the years 1990 and 1991, respectively. The grain and straw

ylelds were recorded and expressed on per hectare basis,
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3,12 Nitrogen Content and Uptake:

Nitrogen contentration wa# determined at crown root
initiation, maximum tillering, fldwering and at harvest by
. }
the method outlined by Jackson (1973), N trogen uptake was

calcul;ﬁed by multiplying the N cdntent with dry matter yield,

3.13 Metegrological Parameters ’

The data for rainfall, teﬁperature and open pan
evaporation were procured from the observatory of the
Department of Agronomy, HPKV, Palampur. located at about

200 m frem the experinental site.;

3.14 Statistical Analysis

The data were analysed using standard statistical

techniques described by Cochran and Cox (1963).
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EXPERIMENTAL RESULTS

The experimental results are presented under the

following broad headings:

4,1 Soil physical and physico-chemical properties
4.2 Soil studies during crop growth

These include changes in s0il water content, hydraulic
gradients and hydraulic flux (at 32,5 cm) 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 depletion and_total root
water uptake

4.5 Root studies
These include the root mass density, root volume and

root length density at different growth stages arnd at harvest.

4,5 Evaluation of crop water stress

This includes the determination of relative leaf water
content, xylem water potential, leaf diffusion resistance and

stress degree days,

4.7 Soil-plant-water relations

These include the relationships between different water
production functions such as relative leaf water content, Xylem
water potential and leaf diffusion resistance with 501l moisture

storage, soll water potential.
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4,8 Plant growth studies

These include the leaf area index, dry matter production,
grain and straw yield, nitrogen content in plant and its uptake

at different growth stéges and at crop harvest in grain and

straw,

4,1 §oil Physical and Physico-Chemical Properties

4.1.1 Particle size Distribution, Agqregate Analysis and
Bulk Density

The particle sigze distribution, textural class, bulk

density, mean weight diameter (MWD) of aggregates, and water
retention at 100, 330 and 15000 mbar are given irn Table 2, The
data reveal that the clay content is maximum (32,9%) in
30-45 cm and mtnimﬁm (28,8%) in 60-75 cm layer, The clay
content in the surface (0=15 cm) layer is less than the other
profile layers, Also the surface iayer (0-15 cm) showed the
max imum percentage of silt (49,6%) which gradually decreased
with depth upto 90 cmj The total amount of sand (coarse plus
fine) is minimum (20,6%) in u=-15 cm depth, w:ich increased
with depth and became.maximum (37,3%) in 75-90 cm depth, The
textural class of the different profile layers is silty clay
loam,

The mean weight diameter (MWD) of aggregates
(Table 2) did not show any consistent trend with depth and
its values for different profile depth increments of U-15,

15-30, 3u~45, 45-60, 6U~75 and 75-90 cm were 2,43, 1.32, 2,496,



Table 23 Some basic soil properties of the experimental site

Bulk

MWD

Depth (cm) Mechanjical separates (¥) Textural Moisture content
P Clay &ilt Sand class densitg (ram) % olum
Mg m=3) Suc m bar) :
100 330 15000
0 - 15 29,4 49,6 20,6 Silty 1.104+0.,02 2.4310.05 33,0 27.0 17,0
clay loam
15 - 30 32,2 41.8 25,3 Silty 1.1740.,01 1,82+0,09 34,5 29.5 19,5
~clay loam
30 - 45 32,9 40,2 25.4 Silty 1.2440,03 2,46+0,07 37,5 34.5 20.8
. _ . clay loam ,
45 - 60 29,5 33.5 31.5 Silty 1.26+0,02 2,01+0,13 39,0 36,0 26,0
v clay loam _ '
60 -« 75 23,8 37.2 33,6 Silty 1,3330.,01 2.19+40,13 43,5 38,5 27.5
clay loam
75 - 90 31.5 30,8 - 37.3 Silty 1.3640,02 2,31+#0,12 45,0 39.5 28.7
clay loam _
Bulk densi m=> 1989-90  1990-91
(i) Conventional tillage(Tl) '
0-15 cm 1.10+40.02 1.,054£0,03
15-30 cm 1.25¢0,02 1.22+0,02
{11) Deep ploughing (Tz)
v 0-15 cm 1,0440,03 0,99+0,05
1530 em - 1,144+0,02 1.09+0, 02

(4}
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2,01, 2,19 and 2,31 mm, respectively, Maximum value of 2,45 mm

was obtained for 30-45 cm and wminimum of 1,32 mm for 15~30 cm
soil layer,

The bulk denéity value of different profile depths
showed an incréasing trend with the depth (Table 2), Maximum
bulk density value of;l.36 Mg m™> was obtained for 75-90 cm |
profile layer and minimum of 1.10 Mg m"3 for sufface layer 'of
u=15 cm, |

After the impositiqh of tiliage treatments, the bulk
density under deep ploughing and turning of soil lowered down
both in surface (U-15 cm) and subsurface (15-30 cm) depths

compared to the treatment of conventional tillage (Table 2),

Soil moisture‘characteristig curves for undisturbed
soll samples are depicted in Fig.l whereas the water retention
at some selected suct}on values are given in Table 2. The
volumetric water content (8) at all depths decreased with
increase in suction@{ﬁ. The values of ‘v' at 100, 330 and
15000 mbar for 0-15 cm depth are 33,0, 27,0 and 17,0 per cent,
respectively, whereas, the respective values for 75-9J cm
depth at these suctions were 45,0, 39,5 and 28,7 per cent. The
water retention increased with depth at. all surtion values |
(Fig.1l). There was an abrupt decrease in water content with an
increase iA‘V{upto a value of 100 mbar and beyond this value
the decrease in water content with increase in “¥ became

gradual. The resulting empirical'relationships from the data
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are shown in Table 3, The constant 'b' which is indicative of
change of suction with water content showed an increasing trend

with depth upto. 75 cm, beyond which its value decreased,

4.1.2 Drainage Characterisg;gg

\Y

The drainage characteristics of the study area are
presented in Fig.2., The data showed that amount of>water
drained down the profile increased with depth and the rate of
drainage decrw.ased with depth. The resulting empirical
relationships fron the data are shown in Table 3, The constant
'n' which is indicative of the average rate of decrease of
water content Qith time was the lowest for 0-90 cm profile

layer (0.03) and maximum for U-15 cm layer (0,09).

4.1l.3 Hydraulic Conductivity

4.1.3.1 Saturated Hydraulic Conductivity: The saturated
hydraulic conductivity (K,) values determined in the laboratory
for different profile depths at 15 cm depth interval upto 90 cm
depth are&presented in Table 3, The depthwise distribution of
'KS' showed a decreasing trend, Upto 45 cm depth there was an

abrupt decrease and below this the decrease is gradual,

4.1,3,2 Unsaturated Hydraulic Concuctivitys The unsaturated

hydraulic conductivity 'K(8)' values obtained in situ for
different layers are presented in Fig.3., The 'K(8)' values for
O=15, 15«30 and 30-45 cm depths wére comparable and are grouped

in one empirical relationship (Table 3). similarly, the values



Table 3:

Some important soil water functional relationships

w,. nil water storage (cm}j; K, Unsaturated

(o ucti)vi

Depth (cm) V= a Ob W = at" K, K = ae’®
0 - 15 ax10™2 =711 7.24 =009 26.22 0.0015e10+63®
(0=15 cm)
15 - 30 3x10”2 =788 14 .13 £~0-06 23.07 0.0015012°63% | 4 45 cm
(0-30 cm) ‘ e _
30 - 45 ax10~% ¢~ 8-24 21.88 £~0 05 17.41 0001510 +630
(0-45 cm)
. - - . 4,
45 - 60 6.9x1073 ~10+75 ;5,84 +70-0° 13.82 0..0003e14 +89¢
: ' (0=-60 cm) :
60 = 15 9.6x1073 g=11+33 34 37 004 12.10 0.0003e1%°8%% | 45_90 cm
(0-75 cm)
75 - 90 2x1o‘2 g~10.85 43.65 ¢-0-03 10.37 0 .0003el4 -898
(0=90 cm) :
where \,:.: , ric suctionr (mbar); Volumetric watef content (cm:‘!cm"'3

hydraulic conductivity

t, time &:’1); a and n, constants; K ., saturated hycdraulic

ty (cm a-

S9
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. for 45-60, 60-75 and 75-90 cm depths were also comparable and
grouped in one émpirical relationship. The magnitude of
difference between the two layers, i.e, 0-45 cm and 45=9V cm
was increasing with an increase in water content, At 39

per cent volumetric wetness the values of 'K(8)' were equal
for the.two layers and above this wetness, the values of 'K(6)'

were more for 45-90 cm as compared to 0-45 cm depth.

| The functional dependence of 'K' upon '0' was workéd
out for the entire water content range for all depths and
resulting empirical xelétionships are depicted in Table 3, The
slope 'b' of the equation is an indicative of the change of
hydraulic conductivity 'K' with water content '6', The values
of constantvshowed an increasing trend with depth and its values

for O=45 and 45~90 cm depths were lu,63 and 14,89, respectively.,

4.1.4 5Soil Physico-chemical Propeitigs

So0il chemical and physico-chemical properties of the
study area for J-15 cm depth are shown in Table 4, The soil of
the experinental site is acidic in reaction, medium in per cent

organic carbon, available, N, ? and K,

Table 4: come chemical and physico-chemical properties of the
study area (0-15 cm depth)

— e

pH 5.5

0.C. 0. 924%

CEC 14,0 Cmol (p+) kg"l
Available N 252 kg ha=l
Available P 17 kg ha=l

Available K 216 kg ha=l
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4,2 Soil studies During Crop Growth

4,2,1 Changes in Soil Water Content

The changes in soil water content on some selected days

during a typical dxyin§ period (March 25 to’April 24) from }40
to 170 days after sowihg (DAS) in the first year of the study
under different main plot treatment combinations are dépicted
in Fig.4 (a, b, ¢, 4, e, £f). This dry period corresponds with
flowering and dough growth stages of wheat for which variocus
stress indices gnd water uptake are also calculated., The figurés
show that the water content in the surface uU-15 cm layer under
all the treatments was less than the water content in the lower
layers. As the dry period advanced, surface (O-iS cm) layer |
lost water rapidly to the atmosphere in comparison to the
subsurface layers, The decrease in water content from 0-15 cm
layer was maximum (30:5 to 13,0%) under the treatment combination
of Ny,0T5 and was equél to the aecrease uncer Nyo0Ty (37.5 to
20,04) . The dec¢rease in water content from this layer in the
treatments of Ny T,, Ng T;, N,qT, and Ng T, was 30,3 to 17.3, |
35,3 to 13.8, 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

2.53 cm, respectively, aé‘compared to 2,63 cm under boﬁh,the

treatments of N120T1 and N120T2.

In 15=30 cm layer the water content under all the

treatments deg£9§sed as the dry period progressec, but the

maximum decrease from'gé;s to 25,3 per cent (1.93 cm) was
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observed in the treatment of N120T2. followed by the treatment
of NggThe being 4uU,0 to 28.3 per cent (1,76 cm), Corresponding
changes in this layer (15-30 cm) under the treatments of

NyoTye NgoTyr NppyTy and NygTh
33,8, 41,3 to 30,0 and 36,8 to 28,3 per cent which are equal

were 39,0 to 32,5, 42.5 to

to 0,93, 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 N120T1 which was equal to the change under N120T2
(45.0 to 35,8%) . The corresponding decreases for this layer
under the treatments of\N40Tl, NBOTL' N40T2
43,5 to 33,3, 43.8 to 35,3, 39,0 to 36,0 and 43.0 to 34,3

and N30T2 were

per cent, which are equal to 0,78, 1,20, 0.45 and 1,31 cm,
réapectively, as compared to 1,33 cm under the treatments of
Ny20Ty 30d NjpeToe

For 45-60 cm layer the ﬁaximum decrease in water content
was in N120T2 (from 45,3 to 34,3 per cent) followed by the
treatments of N

80
NaoTl (44.3 to 33,0%), N

T, (42.8 to 35,0%), N , (43.5 to 37,04,

1207
40Tp (4443 to 39.3X) and N,
38,3%) which are equal to 1,65, l.17, 0.93, 0.95, 0.7% and

T1(43 to

0,71 cm, respectively, There were slight changes in water

content for 60«75 and 75-9V cm, depths under different

treatments, | ‘
Comparison of changes in water content for different

treatments uncer different depths revealed that the raxinum
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decrease under N40T1, N80T1' N40T2 and'N8°T2 occurred in

0<15 em and 1530 cm 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 cm depth on the first
day (140 DAS) of the érying_period was highest in N120T1
. % T

(43,6%) followed by NaOT1 (42 ,5%) and the lowest 1n_N40 1

(40 2%) and on the last day (170 DAS) of drying period the
highest wéter content was in N4OT2 (40 ,3%) foilowed by the
treatment of N,,,T4 (33.8%) and the lowest in Ny20Ts (30 .0%) «

'4,2,2 Changes in Hydraulic Gradients

The changes in hydraulic gradients with time during a
typical Arying period from 140 to 170 DAS during the first year
of study under different main plot tre=atment combinations are
shown in Fig.,5 (a, b, ¢, 4, e, f), The figures show that in
general, the hydraulic gradients for 15.30 cm depth ramained
upward for most of_the time under NBOTI' N12OT1' N80T2 and
N120T2 whereas in cas? of N4OT1’ and N4OT2 these ware downward or
near the zero line of gradients upto day 150 and thereafter
became upward as the d;y period advanced. The upward increase
in hydraulic gradients for 1530 cm depth was more in Nya0Ts
(=14cm cm'l) followed by N120T1 (=12 cm cm‘l) whereas for other

treatments these were comparable,

For 30-45 cm depth, the value of hydraulic gradients

' changed from 0.0, +0.6, =1e3, +0.4, =1.8 and =0.4 cm cm™t

(On day 140) to -400‘ "4084 -4 00) -7.4; "'7.0. and <4 0 cm m-l
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(on day 170) under the;treatments of N,gTy, NygTy, NgoTy,

N80T2’_N120T1 and N120?2' respectively,

For 45=6u cm depth the maximum change in hydraulic
gradients was under N,,,T, (0 to =7.0 cm em™) followed by
Y

N80T2 (0.2 to =4,8 cm ?m ) and N40T2 (U to =-3.0 cm cm

Under N,oT, the gradients remained downward (O to +3.6 cm cm'l)

whereas, in other trea?ments the gradients varied from 1.0 to

-4.4 cm cm'l;.Similarly, for 6uU-75 cm depth the maximum increase
-1 .

was under N,,qT) (2,0 to =9.6 cm ¢m ) and minimum in NyoTs

(1.0 to -0,3 cm cm‘l) and under other treatments the gradients

t -
changed between 1.4 and -5,6 cm cm l.

The changes in hydraulic gradients for 75-90 cm depth

were almost negligible ‘'under all the treatments,

A critical analysis of Fig.5 (a, b, ¢, d, €, £} shows
that changes in hydraulic gradienté were more in surface
{15=30 cm) layer under.all the treatments in comparison to
subsurface layets. The hydraulic gradients remainsd upward for
most of the time under .various treatments in surface depths,

The changes in other depths were more under the treatments of.

NgoTae Np20Ty 3nd MgyTae

4.2,3 changes in Hydraulic Flux

The changes in hydraulic flux at 2.5 cm depth under
different main plot tréatment combinations for a drying period
from 140 to 170 DAS are depicted in Fig.é. The flux on day 140
under different treatments was downward, being maximum under |

N40T2 {(0.80 cm d‘l) and minimum under N120T1 (0.1 cm d'l).
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There were no differences in the value of flux under the

treatments of N4OT1, N80T1 and NBOTZ on 140th day and it

remained aroundIO.SG cm d'l. The flux remained downward upto

160, 164 and 165 days under NBOT ¢ N80T1 anva4oTl,
respectively, upto 150 days under N120T1 and N40T2, for a very

small period under Ny ooTpe The £flux under N40Tl‘ N3oTy and

NaoTz treatments decreased slowly with time and became upward

after 165, 164 and 160 days, respectively, wherezs under

N120T1' N4 oT2 and N)50Ty OB days 15U, 150 and 145, respectively.

At the end of dtying period, i.e. on day 170, the flux became
upward under all the treatments and the maximum value was

40T1(0.42 cm d-l) whereas under other treatments
its value changed between 0,13 to 0,26 cm al,

“observed under N

4.3 Water Withdrawal Pattern

4.,3,1 water Uptake gxiaoots

The water uptake by wheat roots under different main
plot treatment combinations for & typical drying period, i.e.
from 140 to 170 DAS for the first year of study is shown in
Fig.7 (a, b, ¢, 4, e, £f), The water uptake»'rz' (including
evaporation) from ©-15 cm layer was maximum under Ny 5gTge

! followed by NggT, (r =0.0058 &%} and minimum

1

being 0,0062 &~
uncer N, T, (r_=0,0040'a""), whereas, for 15-30 cm layer the
max imum and minimum vaiues of 'rz' were observed under NgoTy
and N,,T,, being 0, 0087 and 0,0038 d‘l, respectivelf. The

respective values for 30-45 cm layer were noted under N120T1
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Fig.7 Water upntake by crop roots under various treatments during a
tyoical drying neriod from 1490 to 174 days after sowing
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(rza0.0074 d'l) and N40T1 (rz=0.0012 d'l). The treatments of

N40Tl and N40T2 did not show any root water uptéke below 45 cm
depth whereas under Ng T, (r=0,0015 a™!) and Ng,T, (r,=0,0022 a™%)

it was observed upto 6V cm depth, Likewise, the treatments of
N120T1 and.leoTb extracted water from lower layer of 75-90 cm
as well, the values being 0,0012 and 0,0U17 d-l, raspectively.

4.3.2 Total wWater Extraction Rate

The ‘Rz' which includes the total water uptake plus

surface evaporation (Fig.7 a, b, ¢, 4, e, f) was maximum under

the treatment of N,, T, (0.392 cm a~l) followed by the
l) 1l

T, (0,232 cm a),

treatmentssof N120T1 (9.344 cm d 7)), Ngg

(0,245 ¢m d-l), NyoT2 (0,156 cm d'l) and minimum under
1)

NgoTy
the treatment of N40Tl'(0a135 cm d-

4.3.3 Per cent Contribution of Water by Different Profile
‘ Depths _

The per cent contribution to the total wéter 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 that the
treatments of N40Tl anﬁ NyoT2 extractea maximum (44,4 ana 44,2%)
and equal percentage of water from 0-15 cm depth. The treatments
of NSOTl' NBOTZ' leoTi and NlZOTé extractea 33.1, 30,6, 24.9
and 23.7 per cent water; respectively. From 15=3u cm depth, the
treatment of Ng,T, extracted the highest percentage (46,0%) of

water and the treatment N120T1 the lowest (24.4%). From 30-45 cm



Table 5: The per cent of the total water depletion from different profile depths under

- various treatments, nitrogen levels and tillage methods

Treatments 15 30 T (cméo 75 50
N, Ty 44 4 42.2 13.1 - - -
NgoT, 33.1 41.0 16.5 9.2 - -
N;20T3 24 .9 24 .4 32.3 7.0 6.1 5.2
NyoTa 44 .2 41,3 14 .4 - - -
NgoTs * 30.6 46.0 11.6 11.6 - -
Ni50T2 23.7 27.1 24.9 946 8.0 6.5
Nitrogen levels (N)

N0 43.3 41 .8 13.8 - - -
Ngo 31.9 43.5 14,1 10.4 - -
N) a0 24.3 25.8 28.7 8.3 7.1 5.9
Tillage methods (T)

T, 34.1 35.9 20.6 5.4 2.0 1.7
T, 32.8 38.1 17.0 Tl 2.7 2,2

EL
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depth the treatments of N,,T, (13,1%) and NyoTo (14.4%)
extracted very less percentage of water compared to NIZOTLF
(32,3%) and N;20T2 (24,9%) treatments, There was no water

extraction below 45 cm depth under the treatments of N4OT1 and
N40T2. However, the treatments of N80T1 and NaO@Z' leorl and
N120T2 extracted 9.2, 11.6, 7.0 and 9.6 per cent of water,
respectively from 45-60 cm depth, Like N4OT1 and N40Tb, there

was no water extraction below 6u cm depth under the treatments

of NSOTI and.NaoTé. The treatments of N120T1 and N120T2
extracted water upto 90 cm depth, the percentage being 6,1 and

8,0 for 6u~75 cm layer and 5,2 and 6,5 for 75-90 cm layer,
respectively.

The maximum extraction of water (50 to 85%) occurred
from U=30 cm depth under different treatments, N levels and
tillage méthods (Table 5). The per cent contribution of water
by different profile depths to total water uptake followed no
consistent trend uﬁto 36 cm layer both under N levels and
tillage methods, But beyond this layer, the trend was decreasing
under Ng,, the per cent water extractions were 14,1 and 10,4
from 30«45 and 45-60 cm depths, respectively, Similarly, at
N120’ it wvas 28,7, 8.3, 7.1 and 5,9 per cent from 3.=45, 45-60,
60-75 and 75-~90 cm depths, respectively. Conventional tillage
(Ti) 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, respectively., The

corresponding per cent extrations under T, were 17,0, 7.1, 2.7

and 2.2,
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4.4 ‘ omparison of Profile Water Depleti S,) and Total
Root Water Uotake (Rox 30 dave

The per day profile water withdrawal and total water
uptake during a typical dr?ing period from 140 to 170 DAS
calculated by the method of Ogata et al., (1960) and with the
help of eq. (21) is presented in Tebles 6a and 6b, The profile
water degletion (Asz) was calculated by taking the difference
in profile water stocks from 0 to 90 cm depth during two tine
intervals (tl-].w day, t2-i70 day). The ds/dt calculated for
0 to 90 cm depth obtained from eq. (21) did not correspond with
the R (Table 6a), calculated by the method of Ogata et al.
(1960), In ds/dt the flux (Vz), for each treatment was not
adjusted, When this was done, the values became quite close::

to R,
Z

The total water use under various treatments (Table 6b)
during the drying period obtained from eq, (21), i.e, Asz anci
calculated by the method of Ogata et al. (1960), fewo B X 30 days
also did not match, when the fluxes were adjusted in Asz
(profile wai:er depletion) then Aszi.mmlative flux at 82,5 cm
~depth (during 140 to 170 DAS) and the total root water uptake

(Rz x 30 days) became close to each other,

The total water use (calculated from R, x 30 days) was
the highest under the treatment N120T2, being 11,76 cm and the
lowest in N,oT,» being 4,05 cm (Table 6b), It increasedrfrom

4,37 cm to 11,04 cm with increase ir N level from 40 to 120 kg ha-l.



Table 6a; Comparison of pmfile water depletion (AS ) and total root water
uptake (R x30 days)

Treatments Rz ’ Profile water das Cumalative flux Flux (Vz) Profile water
: (cm d"'l) depletion (1S ) ~dat 1 at 82.5cm depth (cm d"l) withdrawél rate
(cm) ' (cm 477) Auring 140 to after ad_)usting
170 DAS :
(cm) fluxes ( dt )

(em a1y

N,oT1 0.135 5.55 | 0.19 +1.89 +0.06 0.3

NgoT: 0.245 7.28 0.24 +1.20 +0.04 0.20

N120T1 ' 0 o344 8.89 0 630 -'0 .65 "'0 .02 ' 0 032

N40T2 D.156 4 .83 0.16 v +0 .81 +0 .03 _ 0.13

NSOTZ 0 .28‘ 9 .OO N 0,.30 . +O 086 +o 003 . o .27

> o t/ —a-E dzat cecse (21)

1
where ASy. Profile water depletion for 0 to 90 cm depth; t, time (ty = 140 day,

t, = 170 day); z, depth (cm); R,, water uptake (em d~1); v_, flux (am a™1)

9L



Table 6b: Total water use under various treatments during a typical drying period

from 140 to 170 days after sowing

water uptake

Profile water Cumlative

Total water use after

during the depletion from flux at 82.5cm adjusting the fluxes
Treatments period from Q@ to 90 cm depth during . {em) &uring the drying
140 to 170 depth (Asz) 140 to 170 DAS period(140 to 170 DAS
DAS(sz30) (cm) (cm) (cm) :
(cm)
profile
NBOTl 735 7.28 +1.,20 6,26 depletion
method
12071 Noo 4.37  3.77
NgoT2 8,32 9.00 +0.86 8.14 y ,, 11.04 10.33
T

Ty ?.32 7.71

LL
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Sinilarly, under tillage methods the total water use was higher

under T, (8.32 cm) in comparison to T, (7.24 cm),

4,5 ROt Studies

The root growth parameters (0-30 cm 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 1989-9u and 1990-91 are presented in Tables 7,

8 and 9,

4.5.1 Root Mags pggs;;z

The data depicting the influence of different N levels,
tillage methods and water stocks on RMD in 0-30 cm depth at
different growth stages, viz,.,, crown root initiation, maximum
tillering, flowering and at crop harvest are presented in
Table 7.The root mass density at different depths and growth.
stages are given in Appendix IV for the years 1989-90 and
1390-91, An examination»of the data (Table 7) feveals that at
crown root initiation there was no effect of N levels on RMD
during both the years of study. Nitrogen had significant
influence on RMD at maximum tillering, flowering &nd at crop

harvest stages during both the years of study., At maximum

6

tillering stage, RMD significantly increased from 0,10 x 10V to

6 3

0.15 x 10° mg m ~ with an increase in N level from 40 to 120

kg ha™! aquring the year 1989-90, During the year 1990-91, the
increase with N level was not significant, but 12u kg N ha™!

gave significantly higher (0,17 x 106 ng m-3) RMD over 40 kg



Table 73 Effect of nitrggen levels, tillage methods and water stocks on root mass
density (mg m ~x 1089) at different stages and harvest of wheat crop

1989-90 ' 1990-91
Treatments Stages of wheat growth
CRI MT FS AH CRI MT FS AH
Nitrogen levels (N) -
N4O 0,05 0.10 0.15 0.18 0.05 0.13 0.17 0.17
NBO 0, 06 0;12 0,20 0.25 O, 06 0.15 Ce21 0,26
N120 0., 07 0.15 0.24 0,29 0,07 0.17 0,32 0.30
cb 0,05 KS. 0,01 0,04 0,03 NS 0,03 0,08 . .0,04 .
Tillage methods (T)
Tl Q.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
cpD 0,05 NS 0,01 NS 0. 02 NS NS NS NS
water stocks (W)
Wl 0,13 Ve 1l8 0.23
(35.0) (31.2) (30.7)
W2 o 0,13 0.20 0.23
(36.4) (30.8) (30,1)
Wy Co12 0,20  0.26
{37.3} {(31.1) (31.9)
Cb 0,08 NS NS _ NS

CRIaCrown root initiation, MT=maximum tillering, FS=Flowering stage, AH=.it harvest
Figures in parentheses are water stocks (cm)

6L
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N ha'l (0,13 x 106 mg m°3). At flowering stage RMI) increased

6 3

- 3
significantly from 0,15 x 10" mg m

(Ngg) to 0,20 x 108 mg m

were at par with each other, During the
6 3

(N but N,., and N

80’/ 80 120
second year RMD increased significantly from 0,17 x 10

at N, to 0.32 x 108 mg m~3 at N,,oe The significant increase

1l 6 -3 -
mgm ) to Niog

mg m

with N level was from 80 kg N ha ~ (0,21 x 10

(0.32 X lO6 ng m'a). At crop harvest RMD increased significantly

6 -3 6 -3
from 0,18 x 10" mg m ~ at Nyo to 0,29 x 10" mg m - at Niso

3 3

o to 0,26 x 10° mg m
6

during 1989-90 and 0,17 x 10° mg m™3 at N

4

during the second year, but Ngg, (U,26 x 10
5 .

-3
at Ng, mg m ) and

N120 (0,30 x 10" mg m'3) were at par with each other,

The effect of tillage methods on RMD (Table 7) was not
significant at crown root initiation and flowering stages during
the year 1939p90 and at all the growth stages during the second

year of study, but numerically I, 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 10° mg m™3 (7,) and 0,22 x 10° (r)) to 0,25 x 10% mg m™3

<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 growth stages during the year 1989-90,
bDuring the second year of study, these observations were not

recorded,

In general, it was observed that there was appreciable

effect of N levels on RMD than the tillage methods during both
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the years of study. The increase in RMD with time from crown
root initiation to maximum tillering was more than two times
and to flowerihg 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 maximum

tillering during the year 1989-90, being 0.u5 x 10°%, 0,06 x 10°

and 0,03 x 108 mg n=3

being 0,903 x 10%, 0,05 x 10% and 0,05 x 10

and from maximun til#ering to flowering

-3
mg m o at N, Ngg

6

and N120' respectively, The corresponding increases during these

stages for the second year were 0,08 x 106, 0.09 » 106 and

6 3

0,10 x lO6 mg m'3; 0,04 x 106, 0,06 x 10° and 0,15 x 10° mg m .

Under tillage methods, '1‘1 and T,, during the year 1%39-90, the

6 mg m™3 from crown root

6

increases wzere 0,06 x 106 and 0,08 x 10
initiation to maximum tillering ana 0,07 x 106 and 0,06 x 10 mgrf3

from maxinum tillering to flowering, respectively. The respective

6 6 3

increases for the year 1990-91 were 0,09 x 10  and 0,10 x 10 mg m ;

6 3. Similarly, the increases in RMD

under water stocks were 0,05 x 106, 0,07 x 1Q6 and C,08 x 106mgrf

0,06 x 10% ana 0,10 x 10°mg m~

3

from maximum tillering to flowering at Wie W, and w3,respectively.

4,5.2 Root Volume

The effects of various levels of N, tillage methods and
water stocks on root volume recorded at different growth stages,
viz., crown root initiation, maximum tillering, flowering and at
harvest during the years 19389-90 and 1990-91 are g.ivaen in

Table 8, A perusal of the data reveals that there was significant



Table 8: Effect of nitrogen levels, tillage methods and water stocks on root volume
(m3m-3x 10-3) at different stages and harvest of wheat crop

1989-.90 1990-91
Treatments . Stages of wheat growth
CRI MT S AH CRI MT ¥S "AH
Nitrogen levels (R)
N40 . 0.48 0.99 1.25 1.40 0.51 0.72 0.95 0.98
Nao 0,51 1.12 1.41 1.62 0.52 0.94 1.18 1.44
N120 0 .65 1.26 1.82 2.09 0.72 1.08 1.66 1.70
T CD 0.05 0 .04 0.16 0.18 0.22 0.05 0.18 0450 0.38
Tillage methods (T) :
Tl 0.52 1.07 1.39 1,61 0 .55 0.89 1.22 1.26
T2 0.56 1.18 1.60 1.80 0.62 0 .94 1.40 1.48
CD 0.05 NS NS 0.08 0.08 NS NS NS NS
Water stocks (W) '
w1 1.08 1.46 1,67
(35.0) (31.2) (30.7)
w2 1.11 1.52 1.70
(36.4) (30.8) (30.1)
L 1.18 1.51 1.74
(37,3) (21.,1) 21,0
CD 0,08 NS NS NS

CRI = Crown root initiation, MT = Maximum tillering, FS =
AH = At harvest

= Flowering stage,

Figures in parentheses are water stocks (cm)

Z8
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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~}, Root volume increased significantly from 0,51 x 10'3,

1.41 x 10~ and 1.62 x 10~2 m’m™> to 0.65x 10™2, 1.32 x 10

and 2,09 x ].0.3 msm-3'with an increase in N level from 80 to

-3

120 kg ha'1 at crown root initiation, flowering and at crop
harvest, respectively, during the year 1989-90. The level

120 kg N ha'l showed significantly higher root volume over
Ngo (0.48 x 1072, 0,99 x 1072 and 1.25 x 107 n’n™) at these
stages., At harvest 40 kg N ha™* (1,40 x 10~3 m°a™3) and 80 kg

N ha-l (.62 x 10 -3 3 3) levels were at par with each other,

At maximum tillering stage N120 produced significantly higher
root volume (1.26 x 10™3 m 3 3) over N, (0,99 x 10 =3 m3m-3),

but the increase with N levels was not significanrt, During the
second year of study, root volume increased from 0,51 x 10 =333

40 =3 33 at N,, at crown root initiation,
X

But the significant increase with N leve.s was from C,52 x 10

wm™3 (NSO)'to 0,72 x 10 =3 3 (N120)° At maximum tillering

at N to 0.72 x 10

and at crop harvest root volume increased significantly from

-3 33 =3 and 1.44 x 1073

'm3m°3, respectively with increase in N from 40 to 80 kg ha‘l.

It further increased to 1,03 x 10~2 and 1.70 x 10~> m®m~> at

0,72 x 10™3 and 0,93 x 10 to 0,94 x 10

Ni20 at these stages, but the increcase was not significant. At
third stage, i.e. flowering, N120 exhibited significantly higher
root volume of 1,66 x 10"3 mm™> over Nyg of 0.95 x 1073 m3m°3,

but increase witihh N levels was not significant.
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The effect of tillage methods on root volume (Table 8)
at crown root initiation and maximm tillering during 193%-90
and at all the growth stages during the year 19%0-91 was not

!
significant, Root volume increased significantly from 1,39 x 107

and 1.61 x 103 wim 3(T)t0160x103and1 36 x 1073 33

'(Tb) at flowering stage and at crop harvest, respectively

during the year 19389-90, At crown root initiation and maximum

tillering, root volume increased from 0O, 52 X 10"3 and 1.07 x

3 3 -3 3n-3

1073 o ('r ) to 0,56 x 10° ana 1,18 x 10 (z,).

respectively, but the increase was not significant. Similarly,

during the second year of study, root volume at crown root

initiation, maximum tillering, flowering and at crop harvest

increased from 0,55 x 10-3, 0,89 x 10-3, 1,22 x 10°3 and

1.26 x 1073 mm™3 (1)) to 0,62 x 1073, 0.94 x 1073, 1,40 x 1073

-3 3 3

’

and 1,43 x 107 (Tz), respectively.

There was no significant effect of water stocks on
root volume (Table 8) at any growth stage during the year
1989-90, Since the water stocks during the year 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 fﬁom
crown root initiation to maximum tillering than from maximum
tillering:to flowering. The increases being 0,51 x 1073,

0.61 x 107 -3 and 0,61 x 10™ -3 3 -3 from crown root initiation

to maximum tillering and 0.26 x 103, 0,29 x 102 and 0,56 x 103

3 =3
mm fr max ima
om m tillering to flowering at N4O‘ NBO and N120'
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respectively during thevfirst year of study. The corresponding

increases during the second year were 0,21 x 1073, 0,42 x 1073

and 0.36 x 1073 m3a~3; 0.23 x 1073, 0.24 x 10~ and 0,53 x 1073

m3m'3. Under tillage methods, T, and T,, the increases were

0,55 x 1073 ana 0.62 x 1073 n’n™3 from crown root initiation

to maximum tillering; 0.32 x 10~ and 0.42 x 10™° mm~3 from

maximum tillering to flowering, respectively, during the year

1989-90, The corresponding increase for the second year of

study were 0.34 x 10~3 and 0.32 x 10~2 m3m~3; 0,33 x 103 and

=3 ip-3 The increases under the water stocks Wi
3 3 -3 m3m-3,

0,46 x 10

, 0,41 x 1077 and 0,33 x 10

W, and W; were 0,33 x 107
from maximum tillering ﬁo flowering, respectively. The root

volume, except crown root initiation stage, was higher under
both N levels and tillage methodé during the yearxr 1989«90 in

comparison to 1990-91,

4.5.3 Root Length Density

The data depicting the influence of different levels
of N, tillage methods and water stocks on root length density
(RLD) in the 0-30 cm 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) indicates that there
was significant influence of N on RLD at different stages of

growth during both the years of study. There was increasing



Table 9: Effect of nitrogen levels, tillage methods and water stocks on root length
density (m3m—-3x104) at different stages and harvest of wheat crop

1939-90_ 1990-91
Treatments Stages of wheat growth
CRI MT FS AH CRI MT FS AH

Nitrogen levels (N)

N,o 0,15 0,27 0.35 0. 39 0.12 0,33 0.38 0. 39

‘Ngq 0.17 0,33 0.42 0.49 0.14 0.41 0.45 0.54

N .0 0.26 0,42 0. 49 0. 55 0.24 0.46 0,61 0,57

CcD 0.05 0,06 0,06 0. 05 0, 04 0,08 0,08 0. 04 0,03
Tillage methods (T)

;T 0.18 0,31 0.41 0. 46 0.17 0.38 0, 43 0. 47
T, 0.20 0,37 Jedd 0.49 0.17 0.41 0. 52 0.53
cp 0,05 NS 0.03 NS NS NS NS NS NS

water stocks (W)

Wy ' 0.34 Ue 40 0.46

, (35.0) (31.2) (30.7)

W, 0.34 U.43 0, 46

, (36.4) (30.8) (30.1)

Wy 0. 32 0.48 0. 52
(37.3) (31i.1) (31,0)

c 0,05 S NS NS

L

CRI=Crown root initiatd on, MT=Maximum tillering, FS=Flowering stage, AH=At harvest

Figures in parentheses are water stocks (cm)



trend in RLD at each growth stage with increase ir N from 40
to 120 kg ha'l. Root length density increased significantly.
from 0.17 x 10% and 0.33 x 10% m¥n™? to 0.26 x 10% ana 0.42 x
104 m3m -3 at crown root initiation and maximum tillering
stages, respectively with increase in N level from 80 to

120 kg ha‘l during the year 1939-90, At crown root initiation

(0.26 x 104 m3m°3) showed significantly higher RLD over

Ny20
Nyo (0,15 x 104 m3m-3) and at maximum tillering KN,
4

4

(0.27 x 10* m¥n~?) ana Ngo (0.33 x 10 m3m=3) were at par with

each other, In the year 1989-90 the RLD at flowesing and at

crop harvest significantly increased from 0.35 x 104 and

4 3 -3 4 3 =3

0.39 x 10 to 0.49 x 10% and 0.55 x 10 W3x™",

respectively with increase in N level from 40 to 120 kg ha™l,

During the second year of study the RLD at crown root

initiation increased significantly from 0,12 x 10% m°m™ a

4 3 -3

at N The increase in N level from

120°

4
.80 to 120 kg ha” -1 {ncreased RLD from 0.14 x 10% ndm™? to

04 m3m 3. At maximum tillering N120 gave significantly

4 3 -3 -3
4

o to 0.24 x 10

0.24 x 1

higher RLD (0,46 x 10 ) over N40 of 0,33 x 104 m3m

3 -3

) were at par with each other,

but N, and NBO (0,41 x 10

40
Root length dmnsity at flowering significantly increased from
4 3 -3 04 m3m--3

at N at N with the

40 120
increase in N levels, whereas, at crop harvest the significant

0,38 x 10 to 0,61 x 1

increase was only from 0,39 x 104 mdn™? at Nyg to 0.54 x 104m3n~3

(0,54 x 10% m3m~3) ana n 0% mm"3)

at Ny But N 120

80° 380
were at par with each other,

(0,57 x 1



88

The effect of tillage methods on RLD (Table 9) was not
significant at any growth stage during both the years of séudy
except maximum tillering stage during the year 1989-90, where
it increased significantly. The trend in RLD was increasing at

all the growth stages and increased from 0,18 x 104, 0,31 x 104,

0.41 x 10% anad 0.46 x 10% mm™3 at 7. to 0.20 x 10%, 0,37 x 10%,

1l
0.44 x 104 and 0,49 x 104 m:"m"3 at T2 at crown root initiation,

maximum tillering, flowering and at crcp harvest, respectively.

The corresponding values for the second year were 0,17 x 104,

0.33 x 10%, 0.43 x 10% ana 0.47 x 10* w¥n”3 at T, and 0,17 x 10%,

0,41 x 10%, 0,52 x 10% ana 0,53 x 10* n’n™ at 1, method of

tillage,

The water stocks did not reflect their effect on RLD

(Table 9) at any growth stage, but it increased from 0.4l x 10%

ana 0.46 x 10% 0'n™ (W) to 0.49 x 10* ana 0.52 x 10* nn~
(w3) at flowering and at crop harvest, respectively. At maximum

tillering and at crop harvest, Wy and W, showed equal values of
RLD being 0,34 x 10% and 0,46 x 10% mm™3, respectively. at
maximum tillering, however, it decreased to 0,32 x 104 m3m°3 at
Wy level of water stock, During the year 199091, the data on

RLD were not recorded,

In general, the RLD under N levels and tillage methods
at crown root initiation was more during 1939-90, whereas, at
other crop growth stages and at crop harvest it was more during
1990-91 (Table 9), The increase in RLD was more from crown.root

initiation to maximum tillering than from maximm tillering to
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flowering. The increases were 0.12 x 10%, 0.16 x 10% and

0,16 x 10% m3m™3 from crown root initiation to max Lmum

4 4 4 3m-3

tillering and 0,03 x 107, 0,09 x 10" and ¢,07 x 10 " m from

maximum tillering to flowering gt N4O' N80 and N120'
respectively, during the first year of study. The corresponding

increases during these stages for the year 1990-91 were

0.21 x 10%, 0.27 x 10* ana 0.22 x 10* n¥n~3; 0.05 x 10%,

4 4 3 -3

0,04 x 10" and 0,15 x 10" m™m ~, The increases under the

tillage methods, Ti and T2, from crown root initiation to

maximum tillering and maximum tillering to flowering were

0.13 x 10% ana 0,17 x 10* m3n~3; 0.05 x 10% and 0,05 x 10* W®n™

for the first year of study, 0.21 x 10% and 0.24 x 10* n?a™%

0,05 x 104 and 0,11 x 104 m3m'3 for the second y«ar of study,
respectively. The increases under the water stocks wl' w2 and

4 3 =3

W, were 0,06 x 10%, 0.09 x 10% ana 0.17 x 10% m?a™,

3
respectively, from maximum tillering to flowering stage,

4.6 Evaluation of Crop Water Stress

The crop water stress indices viz,, relaﬁive leaf water
content (RLWC), xylem water poﬁential (XwP), leai diffusion
resistance (LDR) and stress degree days (SDD), recorded at
different stages of wheat growth, are presented in Tables 10,
11, 12 and Fig.l0 (a, b), |

4.6,1 Relative Leaf Water Content

The relative leaf water content determined at maximum

tillering and flowering stages of wheat growth during the years
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1939-00 and 1990-91 is presented in Table 10, A perusal of the
date indicates that the‘RLwc was significantly atfected by N
levels at maximum tillering and flowering stages during the
year 1939-9Q, Relativé leaf water content ihcreased
significantly from 73.9 per cent to‘so.é per cent with increase

1 at maximum tillering, but at

in N level from 40 to 120 kg ha~
flowering stage thé increase was from 72,4 per cent at N40 to
77.3 per cent at Ngg+ The levels 80 and 12u kg N ha'l showed
equal value of RLWC (77.8%) at flowering during the first year
of study. Relative leaf water content 1lncreased from 79.8 and
71,5 per cent to 8,7 and 75.9 ber cent with increase in N
level from 4u to 120 kg ha™t 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 1939-90,
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 c¢ent at Ib.

There was no significant effect of water stocks on RLWC
(Table 10) at both the growth stages during the first year of
study. During second year of study, the data on RLWC were not

- recorded.



Table 103 Effect of nitrogen levels, tillage methods and water stocks on relative
leaf water content (%) at different stages of wheat growth

1939-90 ' 1990-91 _
Treatments —_— Stages of wheat growth
MT Fs MT F&
Nitrogen levels (N)
| N40 73.9 72.4 . 79.8 71.5
Ngo 78.0 77.8 © 80,8 73.3
N 20 80.6 77.3 82.7 75.9
‘cb 0,08 1.7 3.5 NS 1.3
Tillage methods (T) _
Ty 76,8 . 75,5 81.1 73.2
T, 73.2 76,3 81.2 73.9
cp 0,05 , 1.4 NS NS NS
water stocks (W)
Wy 76.7 74,3
(35.0) (31.2)
W, 76.5 76.7
(36.4) (30,8)
Wy 77.3 76.6
(37.3) {31.1)
CDh 0,05 NS NS

MT=Maximum tillering, Ft=Flowering stage
Figures in parentheses are water stocks (cm)

16
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A comparison of results for the year 1939-90 (Table 10)
at different growth stages reveals that Nyoo maintained highe;
RLWC (30,6 and 77.3X) over Nyo (73,9 and 72,4%) and T,
maintained higher RLWC (78.2 and 76.3%) over T, (76.8 and 75,54)
at maximun tillering and fléwering stages, respectively.
whereas, durirxg the year 1990-91 the corresponding RLWC values
at N,,, were 82,7 and.75.9 per cent; at N, being 79,8 and
71.5 per cent, Under tillage methods the :LWC values were 31.2
and 73.9 per cent at TZ' and 31,1 and 73.2 per cent at Tl' The
RLWC was higher at maximum tillering than at flowering stage
during both the years of study. It decreased with tine and the
decreases were 2,1, J,3 and 3.6 per cent during 1939-90 and
11.7, 10,2 and 9,0 per cent during 1990-91 from maximm
tillering to flowering at N40, N30 and N120’ respectively, The
corresoonding decreases under tillage methods, T, and T,, were
l.7 and 2,5 per cent auring 1939-90; 10,8 and 9.9 per cent
auring 1990-91, The decrease with time was very small during
the year 1939-90, both under N levels and tillage methqu, in

comparison to the year 1990-91,

4.6,2 Xylem water Potential

The influence of N levels, tillage hethods and water
stocks on xylem water potenﬁial (XWwP) recorded at three
irmportant growth stages of wheat, viz., crown root initia;ion,
maximum tillering and flowering during the years 1939-90 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_ 1950-91 _
Treatments stages of wheat growth
CRI MT FS CRI M|T . FS
Nitrogen levels (N)
N40 10,6 12.9 17.9 5.1 17.1 . 18,0
N 50 3.6 12.2 15.7 4.8 16.4 . 16.4
cp 0,05 0.8 0.5 . 0.8 NS NS 0.6
Tillage methods (T) _
Tl 0.5 12,9 17.3 4.9 l16.9 17.0
T2 9.4 12,3 16.5 4,3 16.1 16,5
cp 0,05 Ks 0.4 0.7 NS NS NS
water stocks (W) . .
Wl 12.8 17.4
{35.0) (31.2)
w2 12,6 o 17.2
(36.4) (30,.3)
w3 iZ. 16,8
_ {(37.23) (31.1)
CcDh Q.05 ) NS NS

€6

CRI = Crown root initiatisn, MT = Ma&ximum tillering, FS = Flowering stage
Figures in parentheses are water stocks (cm)

.
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that there was significant effect of N on XWP at all the growth
stages during the year 1939-90, 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

l. It further increased to =3.,6 bar at

from 40 to 80 kg ha”
120 kg N ha’l, but the increase was not. significant. At second
stage, i.e., maximum tillering, there was increasing trend in
XWP with increase in N level from 40 to 120 kg ha™>, but the
increase with N levels was not significant. However, NlZO

(-12,2 bar) showed significantly higher XWwP over Ny (12,9 bar),
At flowering, XWP increased significantly 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 NBO then decreased

to ~4,8 bar at N 0° but there was no significant effect of N

12
levels, Sinilar trend was observed at maximum tillering, where
XwP increased from 47,1 bar at N40 to «16.1 bar at NSO' then
decreased to -16,4 bar at N120' At flowering stage, XWP increased

significantly from «13,0 bar at N40 to -16,4 bar at N120'

Xylem water potential increased under tillage methodﬁ.
Tl and T,, at every stage (Table ;1&) during both the years of
study, but the significant effect was only at maximum tillering
and flowering stages during 1939-90, Xylem water potential (XwP)
increased from -9,5, =12,9 and =17,3 bar (Tl) to -9,4,-12,3 and
«15,5 bar th) at crown root initiation, maximum tillering and

flowering stages, respectively, during the year 19:39-90, 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 -15,5 bar at Tye
The 1ntéraction NXT was found significant at crown

‘root initiation stage during the first year of study (Table 11b) .

Table llb; Interaction effect c¢f nitrogen levels and tillage
methods on xylem water potential (-bar) at crown
root initiation stage of wheat growth

Tillage Nitrogen levels -
methods N4O NBO N120
™ | 10,7 9.3 8.6
T2 : 10.4 9,2 3.5

cp 0,05 1.1 _

A perusal of the data (Table 1lb) indicates that both

under Tl and Ié, XWP increased significantly from -10,7 and

-lU.4 bar at N,, to -9,3 and -9,2 bar at Ngge respectively,

40
It further increased to =-3,6 and -3,5 bar at N120' but the

increase was not significant, Under N levels, T, always showed

higher value of XwP than Tl‘ but did not differ significantly,

The treatment N showed significantly higher XWP over the

12072

treatments N40Tl and N40T o

There was no significant effect of water stocks on XwP
(Table 113) during the year 1989-90, During the second year

(1990-91), the observations on XWP were not recorded,

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 during the year
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1989~-90, but was high at maximum tillering stage in comparison
to 1990-91, At flowering stage the XwP waé almost same oOr
comparable during two years of study. There was reduction in
XwP with age of crop, For exampie, as the crop advanced from
crown root initiation to maximum tillering and max imum
tillering to flowering the reductions in XWP during the year
1939~90 were 2,3, 3,3 and 3.6 bar, and 5,0, 4.4 and 345 bar at
N40, NBO and leO' respectively. The corresponding rednctioﬁs
for the year 1990-91 were 12,0, 11,4 and 11,6 bar, and 0,9,
1,0 and 0,0 bar, Under tillage methods, Tl and T,, the
reductions were 3.4, 2,9 bar from crown root 1nitiation'to

max imum tillering, 4:4'and 4.2 bar from maximum tillerind to
flowering, respectively during the year 1939-%9uv, The |
corresponding reductions for the year 1990-91 were 12,0 and
11,3 bar; 0,1 and 0,4 bar. Under water stpcks wl, w2 énd wa;
the reductions were 4,6, 4.5 and 4,1 bar, respectively from
max imum tillering to flowering, The Yevel 120 N ki ha™t
maintained 18,9, 5,4 and 12,3 per cent higher XWP over N40
during the year 1989-90; 5,9, 4.1 and 8.9 per cent during the
year 1990-91 at crown root initiation, maximm tillering and
flowering stages, respectiveiy. S5iadlarly, tz maintained l.1,
4.7 and 4.5 per cent higher XWP over T, during 1989-90 and 2,90,
4.7 and 2,9 per cent during 1990-91 at crown root initiation,
maximum tillering and flowering stages, respectively. Under
water'stocks, w2 maintained 1.6 and 0,01 per cent nigher XwP
over wi and w3, respéétively at maximum tillering, whereas wﬁ

showed 3,4 per cent higher XwP over wl at flowering stage,
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4.6,3 Diurnal Changes in Xylem Water Potential

The diurnal changes in XWP from 0800 to 1700h under
different levels of N, tillage methods and water stocks at
fldwaring stage of wheat growth for the years 1989-90 and

1990~91 are depicted in Figs, 8(a,b,c) and 9(a.,b) ..

4,6,3.,1 Diurnal Changes'in WP under N levelss The diurnal

changes in XWP under different levals of N at flowering
stage of wheat'growth are depicted in Fig. ga for the year
1989-90., A perusal of the figure reveals that at 0800h,
XWP undar different leﬁela of N was equal and maxd mum

(«11.7 bar) . At 1100h it decreased rapidly with time and
reached the values of 16,9, -15,3 and -15.2 bar under N40,
Neo and 3120, respectively, For N40 level the XWp remai.ned |
minimum (-16.9 bar) from llootto 1300h, whereas for NBO and
Niag levels it steadily decreased until 1300h, and attained
minimum values of ~16,4 and -15.9 bar, respectively, Beyond
1300h XWP started recovering and reached the maximum values of
~13.7, -13.6 and -12.9 bar under N, Ng, and N;,,

respecti?ely 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
till 1300h and reached the minimum values of «17,3, =16.4 and
«16 .0 bar under N4o’ NBO and leo, respectively. It recovered

slowly until 1500h, but after that it increased with a rapid

rate and attained maximum values of -11.3, «11,2 and 11,7 bar

at 1700 h for N40, Nao and N120 levels, respectively,
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4.6.3.2 Diurnal changes in XWP under Tillage Methods; The

diurnal changes in XWP under tillage methods, Ti and Tzlat
flowering stage of whea£ growth during the years 198990 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, T,

and T was equal and maximum, being -11,7 bar, At 1100h it

X
dacreased rapidly with time and reached the values of -16.2 and
~15,4 bar under 'I‘1 and Tz, respectively, It remained constant:
(-16,2 bar) from 1100 to 1300h under T, but decreased to -16 bar
under Tz. Beyond 1300h it started recovering and reached. the
maximum values of -14.,0 and -13,0 bar under T, and T2,

raspectively at 1700h.

The second year of study (Fig.9) reveals that XWpP
under different tillage methods at OBOOH was Jquite high (-6,7 bar),
It decreased rapidly with time and reached the values of 13,2
and -13,0 bar uﬂder Tl and Tz‘at 1100h, but it further decreased
and reached the minimum values of -16.7 and -16,5 bar under T,
and T2' reSpecﬁively, at 1300h. Beyond this, it started recovering

and attained the maximum value of -11.4 under Tl and T2 at 1700h.

4.6.3.3 Diurnal Changes in XWP under Water Stocks: The diurnal

changes in XWP under the‘water stocks at flowering stage of
wheat growth éuring the year 1989-90 are depicted in Fig.Sc..
A perusal of figure reveals that XWP was quite high at 0800h,
being «12,7, =11,7 and -11,2 bar under Wy, W, and WB’
respectively, It decreased with time rapidly till 1100h and

reached the values of 15,7, -~i5,.,8 and -16.0 bar, it further
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decreased, but.at a slower rate and at%ained the minimum values
of -16,6, =-15.6 and -16,4 bar ynder "1’ w2 anad w3, respectively
at 1300h. Thereafter, it 8tarted recovering and reached the
values of -14.4, -12,3 and -13,5 bar uncer wl, w2 and w3.
respectively at 1700h, Since the water stocks duriﬁg the year

'199u-91 were not variable, hence the data on XWP were not
recorded,

In general, it was observed that during the first year
of study the XWP at 0300h was quite low iﬁ comparison to the
second year, both under N levels and tillage methods, The
reduction beyond 0300h was slow during 1939-90 in comparison to
1990-91, The mid-day values of XwWP both under N ievels and
tillage methods, were comparable for the two years of study.
The va;ues attained at 1700h after the recovery were low during
1939-90 in comparison to the year 199u-~91, At 1700h the values
of XWP were quite low than the values at 0300h both under N
levels and tillage methods during both the years ¢f study. with
respect to water stocks, the Wy maintained higher XwP than W,

and W, at 0300h, but during the mid-day (1300h) Wy maintained

3
XWP status lower than the w2 and w3, but W2 maintained XwP

higher than W Similarly, at 17u00h the XwP under Wl water

3.
stock was lower than the values at w2 and w3,

4.6.4 Leaf Diffusion Resistance
Leaf diffusion resistance (LDR) determined at maximuam

tillering and flowering stages of wheat growth Quring the years
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1989.90 and 1990-91 is shown in Table 12, A perusal 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
LDR at maximum tillering stage decreased significantly from
1

3.06 to 2,40 8 cm™ with increass in N level from 40 to 80 kg

-1, but not significantly., Similarly at flowering stage LDR
1

ha

drcreased significantly from 4.25 to 3.25 8 cm” “with increase in

N from 80 to 120 kg ha'l. The level 120 kg N ha"1 showed

significantly lower LDR in comparison to the value of 4.53 s em™t

under 40 kg N ha’1 treatment, The second y=ar of study
reflected no effect of N on IDR at maximum tillering stage,

but it decfeased from 2.12 to 1.84 s cm"1 with increase in N

from 40 to 120 kg ha'i. ‘At flowering N120 showed significantly

40 (3.75 s cm'l), but values were

‘at par under N40 and NBO (3.06 s Cm'l) treatments,

low LDR (2,83 s cm'l)vover N

Leaf diffusion resistance was significantly affected by
tillage methods at flowering stage (1989-90), but thaere was no
significant effect at both_the growth stages during the second
year of study (TaSle 12) , Deep ploughing (Tz) always showed
lower value of LDR over conventional tillage (Tl) at each growth
stage during both the years of study, The LDR values were 2,31
and 3.77 s cm’l at Tz, 2,75 and 4,25 s cm"1 at T, at maximam
tillering and flowering stages, respectively during the year
1989.90, The corresponding values for the second year of study

waere 1,34 and 3,05 s cm'l: 2,09 and 3,47 s Cm-l.



Table 12; Effect of nitrogen levels, tillage methods and water stocks on leaf
diffusion resistance (s cm= ) at different stages of wheat growth

1989-90 | 1990-91
Treatments Stages of wheat growth
MT FS MT FS
Nitrogen levels (N)
Nao 3.06 4.52 2,12 3.75
Ngo . 2,40 4.25 1.98 3.06
Nys0 2.12 3.25 1.84 2.83
CD 0.05 _ 0.58 ' 0.46 NS ' 0 .69
Tillage methods (T) ‘ . :
T, ’ 2,75 4,25 2.09 3.47
T, 2.31 3.77 1.84 ‘ 2,95
CD 0.05 NS 0.38 NS NS
Water stocks (W) '
W, 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

10T

MT = Maximum tillering, FS = Flowering stage

Figures in parentheses are water stocks (cm)
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There was no significant effect of water stocks on
LﬁR (Table 12) at'both'the growth stages (1089-9)), but it
varied from 2 .68 <w1) to 2.39 (W2) s cm'1 at maximum tillering
and 4,07 Gﬂl) to 3,95 GMB) s cm'1 at flowering. sincevthe
water stocks during the year 1950-51 were not variable, hence-

the data on LDR were not recorded,

Leaf diffusion resistance during 1989-90 was higher

than the yesar 1990-91 at both the growth stages, both under N
levels and tillage methods, The treatment 120 kg N ha™t
maintained 30,7 and 28,3 per centy 13,2 and 24..5 per cent lower

LDR over N,. at maximum till=ring and flowering, respectively

40
during the year 1989-90 and 1990-91, Similarly, T? maintained

e

16,0 and 11,3 per cent lower LDR over T1 during 1989-90 at

maximum tillering and flowering stages, respectively., The
corresponding values for the yéar 1990-91 were 12,0 and 12,1

per cent,

At maximum tillering W. maintained 10.8 and 5.2 per cent

2

lower LDR over W, and W., respectively, but at flowering w3

1 3
maintained 2,9 per cent lower LDR over wl. Leaf diffusion

resistance increased with the age of crop, the increase being
1.47, 1.85 and 1.13 s c:m‘1 from maximum tillering to flowering

during the year 1989-90 under N and Nl?o‘ respectively,

a0’ Ngo
The corresponding increase for the second year was 1,63, 1.08

and 0,99 s ém'l. Similarly, under tillage methoés, T1 and T2,
the increases were 1,50 and 1.46 s c:m"1 from maximum tillering to

flowering, respectively during the first year of study, The
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Corres>onding values for the second year were 1.38 and

1.11 s cm'l. The increasss under water stocks were 1,39, 1,561
and 1.43 s cm"1 at wl, w2 and w3, respectiv=ly from maximum
tillering to flowering, Leaf diffusion r=sistance at both the

growth stages was higher during 1989-90 than the year 199091,

4,6,5 Stress Degree Days

The’crop canopy minus air temperature was recorded daily
(except cloudy and rainy days) from 1200 to 1400h under different
levels of N and tillage methods, during the growth paeriod from
102 to 169 DAS during 1989-90 and 85 to 171 DAS during 1990-91,
This period corresponds with maximum tillering, flowering and
dough stag=s of wheat growth, The crop canopy minus air
temperature difference also known as stress degree days (SDD)
and its summation, the éumulative stress “degree days (CSDD) were
also calculated. The CSID were plottzd as a function of time
under diffarent levels of N (1989-90) and tillage methods
(1989-90 and 1990-91) and depicted in Fig, 10(a,b) . A glance at
Fig, 10a indicates that around maximum tillering (70vto 90 DAS)
there was slight differenca in CSDD un”er Adifferent levels of
N, i.e, at 90 DAS the CSDD were -3.8, 5.0 and 6.5°C at 40, 80
and 120 kg N ha'l, raspactively, The difference in CSDD under
different ;evels of N increased with the age of tha arop, but
CsSPD decreased e,g, at 110 DAS the values for CSDD were =14,5,
 -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 -36.0° at 40, 80 and 120 kg N ha™",



T
| (a)
0 1
: Nigo—o0
1990-91 Ngg&---4
%
Q
3
w
w
(04
o
2 y
A
0 ~20F Breeeees QL_A.P.%‘A
uw : \ A
@ r by b A
= R EN N
w _ZSL. %/1/ \n\\\ '
z ot | \ a4
< AR
~§‘30“ \‘D~~"D‘q A
3 ¥
-35f- y
_40 4 ! 1 1 1 1 i 1 1 ] 1 | 1 | i | 1 {
85 95 105 ns 125 135 145 155 165 175
DAYS AFTER SOWING
Fiz 10 ’ Cumulative stress degree days as a function of time

under (3) nitrogen levels (b) tillage methods



(b)

0 ) 138990 133091
: Ty %X---X x—X
Tyh--d  A—d

CUMULATIVE STRESS DEGREE DAYS-—°C

e i i

-35 - 1 N i N 1 " 1 N L 1 1 N 1 |
85 85 105 115 125 135 145 155 165 . 175
DAYS AFTER SOWING



104

respectively, The differ:nces in CSDD at corresponding time

1

between N4O and NSO' Néa and N120’ and N40 and N120 were 4,0,
1.5 and 5,5°C; 10,8, 3.2 and 13,0°C,-and 15,0, 3.0 and 18.0°,
respectively., The CSDD at Nyo decreased very &lightly with time,
but aﬁtér 122 DAS (-16.5°C) it started increasing and reached |
to a value of -10,5°C at 127 DAE then decreased to -15,0% at
135 DAS and then again.increased to =11,0°C (145 DAS) and again

decreased to -18.0°C at 171 DASs.

The CSDD under tillage methods, as shown in Fig.1l0b, did
not differ from each other auring 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 SDD and CSDD were not recorded during

both the years of study.

In general, it was observed that the crop was not under
moisture stress during.both the years of study as the CSDD did
not reach or cross the zero line of CSDD, However, within N

levels the differences were quite distinct, This means that

under 40 kg Niha'l the crop had higher stress, 1,2, higher SDD

than under 80 and 120 kg N ha™! levels, The crop under 80 kg

1 1

N ha™ " level showed higher value of SDD compared to 120 kg N ha .

4.7 Soil-Plant-Water Relations

The relationshibs between soll 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

etage of wheat growth are presented in rig.l1ll, 12 and 13,

respectively,

4.7.1 Relationships Bétween_§gil Moisture Storage and
Plant-Water Status

Relationships between soil moisture storage (water
stocks in 0-90 cm depth) and plant water status under different
levels of N and tillage methbds, at flowering stage of wheat

growth are presented in Fig.ll (a,b,c) and Table 13,

4.,7.1.1 Soil Moisture Storage and Relative Leaf Water Content:

A glance at Fig.ll(a) reveals that RLWC was influenced by N
levels and tillage methods. Under N levels, it changed from
59. 5 (N40) to 71.83 per cent (leu) and 73.3 (N4O) to 84,0

per cent (leo) at the lowest and the highest soil moisture
storage, respectively, But with respect to tillage methéds, it
changed from 71.0(T1) to 73.2 per cent (Tz) ang 32,2 (Tl) to
33,9 ver cent (Ib). In.general, the RLWC increased with the
inc:ease in N level, for example at soil moisture storage of
32 cm the RLWC was 72.5, 80,3 and 80,3 per cent at 4u, 80 and
120 kg N ha~t, réspectively, Sinilarly, it increased under

tillage methods, T and Tb, the values being 79.3 and 81,0

1
per cent, respectively, at soll moisture storage of 32 cm, The
increase in RLWC with increase in soil molsture storage was

more under N levels than tillage methods,
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Fig.ll Relationship between soil moisture storage (SMS) and

(a) relative leaf water content (RLWC)

(b) xylem water potential (XWP) and

(c) Ieaf diffusion resistance (LDR)at flowering
stage of wheat growth - '
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The reldationship between soil molsture storage and
RLWC (Table 13) was linear positive and found significant at
N30 (r = U,77) and under tillage methods, T, (r = 0,86) and

T, (r = 0,33),

2

4.7.1.2 Soil Moistyre Storage and Xylem Water Potential: The
relationship between s0il moisture storage and xXxylem water
potential‘(XWP) at flowering stage 6f wheat growth.under
different levels of N and tillage methods is depicted in
Fig.11(b). The XwP ranged from -19,3 to -17,8 bar and ~16,8

to =«13,9 bar at the lowest and the highe:t s0il moisture storage
respectively with increasing levels of N from 40 to 120 kg ha™t,
The XWP at the lowest value of moisture storage uncer tillage
methods changed from -18,2 to -17,6 bar, But at tne highest
soil moisture storage it was almost same under both the tillage
methods., The XWP was more affected by N, e.g. Niog maintained
1.5 and 2,9 bar higher XwWwP over N40 at ﬁhe lowest and the
highest soil moisture storage, respectively, The tillage method

T, maintained 0.6 bar higher XwP over Tl at the lowest 8oil

molsture storage.

The relationship between soil molisture storage and XwP
(Table 13) was linear, positive and found significant at Nyor
Ngosr Niggr Ty and T, with coefficient of correlations of

'x = 0,60, 0,66, 0,64, 0,79 and 0,66, respectively.

4,7.1.3 5Soil Moisture Storage and Leaf Diffusion Resistance:
The relationship petween soil moisture storage an¢ 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
soll moisture storage (SMS) and (a) relative leaf water

content (RLWC),

(b) xylem water potential (XwP) and

(c) leaf diffusion resistance (LDR) at flowering stage
of wheat growth

vt Number of
r observations
(a) Between soil moisture storage (&MS)and
relative leaf water content (RLWC)
N4O RLWC = 37,87 + 1,09 avs Ve 3V 1l
NBO RLWC = 5,45 + 2,34 MS 0,71* 11l
NlZO RLWC =-16,03 + 3503 SAS U, 53 11
T, RLWC == 4,22 + 2,67 S1S 0, 33 % 13
(b) Between soil moisture storage (SMS)and
Xylem water potential (XwP)
Ny  XwP = -37.57 + 0,63 smS 0. 60% 11
N30 XWw = =34.34 + 0,55 &18 U, H66* 11
Ni,g XWP = -45,62 + 0,96 SMS Vs 64 11
'I‘l XWP = -32,96 + 0,51 sMs Ue 79 % 11
T2 XWP = «27.77 + 0,35 &MS 0,66* 11
(c) Between soil moisture storage (S4S)and
leaf diffusion resistance (LDR) i
N40 LDR = 15,45 - 0,35 &MS -0, 54 i3
KSO LR = 16,79 - 0,41 suS -0,77* 13
N120 LDR = 25,32 - 0.75 SMS ~Ug 57 * 13
Tl ’ LDR = 9,60 - 0,16 &S -0,33 12
T, . LDR = 22,27 - u,57 aMs ~U,71* 12

i

*
Significant at 5 per cent level
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from the figure that LDR decieased linearly with increase in

. ,
s0oil moisture storage under N levels and tillage methods, It
ranged from 5,30 (N4O) to 4,07 = cm'l(leo) and 3,90 (N40) to
1.07 s cm™t (N),() .at the lowest and the highest values of
soil noistﬁre storage, respectively, under N levels, Under
tillage methods, at corresponding soil moisture storage, LDR
ranged from 4.96 (Tl) to 5,74 s cm'l(Tz) and 4,32 (Tl) to
3,456 s cm-l(Tz). Leaf diffusion resistance decreased with
increase in N levels, For example, at soil wisture storage of
31 cm,the LDR was 4.60,€4.08 and 2.57 s cm L at N, 5o Ngg and
N120‘ reSpegtively. Butlunder tillage methods the LDR was equal
at this soil moisture storage, However, at soil moisture storage
value above 31 cm, the LDR was lower under T, 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 Ngor

and T, with 'r' values of 0,77, 0,57 and Jv,71, respectively,

Ni20 2

4.7.2 Relationships Between Soil Water Potential and Plant
water Status

Relationships between socil water potential (average of
s0il water potential from b to 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,12 (a,b,c)

and Table 14,
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Table 14: Correlation coefficients (r) for relationship between
soil water potential (SWP) and (a) relative leaf water
contert (RLWC), (b) xylem water potential (XWP) and .
(c) leaf diffusion resistance (LDR) at flowering stage

of wheat growth

et Number of
obgervations

(a) Between soil water potential (&wP)

and relative leaf water content (RLWC)

Mo RLnC = 79,18 + 0,044 SWp U, 72 % 10

N, RLWC = 34,11 + 0,060 SwP 0;76% 10

N120 RLWC = 34,59 ; U, 040 SWP Je 53 10

T,  RLWC = 34.53 + 0,059 SWP 0, 53% 17

T2 RLWC = 85,95 + 0,050 cwP V.42 17
(b) Between soil water potcntial (sWP)

and xylem water potential (XwP)

N4O XwP = =16,31 + v, 015 SWP 0, 35% 11

N30 Xw = -16,01 + 0,010 swp U, 65* 11

N,g XW = -13,05 + 0,025 SwP U, 77* 11

T, XW = -15,83 + 0,012 SWP 0, 42 16

T2v XWwP = -12,94 + 0,022 SWP 0.,64%* 16
(c) Between soil water potential (SWP)

and leaf diffusion resistance (LDR)

Ny, LDR = 3,71 - 0,005 Swp -0,34 11

Ng, LPR = 2.89 - 0,003 SWP  -0.35 11

Nioo LDR = 1,99 - 0,003 swp -0, 62* 11

T, LDR = 3,39 - 0,006 SWP —U. 44 14

T2 LDR = 1,70 - 0,Ul2 SWP -d.SS*V 14

* ' '
Sigrificant at 5 per cent level
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4,7.2.1 Soil wWater Potential and Relativye Leaf watergggntentf
The relationship between soil water potential and RLWC under N
levels and tillage methods is depicted in Fig.l2 (a). A perusal
of the figure indicates that the RLWC was influenced by N

levels and tillage methods. It ranged from 63.2 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 fillage methods ranged from 69.8(T1) to 73:5

per cent ‘Tz) and 78.6'(Tl) to 81.0 per cent (Tz)h The tillage
methods, Tl and Tye maintained higher RLWC (69,5 and 73,5%) -
than Ny, (68.2%) and Ny, (69,1%) levels of N, but lower than

N20 (74.6%) at the lowest value of soll water potential,

The relationship between soil water potential and RLWC
(Table 14) was linear, positive and fouﬁd significant for N40,
NBO and Tl with cdefficients of correlation of »=0,72, 0,76

and 0,53, respectively,

4.7.2,2 859il Water Potential and Xylem Water Potential:s Tﬂe

relationship between soil water potential and XWP under

different levels of N and tillage methods_at flowering stage

of wheat growth is shown in Fig.12(b), An examination of the

figure reveals that XWP was influenced by N levels and tillage

methods, It ranged from -20.1 (Ngo) to =19.3 bar (N;,q) at the
f

lowest value of s0il water potential and -17.8 (N,,) to ~15.6 bar

(Ny,o) at the highest value of soil water potential under N
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Fig.12 Relatinnchip between soil water potential (SWP) and

(a) relative leaf water content (RLWC)

(b) xylem water potential (XAP) and

(c) leaf diffusion r=sistance (LDR) at flowering
stage of wheat growth
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i~

_levels, Under tillage methods, at corresponding soil water
potentials, the XWP ranged from -13,8 (Tl) to -i8.4 bar (Tz)
and =17,0 (Tz) to ~15,1 bar (Tz). In general,.thg XWP increased
with increase in N leQels. For example, at soil water potential
of -150 mbar, the XwP was -13.6,-17,5 and -16,8 bar at N,
Ngg and N;q0¢ respectively. Similarly, under tillage methods,
Tl and Tz, the XwP was -l7.6»and -16,2 bar, respectively at
-150 mbar soil water §otential..v

The relationship of soil water potential with XWP was
linear, positive and found significant at Ngor Tgg Ni50 and

T, with 'r' values of 0,85, 0.65, 0,77 and 0.64, respectively.

4.7.2.3 Soil Watef Potential and Leaf Diffusion Resistance: The
relationship betwéen'soil water potential and LDR under different
levels of N and tillage methods at flowering stage of whea£ growth
‘is shown in Fig,12 (c). A glance at the figure indicates that LDR
was influenced by N and tillage methods, Leaf diffusion
resistance under N levels ranged from 4,39 (N, o) to 3.99 s o
(N120) and 4,21 (N40)<to 2,79 s cm'l(leo) at the lowest and the
highest values of soil water potential, respectively. Similarly,
under tillage methods LDR at corresponding values of soil water

potential ranged from 4,89 (Tl) to 4,70 s cm™t

(Tz)and 3.99
(Tl) to 2,90 s cm"?l (Tz). In general, LDR decreased with

an increase in N levefs, for example, at soil water
potential of -150 mbar, the LDR was 4.46, 4,09 and )

1 1

3.19 s cm™" at 40, 80 and 120 kg N ha"~, respectively,

Similarly, under tillage methods, ’rl and Ty, the LDR was 4.29
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and 3,50 s cm-l, respectively at soil water potential of

-15u 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

N120 and Té with ‘r' values of 0,62 and 0,55, respectively.

4.7.3 Relationships Between Water Production Functions

4.7.3.1 Xylem Water Potential and Rglé;;ve:gggg Water Content:
The relationship between XwWP and RLWC at flowering 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 (leo) and .
74,0 (N,) to 79.9 per cent (leo), at the lowest and the
highest values of XwP, respectively. At corresponding values

of Xi®P, the RLWC under tiliage methods ranged from 70,6 (Tl)

to 71.3 per cent (Tb) and 75,7 (Tl) to 78,2 per cent (Tz). 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, T, and T,, RLWC at -18 bar XwP was 72,6

and 74,1 per cent, respectively.

The relationship of RLWC with XWP (Table 15) was
linear, poeitive and found significant at NSO‘ leﬂ, T1 and T2
with correlation coefficients of r=u.34, 0,60, 0,60 and 0,77,

respectively,
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Fig.13 Relationship between water production functions

(a) xylem water potential (XwP) and relatlve leaf
water content (RLWC) :

(b) leaf diffusion resistance (LDR) and relative
leaf water content (RIWC), and

(¢) xylem water potential (XWP) and leaf dlffu51on
resistance (LDR) at flowering stage 6f wheat

growth
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Table 15; Correlation coefficient: ‘r' for inter-relationships
between plant water relations and (a) xylem water
potential (XwP) and relative leaf water content (RLWC),
(b) leaf diffusion resistance (LDR) and relative leaf
water content (RLWC) and (c) xylem water peatential
(XwP) and leaf diffusion resistance (LUR) at flowering

stage of wheat growth

! Number of
observations
(a) Between xylem water potential (XWP)
and relative leaf water content(RLWC)
N40 RLWC = 85,24 + 0,75 XwP Je D5 % 12
Ngg RLWC = 110,96 + 2,07 XwP U, 347 12
N RLWC = 91,30 ¢+ 0,33 XwP U, 60¥# 12
120 | N
Tl RLWC = 90,80 + 1,01 XwP U, 60% 15
T2 RLWC = 93,71 + 1,37 XwP J.77# 15
(b) Between leaf diffusion resistance(LDR)
and relative leaf water content (RLWC)
N4O RLWC = 73,22 =~ 1,39 LDR -U. 46 12
Ngg RLWC = 39,09 - 3,31 LDR —0.32% 12
N120 RLWC = 32,90 = 1,22 LDR ~J.63% 12
Tl RLWC = 32,53 « 2,13 LDR -Je BET 15
T2 RLWC = 83,89 - 2,01 LDR -Je 9% 15
(c) Between xylem water ootential (XwP)
and leaf diffusion resistance (LDR)
Ny, LDR = =3.47 - 0,45 Xwp =071 12
Ngg LDR = ~3472 - 0,44 XwP -0, 80 12
NlZO LDR = 59.31 - 0,78 XWP -Je 37 12
Tl LDR = =5,20 -« 0,53 XwP -_e 39% 15
T, LDR = =549 - 0,53 XnP  =0.94*% 15

"
Significant at 5 per cent level
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4,7.3.2 Leaf Diffusion Resistance and Relative Leaf Water Content:

The relationship between LDR 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 (leo) and’69,9 (N4O)

to 75.6 per cent (leo) at the lowest and the highest valuesu

of LDR, respectively. The changes under tillage methods at
cérrespondinq values of LDR were from 78,3 (Tl) to 79.6 per cent
(T,) and 69,8 (T;) to 71.8 per cent (T,). In general, the RLWC
decreased with an increase in LDR, For example, at LDR of

4 s cm'l, the RLWC was 72.7, 75.9 and 78.0 per cent at 4u, 80

and 120 kg N ha™t, respectively which decreased to 71.3, 72,5

1

and 75,8 per cent as LDR increased to 5 & cm -, Similarly, under

tillage methods, the values were 74,0 (Tl) and 75.8 per cent (Tz)

at LDR of 4 s cm'l, which decreased to 71.9 (Tl) and 73,8

per cent (Té) as LDR increased to 5 s cm'l.

The relationship between RLWC and LDR (Table 15) was

linear, negative and found significant for NSO’ ‘leo, T-l and

T, with 'r' values of 0.82, 0,63, 0,55 and 0.79, respectively.

2

4.7.3.3 Xylem Water Potential and Leaf Diffusion Resistance:

The relationship betwean XWP and LDR under N levels and tillage

methods et flowering stage of wheat growth is depicted in‘
Fig.13(c). A glance at the figure reveals that under N levels,

-1
the LDR ranged from 5,53 (N40) to 5.89 s cm (leo) and

1

3,28 (N40) to 2.09 s cm™ (leo) at the lowest and the highest
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values of XwpP, respectively. At corresponding values of XWP,

- the LDR under tillaQe'methods ranged from 5,40 (Tl) to

5,11 & cm™t (Tz) and 2,75 (Tl) to 2,46 s em™L (Tz). In general,
LDR decreased with an incfease in N, For example, at XwP of
-17 bar, the LDR was 4,13, 3,76 and 3,60 s cm™* at 40, 80 and
120 kg N ha'l, respectively. Similarly, under tillage methods,

T, and T,, the values were 3.8)1 and 3.52 s cm-l, respectively

1l 2
at XwP of <17 bar,

The relationship between XwWP and LDR (Table 15) was
linear, négative and found significant at all levels of N
having 'r' values of 0,71, 0.80, and 0,87 at 4u, 80 and 120 kg
N ha'l, reSpectiveiy. For tillage methods, T, and T,, the ol

'values were 0,89 and 0;94, respectively.,

4.8 Plant Growth Stud;gs

4.8,1 Leaf Area Index

| Leaf area index (LAI) studies at maximum tillering and
flowering stages of wheat growth during the years 1989-90 and
1990-9]1 is presented ih Table l16a, A perusal of the data
reveals that there waslsignificant increase in LAI with N
levels at both the stages during both the years of study. Leaf
area index increased from 1,63 at Nyo to 2.08 at Ny, at
mdximum tillering and.?.56 at Nyg to 3.28 at N5 3t flowering,
Similar resulté were obtainedkduring the second year of study

and the correspending changes at the two ‘stages in LAI with



Table 16a: Effect of nitrogen levels, tillage methods and water stocks on leaf
area index at different stages of wheat growth

, 1989290 1990-91
Treatments — Stages of wheat growth ~
MT FS MT FS
Nitrogen levels (N)
N4 1,63 2.56 1.18 2,40
0]
NSO 1.87 . 2.91 , 1,60 3.08
| NIZO 2.08 3.28 1.95 3.39
Tillage methods (T)
'1‘1 1.69 2,73 1,51 2.88
T2 2,03 . 3.00 1.64 3.0¢4
CD 0 .05 0.16  0.26 NS NS
Water stocks (W) _
wl 1,74 2,77
(35.0) . (31.2)
W2 1.84 2.98
: (36.4) (30.8)
W, 1.99 2.65
(37.3) o (31.1)
Cl 0 .05 NS NS

911

MT = Maximum tillering, FS = Flowering stage
Figures in parentheses are water stocks (cm)
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increase in N from 40 to 120 kg ha™ were 1.18 to 1,95 and

2,40 to 3,39,

The tillage methods increased LAI significantly
(Table 16a) during the year 1989-90 from 1.69 (T,) to 2.03
(T,) at maximum tillering and 2,73 (T,) to 3.10 (T,) at
flowering, During the second year of study the effect was
not significant, but the trend was same to that of first year
of study, i.e. LAI increased from 1,51 (Tl) to 1,564 (Tz) and
2.88 (Tl) to 3,04 (Tz) 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 LAI
(Table 16a) at any growth stage (1989-90) ., During the second

year of study, these observations were not recorded,

The interacdtion NxT was found significant at maximum

‘tillering stage during the year 1989.90 (Table 16b),

Table 16b: Interaction effect of nitrogen levels eand tillage
methods on leaf area index at maximum tillering
stage of wheat growth

Tillage Nitrogen levels

methods N40 NBO : N120
T, 1,56 1,75 1.98
T, 1.70 1,98 2.17

CD 0,05 0425
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A perusal of the data reveals that under Tl' LAI
increased from 1,56 at 840 to 1.98 at N1zo‘ but the increase
was not signirficant, Similarly, under T2, ILAI increased with
increase in N level, but the significant increase was from

1,70 at N_.. and 1,98 at Nyage The treatment Ny, T, was found

80
significantly superior over the treatments of N40 Tl'

NyoTo 3nd NgoTy o

At maximum tillering stage the LAI (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
120 kg N ha™l gave 27.5 and 28,1 per centy 65.3 and 41,3

per cent higher LAI over 40 kg N ha™! at maximum tillering and
flowering stages during the years 1989-.90 and 1990-91,
respectively. The increase in T2 over Ti for the two years of
study was 20,1 and 9.9 per centy 8,6 and 5,6 per ceﬁﬁ,
respectively, The LAI increased with time and the increase was
0.93, 1,04 and 1,20 at 840, Nao and N12o, respectively during
' the year 1989-80 from maximum tillering to flowering, The
corresponding incteaﬁe, for the sécond year was 1,22, 1.48

and 1.44, Similarly, under tillage methods, T, and T,, the
increase was 1,04 and 0,977 1.37 and 1,40 from maximum '
tillering to flowering during the years 1989.90 and 1990-91,

. respectively, The increase with age was more during the year
1990-91 than the year 1989-90 both under N levels and tillage

methods,
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4.,8,2 Dry Matter Production

The dry matter production recorded at important
gtowth stages, viz.i crown root initiation, maximum tillering,
flowering and at crop harvest (grain and straw yield) during
the years 198%$-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 prodﬁction at all the growth stages

during both the years of study. The dry matter production

increased significantly with N levels from 25,4 and 89.4 g m"2

-1 2 1

at 40 kg'N ha~l to 43.3 and 163.5 g m~° at 120 kg N ha™' at

crown root initiation and maximum tillering stages, respectively

during the year 1989-90., At third stage, i.e, flowering, the

2 2

sigﬁificant increase was from 313,9 g m™“ at N,  to 398.2 g m™

40
The “ry matter production further increased to
2

at NBO’

435,2 gm ° at N 0° but the increase was not significant,

12
Muring the second year of study, the dry matter production

significa tly increased from 28,3 (N40) to 54,7 g m'2

and 115.6 (N, ) to 161.5 g m~2

(My0)

(leo)»at crown root initliation

and maximum tillering stages, respectively. This increése

was not significant at both these stages with increcase in K

from 80 to 120 kg ha'l. At third stage, 1i.,e, flowering, the
dry matter production increased significantly from 332 .40 to

472.8 g m~2 with increase in N level from 40 to 120 kg ha'l.

The tillage methods increased dry matter production

(Table 17) from 32.2, 117.2 and 355.7 g m™2

136.,4 and 409.2 g m"2 (T2) at crown root initiation, maximum



Table 17: Effect of nitrogen level, tillage methods and water stocks on dry matter
prodiction at different stages and harvest of wheat crop

1589=90 )
Stages of wheat growth At harvest Stages of vheat growth At haxvest
(g @) _ahah . (gm™) =
CRI MT 8 . --~Grain Straw CRI MT 28 Grain Straw
Nitrogen levels (N) | |
Ko 25,4 89,4 313,9 20,4 46.4 28,3 116,6 332.,4 23.6 48.3
Ngo 34.7 127.4 398,2 25.3 35,7 387 145.2 430,9 31.9 60.8
¥ .0 43,3 - 163,5 435.2 29.0 62.9 54,7 161.5 473.8 32.9 65.8
cp 0,05 5.9 10.8 55.3 2.4 6.1 9.4 22.5 38.8 4.6 7.1
Tillage methods (T)
T, 32,2  117.2 355.7 23,3 53,5 37.0 130.3 388,7 27.6 57.1
T, 35,7 136.4 409,2 26.7 56,3 43,3 151.9 . §36.0 31.4 59.5
CD 0.05 NS 8.9 45.1 2.0 NS NS 18,3 31,7 3.8 NS
water stocks (W) _
W, o~ 120.5 356.7 24,8 54.8 27.6 55.4
(35.0) (31.2) (30.7) (29.5)
. W, 124.1 413.4 25.5 55,5 30,7 59.9
(36.4) (30,8) (30,1} - (30.5)
Wy | 135.8 377.2 24,6 55,3 30.0 59.4
: - (37.3) (31.1) (31.0) C(29.7)
co 0,08 NS NS NS NS NS ‘NS

CRI = Crown root initiation, MT = Maximum t.inering. FS = Flowering st.age

Figures in parentheses are water stocks (cm)

0ct
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tillering and flowering stages, respectively during the year
1989-90, But the significant increase was at maximum tillering
and flowering stages only, similar results were obtained

during the year 1990-91 and the corresponding values of dry

2

matter were 37,0, 130,3 and 388,7 g m © at T., and 43.3,

-2

ll

151.9 and 436,0 g m™* at T,.

There was no significant effect of water stocks on
dry matter production (Table 17) at maximum tillering and
flowering ttages, during the year 1939-90, During the year

1990-91, these observations were not recorded,

In general (Table 17), it was observed that the dry
matter production at different growth stages during the year
1990-91 was higher than the year 1939-90, The level 120 kg
N ha™} showed 70,5, 82,9 and 33,8 per cent higher dry 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 increa#es during the
second year of study Qere 93,3, 39,7 and 42.5, similarly,
under the tillage methods, T2 produced 10,9, 16,4 and 15,0
per cent higher dry matter over Tl at crown root initiation,
maxinum tillering and:flowering stéges, respectively; auring
the year 1939-90, The corresponding increcases during the second
. year were 17,0, 16,6 and 12,2 per cent, water stocks, w3 and w2

gave 12,7 and 15,8 per cent higher dry matter over wl at

maximum tillering and flowering stages, respectively,
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4,3,3 Grain and sStraw Yield

The effect of N levels, tillage methods &nd water
stocks on crop yield (grain and straw) during the years 1$389~-90
and 1990-91 is presented in Table 17, The grain and straw yield

during the year 1939-90 increased significantly from 20,4 and

46.4 q ha'l to 29,0 and 62,9 q ha'l, 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

1

at N O,respectively.

4 12
But the significant increase was with an increase in N from 40
1
L.

43,3 q ha™ at N, to 32,9 and 65,8 q ha”
*

to 80 kg ha™~ (31,9 and 60,3 q ha™

The tillage methods increased the grain and straw

' @) to 26,7 ana

yield (Table 17) from 23,3 and 53,5 q ha™
56,3 q ha-l (Tz). respectively during the year 1939-940,
similarly, like the previous year, the grain and straw yield

increased from 27,6 and 57,1 q ha™* at T, to 31.4 and 59.5 q hat

1
at T, 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 effect on grain

and straw yield during both the years of study (Table 17).

In general (Table 17), it was observed that N 0 gave
42,2 and 35,5 per cent higher grain and straw yield,
respectively over N40 during the first year of study. The

corresponding values for the second year were 39,4 and 36,2
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per cent, Similarly, under tillage methods, T, showed 14.6 and
5.2 per cent higher grain and straw yleld, respectively over

T, during the year 1939-90 and 13.8 and 4.2 per cent higher

1
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 Content in.Plant

The N content determined at crown root initiation,
maximum tillering, flowering and at crop harvest in grain and
stfaw is presented in Table 13, A perusal of the data reveals
that there was significant effect of N on its content in plant
at different growth stages and at crcp harvest in grain and
straw during both the years of study., At crown root initiation
and at crop harvest in g;ain, the N content increased from 0,62

and 2,25 per cent at N to 0,72 and 2,46 per cent. at leo,

40
respectively. The éignificant 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. At maximum tillering, flowering and at crop harvest in
straw, N content increcased significantly from 0.97, 1l.40 &and
0.22 per cent to 1,18, 1,380 and 0,37 per cent, respectively
with incre;se in N from 40 to 120 kg ha'l. During the second
year of crop study, N content increased from 0,53, 0,95 and
0.22 oer cent at N40 t6 0,72, 1.15 and 0.39 per cent at N120 at

crown root initisation, maximum tillering and at crop harvest in



Table 18: Effect of nitrogen levels, tillage methods and water stocks on nitrogen content (%), -
in plant at different stages and harvest of wheat crop

Treatments 1989-90 1990-91
Stages of wheat growth At harvest Stages of wheat growth _At harvest
CRI MT FS Grain Straw CRI - MT FS Grain Straw
Nitrogen levels (N) ‘
’ N40 0.62 0.97 1 .40 2.25 0.22 0.58 C .25 1.3 2,12 022
Nao 0 .66 1,08 1.62 232 0.31 0 .68 0 .99 1.46 2.27 0426
N1zg 0.72 1.18 1.80 2 .46 0.37 0.72 i.158 1.68 2.43 0 .39
Tillage methods (T) '
T, 0 .65 1.07 1.64 2.33 0.29 0.64 1,08 1.42 2.5 0.28
'I'2 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)
(35 .0) (31.2) (30.7) (29.5)
w2 1.06 1.67 2.33 030 2,32 0.30
(36.4) (30.8) (30.1) (30 .5)
w3 1,06 1.61 2.,46 0 .29 2 .20 .29
{37.3) i3i.iy (3i.0) (29.7)
L 0 .08 NS NS NS NS NS NS

CRI = Crown root initiation, MT = Maximum tillering, FS = Flowering stage
Figures in parenthesaes are water stocks (cm)

14498
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straw, respectively., At crown root initiation the significant
increase with N levels was from 0,58 (N40) to 0.68 per cent

(N At maximum tillering and at crop harvest in straw, the

80) L '
significant increase in N content was from 0.99 and 0,26

A « At flowering and at
pgr cent at NSO to its content at N12° g

crop harvest in grain the level 120 kg N ha'l showed
significantly higher N content, the values being 1,68 and

1

2.43 per cent over 40 kg N ha”" of 1,34 and 2,12 per cent,

raspectively, But the increase with N level was not significant.

1 =l

At flowerihg, the levels 80 kg N ha”~ (1.46%) and 120 kg N ha

(1.69%) were at par with each other,

| :Under tillagé me%hods, N content (Tablenle)'increased
from 0.65, 1.07, 1.64, 2433 and 0.29 per Cent at T, to 0.68,
1,09, 1.65, 2,38 and 0,31 per cent at T ; at crown root ‘
initiation, maximum tillering, flowering and at crop harvest
in grain and straw, respectively during the first year of crop
study, Nitrogen contént at the correSponding stages during the
sacond yéar of study increased from 0,64, 1.05, 1,42, 2,15 and

0.28 per cent at T, to 0,68, 1,06, 1.56, 2.35 and 0,32 per cent

1

at Tz. Thero was nc significant =ffect of tillage methods
on N content in plant at any growth stége during both the years

of crop study.

There was no significant effect of water stocks on N
content in plant at any growth stage and at crop harvest in

grain and straw during both the years c¢f study (Table 18).
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4.8.5 Nitrogen Uotake

' Nitrogen uptake at different stages of wheét 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 efféct of N on
its uptake at different stages during both the years of crop
study. Nitrogen uptake increased significantly from 0,16,
0.37 and 4.42 g n? to 0.32, 1,92 and 7.88 g m™ at crown
root initiation, maximum tillering and fiowering st.ages,
respectively, with an increase in N level from 49 to 120 kg ha'l
during the first year éf study. Similar results were obtained
during the second year of crop study and N uptake increased
significantly from 0,17, 1,10 and 4.60 glm_z to 0,38, 1.87
and 7.86 g m~2 at crown root initiation, maximum tillering and

flowering stages, respectively.

Under tillage methods, N uptake (Table 19) increased

-2 -2

from 0,23, 1,28 and.$.83 g m (Tl) to 0,25, 1.49 and 6,72 g m
(T2) at crown root initiation, maximm fillering énd flowering
stages, réspectively, during the year 1989«%0, This increase,
except at crown root 1nit1ation, was significant at both the
growth stages, Similar results were obtained during the second
year of study arnd N uptake increased from 0.23, 1,31 and

-2 (Tl) to 0,30, 1,63 and 6,89 g m'z (Tz) at crown

5,61 g m
root initiation, maximum tillering and flowering stagés of

wheat growth, respectively.



Table 193 Effect of nitrogen levels, tillage methods and water stocks on nitrogen uptake
at different stages and harvest of wheat crop

1586-50 1560-01

Treatments Stages of wheat growth At harvest Stages of wheat growth At harvest
(g_m=2) (kg_ha=1) (g_m=2) (kg_ha-1)
CR1I MT 4 TS Grain Stcaw [s25 MY ¥S Grain Straw
Nitrogen laevels (N)
Ngo 0.16 0 .87 4,42 45 .89 10.12 0417 1.0 4,60 50.16 10.96
Ngo 0.23 1.37 6 .45 59,46 17.00 0 .26 1.45 6.29 72,11 15,65
Njag  0.32 1.92 7.88 71<06 23.27 0.38 1.87 7.86 80,16 26,00
CD 0.0S 0.04 0.16 0.73 4.37 1.80 0.07 0.14 1.20 6,32 4.68
Tillage methods (T) . .
T, 0.23 1.28 5 .83 54 .07 15.27 0.23 1.31 5.61 59,20 16.13
T, 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 3.08 1.47 NS 0.25 0.98 11,50 NS
Water stocks (W)
Wy 1.37 S .89 57.84 17.96 64,04 17.04
(35 .0) (31.2) (30.7) (29.5)
W, 1.33 6.90 59.58 15.90 71.58 17.99
(36 .4) (30.8) (30 .1) (30 .5)
Wy 1.45  6.08 55.09 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 (cm)
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There was no significant effect of water stocks on
N uptake (Table 19) at maximum tillering 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

1

significantly (Table 19) from 45,89 and 10,12 kg ha ~ to 71,06

and 23,27 kg ha'l, 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

1

at N, to 80,16 and 26,00 kg ha"* at N respectively,

120°

Under tillage methods, N uptake in grain and straw

(Table 19) increased significantly from 54,07 and 15.67 kg ha.l

1

(Tl) to 63,55 and 17,78 kg ha” (Tz), réspectively, during the

year 1939-90, Dur;ng the second year of study, N uptake in

grain increased significantly from 59,20 (Tl) to 75,76 kg ha'l

(Tz). In straw, it increased from 16.13 (Tl) to 18,92 kg ha™t

(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 étudy.



DISCUSSION



DISCUSSION

Present studies' were conductéd at the vexperimental
farm of.aimachal Pradesh Krishi"Vishvavidyalaya, Palampur
(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 tréatments included three levels of N viz,, 40 (N,/),

80 (NSO) and 120 (leo).kg hé‘l, two tillage methods viz,,
cbnveﬁtional tillage‘(Tl) and deep ploughing (Tz), and three
Qatef Stocks viz,, wlf w2 and w3 in the soil p;ofile. The
studies.aimed,at evaluating the effect of these treatments on
water extractién 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), 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 experimental site
indicated that the soil texture is silty clay lo#m (Table 2),
Clay content is higher (32.9%) in 30-45 cm and lowest (28.8%)
in 60-75 cm layer, The silt cohtentvdecreases with depth from
49,6 per cent for 0«15 cm tb 30,8 per cent for'75-90 cm depth,
But the sand content increases with depth from'2u.6 per cent
for 0«15 cm to 3u,.8 per cent for 75-90 cm debth. The bulk

density of the profile increased with depth from 1.10 Mg m-3

3

for 0-15 em to 1.36 Mg m - for 75-90 cm depth (Table 2). In
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0-15 and 15-3u cm depths the bulk density at the time of
imposition of tillage treatments under deep ploughing (TZ) was
lower than that under conventional tillage (T;) during both the
years of study (Table 2), This was due to more loosening of
soil under T2. As 1s apparent from Table 2, the mean weight
diameter (MWD) in general is higher, the value is minimum
(1.82 mm) for 15-30 cm and maximum (2,46 mn) for 30-45 cm
depth. The soil dominates in oxides of Fe, Al and Mn (Bishnoi
et al, 1937) and may be ascribéd as one of the reasons for
higher values of MWD, The waﬁer retention-it or around field
capacity in the surface 0-15 and 15«30 cm depths is poor in
compariscn to subsurface depthsv(Fig.l, Table 2), This may be
due to higher values of MWD and lower bulk density in surface
layers, The depth of 75-90 cm.retained maximum and 0-15 cm the

mininum amount of water at all values of matric suction,

Available water capacity (AWC) worked out toc be 16 and
10 per cent, 15 and lo;per cent; 16,7 and 13.7 per Cent; 13 and
10 per cent, 16 and 11 per cent and 16,3 ana 10,8 per cent by
volume at linits of 1/10 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 cm léyer was
the highest, whereas, 45-60 cm layer showed the lowést value of
AWC and was comparable with'other depths, For all depths, the
decrease in water content from O to 100 mbar suction was quite
rapid and became gradual beyond 100 mbar suction (i#ig.l), The

decrease in water content from 0 to 100 mbar suction for the
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surface 0-30 cm layer was as high as 17.0 per cent by volﬁme.
The saturated hydraulic conductivity (K,) 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) wasg

lower than the surface 0-15 cm layer.

The in situ hydraulic conductivity 'K(9)'*, determined
during the intg:ﬁai‘drainage of the profile at thé experinental
site (Fig.3), was identical for 0-15-30-45 cm and 45-60-75-90cm
layers, Hénce, for the purpose of computing fluxes within the
root zone, a combined 'K(8)' relation was derived separately,
one for 0-15-30-45 cm layers and the other for 45-60-75-90 cm
layers. In the ‘K(®)' relationship the exponent 'b‘ related to
the permeability function, was slightly lower for 0-15-3u-45 cm
layers in comparison to the subsurface layers of 45-60-75-90 cm,
This may be ascribed to higher percentage of sand in lower
layeks. The valuecs of hydraulic conductivity obtained from the
field data were used to estinate the fluxes within the root
zone,

The data on soil water content and matric potential
for the first year of study were used to compute the root
water uptake (rz) during a typical drying period from 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, buring both the years of study, attempts were made

at maxiwum tillering stage of crop growth to vary the water
stocks depending upon tﬁe 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 mm, respectively,

The changes in éoil water content (Fig.4) and hydraulic
| gradients (Fig.5) showed that durihglthe drying period between
140 to 170 days aftér sowing (DAS), the crop extracted water
upto 30 cm depth under low fertility level (N, T, and N, T,)

and upto 45 cm depth under the remaining treatments,

The decrease in water content (Fig.4) and change in
hydraulic gradient (Fig.5) were maximum upto 45 cm depth under
the recommeénded fertility level (N120Tl and N;,,T,). In case’
of treatments N40T and N40T2, the gradients in 15-30 cm deoth

1l
were downward upto 150 DAS, but thereafter showed steep upward

increase, sinilarly, the gradients in 30«45 cm depth also
remained downward upto 155 DAS under N4OT1 and N40T2 and later
this increase was in upward diréction, but of small magnitude,
i.e, the values remained near the zero line éf gradients., This
is further substantiated by the fact that the change& in water
content in 0-15 cm layer undé: lbw fertility level (N4OT1 and

N40T2) were also minimum, Generally, the upward increase 1in
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hydraulic gradients and decreases in water contents were higher

under higher fertility level and deep ploughing (leoTb). This

1

may be due to the fact that 120 kg N ha™" increased the root

growth (Tables 7, 8 and 9), The deep ploughing (T,) because of
beneficial effect of decrease in bulk density helped the roots
to penetrate to subsurface layers and thereby incréased 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 et al., 1957; Campbell et al.,, 1977; Yadav and
Agarwal, 198l1). However, the depth of 60-75 cm showed upward
increase of gradients after 155 DAS under the treatments of
N120T1 and NléOTz 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, M4cGowan (1974) and Gregory é& al. (1978) have
defined the effective rooting depth as that depth at which the
hydraulic gradients are zero, The maximum rooting depth in
these studies worked out to be 30 cm under the treatments of
N40Tl, N40T2 and upto 45 cm under the remaining treatments,
This is further substantiated by the magnitude and direction
of hydraulic flux estimated at 32,5 cm depth (Fig.6). The
changes in hydraulic flux under all the treatments during this
drying period highlighted the extent of root activity in the
rooting zone which induced ﬁhe 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 N, T,, NggT, and

NgyT, 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 uhder conventional
tillage (Tl) and deep pléughing (TZ)' The comparison of
different treatments (Fig.,7) showed that the value of R, was
maximm (0,392 cm a”}) under N, T, and minimm (0,135 cm d™0)
under N40T1. The root growth in 0-30 cm layer (Tables 7, 3 and 9)

was also higher at N and under T,. Ehrler et al. (1930)

120 2

found that root water uptake was functionally related to rooting
density and soil water potential, Siailarly, Nnynah and Black -
(1977) and Chaudhary and Bhatnagar (198u) found a close
correspondence between the rooting density, root distribufion
and water extraction pattern, Under tillage methods, the value
of both r, and R, were higher under T, (Appendix III). This
could be ascribed to beneficial effect of deep ploughing (T,)
on soil physical properties resulting in better root growth
and higher water uptake. Burnett and Tacket; (1968) and
Bhadoria (1988) indicated that deep ploughing modifies the
soil physically and results in greater utilization of subsoil
moilsture, Deeper and denser rooting resulting in higher water

uptake under deep tillége has also been reported by several
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Upreti and sirohi (1936) had also recorded higher value of
RLWC at higher N nutrition but the effect was not significant,
They reported that the application of N regulated the plant
water relations, i,e, osmotic potential decreaset and XWP
increases which resulted 15 higher RLWC. At maximum tillering
and flowering stages, thé deep tillage (T2) maintained higher
RLWC of 78.2 and 76,3 per cent than conventional tillage (Tl).
being 76,8 and 75.5 per cent, respectively during the year
1939-90 (Table 10), But durin§ second year of study, the RLWC
values were almost same under both the tillage meihods at both
- the stages of crop growth, The higher RLWC values under deep
ploughing (Tz) might be due to improvement in goil bulk density
(Table 2) which resulted in higher Qater availability and
thereby enhanced root growth and its activity, Similar
observations were also hade by Burnett and Tacket (1968),
Bennie and Botha (1936), Barbosa et al. (1939), Arora et al.
(1991) and Gajri et al. (1991)., The RLWC decreased as the crop
advanced from maximum tillering to flowering stage, This may
be ascribedvto comparatively higher air temperature during
flowering stage (Appendix I and II) whichvmight have resulted

in greater transpiration losses, thereby decreasing RLWC,

Plant water potential is a measure of ehergyvstatus of
plant water and is a good index of physiological and biochemical
phenomenon taking place in plant, Plant water potential

expressea as Xylem water potential (XwP) is directly related
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to the integrated influence of soil Qater, plaﬁt factors and
evaporative demand of the atmosphere, In the precsent study,
XwP increased with N application at'all the growth stages
during both the years of study (Tablé 1l1a), The effect of N
was significant at.#ll the growth stages during 1989f90‘and
only at flowering stage during the year 1990-91, At crown root
initiation, maximum tillering and flowering stages, the 120 kg
N ha'l maintained 18,9, 5.4 and 12.3 per cent higher Xw? over

1 Guring the year 1939-90 and 5.9, 4.1 and 8.9

40 kg N ha~
per cent during 1990391, 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 Bayer, 1932) 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 resulting in.higher water uptake, Gajri
and Prihar (1985) reported that higher root density had a

large influence on leaf water potential of wheat through its
effect on ;ater uptake, at a given water potential in soil.

In their field experiment, leaf water potential of" wheat
increased with increase in roo;ing density even though the

root zone soil water content was lower 1n higher root density

plots, In the precent study the XWP was higher under deep

ploughing (T,) at all the growth stages during both the years
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of study (Table lla), The significant effect of tillage methods,
howevér, was only at maximum tillering ahd flowering stages
during the year 1989-90. The tillage method T, maintained 1,1,
4.7 and 4,6 per cent higher XWP over T, during 19389-90; 2.1,
4,7 and 2,9 per cent during 1990-91 at crown root initiation,
max imgm tillering and flowering stages, respéctively. ihis
could probably be due to inprovement in soil physical
properties resulting in better root growth and higher uptake’
of watér. similar observations have also been made by Burnett
and Tackett (1968), Reddy et al. (1977), Bhadoria (1933), Arora
et al. (1991) and Gajri et al. (1991). Deep ploughing (T,) 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 (Yumura and
Ishihara, 1971; Allamaras et al,, 1977; Acharya and Bhagat,
1984), The treatment NléOTZ was found significantly superior
for XwP over N40T1 and N40T2 at crown root initiation during
thé year 1989-90 (Table llb)._This could be due to higher root
growﬁh at higher level of N and deep ploughing (Tz) which
produced favourable conditions for penetration of roots to
deeper depths and thus éxtracted greater amounﬁ of subsoil
vmoisture. Xylem water potential ﬁecreased 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 flowéring

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 ha§e also been earlier reported
(Anonymous, 1977; Singh et al., 1984).

The critical values of LWP decreases with increasing
temperature (Frank et 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 et al., 1980). Hence, the
criticai value of XwP in wheét representing water stress 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.3 and 9)
showed that it was almost the same at 0800h under different
levels of N (Fig,8a, 9a), The values at 1700h were also sinilar
under N levels, but weré lower than the values at 0300h, This
could be ascribed to the fact that‘due to no evaporative demand
during night and almost negligible at 03800 and 1700h the
internal gradients disappeared. There was progressive ¢
development of stress or décrease in XWP after 0800h till
1300h under N levels, tillage methods and water stOcks.‘Ihis‘
was due to higher evapo;ati?e demand at 1300h 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 0300h under N levels, tillage methods and water
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stocks, Similar findings have also been reported by Nagarajarao

(1984) and Singh et al. (1984), The level 40 kg W ha™t

1

maintained more negative XwP than 80 and 120 kg N ha™ - from

1000 to 1600h during the year 1989-90 and till 1300h during
1990-91, This could be due to less root growth under N4O
(Tables 7, 8 and 9) which did not maintain higher water uptake
to commensurate with evaporative demand. The second possible
reason cduld'bé the role of N nutrition to regulate the plant
water relations (shiashi, 1970; Upreti and Sirohi, 1936), The
decrease in XWP with tine was'more during the year 1990-91

possibly due to comparatively higher evaporative demand

(Appendix II),

The diurnal changes in XwWwP under tillage methods
(Fig. 3b, 9b) showed that XWP was also the same at 0800h under
both the methodss Beyond this, the value of XWP at every time
of the day was low under conventional tillage (Tl). This may
be ascribed to the fact that root growth was less under Tl
than T, (Tables 7, 8 and 9), Mooris and Dayanard (1978) noted
that in dense soil leaf wager potential declined more rapidly
because of restricted root growth, During the year 199u-91,
there was not much difference in XWP under the ﬁillage 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 wére hot'variable, the diurnal changes in

Xwp did not follow amy 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 study (Table 12).
The first year of study reflected significant effect of N at
both the growth stagesibut during the second year, the effect

was significant only at flowering :tage, The level 120 kg N ha”l

maintained 30,7 and 28,3 per cent lower LDR over 40 kg N ha-ll
during the yéar 1939-9v; 13.2 and 24.5 per cent dauring 1990-91
at maximum tillering and flowering stages, respectively. The
—l)

lower LDR at higher N level (120 kg N ha was d:.e to higher

XwWP, ceveral imvestigators Van Bavel, 1967; Szeica 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~t
could be due to increase in root resictance to water flow in
wheat plant‘owing to decrease in hydraulic conductivity,
Similar\observations have alsc been made by chimshi (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 growth (Tables 7, 3 and 9) resulting

in higher water uptake (Appencix III).

Leaf dlffusion resistance was lower under deep ploughing
(Tz) at both the growth stages during both the yeais of study
(Table '12), The significant effect of tillage methcds, however,
was only at flowering stage during the year 1989-90U, The
tillage method T2 maintained 16,0 apd 1l1.3 per cent lower LDR

over Tl during 1939-90; 12,0 and 12,1 per cent during 1990-91



145

at maximum tillering and flowering stages, respectively. The
lower value of LbR under T, could ﬁe ascribed to the beneficial
effects of deep ploughing (Table 2) on the modification of soil
physical properties which resulted in Higher moisture
availability and better root growth (Yumura and Ishihara, 1971;
Allamaras et al.,, 1977; Acharya and Bhagat, 1934; Bhadoria,'
1988), As the variable water stocks could not be achieved in the
field, hence there was no effect of water stocks on LDR

(ravle 12), Leaf diffusion resistance was higher at flowering
stage in comparison to maximum tillering stage, under N levels,
tillage methods and wat;r stocks, Increase in LDR with ageing of

plant may be due to 1ncreése in resistance to flow of water as

olant aged (Anonymous, 1977; camui and Kar, 1931).

The crop canopy 15 the integral part of the crop stand
which acts as a site for various physiological processes and
giveé better indication of Qater status in plants, when the
evapotranspiration (ET) is reduced following the developmént of
water deficit in plant, the energy saved in the process of ET
is partly diverted to raise fhe temperature of leaf, Thus, the
Crop canopy minqs air temperature difference known as stress

degree days (SDDJ) increases, The sumnation of S$DD known as

cumulative stress degree days (CSDD)‘was higher at,N4O

(Fig. 1l0a)," In general, the CsDD decreased with time, both
under N leveis and tillage methods (Fig.,l10a, b)., This trend,
however, was not exactly increasing or decreasing, The level

1 1

120 kg N ha™" maintained lower CSDD than 40 and 80 kg N ha ™+
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levels because of better root growth which extracted higher
amount of water, maintained hi_jher XWP'(Table'lla) and kept

the canopy cooler than_40 and 80 kg N ha'l. Sinilar observations
were also made by Seligman et al. (1983) and Gajri and Prihar
(1985). The crop canopy‘minus air temperature difference has
been related to leaf water potential in wheat (Ehrler gt al,,
1973a; c<ingh and singh, 1934), Increasing drought decreased

leaf water potential and increased canopy minus ailr temperature

accordingly (Ehrler et al,, 1973b).

al,,
The stress degree days and CEDD under tillage methods
during the years 1939-9u and 1990-91 (Fig.lub) did not differ
during the period under'study. But during the year 19839«9u the
CsDD were higher than the values in 1990-91, This could be
ascribed to more uniforﬁ distribution of rainfall during the
year 1990-91, It indicated that the use of iDL for stress
evaluationiis applicablé only when the stress 1s appreciable,
Arora et al. (1991) reported that the canopy temperature of
wheat under deep tillage treatment (3u cm) was 2-39C lower
because of higher water uptake than tﬁe 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 LDR
showed that these are affected by N and tillage meﬁhods
(Table 13 and rig. lla,b,c). Relative leaf water content and

XWP increased, but LDR 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 levels and tillage methods

(rables 7, 8 and 9) resulting in differential water uptake

(Appendix III),

Leaf diffusion resistance decreased linearly with
profile molsture storage (Tabie 13 and Fig. 1lc). This may be
due to incrcase in RLWC and XWP, Decreased soil moisture leads
to decreased leaf water potential and increased resistance to
movement of water (Boyer, 1963; Acevedo et al., 1971). The
degree of correlation under N levels was good for XWP 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 RLWC in comparison to

XWwP and LDR.

Relationship between soil water potential and plang
water relations (Table 14 and Fig.l2a,b,c) sthed that RLWC and
XWP increased, whereas LDR decreased linearly with increase in
soil water potential both under N levels and tillage methods.
Bharabme et al, (1984)»also found positive and significant
corfelation between soii water potential and XWP of wheat under

different levels of N,

Leaf diffusion resistance decreased linearliy with
increase in soil water potential both under N levels and tillage

methods (Table 14 and Fig.l2c). The decrease in LDR is attributed
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to increase in plant water status (Fig.l2a,b). Katerji gt al.
(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 stuady bj
Oosterhuis and walker (1937) revealed that at the onset of
water stress in wheat, stomatal diffusion resistance showed a
clear increase which co‘incided with change in leaf water
potential, The degree of correlation between soil water
potential and plant water relations was stronger for XwP than
for RLWC and LDR under Nllevels ané tillage methods, This
indicated that XWwP is a better indicator of plant water status

and responds more quickly to changes in soil water potential.

The relationship between XWP and RLWC (Table 15 Fig,l3a)
sﬁowed thag RLWC increased with increase in XwP, both under N
levels and tillage methods., At XWP of -13 bar, RLWC ranged
from 72 to 76,3 per cent with increase in N from 40U to 120 kg

l. Similarly, under tillage methods, Tl and T,, RLWC .

N ha”
ranged from 72,3 to 74 per cent, Similar relationship has also
been reported by Kramer (1963) whc; 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 tiésue.

Tomar and Ghildyal (1973a) noted that LWP of rice decreased

sharply as RLWC decreased below 100 per cent, In the
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intermediate RLWC range,:the drop in LWP was gradual, but
below RLWC of 35 per cent, the drop in LWP was again very
sharp,

Reiative leaf water content decreased linearly with the
increase in LDR (Table 15 and Fig.lsb)-both'under'N levels aﬁd
tillage methods, Relative leaf water content ranged frbm 72,6

to 78.0 per cent with N levels increasing from 40 to 120 kg ha'l

1

at LDR of 4 s em ., Similarly, under tillage methods, T, and T,,

RLWC ranged from 73,8 to'75.0.per cent at LDR of 4 s cm-l.
Several investigators (Van Bavel, 1967; czeica and Long, 1969;
Sandhu and Horton, 1977) have reported that LDR is closely
related to plant water stat;s. The correlation was good under

N levels than tillage methods sﬁggesting that the RLWC is more
. N

affected by N,

The relationship between XWP and LDR (Table lS,Fig.13c)
showed that LDR is influenced by N levels and tillage méthods.
Leaf diffusion resistance decreased linearly with increase in

XWP, At higher value of XwP, LDR ranged from 3,23 to 2,09 s cm"l

with N levels increasing from 40 to 120 kg ha™

o Similarly,
under tillage methods, T, and T,, LDR rénged from 2.75-Fo

2.46 s cm™t, The correlation was slmost equally good both under
N levels and tillage methods suggesting that LOR is equally
affected by both, The re%ationship between stomatal :esisténce
and leaf water potential is nbt single valued, it is modified

by s0il moisture, radiation and plant age (Tomar and O'Toole,

1982),
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Growth of crop =xpressed in terms of leaf area index
(LAI) , accumulation of dry matter at‘different—growth stages
and crop yleld at harvest was appreciabiy affected by N levels
and tillage methods (Tables 16a and 17) ., Leaf area index
significantly.increaéed with the application of N at all the
growth stages during both the years of study (Table 16a), The
N level of 120 kg ha'l.géve-27.6 and 28,1 per cent higher LAI
over 40 kg haf1 during:1989-90: 65.3 and 41,3 per cent during
1990-91, at maximum tillering and flowering stages, respectively,
This may be attributed to an increase in number of tillers par
metre row length, number of leaves and leaf size, Higher'LAI at
.120 kg N ha"1 hay be attributed to better root growth which
could help in higher water and nutrient uptake and thereby
extensive vegetétive growth, Signifiéant increase in LAI due
'ﬁo application Qf N has also b=en reported by several workers
(Mann, 1957; Srivastava, 1968; Shrotriya and Misra, 1977;

Reddy and éhardwaj, 1982a) .

Num=rically the LAI was higher under desp ploughing
(Tz) in comparison to éoﬁventional tillage (Tl) at all the '
growth stages during both the years of study (Table i6a), The
significant éffect, however, was only during the first year of
stuﬁy.. The tillage method': Tz'gave 20,1 and 13.6 per cent higher
LAI over 'I‘1 ﬂuring 1989-90; 8.6 and 5,6 per cent during 1990-91
at‘maximum tillering and fibwering stages, respectively., The
increaée in LAI under deep ploughing (T2) could be ascribed

to deep penetration of roots and higher rooting density,
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resulting in more uptake of water and nutrient; which produced
more extensive vegetative growth. Similar observations were
also made by Hsiao (1973) and Arora et al. (1991). As the

distinct variable water étocks could not be achieved in the |
field, there was no significant effect on LAI with raspect to

water stocks (Table 16a) at any growth stage (1989-90),

Leaf area index at maximum tillering (Table 16b),

" increased with N application, both under T, and T, during the
year 1989-90, The trcatment NlZOTz was significantly superior
over the treat@ents_of N,0Tyr NgoT2 anad NggTye This could be
attributed to better root gro.th under N120T2 combination
(Tables 7, 3 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 yleld) incr-ased with N
application during both the years of study (Table 17). The
increase in dry matter éroducéiqn may be due to increase in
number of tillers or shoots per metre row length, numbér of
leaves, plant height and leaf area index, <imilar observations
have also been reported by sShrotriya and Misra (1977),
Chaudhary and Sherif (1982), sharma (1983) and tingh (1990).
Significant increase in grain and straw yield with N
_ application has also been reported by several workers (Patil

and Batkal, 1975; Jat et al., 1976; Rathore and Singh, 1977;
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Agarwal and Moolani, 1978; singh and sharma, 1979; Tomar

et al., 1979; singh, 1990), The level of 120 Xg N ha"! gave
70,5, 82,9 and 38,6 per cent higher dry matter yield over

40 kg N ha™! auring the year 1989-90; 83,3, 39.7 and 42,5
per cent during 1990-91 at crown root initiation, maximum
tillering and flowering stages, respectively. Similarly, at
harvest the level 120 kg N ha‘l gave 42,2 and 35.6 per cent
higher graih and straw yield, respectively during the year
1939~90, The corresponding values for the second year of study

were 39.4 and 36,2 per cent,

Tﬁe depp tillage (Tz) gave significantly higher dry
matter yield at different growth stages and at crop harvesﬁ
(grain and straw yields) during Both the years of study
(Table 17). The effect, however, was not significant durin§
both the years a£ crown root initiation and at harvest in straw
yield., The higher dry matter production under T, is ascribed to r
the favourable integrated effect of soil physi;al environment
that enhanced toot growth for greater uptake of water and |
mitrients and thus produced more plant height and number of
'ears per piant. Similat observations were also madévby
Chaudhary and sherif (1982), whitley and Dexter (1932) and
Sharma and Acharya (1987), Besides water and nutrient uptake,
roots éan markedly influence the activities of shoots
(Torey, 1976), The tillage method T, produced 1U.9, 16,4,

15.0, 14,6 and 5.2 per cent higher dry matter over T, during

1
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198990, 17.0, 14,2, 10,8, 13,8 and 4.2 per cent during the
year 1990-91 at crown root initiation, maximum tillering,
flowering and at harvest in the grain and straw yield,
:espectively. Deeper and denser root system in deep ploughing
has been reported to extract more water from the soil during
the reproductive phase resulting in increased yieid of wheat
(Bhagat and Acharya, 1988; Arora et al.,, 1991 ané Géjri et al,

1991),

As the water stocks were not variable, thefe was no
effect of water stocks on dry matter production (Table 17) at
any growth stage and at crop harvest in grain and straw ylelds

during both the years of study,

There was significant effect of N application on its
content in plant at different Qrowth stages and at harvest in
grain and straw during‘botﬁ 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 of N has also been reported by Shrotriya and Misra
(1977), vJat et al. (1976a), sandhu and Gill (1976) and Singh
(1990), Numerically, the N content was higher under deep
ploughing'(Tz) in comparisbn to conventional tillage‘(Ti) at
all the growth stages during both the years of'study (Table 15).
But the effect of tillage methods was not significant at any
growth stage, except in straw (1989490), during bothvﬁhe years

of study. These findings are in conformity with those of
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Barbosa et al. (1989) who also did not £ind any significant
difference in N content under various tillage practices, The
highér N content in plant under T, may . be attributed to

i aprovement in soil physical environment resulting in better
root growth and their penetration to deeper depths and hence
greater access to subsoil,hoisture and nutrients. Since the-
variable water stocks could not be achieved in the £ield,
there was no effect on N content due to water stocks at
différent growth stages and at harvest in grain and straw
(Taole 13),

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
years 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
higﬁer N céncentration. Increase in N uptake in wheat with the
application of N has also been reported by several other workers
(shekhawat et al;, 1975; Sinha, 1975 Sandhu énd Gill, 1976:,
Sharma, 1983; Singh, 1990). Nitrogen uptake was significantly
higher under deep ploughing (Tb) at each growth stage during
both the years of study except crown root initiation apd at
harvest in straw (1990-91), This was due to higher dry matter
production‘undér Tz' Secondly, the higher uptake under 'I‘2

could be due to improvement in soil structure 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, 19656; Terman et al,, 1976; Chaudhary and sSandhu,

1983; Rehman and Islam, 1986 and sharma and Acharya, 1937).

The foreéoing discus:cion suggests that the application
of 120 kg N ha™} in combination with deep ploughing had
favourable effect on plant growth and water production
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 extraction of water from subsurface depths and
thereby maintained higher plant water status,vi.e. higher RLWC
and XwP, and low LDR aﬁd SDD, Integrated effect of better root
growth was reflected in efficient water and nutrient uptake,
higher LAI and dry matter production at different growth
stages and at érop 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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The studies entitled "Profile water extraction through
water-nitrogen-tillage interaction in wheat" were carried out
at the experimental farm of Himachal Pradesh Krishi
Vishvavidyalaya, Palampﬁr (Kangra), The experinent was laid
out in Split Plot Design with 18 treatments, consisting of
)

combinati-ns of three levels of N (40, 80 and 120 kg ha" "), two

tillage methods viz,, conventional tillage (Tl) and deep
ploughing (Tz) in main plots and three variabie water stocks
viz,, Wyo wé and Wy in 'subplots, The experiment had three |
replications and plot éize was 2 m., wheat (VL~-421) was used
as a test crop. The studies were aimed at eyaluating the
effect Qf these treatments on water extraction pattern, water
production functions viz,, relative leaf water content (RLWC),
Xylem water'potential (XxwP), leaf diffusion resistance (LDR)
and stress degree dayé:(SDD), root and piant growth, nutrient
content and uptake, Relationship of soil moisture Storage, soil
water potential with water production functioné, and
inter-relationships among thémselves have élso been evaluated.

The results obtained are summarized in the subsequent

paragraphs,

The texture of the experinental site was s;lty clay loam,
The clay content was higher in 30«45 cm (32,9%) and 15-30 cm
(32,2%) depths in comparison tc 0-15 cm (29,4%) and othef
depths (23,8 - 31, 5%), ihe bulkvdensity increased with depth

and the subsurface depth of 75-90 cm had comparatively higher
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bulk density (l.36ng m'3) in comparison to the surface depth
of 0«15 cm (1,10 Mg m's). The deep tillage (Tb) ft.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 U-15 and 15-3.J cm depths
wasvpoor in compérison to subsurface depths, The depth of
75-9u cm retained the highgst and 0-15 cm dépth the lowest
amount of water at any value of sﬁction. Field determined
hydraulic conductivity values showed that the layers
0=15-30=-45 cm were slightly less permeable than the subsurface
layers of 45«60-75=90 ém. The saturated hydraulic conductivity

decreased with depth.

The decrease in soil water content and'chahges in

‘ hydraulic gradients were maximum upto 30 cm depth under the
treatments of NyoTy and N46T2 and'upto 45 cm depth under the
remaining treatments; This suggested that under low fertility
level water needs were met by the layers upto 30 cm, whereas
by the layers upto 45 cm under the recdmmended fertility
level, The changes in hydraulic flux across 32,5 cm depth
showed that the fluk remained downward for most of the time

under the treatments of N OT and N

4071 40
the end of drying period (during 160 to 165 DAS). Under the

T, and became upward at

remaining treatments, the flux became upward between 145 to

150 DAS, but after that remained near to zero line of flux,
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The root water uptake (rz) from different depths showed
that the treatments of N40T1 ahd N4OT2 extracted maximum amount
(854) of water from 0-15 and 15-30 cm depths and very less
quantity from 30-45 cm depth., The depthwise extraction of water
under these two treatments decreased with depth. Under the
remaining treatments about 75-80 per cent of total water was
extracted from O=-45 cm depth, There was, however, no well defined
trend for tﬁe water uptake with respect to depth, The total water
up take (Rz) which also includes evaporation, increased with
increase in N levels both under conventicnal tillage (Tl) and
deep ploughing (Tz). The maximim uptake of water wias under the
treatment of NyooTs (0,392 cm d'l) and the lowest under 4071
(0,135 cm a™h) | |

The per day water withdrawal calculated by the method
of Ogata et al. (1960) and from profile depletion (A5 ) showed
that the hydraulic flux at the lower boundary of the p;ofile.
should be adjusted in the létter as its ﬁagnitude during the

complete life'cycle of the crop is appreciable,

Root growth (root mass density, root volume ahd root
length density) determined at different growth stages, and at
harvest; increased with the application of N and was higher
under T2 during both the years of study. The maximum root growth
was obtained at recomnended fertility level (120 kg N ha™) and

under tillage method T2.
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The relative leéf water content (RLWC) determined at
maximm tillering and flowering stages of wheat growth iqcreased
with the application of N during both the years of study, The
effect of N levels was significant at both the growth stages
during 1989-90 and only at flowering stage during 199u~91, The
deep tiilage, Ib, maintained higher RLWC, but its effect was

significant only at flowering stage (1989-90),

Xylem water’poﬁential (XwP), determined at three
inportant growth stages, increased with N application, The effect
was significant at all the growth stages during first year of
study'and only at flowering stage during 1990-91, The XwWP was
higher under T.,, but the effect Qas significant only at maximum

tillering and flowering stages during the year 1989-90,

The diurnal changes in XWP at flowering stage of wheat
{growth showed that it was almost tﬁe same at oapoh under N levels .
?tillage methods and watef stocks, but the values were quité ’
higher during the second year of sfudy. Similarly, at 170uh the
values were also the samé, but the secohd year- 6f study showed -
higher XWwP, The lowest XWP was observed from 1200 to 1300h, The
changes were rapid in the morning and evening hours in
comparison to.majo: part of the day, The XWP started fecovering

after 1300h, but the recovery was not upto the values observed
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Leaf diffusion resistance (LDR), determined at maximum
tillering and flowering stages of wheat growth, decreased with
increase in N dose. There was significant effect of N at both
the groﬁth stages dufiﬁg the year 1939-~90 and only at flowering
stage during 1990-91, The deep ploughing (Tb) maintained lower
LDR than conventional tillage (Tl)' but the effect was

significant only at flowering ctage during 19389-94,

vThé streés degree days (sDD) wére recorded from 102 to
169 DAS curing 1989-9U and 85 to 171 DAS during 1990-91, The
level 120 kg N ha™' maintained lower SDD than 4u and.80 kg N ha™t
The cumulative stress degree days (CSDD) steadily decreased ;ith
tine under all the levels of N and tillage methods, CSDD were .
higher under N40, but there was not much difference under NBO
and leé. There was no difference in CSDD under tillage methods,
but during 1989-90 CSDL ‘were higher than during 1990-91, In
general, the crop was not under stress(neither under N levels

nor under tillage méthods)as'the values of CSDD were always

- negative,

The relationshié of different water production functions
-viz., RLWC, XWP and LDR with soil noisture storage atvfloweging
stage of wheat growth shbwed that under N levels, the XwP wa;
more affected by soil water content jwhereas RLWC undéf tillage
methods, Similarly, both under N levels and tillage¢ methods, B
XWP showed better correlétioﬁ 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 tillage methods,

The leaf area index, recorded at maximum tillering and
flowering stages, increased significantly with increase in N
levels, The deep tillage method, Tz, 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, flowgring
and at crop harvest (grain as well as straw yield) significantly
increased with N application during both the years of study, The
grain and straw yleld increased significantly with increase in N
levels during the first year of study. But, during th; year
1990-91, the significant increase in crop yield (grain as well
as straw yield) with N levels was only upto 80 kg N ha-l. It
further increased with“N aéplication, bu£ thevincréase was not
significant, The tillage method T, showed higher dry matter
ylield at different groyth stages and at harvest, The effect, |

however, was significant at maximum tillering, flowering and

at crop harvest in grain,

Nitrogen uptake and its content increased with N
appliCitibn 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 Té sﬁowed higher N content

and its uptake at every growth stage,
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Since the variable water stocks could no: be achieved
in the field due to fréquent rains during both the years of
study, their effect on plant and root growth was not discernible.
There wasbno effect on eithe; of the water production functions
studied, The same was true for dry matter production at
different growth stages and in grain and straw yields at

harvest of crop.

CONMCLU SIONS

The study brought out that the higher level of N and
deep tillage resulted in water extraction from éubsurface dgpths
ana maintained higher plant water status, lower LDR and SDD
thus giving higher crop yield, Under the situaticn, like ours
in the state, where wheat is mostly grown as a rainfed crop.
it is important that subsoil moisture is judiciously uﬁilized
by the crop, The' interaction of deep tillage and higher level
of N-upto 12V kg ha"ll enéouraged greater root growfh and helped
in higher extraction‘of subsoil moisture and thereby 1ncre§sed
the grain and straw yield, During the dry periods, there is
considerable upward fluk from lower layers, the magnitude of

which is not to be ignored while making the field water balance,

‘Among different water productions, the Xw? showed better
relationship with profile water status and profile water
potential, The crop canopy minus air temperature difference,

i.e, SDD is quite sensitive to changes in plant water status
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and is a good and precise index for evaluating the drought

resistance of aifferent varieties.and plant specles. This is

mach easier to measure and interpret.

The study brought out that the application of 120 kg
N ha"l (the recommehded dose) is esséntial for proper root
and shoot growth, The deep tillage checks weed growth, lowers
down the mechanical i apedence and creates favourable air-water

relations for growth and proliferation of roots,
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APPENDIX Is Daily rainfall, pan evaporation and average temperature
(maximum and minimum) during the crop growing season

-
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(1989-90) .
Days Rain- Pan Temperature Days Rain- Pan Tenperature
after fall Evapo=- °c after fall evapo-
sowing (mm) ration Max, Min, sowing (mn) ratlon Max, Min.
{mm) . LY
1l 2 3 4 S 6 7 8 9 10
(633) - 2.7 187 3.0 45 369 2.3 13,0 9.4
- 2,6 19,2 7.2 46 1.0 0.5 11.1 5.0
- 2.3 20,3 3.0 47 35.3 0,5 13,6 55
- 2.5 20,9 9.0 43 - 0.5 13,7 5.0
- 2.9 22,1 10,6 49 - 1.2 13.4 4.4
- 3.4 23,2 11.5 50 - 8.5 12,7 4.8
- 3.1 23,3 12.9 51 - l. 4 12,5 2.6
- 2.7 22.4 12,5 52 - 1.5 13,7 2,5
- 3.0 22,0 11,5 53 - 1.3 14,7 3.1
- 2,6 21,7 9,9 54 - 1,1 14.8 3.7
- 2.4 21,2 9.4 55 - U, 4 13,3 4,5
- 3.0 21,3 9,5 56 1 - 1,5 13,7 e 5
- 1.5 20,7 11.0 S7(lzgg) - L.l 13,8 3,4
- 2,4 20,5 10,0 58 - 0.9 13,2 3.0
- 2.4 20,8 9.5 60 - 1.0 14,7 6,0
9,2 3,2 20,5 9,3 6l - 2.0 14,8 4,6
Uel 2,0 19,3 9.4 62 9,2 1,5 15.3 5.7
29,8 3,3 17.1 10,3 63 (- 1.4 15,0 5.6
6.3 1.7 14,5 8.6 64 - 1.3 15,3 4.4
- 1.4 15,0 6.0 65 - 1.4 16,4 3.4
- 1.3 17,2 6.6 66 - 2.3 13,7 6,5
- 1.7 17,3 7.0 67 - 3,0 19,7 7.1
- 1.4 17.1 6.5 63 - 2.9 20,7 8,6
- 1.3 17.7 6,0 69 - 2.0 21.1 9,4
- 1,2 18,2 6.6 70 - 2,7 19,9 8,5
- 2.3 18,1 6.4 71 - 2.0 1%.8 5.6
- 1.9 15,0 T2 72 - 2.1 1937 9.6
- 1.9 19,4 6.6 73 - 1.8 19,3 8.1
- l.1 18,4 6.5 74 - le.3 13,3 11,0
- 1.0 16,7 7.2 1% - 2.2 13,9 9.5
- 1.3 16,5 9,2 76 - 2.2 21,0 10,6
- 2.0 17.8 9.5 77 - 1.2 20.4 ' ll.s
- 104 18.l 806 78 - 1.9 . 19.7 9.5
- 102 16.1 6.9 79 - 1.4 20.0 8.4
- 1.5 15.4 6.2 80 - 1.7 20,4 8,0
- 1.6 16,3 5.4 31 - 1.3 20,4 3.0
- 1,6 16,6 5.6 382 - 1.9 19,0 9,5
- 1,3 16,9 5.1 83 13,2 4.5 18,2 10,0
- 1.2 16,5 6,0 84 - 0.6 1645 7.4
- 1,6 16,83 7.6 85 0.7 0,7 15,3 7.0
- 1.9 17,5 3.1 36 - 1.5 16,5 6,5
- 1.6 15,9 7.0 87 3.7 1,9 16,8 8,3
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1 2 3 ; 5 6 7 3 3 10
89 - 2,0 16,2 4.0 140 - 3,5 15,5 4.5
92 - l.3 l7.o 6.2 143 5.9 2.2 16.0 700
93 .1 1.7 16,1 7.5 144 12,2 3,8 16.4 5.5
94 3800 4.0 15'5 9.5 145 - 2.‘5 1601 1 7.5
85 25,6 3.9 14.5 3,0 146 2,2 1.4 16.6 7.5
96 - 2,3 17.9 7.0 147 2.0 4,2 18,7 6.5
97 0.2 1.1 1707 907 148 - 307 1807 605
98 - lol 16.6 7.0 149 - 4.0 2\).2 900
99 21,7 2.7 15.7 9,3 150 = 4.1 21,5 9.5

100 5745 2,1 12,7 7.2 1351 - 4.0 22,4 10,6
101 - 2.2 12.4 5.1 152 3.5.0 ZQQ 20.6 13.6
102 - 2.4 15.4 4.6 153 1009 4'5 1907 1002
103 - 2,6 15.7 3.3 154 - 5.2 21,5 11,3
104 - 008 14.3 506 155 had 503 22.3 10.0
105 - 0.5 12,1 4.7 156 =~ 6.2 23,5 10.8
106 - 107 1300 3.9 157 - 6.4 ‘ 26.0 1505
107 Ovd 1,9 14.8 5.0 158 10,3 5,2 26,0 17,5
108 - 104 1503 4.7 159 - 309 2308 1000
109 - 1.3 16,0 4,5 160 = 4,7 22,5 12,5
111 5.0 1.0 14.3 7.0 162 1.0 3.8 23,7 14.2
112 2391 l.l lloz 6.0 163 - 4.5 25.5 1505
114 26,0 ‘.4 11,7 6.3 165 = 7.0 28,1 15,0
116 - 1.9 13,2 3,5 167 =« 9.6 28,2 14.5
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 2V,2 7.5 174 - 6.4 27.5 14,2
125 - 3.1 18.1 9.0 176 - 60 6 270 1509
126 l' 3 lo 5 160 6 100 0 177 - 6. 5 27.7 16. O
127 - 3.3 17.4 7.5 178 0,5 5.8 273 17,9
123 - 2,9 19,8 S.1 179 - 4,8 27.5 15.1
129 - 3.3 20,8 9.1 180 0,5 4,2 27.1 16.6
130 - 2,0 20,9 10,4 1381 0,6 3.0 25.4 14,5
131 - 2,2 21,0 10,7 182 13,4 7.4 25,4 14,9
132 28¢0 1.7 21,9 12,4 133 - 3,5 26,2 15,9
134 29.5 3.7 17.2 11.5 185 = 4.8 23,3 19,4
135 16,6 S.4 15,9 9.2 186 6,2 5,0 29.3 11,0
136 5647 3,2 16,0 9.2 137 - 6.4 29.8 18,5
137 19.2 3.6 15,3 10,0 138 24,2 4,0 23,5 18,3
139 0,6 1,0 15,0 5,8 - 19Q0#** « 4,4 29,4 19.3
*water stocks made variable in 0 to S0 cm depth

**Crop harvested



APPENDIX II: Daily rainfall, pan evaporation and average temperature
(maximum and minimum) during the crop growing season

(1990-91) '

Days Rain Pan Temperature Days Rain Pan Temperature

after fall Evapo- o¢c after fall evapo=- oCc

sowing (mn) ration Max, Min, sowing (mm) ration Max, Min,
(mm) - {mem)

1 2 3 4 5 6 7 8 9 _10
1 (655) - 2.6 228 1.2 45 - 2,1 18.2 6.0
2 - 245 22,2 11,2 46 - 1.6 16,7 5.3
3 - 246 22,1 11,0 47 - 1.7 17,7 5.1
4 - 2.5 21.7 1103 48 " 108 . 1708 4.5
5 - 3,2 22,2 11,0 49 - 1,9 16,3 5.3
6 - 4.2 23,8 11,3 50 - 2,0 16,8 6,8
7 - 3,5 24,1 12,5 51 - 1,9 13,1 7.0
3 - 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 Q.7 12,7 8.3

11 - 3.0 23,3 11,5 55 56, 3 G,2 7.7 -0,1

12 - 3.2 22,7 10,8 56 1.° 1,0 6.0 «0,5

13 - 3.6 22.6 loo S 57Q.§I) 1.1 lol 607 0.0

14 - 3.3 22,7 10,4 58 1.2 l.2 8,2 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 16,8 8,9 61 - 2.2 13.8 1,5

18 - 2.5 17.5 8.5 62 - l.l 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 - 2.3 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 4,0

24 - 2,8 18.8 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 - 2.3 15,2 7.0 71 - 1,7 11,7 0,8

23 - 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

3 - 2,0 17,0 8.4 77 - 2,8 14,6 3.4

34 - l.8 16,7 3,0 78 - 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 30 - 2.4 16,2 4,1

37 - 2.0 18,4 7.6 31 - 1,6 17,0 8.4

33 - 2,4 18,5 6.9 82 - 2,3 17,5 9.0

39 9.7 1.6 16,6 6,2 33 - 2.8 20,7 11.4

40 31,2 Uo7 11,0 5.8 34 le? 3,0 21,0 13,0

41 33.4 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 5.4

contd, .
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APPENDIX II: Contdee.

1 2 3 'S 5 6 7 8 9 10
S0 - 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
93 204 103 1407 9.1 142 - 4.5 23.3 1105
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 lol 1105 10.5 145 b 5.8 27.2 15.3
97 ..2L0 3.1 16,1 %, 0 146 - 7.0 27,4 15,0
93 43,3 3.3 13,1 6.7 147 8,9 7.2 27.2 17.4
99 - 2.4 12,7 4.4 148 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 - 3,7 23,2 12,5
102 - 1.8 14,5 4,5 151 - 4.4 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 - JeB6 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 2,38 18,5 9.5
107 - 3.0 138.8 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 10,8 158 0,3 2,5 22,1 12,5
110 1.9 3.3 13.7 10,2 159 39.3 9,9 20,2 12.5
111 14,7 2.5 16,1 10,0 160 3,0 1,9 19,2 10.3
113 2,0 1,0 16,2 5.3 182 - 4,7 20,2 10,0
114 1,3 1.8 14.4 5.6 163 - 4.9 20,6 8.1
115 - 2.4 14,7 5.6 164 - 56 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 25,3 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 - 200 15.7 507 169 2.1 6.1 25.0 1108
121 - 2.4 16,7 5.0 170 - 5.7 25,0 13,9
122 - 2,5 18,0 6,2 i - 67 27,0 14.3
123 6.3 1.5 18,1 10,4 172 - 6e9 27,5 15.9
124 L - 2.4 18,5 10,7 173 - e 7 27.8 16.4
125 - 3.6 21,0 11.3 174 - 6,0 28,5 1le6.1
126 - 4.0 22,2 10,9 175 - 7.1 29,3 15.9
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 - 55 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 13,0 133 - 7.6 30,2 18,5
135 - 3,6 22,5 11,0  134** - 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 0 to 90 cm depth
** Crop harvested



APPENDIX III: Water uptake by crop roots at different depths under different levels of

nitrogen and tillage methods during a typical drying period from 140 to
170 days after sowing

_Depth (cm)

Treatments 15 30 45 60 75 90 R,
Nitmgén levels (N) .

N40 0,.0043 U, 0041 0, 0014 - - - 0.147

Ngo 0.0056 0.0077 0,0025 0.0019 - - 0,266

N120 0, 0054 0, 0064 0,0070 0. 0021 0,0018 0, 0015 0, 363
Tillage methods (T) -

'1‘1 0, 0050 0.0054 0,0038 0.0010 0.0005 0. 0004 0,242

T, J.00585 0.U067 0.0034 0.0016 0.0007 0.0006 0.278




APPENDIX IV: Effect of nitrogen levels,

tillage methods and water stocks on root mass
density (mg m-3x 108) at different stages and harvest of wheat crop in
0-15 and 15-30 cm (figure in parentheses) depths

1989-90 _1990-91 ° ——
Treatments Stages of wheat  growth
MT : FS AH MT FS AH
Nitrogen levels (N)
Ngg 0.19 0.25 0.29 0,23 0.29 0.28 .
{0,011} (0. 04) (0. 086) {0.02) (0. 06) (0.07)
NBO 0.22 0.33 0,41 027 0.36 0.44
(0, 02) (0.05) (0,086) (0.03) (0. 05) (0. 08)
N 5o 0.23 0. 39 0.48 0.30 0. 54 0. 51
(0. 03) {0.07) (0.09) (0, 03) {0.07) (0.08)
CcD 0,05 0,03 0,03 0,03 , 0,04 0.13 0,09
(NS) (0.01) (0,02) (NS) (NS) (NS)
Tillage methods(T) ' _
Tl 0,21 0.31 0.35 0.25 “0.34 0,39
(0.02) (0. 05) (04 07) {0.02) - (0.059) (0, Q7)
'1‘2 0.25 U, 34 O, 42 0,27 0.44 O.43
(V. 02) (0. 06) (0.08) (0, 03) (0. 06) (0.08)
CD 0.05 NS NS N8 NS NS NS
(Ns) (NS) (NS) (NS) (NS) (NS)
Water stocks (W)
W, 0.24 0.30 0,38
wz 0,23 0, 34 0,38
' (0.03) (0, 05) (0.07)
w3 0,23 0,34 0.43
(0. 03) (0. 08) (0, 08) .
cp 0,05 NS NS NS
(Ns) - {NS) (NS)

MT=Maximum tillering, FS=Flowering stage, AH = At harvest



APPENDIX Vi Eﬁfect of nitrogen levels and tillage methods on weed growth
(dry weight, g m2) at 50 days after sowing (DAS)

Treatments 1989=90 C 1990-91

Nitrogen levels (N)

Nyo _ 13.4 15.8

Ngo 25.1 N 20,8
cp 0,05 2.3 3.7

Tilvlage methods (T)

T, 28,5 : 26.2
T, 23.5 19.5
CD 0,05 | 1.8 3.1

IIA



