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1 . IKTEODUCTlQH

Sorghum (Sorghum bicolor (L) Mcench) is one of the 
important food and fodder crops. Sorghum Is grown 
extensively in India covering an area of about 18.5 million 
hectares out of which 1.00 million hectare is under 
irrigation. In Maharashtra State, sorghum stands first 
covering an area of about 6.44 million hectares with 3*34 
million hectares in rabi season and rest in kharif. An 
average yield of sorghum during kharif is 956 kg/hectare 
(with the advent of hybrids the yield of kbarif has 
increased fairly well) while during rabi it is only 
524 kg/ha. There is no breakthrough m Increasing the 
yield of rabi sorghum which at present is poor*

Habi sorghum is grown largely on the deep black 
soils (Usterts) on stored water received through 
rainfall. Usterts of Parbhani (deep black) are 
characterised by high clay content, - dominated by 
montmorillonitic (smectite) clay (I4alewar, 1976).
These soils are potentially more productive and have 
high cation exchange capacity, moisture retentive 
capacity and have CS* as predominant cation. In all

soils as moisture is removed by plant use and evsporaticn,
*

shrinkage cracks develop, to some degree. However, the 
cracks developed in black cotton soils, are very large 
and extensive. Evaporation from these large shrinkage 
cracks has been believed to contribute significantly to



2

the total evaporation (flagar, 1977) * But little 
quantitative information is available. Soils are m»ddy 
and sticAy in the wet season, and they are hard wheia 
they are dry. these soils are called self mulching soils 
which are most difficult to manage.

though annual rainfall varies from 550 to 195o mm 
with an average of 830 mm the wide fluctuations in respect 
to commencement and cessation of rains results in 
fluctuations in rainless/drought periods as well. Average 
rainfall received during tho start of rsbi season is 
211*93 mm in September and the total water requirement 
of rabl sorghum is 3^0.10 mm C&adatn .gt al. 1978).

Sorghum coltivar H 35-1 which is grown on larger 
area during rabl has two pea&s of moisture utilisation 
during its life cycle (Pbarande ot al. 1973)* First 
peals coincides with elongation stage while tho secor d 
corresponds to the ear emergence said grain formation 
stage.

In years of low rainfall, carry over moisture of 
subsoil and recharged surface soil moisture from rainfall 
is not sufficient to meet water needs of the crops, thus 
it leads to the creation of a dry sons in profile,thereby 
subjecting plants to water stress in later stages which 
ultimately results into low yields. As well as the crop
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suffers heavily because of the moisture stress (at later 
stages of crop growth) caused by erratic winter rains*

IMder limited moisture conditions, farmers generally 
do not use optimum quantities of fertiliser which causes 
limited nutrient supply and becomes one of the major 
constraint in increasing yield of sorghum.

In order to Increase crop production of rabi crops 
in the dryland zone, we will have to adopt better 
management of rain water, incorporating better crop 
management practices. Moisture conservation practices 
such as contour bunding, scooping, graded ridges and 
furrows, conservation bench terraces, stable mulch 
farming, surface mulching and vertical mulching have been 
suggested* Experiments at Sbolapur indicate convincingly 
that the use of surface mulch increases yield of sorghum 
from 30 to 100 per cent over control*

The practice of applying mulches to soil is possibly 
as old as agriculture itself (Jacks et si* 1955)* Mulches 
are used for various reasons, but water conservation and 
erosion control are undoubtedly the most important for 
agriculture in dry regions* Other reasons for mulching 
include soil temperature moderation, soil nutrient effects, 
soil salinity control, soil structure improvement, quality 
control and weed control*
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With the advent of irrigation under 0 ayakwadi,Puma 
and other projects it has become possible to apply water efc 
critical stages during rabi season, It is essential to 
find out the response of sorghum to irrigation.

There is a considerable gap on the effect of mulches 
or irrigation on yield of sorghum in this region and no 
data is available on moves®!fc of water within the soil 
under crops# The movement of water within and out of 
soil is of prime interest since it determines the 
availability of soil moisture# Eound information 
concerning movement of water In soil is essential for 
wise planning and management of irrigation project. It 
is equally essential, in unirrigatcd areas to develop 
control of soil desiccation, loss of moisture due to 
excessive evaporation and fissuration by shrinkage process 
in vertisol,

Evaporation of water from soils and the conditions 
which influence evaporation rate are important facets of 
the problem involving soil and water relations* evaporation 
from the soj! Is limited either by the energy available 
at the soil surface for vaporisation or by the ability of 
the soil to conduct moisture to tbo surface# Evaporation 
from the soil may be assumed to be equal to the not 
radiation at the soil surface unless the evaporation is
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limited by capillary flow to tbs surface. I he capillary 
flow In turn is a function of the soil water content.

The present investigation was conducted in order to 
bridge the gap in our understanding on the response af 
rabi sorghum to soil water conditions as brought abomt by 
evaporative demands under various types of mulches, 
irrigation and irrigation plus mulch* The following are 
the alms and objectives in brief:

1* Response of rabi sorghum to mulches.
2. iSfficiency of mulching material.

3. influence of Irrigation on yield of rabi sorghum, 
if. Transmission efficiency as influenced by

moisture conservation•
!?• Uptake and content of nutrients as affected by 

mulch and irrigation.

• • •



2# EMtflEW Off LITERATURE

In order to faction as 0 medium for plant growth a 
soil must contain some water# Water in soil is one of 
the most important factor, that governs the yield or any 
crop to a large extent* Water availability in soil and 
management also determines largely crop production# 
Limited supply of water or deficit of water caused due 
to either low rainfall or uneven distribution of 
precipitation affects plant growth and yield severely* 
Much of precipitation that Is received is lost by way of 
runoff and evaporation* Also some water that enters the 
soil evaporates before a crop is planted#

While precipitation is limited and erratic, and the 
evaporation potential is high, good yields could be 
obtained if most precipitation that occurs in dry regions 
would be effectively conserved and used for crop 
production*

Sorghum is the important food crop of Marathwada 
region and is grown mostly on stored water during rabi* 
Comparatively rainfall received during this period is 
very small and therefor© in later stages of the crop the 
soil moisture becomes highly critical* Several methods

f

are operated either alone or in combination to conserve 
moisture and increase water use efficiency* Out of the 
methods, mulching is used or if irrigation is available 
than irrigation is applied at particular stage.
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Information on effect of Irrigation and mulching on 

yield, nutrient uptake, water availability and movement 
to cropped field in vertisol to general and, to black 
cotton soil of seai-arid regions of Deccan plateau of 

India to particular, is very limited* The present review 
of literature, therefore attempts to understand the 
phenomena of water conservation due to mulching and effect 
of extra conserved moisture on yield and nutrient uptake.
I1 he literature review are grouped under th© following 
heads:

2.1 Effect of various mulches on soil water conservation.
2.2 Effect of mulches on plant growth and yield attributes.

2.3 Effect of mulches on yield of sorghum and other crops.
2.4- Effect of irrigation on sorghum growth and yield.

2*5 Effect of soil moisture on nutrient accumulation to 
plants and grains*

2.6 Movement of water to soil*
2*7 Evaporation loss as Influenced by mulches.

2.1 Effect of various mulches on soil water conservation.

Numerous studies have been conducted to determine 
th© Influence of mulches on soil water storage. Field 
experiments using mulches have shown beneficial effaces 
of mulches in conserving and economising water use oy 
crops ranging from 10 to 50 per cent, depending upon the 
crop in which it is used, type and colour of mulches,
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type of soil, rainfall and amount of water added, wind 
velocity and temperature of both air and soil (Ali and 
Prasad, 1975; Banssl jgt 1971; Chowdhary and Chatteraee,
1967$ Dbeshi efc al«. 1964; Disit and Agrawal, 19715 Msndal 
and Vomadevsn, 1975; Misra, 1965; Patil ot al. 1972;
Prihar .gt jJ.. 19685 Rajput end Singh, 1970 and Singh .gt gl. 

1967)e Many different materials like organic mulches 

(Stover, straw, rice husk, saw dust etc.), light coloured 
and light reflecting mulches like aluminium foils, black, 

gray and transparent mulches and especially petroleum 

products in the form of emulsion, or sheets like 
polythelene, have been used, but tho most widely, 

researched materials are plastic films and organic mulches*

2*1.1 Effect of polyetbene mulch.

(Includes polyetheno, polyvinyl chloride and similar 
films, but the term ‘plastic* will be used hereafter)

In Europe, Linden (1963), Manoscu and Ciofu (1970) 
and Pusatai (1963) reported increased soil water contents 
due to plastic films, there being increases up to 32 per 

cent (Maneseu and Ciofu, 1970). In Worth America,plastic 
films resulted in higher water* contents than bare soil in 

most cases (Army and Hudspeth, I960; Lippert al.1964; 
Llptay and Tiessen, 1970; Willis al. 1963) but 

Schsles (1964) reported a lower water content,apparently
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du© to the film preventing infiltration, The higher 
water contents in soil resulted from reduced evaporation, 
Induced infiltration, reduced transpiration by weeds, or a 
combination of these factors (Austin, 1964$ Ean&s, gz .gi* 
19615 Linden, 1963; Lippert, ,gt jl. 1964; Llptay aid 
Tiessen, 1970; Uillis, 1952 and Willis jjt ^1. 1963). 
fhe effectiveness of plastic films depends upon tn© ©mount 
of surfsco covered (Austin, 1964; Lippert .gst si. 1964; 
Willis, 1962; Willis .gt jl. 1963), Ea^put and Singh (1970) 
reported the efficiency of different mulches in conservation 
of soil moisture in cotton and concluded that during 
rainless pre-monsoon period of 1962 polyethene mulch 
conserved soil moisture to the extent of 55 per cent end 
peteroleum mulch to the extent of 15 per cent.

2.1*2 Effect of straw mulch*

Although plastic films generally resulted in higher 
water contents and reduced evaporation as compared to 
bare soil, they are relatively expensive and difficult 
to manage, especially under large scale field conditions 
for low value crops. Consequently less expensive and 
more readily applicable materials have been sought.

ihe greatest amount of research with mulches Involved 
crop residues and other plant waste products (straw, 
stover, rice hus&, leaves, corn cobs, saw dust, wood 
chips etcfhese materials are cheap and often readily
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available and they permit water to enter the soil readily. 

When maintained at adequate levels, these materials 
resulted in increased water contents and reduced evaporation. 

(Mams, 1966| Mann ©ring said Meyer, 1963| Moody el.1963: 
Jone ^1, .&U 1969; Wiogand et al. 19685 Paul Unger,1976; 
Baasal et al. 1971; Hanks and Woodruff, 1^8).

Similar type of trend for increase in water content 
due to application of straw mulch was observed in India 

(Prihar ^t ^1* 1968; Hasood Ali and Hajendra Prasad, 1971*-, 
Mandal and Vamdeven 197?} Sechan jgfc, ,gl. 1977). Rajput and 

Singh (1970) reported that straw mulch conserved soil 
moisture to the extent of 40 per cent. In Maharashtra,

Urarani .gt jl. (1973) reported that even application of 5 
tonnes grass (Dictaantlum annulatum) mulch per hectare 

between the rows of sorghum crop, was effective in 
conserving soil moisture during the growth periods.

However, residue production in dry regions often is
t

inadequate to result In substantial water conservation.
Even where most or all residues from dryland crops were 
maintained on the soil surface, through stubble mulch, 
tillage and chemical fallow, rather dismal water storage 
often occurred (Black and Power, 1965; Harris, 1963;
Johnson and Davis, 1972; Mathews and Army,1960; llcCalla
and Army, 1961; Unger, 1972; Wiese et al. 1967; 2ingg and 
Whitfield, 1957). Major reasons for the poor water storage
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were the production of inadequate residues to enhance 
infiltration and suppress subsequent evaporation in complete 
weed control with tillage and chemicals*

significant increases in water storage resulted fro® 
the application of a cotton bur (Goasyolum hirsutum L.) 
mulch in a loam soil (Koshi and Fryroar, 1971)* Each 
higher mulch level (5.6, 11.2 or 22*h tans/ha) resulted 
in increased water storage over control. Storage 
efficiencies ranged from 36 to 46 per cent with no mulch 
to 66 to 80 per cent with 22*4- tons mulch per hectare in 
1968 end 1969 respectively.

The studies of Bond and Willis (1969,1970 and 1971) 
although conducted under laboratory conditions with soil 
columns initially wetted to a given level, suggest that 
water storage can be increased where residue levels are 
adequate to reduce initial evaporation and thus permit 
water from precipitation to penetrate to greater depth. 
However large amounts of surface residues are required to 
obtain water savings over an extended period*

The effectiveness of various other materials for use 
as mulches has been investigated* Those materials have 

' favourably influenced soil water content and evaporation 
In many cases. Materials studied included gravel, stones, 
desert paveiaent5 biiuaan mid similar granular material,
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and manure. (Adams, 19665 Dancer, 196V5 Lyford and 
Qashu, 1969} Hustafoev 1964-; li erpin and Pa&shtoa, 196?}

Qashuba and Evans, 19675 Unger, 1972).

2.2 Effect of muicbss on plant growth and yield attributes.

One of the most critical periods in the life cycle 
of a plant is the period of germination, emergence and 
seedling establishment. Viable seeds, must be placed in a 
favourable seed-soil environment with respect to wator 
supply, temperature and aeration to order to favour 
germination • After germination the seedlings must emerge 
and become established. Due to their small sise and 
tenderness, seedlings can easily be adversely affected by 
an unfavourable environment. Mulches can aid germination, 

emergence and seedling growth by moderating or iraprevtog 

the soil and aerial environment to which the seeds «nd 
seedlings are subjected.

Higher soil water contents and reduced evaporation 
were major reasons for improved germination, emergence and 

seedling growth due to mulches (Army jt jg.# 1961:koi?3ar%et al. 
1969; Musbafaev, 1964; Sole, 1966 a,b; Takatori et s>l«1971: 
Unger, 1971 b; stenn, 1969). Straw, peteroieun, grevel, 
stones and plastic films increased germination and early 
growth, but the plastic films had to bo slit or removed 
for continued growth.
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Higher soil temperatures da© to mulches also improved 
germination, emergence and seedling growth (Mams, 1962; 
Dhes&:. et ^gl. 1964; Miller and Hunger, 1963; Mustafaev,1964; 

Sale, 1966 a,b; Willis jg»* 19^7). The higher temperatures 
either alono or in combination with higher water contents, 

were also effective In promoting later plant growth and 
hastening maturity (Bowers, 1968; Linden, 1963; Miller,

1968; Miller and Bangor, 1963; Mustafaev, 1964; Sale 1966 
a,b; la&atori et al« 1964§ Willis, 195?)*

Lower and more constant temperature which was 
maintained by surface mats after irrigation than any other 
material was effective in improving early potato 
(Solanurn tuberosum L.) growth (Dbesi jgfc si* 1964). In 
other cases lower temperatures duo to mulches reduced 
germination and early plant growth (Allraaras el al.1964; 
Burrows and Larson, 1962; Moody et al. 1963; Vanwl.lk et ai. 

19?9)* However, later growth sometimes was better on 
mulched than on bare soil due to improved water conditions 

under the mulch (Moody ,33.. 1963).

Xn India, Ravindronath el al. (1974) conducted a 

trial on sorghum at Agricultural College Farm Raj endrsnagor, 
Hyderabad. The data of trial clearly indicate the 
magnitude of mulch effect on growth, yield and yield 
attributes* Mulching caused significant increase in plant 
growth characters namely plant height, leaf area and
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root-shoot dry natter production and also increase yield 
attributes such as number of grains and weight of grains 
per ear etc* Mandal and Vamsdovan (1973) also reported 
that higher yields of barley with mulches was assoclgted 
with higher number of oarheads and spi&elets than cor trol 

plots•

2*3 Effect of mulches on .yield of sorghum and othor crons*

A majority of the reports indicated higher yielcs 
when crops were grown with rather than without mulches, 
with moat materials being effective in increasing yields* 

(Adams, 1965,1970} Austin, 1964; Bowers,1968; Carter and 

Framing, 1965} Dixit and Agrawal, 1971} Even son and 

Humbaugh, 1972} Griffin jt al. 1966} Harrold jgt .gl, 1959} 

Lebne, 19615'linden, 1963? Macmillan end Millette,19t?15 

Moody jgi* 19635 Onchov, I96O5 Pussta, 1963; Sale 1966 
a,b; faylor ^ si* 1964; Willis jgt jl* 1963} Zakharov and 
oefflikina, 1964)* Although the yield increases generally 
were moderate at times substantial increases were reported 

(Moody at al* 1963; Pusata, 1963} Sale, 1966 a; Zakharov 
and Seaikans, 1964), which ranged from about 50 to 3D0 
per coat*

Held response to mulches, although primarily related 
to soil water and temperature, was also affected by better 
plant population, (6sle, 1966 a,b| fakatori et al.1971) 

reduced root-rot (Lavee, 1963) and reduced soil salinity
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(Carter and Staining, 1965; Heilman jt al. 1968}. Undoubtedly, 
mulch effects on soil structure, nutri<33ts, microbial 

activity, root distribution etc, also played an important 

role in the higher yields.

Reduced crop yields due to mulches have been related 

to some specific condition, generally soil temperature*
Com apparently is very sensitive to low temperatures under 

a straw mulch early in the season when temperature normally 
limits plant growth* (Allmaras at al. 196**; Burrows and 

Larson, 1962; Moody ei al* 1963; Van-dUA. et al. 19?9)*
The adverse effects of low temperatures were reflected in 

lower yields. (Allamaros jgt ,§3;. 196**; Burrows and Larson, 
1962; VanUijis ol* 1959)* A straw mulch in Albox’ta 
(Canada), however delayed maturity and reduced wheat 
yields due to lower soil temperature and increased s«il 
shading and occasionally du© to lower nitrate production 
(Anderson and Hussel, 1964)*

A gravel mulch in Texas (U.S.A.) reduced grain 

sorghum yields, but the yield reduction was not due to 
lower soil waver contents or lower temperatures. Waiter was 

adequate and a straw mulch resulted in even lower 
temperature than the gravel, but yields with straw were 

higher than with gravel. Planus on the gravel mulct plots, 
appeared nitrogen deficient, but the soil nitrogen content 

was not determined. Lower soil nitrate nitrogen may have
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b’oen a factor, but the quality and Intensity of reflected 
radiation from the gravel nay also have been factors 

contributing to the reduced yields (Mams, 196S>). Apparent 
nicrogoi deficiency symptoms were also observed by linger 
(1971 b) for forage sorghum grown in gravel mulched plots, 
f bo H deficiency symptoms disappeared after application 
of ammonium nitrate.

Irrigated crops such as wheat and sorghum or paedy 
which are grown on extensive areas produce large 

quantities of residue, when maintained as a mulch on the 
surface, resulted in increased water storage during fallow 

when weeds and volunteer crop plants were controlled with 
herbicides (Music „gt al» 1973? Unger jgt el.1971) or for 

increasing yields of subsequent dryland crops (Unger and 

Parser, 1971*).

In India also the effect of mulches on yields of 

sorghum and other crops is reported by some of the 
scientists Solandaiswamy jl. (1967) compared the 
yields of sorghum and cotton under (a) hand removal 
without disturbing the soil, (b) weeding and homing,

(c) applying straw mulch and (d) two sprayings of 
peteroleum resin water emulsion as a liquid mulch,were 

compared in irrigated and rainfed sorghum whereas treatment
(d) 2 sprayings of peteroleum resin water gave the highest
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grain end straw yields from tb© irrigated crops. The 
higher yield of rainfcd cotton resulted from (d) where 
the irrigated crop gave similar yields from all treatments. 
Kashyap jt j&* (196?) recorded that yields have been 
increased by different mulches .except in case of saw dust 
which indicated adverse effect on the yield and growth of 
onion. Among all the mulches used paddy hush seems to b© 
more effective than other mulches in providing favourable 
conditions to the crop. Moreover it is cheap and easily 
available and also easy in handling. Since it is not 
easily decomposed, it does not result in undue increase 
in the bacterial population which completes with the crop 
plants for N as in case of saw dust and paddy straw.
Umrani et jl, (1973) in trial using sorghum grown under 
dryland condition reported that application of 5 tons 
grass mulch per hectare was effective in increasing yields 
of sorghum up to 1.73 tons grain, 6.39 ions fodder per 
hectare compared to 1.36 and $ *43 tons per hectare 
respectively on plots given 3 inter row cultivation 
instead of mulch.

Masood All and Hajendra Prasad (1974-) concluded that 
mulches (straw, dust and no mulch) significantly increased 
soil moisture and consequently barley yield. They further 
reported that straw mulch was better than all other mulches 
and refleetants. Similar results were obtained by Mandal 
and Varaadevan (1973) on barley and gram wherein they found
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that two mulches vis* busfc and straw mulch were statistically 

similar in effect. Higher yield of barley with mulches was 

associated with higher number of asrheads and spinelets 

than control plots. Dahiya and ^anwarsiugh (1977) reported 

that mulching in pearl millet proved beneficial and increased 

grain production by 9A to 2.8 per coat with an extra 

income of & 10.10 to 92.30 per hectare, fhe similar trend 

was observed in case of yield attributes, but the variation 

was not significant.

2.V Effect of irrigation on sorghum growth end yield.

It is observed that the crop yields are adversely 

affected when stress is created due to evapotransplraticn. 

Wherever irrigation is available the water deficits or© 

controlled through irrigation application.

Held of sorghum increased more greatly than that 

of wheat with increasing evapotranspiration, the latter 

crop being ouch affected by stag© of growth and maturity 

by the irrigation from the late boot to the early heading 

stages of growth, (Jensen and Musics, 1980). Irrigation 

when 10 per cent available moisture remained in top 2 feet 

of soil was as effective in increasing groin yields as 

irrigation when 5o~per cent available moisture remained in 

top 2 feet of soil. It also increases the average daily 

rate of moisture us© which was higher with irrigation than
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without, but there was no difference between the low and 
high levels of irrigation < Brown jj&* 1964)^ .Griffin
et al* (1966) In an experiment examined the effect of two 
irrigation scheme common to the high plains and the effect 
of plastic film, asphalt film and asphalt coated paper, 
soil covers on grain sorghum yield and soil moisture 
efficiency. Conventional irrigation at physiological plant 
growth stages did not insure maximum yields. Maximum 
yields and consumptive use and minimum water use 
efficiency were obtained by maintaining the soil profile 
above $0 per cent available moisture with this high soil 
moisture condition* Exceptionally good yields, minimum 
consumptive use and water use efficiency were achieved 
by eliminating soil surface evaporation with a complete 
plastic film* Partial soil surface covers of plastic film, 
asphalt film and asphalt coated paper proved equally

/

effective in reducing surface evaporation and increasing 
water use efficiency. Reduced yields wore obtained from 
plots where the grain sorghum plants were allowed to show 
visual signs of moisture stress* Under seal-arid 
conditions, Plant ^ js^* (19&9) studied the effect of soil 
moisture regime and row spacing on grain yield of Pj 610 
sorghum (sorghum - bicolor) in 1964 and 1969* They concluded iMr 
the highest grain yield in each year resulted from three
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irrigations or fro® two irrigations when the second, was 
applied between beading and caiik stage* fb© latter gave 
highest water use efficiencyono irrigation* applied at 
heading was better than a single application mad© earlier 
or laf-ter. Irrigation increases sorghum grain yields over 
unirrigated plots by 23 per centAalso herbage production 
was affected similarly (Vega G. 1972).

The soil water potoitial when allowed to drop to -12 
to -13 bars during on© stage of growth only while being 
maintained above -0.7 bar during the remainder of growing 
seasons, this level of soil water deficit resulted in 
yield reduction of 17, 34 and 10 per cent when the deficit 
occurred during the late vegetative to boot stage; the boot 
through bloom stage, and the milk through soft dough stage 
respectively (Lewis et al. 1974 )•

Factoring and Finkar (1974) reported that increased 
frequency of irrigation os determined by evaporation range 
from a class A weather pan resulted in reduction of yield.
In irrigation trials at cloby Kansas in 1970-73 on medium 
textured soils, grain sorghum yields ranged from 100.7 bu/ 
acre for plots irrigated pre-sowing only (irrigated in 
autumn to fill the soil profile to field capacity 6 ft deep) 
to 111.6 bu/acre for plots.irrigated with 4.6 in.water 
in July and 4.6 in. in August. Differences in yields
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between plots receiving some irrigation in July were 
small indicating that high soil moisture content la 
important as grain sorghum goes into the reproductive 
stage of growth, delaying irrigation until August 
reduced yield, fotal water used, ranged from 17*5 in. 
for plots irrigated pre-sowing only to 27*1 in.for plots 
irrigated pre-sowing and in July-iiugust and September at 
4.6 in* j month* Water use efficiencies ranged from 
222*lb grain/inch (pre-sowing + July ♦ August + September) 
to329 Ib/inch (July only). The results indicated that the 
highest waiter use efficiency in liortb-West Kansas would 
be achieved at a total seasonal water use of 17-13 in? 
(Bordovsky and Hay,1975). Held and water us© efficiency 
of grain sorghum under high frequency irrigation decreases 
mainly by water deficit at booting and flowering stages. 
Irrigation at or before germination was more valuable 
than a similar amount of water applied later if soil water 
content was^150 mm (Howell, 1975)# Inuyama et al. (1976) 
reported that water deficit decreased growth and deficit 
during booting decreased grain yields to a greater extant 
than deficit during vegetative growth. Deficit treatments 
which decreased the number of grains per ear did not 
decrease 1000 grain weight. It was concluded that the 
critical period for drought stress in groin sorghum was 
from the boot seas© until flowering.
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2*2 Effect of soil moisture on nutrient accumulation in
slants and on uptake of grains*

i

( i*

It is a wall recognised fact that moisture availability 
affects the uptake and content of nutrient in plants. 
Therefore nutrient content of grain as influenced by soil 
moisture is briefly reviewed*

2*2*1 Nitrogen uptafco and content*

The changes which are brought about in nitrogen 
metabolism of plants due to water shortage do not seems 
to be well defined* However it is the general observation 
that total uptake of nitrogen in plaits Increases in 
presence of adequate soil moisture (Power ,al * 1961; 
Pearson, 1963; a arsing and Roades, 1963; Fabriciua end 
Halewsja, I96B; Doss and dcarsbrooR, 1969; Sbanaa, 1969)*
At the same time it is also observed shat percentage 
nitrogen content of plant decreases with increase in 
moisture (Humphries* 1962; Msthur and dingh, 1967;
Mehrotra .gt jl* 1970)f Shaw (1922) stated that und!er 
conditions of adequate nutrient supply, plants that are 
limited in growth by a relatively low level of soil 
moisture would have a higher contest of nutrients than 
plants under comparable fertility but not limited in 
growth by soil moisture* Gates (1927) > Canbell jt al. 
(I960), Coic ot al* (196**), Luebs and Laag (1967) reported
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that the concentration of nitrogen increased in drier 
soils* On the other hand, Hernado jl. (1968) reviewed 
the effect of soil humidity on the mineral nutrition of 
plants and concluded that the concentration of IS in the 
plant increases with the increase in soil moisture* 
Similarly increase in total nitrogen in presence of higher 
soil moisture is attributed to increased dry matter 
production (ohama, 1969).

Growth ratios under dry and wet conditions suggested 
that high soil moisture reduces K absorption or K 
availability at low levels of nitrogen and the inhibitory 
effect of high soil moisture on S uptake is overcome by 
application of higher rates of nitrogen (Thomas and 
Heilman, 1967).

Moisture stress at a particular stage has a definite 
relation to nitrogen content of the plant. Storrier (1965) 
noted that when irrigation in wheat was applied after 
anthesis the decrease in H content was normally shown by 
maturing wheat crop end irrigation during pointing and 
milling stages increased the uptake of mineral nitrogen by 
the crop. While the distribution of K in grain end straw 
depends on the fertilizer application aid the time of 
drought (dowinali, 1966)# He found that drought at 
shooting stage Increased the nitrogen content in grain.

/
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EcK and Musics (19??) determined nutrient concentration, 
dry matt®? and nutrient accumulation patteras for stressed 
and unstressed grain sorghum ( Sorehun bicolor (L) Mosech) 
plants. Plant water stress reduced K concentration in ' 
leaves and increased Its concentration in stslks and neads* 

Concentration of -H was not affected* Rates of 
accumulation of nutrients were near constant from 4o days 
after planting until flowering rad then slowed down* Stress 
effect on nutrient accumulations was related to portion of 
total quantity of nutrirat that had been accumulated at 
time stress occurred. Hitrogen was affected more tiara 
potassium and calcium* In India Kaahyap ,gt ^ (196£) while 
wording on effect of mulches cited that the available 
nitrogen in soil was found to increase due to mulching 
(Ghate, 19615 Aval* 102; Jytoshi and Bhalla 196?; Dubey, 
1961). Foshi and More (109) reported that the 14 coat rat 
decreased in the stems and leaves and increased in the 
grain with age* IHtrogen uptake by loaves and stems 
increased up to lOp^days after sowing subsequently there 
being decline. ‘VEa^gopal (1969) conducting experiment on 

ragi reported that total nitrogen significantly decreased 
with decreased soil moisture stress at ail stages m£ plant 
growth and also in the grain - Further he reported that 
ratio of protein £ to total £ increased with decreased soil 
moisture stress and was highly significant at the seedling



and flowering stages ana in th© grsin* file quality of 

grain as jugged from th© consent of nuti’lmts was poor 
fro© the plants gmm under moisture regimes of less than 

50 per Ci©it as compered to those obtained from plants 
. grown in ©or© moisture*

It is generally accepted that moisture stress l«sds 
to accumulation of soluble nitrogen conpounds with a 

conco-oitont decrees© in protein content Cdtoc&er,19&0)* 
Joauls«£i €>t &u <1963) reported that the grain protein 

content of wheat was effected mainly by soil moisture 
and was highest under periodic wilting* Hutcheon and Paul 

(1966) demonstrated that protein content in spring wheat 
could be effectively controlled by U supply end moisture 

stress• In the protein range 11 to 16 per cent it was 
possible to increase protein and yield concurrently,prot©in 

content higher than 16 per cent were obtained only where 3 
growth factor such as soil moisture was below optiaua 

for fijaxiema yield, Vanseolborst (1911), Steward and 

Gres.ves (1909), i’botcber (1913), Holding and ^yndor 
(1922,192^,1926), Greaves end Carter (1923), Greaves end 
Nelson (1925), iloplaina (1935), Clients (1937), dcharror 
(1939), Siflilmoya md Bogorda&ii (19**9), Toabesi end 
Fort ini (1951), Fomatloa end laird (1959), Fohjeocheaao 
and UeS&onm (I960), Austin end Hiri (1961), Hay al*(VJ62)
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Jensen ana Mletten (196?^t Sich&ar ana Vol&ova (196?),
Wood and Fox (196?), P.ulfi and dJubssa (1968) and Xerman 
£& jjt* (1969) have recorded increase in protein under 
drought conditions and decrease in protein hut increase in 
yield when moisture was available to plants through 
Irrigation or rains. Thus it can be said that protein 
content in plants varies inversely with moisture*
Upadhyay and Varade (1978) also reported that application

\

of sprays of slmazibie Increased the H and protein contents 
significantly*

2*5*3 Effect of moisture on phosphates utWbVn.

Although the phosphate ion may accumulate in plants
*limited in growth by'low soil moisture supply-( Hiller and 

Dubey, 192?j Janes,194$), there is also evidence that planes 
so affected say have a relatively low content of phosphate 
(Thomas jl. 1942), Emmer, 1936). Thus the effect of 
soil moisture on phosphate nutrition is far less 
consistent than that observed for nitrogen or potassium.
This seems to be indicative of the wide variation among 
soils in their fixing power for phosphorus as conditioned 
by soil moisture content. Miller and buley (192?) grow 
corn on fertile siltloam fro® an alluvial bottom along 
the Missouri Elver* These soils were conducive to 
phosphate accumulation under low moisture supply*
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Thomas al* (194-2) studied tomatoes presumbly grown on 
a Hagerstown silty clay loam that was differentially 
fertilized, and Haddock grew beets on a calcareous soils 
Millville silt loam, these two experiments yielded evidence 
that vhd phosphate content of plants was reduced by 
diminishing the soil moisture supply. It is quite probable 
that these various soils differ considerably in their 
fisting power for phosphate and than this variation is 
related to the observed effects of soil moisture supply 
on phosphate content of plants#

Eck end Musics (1977) reported that plant water stress 
for grain sorghum (Sorghum bicolor (L) ) reduced
phosphorus concentration in leaves* At ^Lowering plants 
had accumulated 72 per cent of their total P#

Kashyap efc si* (1968) quoted that the available 2 in 

soil was found to b© Increased due to mulching (Chate,196lj 
Awsl, 19^2 j Jyotshi and iBhaHa 1967| Dubey, 1961)*

2*?*4- Effect of moisture on potassium*nutrition»

Wlmaer efc al* (1947) studied nutrient content of two 
varieties of sugsrbeets at different soil moisture levels 
and reported that one variety showed the conventional 
decrease in potassium content with decreasing moisture 
supply, whereas the other variety showed the reverse 
trend under the same conditions* If this observation is
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verified it will indeed be a remarkable case of specificity 
in ionic entry between two varieties of a given crop*

Kck and Muoick (1977) reported that concentration of 
Kf Ca and Mg were not affected toy moisture stress or 
supply* They further stated that at flowering plants had 
accumulated 90 per cent of their total potassium in plants* 
Potassium and calcium uptake is affected less than other 
nutrients like H, P and Mg*

2*6 Movement of water In soil*

2*6*1 liquid transfer .ifi soil*
Many of the concepts of liquid flow in saturated 

and unsaturated solids were largely implicit in the work 
of Buckingham (1907). Richard (1931) developed a general 
partial differential equation describing isothermal' liquid 
flow in porous media taking water potential ('f) instead 
of moisture content ( 9 ) as the dependent variable*

Childs andCollis-George (19^8) utilized Darcy’s law 
in deducing a concentration dependent diffusxvity function 
and derived a general partial differential equation 
describing isothermal liquid flow in porous media when y 
was a single valued function of 0* The capillary 
conductivity can be evaluated from water retention cat a.
The basic concepts of this procedure were given by 
Childs and Collis-George (1950» Marshall (19^8) one
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Millington and Quips (1960,1961,1964-)* Childs and 
Collis-George (1950) proposed a method of calculation of 
capillary conductivity based on the probability of inter 
connection of water filled pores of varying slaes. Philip 
and deVries (1957); deVries (1958) end Philip (1958) 
formulated a general theory of liquid movement in porous

s

media undo? temperature and moisture gradients, They 
separated the liquid flux components due to moisture 
gradient, temperature gradient and gravity.

q. liq « -DT liqVT ~D9 1lq<70 -Ki .....(1)

Where,
Dt liq and 09 liq are thermal and isothermal 
liquid diffusivities. The liquid flux as Influenced 
by the moisture gradient and was discussed in detail 
by Klute (1952 a,b) and Philip (1955,1957).

2.6*2 Water flux in liquid phase.

The general equation for calculating total soil 
moisture flux (Jw) as influenced by temperature and 
moisture gradients (Philip 1957, 1958; deVries, 1958; 
Cassel, 1969 and Jac&son, 197^,1975) is given by:

Jw s -08 IV 0 -09 VV9 -DP IVI -Iff vvT -Ki..,.(ii)
Where,
09 1 is isothermal liquid diffusivity, 09 v is * 

isothermal vapour diffusivity, SSI is the thermal liquid 
diffusivity and Of v is the thermal vapour diffusivity.
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2.6*3 Capillary conductivity and soil water dlffusivity.

Reehards and Moore (1952) and Ogata (19??) stated 
that *• at low suction tbe capillary conductivity value 
progressively increases with depth, which is consistent 
with the fact that the water retentivity and specific 
surface Increases with depth. n

According to Childs and Collis George (1950) the 
flow of water in unsaturated media is a function of 6 v 
or y , Philip (1957) explained this pheioaenon as follows 
**8) The total cross sectional area available for flow 
decreases with 6.

b) The largest pores are emptied first as 6 decrease 
since the contribution to permeability per unit area varies 
as the square of the pore radius, A may be expected to 
decrease much more rapidly than 8.

c) As 0 decreases, the change of water occurring in 
pores or wedges isolated from the general three dimensional 
net worh of water films and channels increases. Once 
continuity breads down, there can of course, be no flow
in the liquid phase. *'

Gardner (1958) found that the diffusivity, which was 
a function of water content, varies over a wide range of 
values also but not quite to the extent that the 
conductivity did.
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Dhanpol and Varade (1976) reported that In black 
cotton soil| the soil water diffuslvity attained the

. maximum value at initial moisture content but decreases
*

with further increase in the moisture content*

2*7 Evaporation loss as influenced by mulches*

Evaporation of soil water from wetted soil may be 
characterised by three stages (Bond and Willis, 1969j 

Lemon, 1956? Philip, 1957)*

Hanks and Woodruff (1958) and Hanks ,gt jl. (1967) 
indicated that wind has a definite influence on water 

vapour transfer in soil, gravel and straw mulchos# The 
water vapour transfer was greater in gravel end straw 

mulches than in soil* fbe increase in wind velocity 
from 0 to 25 milea/bour affected increase in evaporation 

rates 2 to 6 times In soil mulches and 10 to 15 times in 
straw mulches#

Hanks (1958; showed direct relationship between 
porosity and water vapour flow rates and inverse 
relationship between depth and dry soil and water vapour 
flow rates was observed#

Benoit and SLirkham (19&3) conducted an experiment 
to investigate the comparative effectiveness of a dust, 
a ground corn cob and gravel mulch in inhibiting the 
evaporation of soil water under different radiation
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condition and air movement• They showed that dust mulch 
proved to be the least effective.

Moody jfe jl. (19^3) observed that the wheat straw 
mulch effect on soil temperature, soil moisture, and 
yield of the com crop* doll temperature at h inch depth 
was lower throughout growing season under the mulch 
conditions.

Bond sad Willis (1969*1970) measured the evaporation 
with time under uniform daily evaporative potential as 
influenced by various rases of surface residue. They 
found that evaporation rate was decreased with Increasing 
residue rates, during the initial constant rate of drying 
stage and after prolonged falling rate of dryingjcumulax-ivo 
evaporative losses were nearly equal irrespective of 
surface residue* A linear relationship was observed by 
log plotting the duration of first stage drying versus 
first stage evaporation. Willis (1962) found a linear 
relationship between initial evaporation rate and 
percentage of surface area covered* Measurement of 
cumulative evaporation showed that moisture conservation 
is better when surface cover provided is continuous 
rather than as strips.

Stem (1967) observed that the plastic mulch was 
much better vapour barrier than the paper mulch when 
less than 60 per cent of the surface area was covered.
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As the soil moisture reaches the field capacity the rate 
of water loss falls to about l/3rd that, of the pen 
evaporation*

Qashu Mid Bvans (1967) showed that application of 
mulch in a 10 cm strip reduced evaporation at 10 cm water 
table below the surface* The soil layers under the mulch 
and at the 2*5 cm depth retained higher water content.

Adams (1966) observed that 2 inch strew mulch and the 
dioctadecyl diamethyl ammonium chloride (DMC) treated 
soil reduced evaporation significantly from 0 to 6 inches 
depth during a hot rainless 10 days period. Be emphasised, 
equality of effectiveness of strawt gravel and I)DA® 
treated soil mulch in evaporation control over a period 
of one month*

' N

Greb (1966) applied 1120, 2240 and 3360 Jfeg/ha of wheat 
strew equivalent to 30, 60 and 90 per cent of soil surface 
coverage and observed that respectively 16, 33 Mid 4-9 per 
cent water losses were reduced from a wet soil surface by 
solar distillation in a period of 20 days, as compared to 
soil without straw mulch*



3* MiB UiiSCnODS

This chapter In divided into two parts# Th© field 
experiment on effect of various mulches and irrigation on 
aoistaro content at various depths for different intervals 
under rati sorghum for two years ii included in Part 1 
and Part II deals with the field experiments for studying 
effect of different mulching and irrigation treatments on 
growth characteristics and yield of rebi sorghum*

Part I
3*1 .gicld_0aiiQrlamfca .cmt.cst_.flt.

asa&mjteaia^^ *
3*1*1 ilto description•

The experiments were conducted on the experimental 
farm of the Maratowsda Agricultural dnlversity, Perhhani* 
The farm is situated within the Godavari arainage basin in 
the central pert of Indie between 76°4o* East longitude 
end 19°16* north latitude*

3*1*2 Climate.
The area coses under seal arid to sub-husiia monsoon

type of disc to* The average rainfall of this region
is 830 bus, mostly concentrated during the monsoon months
from dune to October* Maximus rainfall occurs in tho month

\of July and August* fhe annuel mean of maximum temperature 
ranges from 29*1 to M ,1 °c and minimum temperature ranges
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from 21*1 to 24 °c In May and December respectively*
The mean minimum end maximum relative humidity varies 
between 25 to 63 per cent and 8? to 96 per cent respectively. 
The variation of ambient temperature and rainfall distribu
tion and humidity during the experimental period are given 
in Fig* 1 a,b,c*

3*2 Experimental soils*

3*2*1 Psrbhanl series*
The black soils on which the experiment was conducted 

are characterised by dark brown C 10 1R 3/3) to very dark 
greyish brown (10 IE 3/3) colour* high moatmorillonitic 
cloy content, low organic matter content-, high coefficient 
of expansion and shrinkage and deep cracking during dry 
season* Th© soil is formed from basaltic'material 
orginating through volcanic eruption (Srinivasan jgt ^1.
1969)* fhe rocks ere compact, very hard, greyish in 
colour and subjected to spherodioi weathering under the 
influence of seasonal fluctuation in temperature.

as per the 7th approximation the black soils in 

Deccan plateau are classified under the order *vertical1.
On the basis of the length of period during which cracks 
remain open the black molls are grouped under suborder 
♦Usterts1* Further the black cotton soils are placed under 
the great group of ♦chromusters♦ as the most chromes are 
more than 1*5 (Srinivasas et al* 1969).
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3*2*2 Profile characteristics*
3 *2 *2.1 Parbhani 1 aeries#

Parbhani series consist of moderately well drained, 
deep to very deep soils, dart, brown to very dart; greyish 
brown, silty clay calcareous soils occurring on nearly level 
to undulating mid lands#

The description of the profile horizonsO) is given 
below:

Horizons D©pth(cms) Description

A 11 0-23 Dark brown to very dar* greyish 
brown (10 m 3/3),clay,0*5 to
1*0 por cent irregular lime coated 
concretions, moderate, fine 
granular; blocky,hard,friable, 
sticky,abrupt wavy boundary*

A 12 23-41 Dara brown <10 IE 3/3),clay with
0#5 to 1*0 per cent irregular,lime 
coated concretions,moderate,medium 
angular blocky,hard; friable; very 
sticAy, common,fin© tubular,pores, 
fine and medium inped and ©sped 
roots,abrupt wavy boundary*

0

A 13' 41-61 Dark brown (10 IE 3/3),clay, 0*5 
to 1»0 per cent irregular,lime 
costed concretions,coarse,angular 
blocky, very plastic continuous, 
thin, slick ensides, few, fine, 
tabular pores, few gradual 
boundary,very fine inped and exped 
roots*

A 14

A 0

61-119

119

Dark brown (10 IE 3/3),clay, 0*5 
per cent irregular lime coated 
concretions of about 2 to 5 an, 
angular blocky,eoatinuous,tbln 
slickenaides,very sticky and 
plastic,gradual boundary*
Very dark greyish brown! 10 M 3/3), clay,coarse,strong,angular blocky, prominent parallelepeas and slicien 
aides,few fine calcareous particals

/
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3*2*3 Pertinent properties*
Soil samples from 0 to 22*5 cm depth were collected

$

from randomly selected spots from the site before laying 
out the experiments* A composite sample for each sit© 
was prepared aid was analysed for various physico-chemical 
properties*

(1) The particle siae distribution of the soil was 
analysed by the International pipette method (Piper, 1952) 
using sodium hydroxide as the dispersing agenc end the 
results are present®! in fable 1*

(ii) The organic carbon in soil was determined by the 
modified Wal&ley-Blaex. rapid titration method and organic 
matter was obtained by multiplying per cent organic carbon 
by the factor 1*?2h (Jackson, 1958)*

(lii) Cation exchange capacity (CiG) of the soils was 
determined by leaching the soil with neutral normal 
ammonium acetate (pH 7*0), absorbed ammonia being removed 
by a final washing with ethanol the displaced ammonia in 
potassium chloride leachate was distilled with magnesia 
and estimated (Piper, 1952)*

4v) Standard methods (Piper, 1952) are followed for the 
estimation of total H, P and K*

(v) The pH of the soil was determined by SUco pH 
meter at 1;2*5 soil water suspension (Jac&son, 1967)*
The electrical conductivity (BC) of 1:2*5 soil water 
extract was determined using conductivity bridge
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(Jackson, 1987)*
The pertinent properties of the soils ar© presented 

in fable 1*

3*3 Experimental layout .

The experiments were laid out in randomised block 
design with four treatments and five replications during 
first year (1955-76) and with five treatments and four 
replications during second year (1976-77)* One treatment 
of polyethene mulch was included in second year in addition 
to previous treatments (Fig* 2 
3*3*1 Treatments*

Details of treatments are given in Table 2*
Table 2t Description of mulch and irrigation treatments 

of the fiold experiment,

Treatment
symbol Treatments Description of the treatments

Ti Control Beds were prepared for sowing.

Ta ■Straw mulch Faddy straw was utilized as a 
mulch at the rate of 10 tons 
per hectare*

*3 Polyethene 
mulch(only for 
second year)

Polyethene strips were applied 
within the rows of sorghum 
plants*

Irrigation + 
straw mulch

One irrigation one month after 
sowing and application of straw 
mulch at the rat;© of 10 tons/ 
hectare was done*

Only irri
gation

Irrigation one month after 
sowing was given*

notes Fallow plot of 5 x 5m was kept 10 m aside to record 
observations on moisture content at various depths 
during 1955-76*
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3*4 Moisture distribution study.

3 #4*1 Sampling.
Soil samples for moisture studies were drawn with 

the help of screw augers from fixed depth of 15 cms 
interval up to 60 cos during 19/5-76 and up to 7? cmg 
during 1976*77 before sowing as well as two and half month 
after sowing during first year and after one month during 
second year every after two days interval respectively in 
between the plant rows randomly selected. The sampling 
during 1975-76 was started late due to less depletion 
because of more rainfall during early rabi season# I he 
water content was determined gravimetrically, and converted 
to volumetric basis by multiplying the gravimetric data 
with appropriate soil bulk density (1*3 g em*^).

3*4.2 Soil moisture retention characteristics*

The pressure plate apparatus (15 BM ceramic plate 
extractori Soil Moisture Equipment CO#3005» Dela Vera 
Street* Santa Barbara* California, U.S.A. located at Akola, 
Maharashtra) was used to evaluate the moisture retention 
characteristics in the range of 0*1 to 15*0 bar tension 
(Fig. 2>)
3*4.3 UnsaturatedNconductivity and diffusivity.

Utilising the soil moisture and metric potential 
distribution data* the capillary conductivity was evaluated
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from the data on averaged soil water flux and potential
a

gradient* Soil water flux (q) was calculated from tho 

following equation proposed by Fleeter ,gt ji* (1966).

<1 (xn * i) - ~^L w ( % + it t)
« -W * W (3^ * i, tx)

(tg • t-j )
Where,

W (a^ + i', t) represents at any time t the amount 

of water per unit area within the column from the bottom 
( xq a 0 ) to any height xn ♦ i, ( t*j) is the time 

interval over which the flux is calculated. From the 

equation q = -D ( i|| + i|| ) value of D is calculated
by substituting the values of and <|| which are 

calculated from the slope of the soil water characteristic 

curve given in Fig. 2.

d©Value of K is calculated from the equation K, = D dp

Fart IX

3.5 Field experiment for studying effect of moisture 

conserved through different mulches and irrigation.

3.5*1 Observations.

Observations on yield were recorded from same 

experiments of moisture distribution and additional



observations on growth and yield contributing 
characteristics were recorded only during 1976-77*

3*5*2 Other details of the experiment*
Gross plot size 4*5 x 6 (a)2 
Net plot size &v*70 x 4*8 (m)2

The plan of layout with necessary details is given 
in Fig* 1 a>b.

3*6 Seed material and sowing.

3*6*1 Seed material*
The certified seed of sorghum M 35-1 was obtained 

from Sorghum Research Station, Parbhani*

3*6*2 A brief description of the variety H 35-1*

It is a full growing drought resistant variety* It 
matures in 130 days in rabi season* Its grain is medium 
to bold in size having creamy white colour.

3*6*3 Fertilizer application*
A fertilizer schedule of 20 kg 10 kg PgO^ and 

10 kg SgO per hectare through ammonium sulphate, super
phosphate and potassium sulphate was adopted* All the 
quantity of required fertilizer was applied as basal dose.

3*6*4 Sowing*
The crop was sown on 13 December during 1975 end 

on 17th November during 1976 by hand dibbling in the row 
spacing of 45 cm* Plants were spaced 15 cm apart.



Gap-fining was dona on 10th day after sowing la order 
to salat ala required plant population.'

Planes were tbinned to one per hill l£ days after 

sowing.

3.7 Biometric observations.

fen plants were randomly selected from each plot. 
These plants were labelled and all biometric observations 

were recorded on them*

3.7*1 Growth observations.
(A) Pre-harvest studies.

%) Emergences The total number of seedlings emerged 
per nea plot was counted on the 10th day after sowing,

ii) Height of plants The height of plant was measured 
from the base of the plant i.e. ground level to the 
ligule of the fully opened top leaf. After earhead 

emergence* height was measured up to the tip of the 
earhead.

lii) lumber of functional leaves: The total number of 
functional leaves i.e. fully opened and green leaves per 

plant borne on sampled plants were recorded at different 
stages of crop growth*
iv) leaf areas Area of functional leaves per plant 
was calculated by taking maximum length and breadth of all 

green leaves# The formula given by Stickler .gt# ,gl. (1961}



was used for calculating leaf area*
Leaf area a Mas* length x Max* breadth x 0*74-7*

v) Girth or circumference of stems The circumference 
of th© third interned© from the base axis measured at 
various growth stages*

vi) Total dry matter accumulation per plants For dry 
matter study five plants were selected for the'first 
observation and one plant each for subsequent observations 
from each net plot, the plants were selected randomly* At 
the heading stage, earheads were separated from stem along 
with the peduncles* At the harvesting stage* the heads 
were air dried and then separated into grains and bhoosa. 
The plants were packed in paper bags* properly labelled 
and dried in oven at 65 ~ 70 °G* The last constant 
weight was recorded as the dry weight*

f

(B) Post harvest studies*

i) Length of earhesds The length of earhead was 
measured from the basal whorl of spikelets to the tip 
of the penical*

ii) Breadth of earheads For measuring the breadth of 
earhead, It was kept betwe^a two blocks having rectangular 
faces placed on the meter scale and they were brought 
together so as dust to touch the earhead on either side, 
without pressing it, Th© distance between the touching



faces was recorded as the maximum breadth of the
earbead*

iii) height of the earhoad? fagged plants were harvested 
and dried separately esrhead weights were noted and the 
mean earheod weight was calculated*

A

iv) Grain yield per plants The earheads wore threshed 
together from labelled plants, grain separated, cleaned 
with hand winnowers and weighed* The mean grain weight 
per plant was then calculated*

v) lest weights A random sample of 1000 grains from 
total grain produce of each net plot, was ta&en at random 
and its weight was recorded*

vi) Straw weight per plants Obtained from the straw 
weight of labelled plants after sun drying.

vii) Grain yield per plots pried and weighed cobs were 
t'hreshed with hand threshers and grains were separated 
and cleaned with hand winnowers and weights were recorded* 
the grain yields inclusive of sample plants were used
for converting grain yields into q/ha.

viii; Straw weight per plots After the harvest of cobs, 
the plants were dried in sun for some days and their 
weights were recorded* The plot weights of straw 
inclusive of sample plants were reported as straw weights



3*3 Chemical studies#

3*8*1 Mitrogen,potassium and phosphorus estimation 
from plants*

The plants sampled for dry matter studies were 

used for chemical studies* The dried samples were ground 

and preserved in paper bags* suitably labelled for 

estimation of total Hf P and K.
i) Total nitrogens The aldbal *s method (Piper,19^2) 

was followed for determination of nitrogen •

ii) Determination of P20y Preparation of plant extract: 

after digesting the plant material, using tertiary acid 

mixture ( HBOy HgSO^i ECIO^) in the ratio of 10s 1sh 
and estimated by vandomolybdophosphoric yellow 
colour method in system (Jackson, 1967)*

ill) Determination of K.^0 s Determined by Parkin Flame 

photometer (Jackson, 1967)*

Similarly B, P and & content of grain sorghum is also 

determined using same methods*

3*9 Interpretation of the data and statistical analysis*

The results of the growth observation, yield aid uptake
\

of B,P and K. at different stages were analysed statistically 

by the standard statistical method known as Fisher*s method 

of Analysis of variance* Appropriate standard errors were 
worked out* The critical differences at 5 per cent level 

is given wherever required* Data have been suitably Illu

strated by graphs and charts at appropriate places*
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Table 1: Mechanical and chemical composition of the 
experimental soils

Ingredients Percentage

(a) Mechanical composition.

1. Calcium carbonate 10.3
2. Coarse sand 1.5
3 • Fine sand 13.1
4-. Silt 19.0
5 * Clay 55.5
6. pH 7.8
7. 1/3 bar SMI % 14-.37
8. 15 bar 3® % 18.40
9* Bulk density 1.3 & /cnT^

Textural class Clayey

(b) Fertility constituents#
1 • Total nitrogen O.O63 per cent
2. Organic carbon 0.598 per cent
3. Available potash 0.045 per cenc
4. Available phosphoric acid 0.003 per cent
5. Total potash 0.480 per cent
6. Cation exchange capacity 

m.e. /100 g of soil
46»90 ~ -T.t

*n
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*t-U) Moisture relationship*

Experiments on the influence of various mulches 
and irrigation on moisture content at various depths were 
conducted in the winter season (rabi) of 197?-76 and 1976-77 
to study the soil water plant relations* Moisture 
conservation, depletion and movement as affected by various 
treatments were studied*

4-.<A).l Moisture profile as influenced by various 
treatments.

The data on available soil moisture distribution 
in profile is shown in Fig.3. During the two years 
experiment the moisture retention increased in the order, 
control^ irrigation </straw mulchpolyethene and<^irrigation 
plus straw mulch. During 1975-76 the highest moisture 
retention occurred in fallow plot as compared to any 
other treatment. This may b© attributed to low 
evapotransplrabion ratio as there would not be loss due 
to transpiration. Polyethene cover, paddy straw^without 
irrigation and-^with-irrigetion approximately increased the 
moisture consent of the soil. Adams (1966) concluded 
that 2 inch straw mulch reduced evaporation significantly 
from 0 to 6M depth during % hot rainless 10 days period. 
However, these treatments bod negligible effect on the 
moisture contents at 4-5, 60 end 75 cm depth. It is
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evident that the use of artificial mulches greatly 
obstructed evaporation by protecting the soil from the 
direct rays of the sun and from wind currants. Consequently 
the soil was Kept cool and the vapour pressure of the air 
within the mulch was more nearly the same as within the 
son! air (Baver, 1976)* Bond and Willis (19?1) also 
concluded that no significant differences between 20 and 
60 cm soil depths as a result of treatment with wheat 
straw mulch. Irrigation in combination with straw mulch 
helped in retaining maximum moisture, though irrigation 
alone increased soil moisture in the beginning, after 30 
days, the greatest amount of moisture being under straw 
mulch followed by irrigation. This may be attributed to 
higher rates of evaporation from soil surface under bare 
condition where moisture is not limiting.

Moisture depletion.

Available water contents of the profiles under 
different treatments at various times are summarised 
in Table 3 adb for two years* At the time of sowing 
moisture content in 7? cm deep profile was about same in 
each plot* One month after sowing the treatments were 
super imposed* There was a continuous decrease in water 
content with no differences among treatments for both 
the years. Further progressive reductions occurred in
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table 3(a)s Seasonal available moisture content of a 
root aone soil under various treatments 
during 1975-76 (60 cm depth).

Bate Deple
tionf imaIrJuiAVS

(days)

treatments

Control
(cm)

Straw
mulch
(cm)

Irrigation
(cm)

Irri
gation*
straw
mulch
(cm)

Fellow

(cm)

13-12-75
(Sowing
time)

15*576 15-576 15.576 15*576 15.576

7-2-76 55 7*619 8.541 9*882 14*342
11-2-76 59 6.99? 6.384 7*870 7.783 13*018
14-2-76 62 4.036 5*031 4.761 6*046 9.382
16-2-76 64 3*861 4*683 4*473 5*198 8.403
22-2-76 70 2.488 4.265 2*921 3.701 7*836
26-2-76 74 2.025 3.036 2*375 3.064 6.704
28-2-76 76 1.245 0.895 1*937 0*988 6.250
9-3-76 85 0.664 0.460 «» 0.148 2.228

the control (from 15*57 to 0.6643 cm of water during 
1975-76 and from 1.2 >48to 0*637 cm of water during 1976-77) 
and in the irrigated treatments ( from 15*57 to 1.93 cm of 
water during 1975-76 and from 12C28 to 1.2564 cm of water 

during 1976-77) of sorghum plots right up to the harvest.

•s
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Sable 3(b)* Seasonal available moisture content of a root 
zone soil under various treatments during 
1976-77 (75 cm depth).

Bate Deple
tion
time

/ Treatments -

Control
(era)

Straw
mulch
(cm)

Irri
gation

(cm)
Irrigation Polyethene 
♦ straw (cm)
mulch 

(cm)

17-11-76 
(sowing time)

12,28? 12.28? 12.28? 12,285 12*28?

16-12-76 29 6,44-1? 7*273 6.216 6.29? 6*009
19-12-76 32 6,?06 . 6.8?3 , 8,773 9,972 8.908

22-12-76 35 6A93 6.488 5.® 9 8.525 7*?64

30-12-76 4.3 4,826 ?,768 ?.606 8.323 5.929
2-1-77 46 4.343 5.3® ?*oq? 7,046 ? .690

6-1-77 50 1.599 4.316 3.®1 3,666 4.368

8-1-77 52 0*956 3.655 3.082 ' 3.668 4.160

13-1-77 57 0,838 2.013 2,821 3.369 3.630
16-1-77 60 0,?20 O.98O 1.258 .a. 1,?87
20-1-77 64 0,?08 - 0.364 1.492

23-1-77
i ,

67 0.637 4N» «* m

The slightly higher values of the wtoter content in irrigated 

treatments up to 32 days during 1976-77 reflects the effect’ 
of the first irrigation given to those plots 30 days after 
sowing and in case of plots treated with irrigation plus
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straw mulch up to $B days* This may be due to cheeking of 
evaporation due to application of straw mulch* In the fallow 
plots, during 1975-76 there was little profile depletion up to 

59 - days after sowing# Lack of profile depletion in the fellow 
plot during that period indicated that either surface 
evaporation was negligible or that it was not greater than 
the amount of water that moved into the profile from lower 
moist zone. Late season losses from the unirrigated fallow 
plots were finite during 1975-76 but smaller than those 
from the cropped plots* This indicated thou under the 
high evaporative demand during this period, surface 
evaporation exceeded the rate of upward water flow into 
tho profile but the combined loss by transpiration end 
evaporation was substantially greater than evaporation alone 
in the corresponding period*

The patterns of change in available moisture content 
in the soil profile during the season say be compered in 
several ways* For this purpose the data are presented in 
different ways in figures# Figure h a,b,c and d cloarly 
shows the progressive moisture depletion under the five 
contrasting treatments* Significant depletion occurred 
at all depths under each treatment although ^he seasonal 
depletion under fallow was only about half of that from 
tho cropped plots*
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The general pattern of depletion through-out the 
profile and throughout the season was very similar under 
the control, mulch and irrigation treatment, The moisture 
content curves at various depths under different treatments 
move in nearly parallel fashion from left to right at more 
or less equal rates particularly during either seasons. 
Maximum depletion occurred In lower zones as it contained 
more available water ( 0.4195 crP caT^ during 1975-76 and 
0*3640 cm^ ceT^ during 1976-77). The depletion from 0-15 cm 
layer (from 0.3179 to 0.2201 caJ'cm J ) was less as compared 
to deeper depths since the initial water content is loss 
due to fast depletion ; it is exposed to atmosphere 
which has to satisfy evaporative demand. Dimilar trend 
was observed in all other treatments.

In fallow plots during 1975-76 much less profile 
depletion occurred.below 30 cm depth during the early and 
middle parts of the growing season* In the case of the 
fallow plots this reflects the low rate of surface 
evaporation and/or the importance of upward water flow 
into the profile during the period when the evaporative 
demand of the atmosphere was low. During the last sis 
wee&s of the growing season when the atmospheric evaporative 
demand was steadily Increasing depletion occurred at all 
depths oven from fallow plots.
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The comparison among treatments of their profile 
moisture patterns at different time during the season are 
revealed by the curves in Fig. h c & d. The curves show 
general uniform depletion that occurred throughout the 
profile an all treatments.

It is evident from the figures that water content at 
various depths changes but depletion curve in fallow 
treatment and the lines of different depths run parallel. 
This may be due to, at various depths roots which aro active 
in moisture absorption, vary* This variation causes upward 
or downward water movement causing variation in content at 

different intervals.

4-.A.1.2 doll moisture transmission coeX’ficieats.

Unsaturated conductivity (K) and soil water diffusivity 
(U9) are two important coefficients. The onsaturated water 
flow parameters were computed from the data on soil moisture 
as a function of depth and time, according to the method 
proposed by Fleeter .gt jQL. (1968). It was deemed necessary 
to assess the changes in unsaturated conductivity C&) 
and soil water diffusivity (U§) with decrease in moisture 
content (©¥) during drying cycle. Uith this aid in view 
the relationships between uns saturated conductivity and 
diffusivity with volumetric water content in 0 drying soil 
profile under sorghum crop is presented graphieaJly in 
Fig• 5 and 6.
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It is evident that K exhibited exponential relationship 
(r = 0*5387) with 8 V,K decreasing sharply with a marginal 
slight decline in 8V throughout the soil profile* These 
observations are in general agreement with the results 
obtained by Richards and Moore (1952) and Ogata (1957) 
who stated that n at low suction the capillary conductivity 
value progressively increases with depths, which is 
consistent with the fact that the water retentivity and 
specific surface increases with depth0. According to 
Childs and Collis George (1950) the flow of water in 
unsaturated media is s function of 8V and Philips (1957) 
explained the phenomenon as follows}

"a) The total cross sectional area available for flow 
decreases with 8*

b) The largest pores are emptied first as 8 decreases. 
Since the contribution to permeability per unit area 
varies as the square of the pores radius, it may be 
expected to decrease much more rapidly then 0.

c) As 8 decreases, the chance of water occurring in 
pores or wedges Isolated from the general three 
diamensional net wor*t of water film and channels 
Increases. Once continuity breakdown, there can of 
course be no flow in the liquid phase (movement in 
series parallel with vapour movement is possible, 
but need not detain here) 0
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Tbe unsaturated conductivity K of th© soil under 
sorghum field was as high as 1.9 x 10*3 cm day****" at a 
moisture conteit of 0.314 cia^ ca“^. However with th© 

decrease in water content from 0+314* cs^ coT^ to 0.26c 

cm? caa*^, there was a marked reduction in K to a lower 
value of 6.8 x 10"**’ cm day*’**'.

Soil water diffuslvity D6 also revealed an exponential 
relationship ( r a 0*5407 ) with volumetric water consent 
in a black cotton soil (vertisol) profile during dryiag c-j<de_ 
(Fig*6). It was found to be 239*24 cm2 day*1 at ©V of 

0*314 cm^ csT^* A decrease in volumetric water contest zo 
0*2626 car* cm*3 resulted in e marked lowering of diffuslvity 

by 79*316 cm2 day*1* These results are substantiated by 

the data of Gardner <1956) who found that tbe diffuslvity 
was a function of water content* varied over a wide range 
of values also but not quite to the extent that the 
conductivity did*

In black cotton soil* the soil water diffusivity 
attained the maximum Value of 239*24; 108*39 and 79*31 cm2 
day**1 at 0*314, 0*290 and 0*262 cnP coT^ moisture content* 

similar results were also reported by Dbanpal and Varade 
(1976) and Hager (1977)* la fact tbe maximum values of D9 
should occur at saturation but deviation is the error of 
the method.
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4.A *2 Water flux.

The variation in total water flux with change In soil 
water content with time of soil profile during drying is 
illustrated in Table 4-*

Table 4s Water flux as affected by various treatments at 
differ ©it depths#

Depth 
Treat.<ca>

q (cra/day)

7.5 12.5 22.5 32.5 42.5 52.5 62.5 72.5

Control 0.028 0.048 0.083 0.115 0.140 0.183 0.219 0.244
Straw
mulch

0.020 0.027 0.041 0.069 0.101 0.119 0.134 0.144

Polyethene
mulch

0.033 0.04? 0.071 0.104 0.142 0.176 0.196 0.204

Irriga
tion

0.028 0.047 0.084 0.123 0.159 0.188 0.222 0.250

Irrigation 
* straw 
mulch

0.044 0.068 0.105 0.133 0.158 0.189 0.227 0.257

As the drying of the soil profile continued for 53 

days, the water flux in general decreased exponentially 
in the surface (0-10 cm) soil. It is interesting to 
not© that the water flux at lower layers exceeded that in 
the surface soil after 32 days of drying* Jaclison (1973) 

also observed that daring the last day of experiment, the 
flux approached the evaporation rate or slightly higher 
at 9 cm and was slightly higher than at the surface on 
day 37.
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.^»A.2.I Water flux under control, straw mulch and 
polyethene sheet.

fhe data on the effect of mulches on water flux are 
given in fable 4. However the water flux decreased 
significantly both from upper and lower layers, in the 
order of (1) control, (2) polyethene, (3) paddy straw 
cover, 0.244, 0.204 and 0.144 cm day"*1 respectively at 
72.5 cm height. This may be due to absorption of solar 
radiation which Is influenced among other factor, to a 
great degree by the amount of water at the absorbing surface. 
Terrestrial radiation is governed by the temperature of the 
radiating surface. &et radiation, being the difference 
between solar and terrestrial radiation is therefore, 
controlled by the amount of water of the absorbing surface 
(Peters, I960). Paddy straw mid polyethene sheet produced 
maximum cover during high net radiation periods which 
limited the evaporation. According to Grob (1966), the 
soil surface application of wheat straw equivalent to 30,
60 and 90 per cent soil surface coverage, reduced water 
losses from a wot soil surfaces by solar distillation,
16, 23 and 49 por cent respectively for a 20 day period 
compared with no straw.
4.A.2.2 Effect of irrigation and irrigation plus straw 

mulch.
Application of Irrigation increased water flux as 

compared to control (0.2501 and 0.244 cm day**1 at 72.5 cm
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height of son profile in irrigation god control 
respectively)* Thor© was not much difference in the 
treatment of irrigation alone and irrigation plus straw 
mulch (0.25 cm day*1 at 72*5 cm height of soil profile) 

but it was mere than rest of the treatments both at urpper 

and lower layers.

M.A DISCUSSION:

if'.A.l Seasonal water changes under control and strav 
mulch treatments.

Ihe verfcisol profile which contains about 85 to 86 cm 

of water in the upper two meters after the end of monsoon 
looses a significant amount of water, mostly from the 

surface 30 dm of the profile prior to sorghum sowing* and 
the moisture loft la the seedbed often is insufficient 

for satisfactory emergence and stand. Ihe crop mahes a 
good start if sowing is followed by winter rains or if a 

light »com© up* irrigation is applied. Once the roots 
reach a few centimeters below the surface, they encounter 

sufficient available water to carry on normal growth 
during the cool winter months when the evaporative (remand 
of the atmosphere Is low. After sowing in the beginning, 
water extraction by roots is negligible and the profile 

behaves 14i£e that of uncropped land, end looses water 
mostly by surface evaporation. 2nd evaporation indmeed 
suction gradients develop which result in the movement of
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water from lower layers towards the surface* Under the 
low evaporative demand conditions prevailing at this 
time, such upward flow is sufficient to meet the rate of 
evaporation which during this period remains nearly 
constant end roughly equal to open pen evaporation* Ibe 
constant evaporation rate is maintained as long as the 
increasing gradients in the sub-surface are sufficient 
to compensate for the decrease in hydraulic conductivity 
of the water transmitting layers that results from their 
slowly decreasing moisture content* When the roots 
become Increasingly active, both water uptake by rents 
and evaporation from the soil surface occur simultaneously 
(Fig* 3)* As vegetative growth continues and root density 
increases, there is a progressive increase in transpi
ration losses* Conversely, the evaporation losses 
decrease due to more and more surface cover and to the 
continued decline of the water transmitting ability of 
the soil immediately below the surface. The active root 
zone gradually extends into the still moist subsoil, and 
extracts more and more water from the deeper layers* At 
each depth, water depletion by roots results in the 
suction gradients between that layer and the less 
depleted lower layers which causes water flow towards 
the depletion zone. Such flow will, however, decrease 
rapidly as the moisture content of the lower layers
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doereases because of the concurrent reduction  ̂he water 

transmitting ability of the root froo lower soil layers. 
Because of the redaction in the surface evaporation and 
the progressive reduction of moisture in the root zone* the 
evapotranspir ation rate during the (seedling growth) period 
is reduced to about half of the open pan evaporation rate.

Corresponding to the preaordial Initiation and 
flowering and up to aUk stage of the sorghum crop, the 
profile above 7$ cm looses moisture at a very slow rate*
This is either due to the penetration of roots below 7$ cm 
or, alternatively bo the upward water flow into the root 
zone from root free wetter layers, below at a rate 
sufficient to supply moat of the transpiration demand of 
toe crop during the flowering (premordial) stage. This 
uncertainty would be resolved if quantitative data on 
root distribution and on the presumed moisture fluxes 
were available. The evapotranspirafeion rate of uoirrigated 
sorghum in the seedling or oilft stage period is only about 
1/^th of the op©s pan evaporation rate, if water use from 
below 7> cm is ignored. Beginning at the mills stage, 
significantly wide and deep cracks begin to develop 
between the sorghum rows, duch cracks and the comparatively 
high evaporative demand conditions during the remainder 
of the growing season combine to increase profile water 
loss from the upper 7$ cm by evaporation.
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h»&.2* Seasonal water losses from fallow soils*

A§*,*v the end of monsoon season» the vertiaol profile 
is completely saturated* Ih© surface layers contain 
relatively higher saturation moisture content than deeper 
layers du© to low bulk density of the surface layers* 
Surface evaporation and deep drainage occur simultaneously 
and the profile attains a moisture content of 35 to 37 
per cent, a .&§ facto.; field capacity in the upper two 
metres at the beginning of rabi season*

During the first fortnight of November, the profile 
at facto field capacity looses water mostly by surface 
evaporation following a square root law i.e* cumulative 
evaporation is linearly related to the square root of 
time* During this period profile looses water at a rate 
roughly 20 per cent of open pan evaporation largely from 
th© upper 30 cm*

If such a profile received water either from rains 
of light sprinkler irrigation, like ‘come up* irrigation 
to sorghum after sowing, the evaporation and profile 
readjustment continue simultaneously* In the absence cf 
farther additions of water, profile drainage ceases by 
mid January* 1'be fallow profile shows no change in water 
content throughout February because steady state upward 
water flow is sufficient to meet cbe rate of loss by 
surface evax^oration*
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*

growth components*

Jk two year experiment was conducted in the field 

during the years 197? and 1976. The water contest of 

Parbhanl day soil was measured at different depths 

regularly under various treatments to assess the influence 

of mulch and irrigation on th© yield of sorghum eultivar 

M 35-1.treatments comprised of (1) control, (ii) strew 

mulch, (ill) irrigation and (iv) irrigation plus strew 

mulch for 1975-76 and one additional treatment of 

polyethene mulch was im^ased during 1976-77* Significant 

yield variations were observed during first year. In order 

to find out contributory growth component susceptible 

to moisture deficits th© observations on various growth 

components and yield contributing characters were recorded 

during 1976-77*

4.B.1 Mem height of the plants*

Data on height of sorghum as affected by mulch and 

irrigation are presented in Table 5* Perusal of dats 

clearly indicate that the mean height of sorghum plant was 

maximum under irrigation plus straw mulch (165*3 cm),though 

the difference in height due to application of mulch and 

irrigation was not-significant# The sequence of superiority, 

though not; significant, was in the order of (i) irrigation 

plus straw mulch followed by (li) irrigation,(iii) polyethene, 

(iv) straw mul&h and (v) control* The height of plant in 

control whore no treatment was given,was minimum i#c.l52.5cm.
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Table 5* Influence of mulch end irrigation on growth 
of rebi sorghum during 1976-77•

Sr.
Ho.

—..—--- ---- T
Treatments •

------ -1-------- -Height Humber 
of plant of 
in cm leaves

i--------- rHumber
of
inter
nodes

Girth
(cm)

*Leaf
area
((la2)

Dry
matter

'IT
1. C 152.50 9.20 8.40 4.15 15.95 111.32
2. SM 155.00 9.70 8.60 4.07 17.5? 150.50

3. PM 156.90 9*70 8.60 4,25 19*58 159.55
if. I-fSM 165»30 10.00 8.50 4.45 ,28.29 203.55
5. I 163.90 9.50 8.60 4.28 23.37 174.92
6. S.JS. 5.647 0.084 0.162 1.16 13.36

C.D.
at1

H *0. I.S. H.3. H.S. 3.432 39.936

4.B.2 Mean number of functional leaves per plant.

Data regarding mean number of functional leaves per 

plant recorded is presented in Table 5# Ho significant 
differences in the production of number of leaves per 

plant of sorghum due to various treatments could be traced 
out. Maximum number of leaves por pliant (10) were borne 
by sorghum where irrigation plus straw mulch was applied 
at a time.

4.B.3 Mean leaf area per plant.
Data on mean loaf area of functional leaves per plant 

in dm as influenced by different treatments is presented



in Table 5• The data clearly indicate significant 
differences in mean leaf area per plant. Sorghum plants 
treated with irrigation pins straw mulch had produced 
significantly higher leaf ares (28.29 dm^) while sorghum 

with only irrigation produced less mean leaf area but
t3

significantly more than rest of the treatments, Sorghum 
with straw mulch and without any treatments produced leaf 
area which was at par and significantly higher under 
poly©then© mulch.

4.B.4 Stem girth.

Data on mean stem girth in cm per plant of sorghum 
as affected by various treatments are presented in Table 5 
Ko significant difference in the mean stem girth per plant 
of sorghum due to various treatments occurring during crop 
growth. However maximum stem girth (4,45 cm) was recorded 
under irrigation plus straw mulch than any other treatment
4.B.5 Humber of internodea per plants.

Data on number of internod.es per plant at final 
stage of the crop are presented Hi Table 5* There ^#ere no 
significant differences in the number of intern Odes per 
plant of sorghum due to various treatments.

4.B.6. Total dry matter per plant.
Data pertaining to the dry matter accumulation per 

plant of sorghum as affected by various treatments ere 
presented in Table 5 • Significant differences in tne



total dry matter weight per plant of sorghum were recorded. 
Sorghum plots treated with irrigation plus straw mulch bad 
the significantly higher yield of dry matter (203*55 g * than 
any other treatment* Irrigation application produced higher 
dry matter than control* Dry matter production in plots 
treated with straw mulch and polyethene was at par wits 
irrigation treatment#

Post harvest observation*
4*B4?*1 Length of earhesd*

Bata pertaining to length of earbead at harvest ere 
presented In Table 6* It is evident from the table tbat 
the length of earhesd was influenced favourably due to 
application of mulch and irrigation* It is observed from
the table that length of earbead due to application of

*

irrigation, irrigation plus straw mulch and polyethene are 
at par although they are significantly superior to otier 
treatments i#e* application of straw mulch and control*

4-.B.y*2 Breadth of earbead*
While considering the breadth of earbead from Table 6 

it was found that application of mulch and irrigation 
increased breadth significantly over control* Application 
of straw mulch with irrigation gave significantly more 
breadth than rest of the treatments. Application of 
irrigation also produced significantly more breadth than 
polyethene, only straw mulch and control treatments*
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Polyethene application produced significantly more breadth

of earhead of sorghum then straw mulch and control treatment *
on

Table 6s Influence of mulch and irrlgafclonZyield contributing 
characteristics of rabi sorghum during 1976-^7.

Sr*
Ho*

Treat
ments

Height 
at ear- 
head 
(cm)

Breadth 
of ear- 
head 

(cm)

Weight 
of ear- 
head

(g)

Weight of 
1000 grain

Cg)

Grain yield 
per- plant

(s)

1. c 14*650 4**52 39*80 32.840 31*10
2. an 15*822 4*97 50.10 33*122 41.20

3. PM 16*500 5*15 53.30 36.590 45*70
4-. X+SM 17*150 5.87 68*10 37*157 5!*10

5. I 16*750 5*52 56.10 36.644* 4$ .45

s*&*± 0*249 0*113 4** 224 O.883 1.60

C.U. st
5 %

0.736 0*332 12*488 2.616 5^004*

4-.B*7*3 Weight of earhead*
A glance bo Table 6 indicate that application of 

irrigation plus straw mulch bod produced significantly^ 

higher weight of earhead than only straw mulch and control 
treatments but it was at par with the treatment where only 
irrigation was given* Woijht of earhead in control ard 
straw mulch applied sorghum plots was at par and 
significantly lower than rest of the treatments*
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4*B»7*** Test weight (1000 grate weight)*

Bala on test weight of grates presented in Table 6 
indicate; that significantly higher test weight was observed 
due to application of irrigation plus straw mulch but it 
was at par with the treatments where only irrigation was 
applied but .it was significantly higher than straw mulch 
and control* The teat weights of sorghum grains in plots 
treated with straw mulch and control were at par*

4-*B*7*5 Held of grate per plant*

The data on grate yield per plant indicate that 
application of mulch and irrigation plus straw mulch 
produced higher grains. The yield per plant of treatment 
with irrigation plus straw mulch was significantly higher 
09*1 g) than rest of the treatments.

1i-*B*7*6 Yield*
Data regarding the grate and fodder yield per hectare 

in kilograms for the year 1975-76 and 1976-77 are presented 
te Table 7*

4*B«7*6.1 Fodder yield*

The fodder yield (Fig* 7 a,b) was significantly affected 
due to various treatments* The fodder yield was significantly 
higher due to application of irrigation plus straw mulch 
during both years (6057 and 6072 kg/ha for 1975-76 and 
1976-77 respectively) and there being lowest production
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P
without any treatment• Application of only irrigation 
produced significantly higher fodder yield than application 

of only straw mulch during 1975-76 but it was at par during 
1976-77, However, it has produced significantly higher 

fodder than sorghum treated with polyethene mulch. 
Application of straw mulch produced significantly higher 

fodder than application of polyethene*

fable 7s Held of rsbi sorghum as affected by different 

treatments during 1959-76 and 1976-77*

Hr.
So. Treatments 1975-76 1976-77

Grain yield 
&g/ha

Straw
yield
icg/ha

Grain yield 
fcg/ha

Straw
yield
fcg/ha

i # Control 2181.3 3.986*8 2279*8 3858.0

2. Straw mulch 2940.8 5255.3 3310.8 5401.2

3* Polyethene
mulch

- *• 36^.7 3858.0

4. Irrigation* 
straw mulch

4140.1 6057.8 4696.1 6072.5

5. Irrigation 3476.8 5638.8 3779.0 5686.7

S.JB* Jp 120.98 96.*# 166.43 390.35
C*B. at $$ 372.91 285*49 511.34 1202.93

4.B.7.6.2 Grain yields.
Bata in table 7 reveal that the significant differences 

occurred in grain yield of sorghum per hectare due to 
various mulch and irrigation treatments. On© irrigation
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along with straw mulch increases yield of rabi sorghum 
cultivar M35-1 from 21.81 and 22*79 to 41.84 and 46.96 Vha 
during 1975-76 and 1976-77 respectively. Thus about 89 to 
105 per cent increase seems to be possible* only straw mulch 
increased yield by 34.8 to 45 per cent during 1975*76 and 
1976-77 respectively. Poiyethene appears to be highly 
effective, which increased approximately 60 per cent o^er 
control•

4.B.8 Kutrient content in straw at various growth phases 
of sorghum as influenced by mulch and irrigation.

4.B.8.1 nitrogen*
Scrutiny of the data presented in Table 8 a for 

nitrogen content at various stages reveals that application 
of mulch end irrigation did not affect nitrogen content at 
seedling stage and grand growth period, though it increased 
at flag leaf and harvest stage significantly in control than 
irrigation plus strew mulch and irrigation alone but it was 
at par with the treatment of straw mulch and poiyethene. 
Treatments of irrigation and irrigation plus straw mulch 
were at par at flag leaf stage and at harvest stage. At 
harvest stage the application of poiyethene, irrigation 
and irrigation * straw mulch did not induce any difference 
In H content but it was significantly lower then control 
and straw mulch application. ' '
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Table 6a: Nitrogen content in straw at various growth phases 
of sorghum os influenced by mulch and irrigation*

stag©
Treatments '

Seedling

%

Flower Flag leaf
premordia to Howe
'S grand growth ring 
period) % %

Harvest

$

Control 1*598 1.688 1.693 0.769
Straw
mulch

1.644 1.620 1.614 0.669

Petty ethene 1.595 1.664 1.578 0.488

irrigation 
+straw mulch 1*654- 1*698 1*275 0,401

Irrigation 1.627 1*591 1.422 0.455
3.K. jt H.3. h.s. 0.Q520 0.0384
C.O* at % 0.1602 0.1185

4.B.8.2 Phosphorus*
As regards status of phosphorus results in Table 8fe 

indicate that phosphorus content was not affected up to 
flag leaf stage in any treatment * However, significant 
differences In phosphorus content occurred at harvest. 

Phosphorus content in sorghum at harvest in plots treated 
with polyethene, irrigation and irrigation + straw mulch 
were at par but it was significantly higher over control 
and plots treated with only straw mulch* While considering 
total phosphorus content at harvest stage phosphorus 
availability appeared to bo greater at 100 days*
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Table Sbs Phosphorus content in straw at various growth 
phases of sorghum as Influenced by mulch and 
irrigation*

Sr
$0

Stage
• Treatments

Seedling

%

Slower Flag leaf 
prernor- to flowe- 
dia(grand ring 
growth 
period)

% $

Harvest

%

1 * Control 0.1781 0.1281 0.0546 O.Q515

2. Straw mulch 0.1562 0.1328 0,0593 0.0546

3. Polyetbene O.1936 0.1283 0.0640 0.0778

4. Irrigation* 
straw mulch

0.1765 0.1484 0.0754 0.0793

5. Irrigation 0.1937 0.1515 0.0687 0.0734

6* S.B. ± SUB. K.S. 0.006

7* C.D. at 5 $ - - - 0*0192

4.B.8.3 Potassium*

Data regarding content of potassium in Table 8c 

reveal; that application of mulch, irrigation and 

irrigation plus straw mulch did not affect K, content up 

to flag leaf stage, though potassium increased remarkably 

in these treatments. Potassium content^ In sorghum that 

received irrigation and irrigation plus strew mulch was 

higher than rest of application but potassium content in



72

sorghum plots treated with straw mulch and polyethene 
mulch were similar to control*

Table 8c; Potassium content in straw at various growth 
phasesof sorghum as influenced by mulch and 
irrigation*

Sr.
Ho*

Stage
Treat
ments

Seedling

%

Flower Flag leaf 
pressor- to flowe- 
dla( grand ring
growth 
period)

$ %

Harvest

%

t * Control 1.518 1.325 1*112 1*131
2. Straw mulch 1.537 1.287 1*112 1.175

3* Polyethene 1*500 1.268 1.168 1.237
4. Irrigation* 

straw mulch
1*600 1.356 1.162 1*318

5. Irrigation 1.593 1.318 1.200 1.293
6. S.B. ± H.3. H.S. H.S* 0.036

7* c.o. at 5 $ m - «* 0.115

4.B.9* H,P and £ content in grains of sorghum as influenced 
by mulch and irrigation*

Data presented in Table 9 indicate that application of 
mulch, irrigation and irrigation plus straw mulch effected 
quality of grain as' measured by N, P and S content. There 
was little variation in potassium content. Grain sorghum 

produced under control contained higher fi than mother treatments
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Table 9s and protein content in grains of sorghum as
influenced by mulch and irrigation during 1976-77*

Ingra- 
Treatments dienis

nitrogen
%

Phosphorus
%

Potassium
%

Protein
%

Control 1.531 0.1780 0*456 9 37
Straw mulch 1*484 0*1874 0*462 9*28
polyethene
mulch

1*400 0*2030 0.525 3.75

Irrigation* 
straw mulch

1*274 0*2455 0.550 7~96

Irrigation 1.393 0,2318 0*550 8.71
S.jS. 3 0*0316 0*0138 i* *3* 0.19
C*X>. at 5 % 0*0976 0,0436 0*61

but it was at par with grains obtained from plots treated 
with straw mulch. Hitrogen content of grains obtained from 

plots treated with Irrigation plus straw mulch was signifi
cantly lower than rest of the treatments and treatments of 

polyethene, irrigation and straw mulch were at par.

As regards phosphorus content which was significantly 
higher in treatment of irrigation plus straw mulch than 
any other treatment except treatment of irrigation which was 
at per. Phosphorus consent in sorghum grains was higher in 

plots where irrigation was applied but was at par with the 
plots covered with polyethene mulch* Phosphorus eontevt of



jowar grains in control treatment was at par with straw 
mulch applied plots but was significant!/ lower than rest 
of the treatments*

4.B.10, Uptake of IJ ,P and K in fodder and grain as 
influenced by mulch and irrigation*

Data on uptake of B,P and & is presented in Fig*8, 
Perusal of data in table (Appendix ) reveals that uptake 
of these nutrient was affected by mulch and irrigation 
favourably*

4>*B«10«1 Nitrogen uptake*
Maximum uptake of nitrogen in grains of sorghum per 

hectare occurred with application of irrigation plus straw 
mulch 09*57 kg/ba) which was significantly higher tha* 
application of straw, polyethene mulch and control but was
at par with the uptake du© to application of irrigatioa

I
alone. Similar trend om uptake in fodder was not observed 
as straw mulch induced the highest uptake* It was minimum 
in sorghum where polyethene was applied*

Phosphorus uptake.

Uptake of F in grains was also higher in treatments 
of irrigation plus straw mulch ( k*86 *cg/ha) which was 
significantly higher than, straw mulch, polyethene mulch 
application and control, uptake of P due to application of 
irrigation, and polyethene mulch was at par though numerical 
value duo to application of irrigation is more* However,
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it was significantly lower in control than any other 
treatment* Similar trend was observed in uptake of P in 
fodder except that uptake was at par in irrigation, straw 
mulch and polyethene mulch* It was the lowest in control 
(1*92 kg/ha).

4.B#tO*3 Potassium uptake.
Uptake of K in grains was significantly higher 

(2?*$h kg/ha) due to application of irrigation plus straw 
mulch than any other treatment. Uptake of & due to 
application of irrigation and polyethene mulch was at par 
but significantly more then application of straw mulch 
treatment• It was significantly lower in control (10*18 i%). 
Similar trend was observed in uptake of k in fodder except 
that it was at par due to application of irrigation plus 
straw mulch ond Irrigation alone* Potassium uptake in 
polyetbene applied sorghum fodder was significantly lower 
even than straw mulch application but it was at par with 
control treatment* _

discussion:

Grain and straw yields*
The significant variations in sorghum cultivar -1 

in grain and fodder as influenced by different materials 
as mulch and irrigation are attributed to better performance 
of growth coaponsits* Highest yield of grains occurred 
under irrigation plus straw mulch treatment during both

\
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the years (4140,19 and 4696.1 kg/ha for 1975-76 and 1976-77 
respectively), there being lowest in control treatments 
(2181,3 and 2279.B kg/ha for 1975-76 and 1976-77 respectively). 
As seen fro® the tables 5 and 6 it is evident that growth 
components such as leaf area, dry matter/plant and yield 
attributes like length, breadth, weight of oerhead and 
grain index (1000 grain weight) were favourably affected 
due to various mulches, irrigation alone and irrigation 
plus straw mulch treatments as compared to control.

These growth and yield components have shown positive 
significant correlation (Table 10 a,b) leaf area(3P»+0,7487), 
dry matter production (r « +0*9017), length of earheei 
(r s 0.7862) and weight of earbead ( r « + 0.8742)borne

1

out with grain yield, Eavlndranath .et al, (1974) reported 
that mulching caused significant increase in plant, growth 
characters namely plant height, leaf area and root shoot 
dry matter production and also increase yield attributes 
such as number of grains and weight of grains per ear.

The effects of mulches on grain and straw yields
(Table 7) were highly significant though polyethene aulch
did not affect straw yield. Grain yield differences due
to straw and polyothene mulch were not significant bat
were significantly higher than control. It clearly
indicates that polyethene and straw had the seme efficiency

’mshinre'
to maintain favourable soil^conditxon. Mulching improves
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water conservation which favours the growth components by 

rendering the plants to avoid the moisture stress.

1 able 10es Correlation of loaf area and earhead 
characteristics with yield*

Sr*
Jlo.

Growth and yield 
contributing 
charoct ©rlst jlc3

Grain yield 
correlation 
coefficient

Dry matter
correlation
coefficient

1. Leaf area 0.7487* 0.575*
2. Dry matter 0.9017* -

3. Length of earhead 0*786 2*

4* Weight 0.8742*

* significant at 5 per cent level*

Army ^ ^1. (1961); bowser, ^ jl. (1969),Mustafaev 
(1964); Sal© <1966 a,b); Ta&atori at si. (1971); Unger 

(1971 b), Warm (1969) reported that higher soil water 
contents and reduced evaporation were major reasons for 
improved germination, emergence and seedling growth due 

to mulches* Bowers,(1968^;linden (19&3); Miller (1968); 
Millor and Bunger (1963); Willis jt jl. (1957) reported 
that higher temperature alone or in combination with higher 

water contents due to mulches was effective in promoting 
later plant growth and hastening maturity* Moody et al.C1963) 
found that later growth of crops was better on mulched than
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on bare soil due to improved water conditions# llandal and 
¥amadevan(1973) also reported that higher yields of barley 
with mulches was associated with higher number of earhesds 
and spinelets than control plots#

It is also evident from the Table 7 that irrigation 
alone and irrigation plus straw mulch produced significantly 
higher grain and straw yield over straw, polyethene mulch 
and control. Water received through irrigation at 
elongation/seedling grovfth stage enhanced growth and yield 
components, as described above and ultimately the yield.

3ingh and daran (1989) reported that omission of the 
irrigation at the seedling stage reduced the yields of grain 
sorghum from 39#7 to 9*9 q/he at Coimbatore, India, during 
summer season with two eultivars (C3H~1 and SWARNA).

Henderson and Doneen (1957) working on a pre-irrigst sd 
deep yolo loam, found that when one irrigation applied ot the 
seedling stage, the average yield was 5950 Ib/aere. 
Additional irrigation gave no appreciable yield increase#
In this deep alluvial soil single irrigation at the 
seedling stage helped to develop a vigorous secondary root 
system which exploited the soil moisture reservoir 
to 2*3 metres and produced optimum yield in 1957#

Grants, Wright and Anderson (1966) wording with wheat 
in India also found the seedling stage to be the most 
critical stage for irrigation of wheat* If the surface
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soil was dry at the time of th© initiation of crown ro»tg, 

these roots do not develop properly and yields were reduced. 

The present findings and the results of Singh and b3raa(1)69) 

could have important implications in ralnfed sorghum grain 

in the ra'oi season in India, especially in areas where 

there is no rainfall during the seedling stage. The rate 

of water us© by sorghum is at its peak at flowering stage 

and rises rapidly 20 days after planting till 65 days and 

resains almost the same till late dough stage, but later 

falls rapidly with advancement in maturity (Singh, 1968-69).

It is also evident that irrigation plus straw mulch 

produced (41.40 and 46,96 q, grain yields per hectare 

during 1975*76 and 1976-77 respectively) which is 

significantly higher than irrigation alone (Table 7)*

This variation is attributed to th© moisture conservation 

as effected by straw mulch following irrigation. It is 

natural that water loss for sometime under mulch from soil 

surface is reduced. This helps crop to circumvent the 

moisture stress that results in absence of irrigation. 

Irrigation increases volumetric water content to 0*3#* 
cm? cm~3 (o,2Sl cE?cm^ in control) which should help to 

enhance flux from deeper depth to upper layers. This is 

evident from the data on water flux (Table 4) that indicates 

increase from 0,146 to 0,158 cm/day at 42,5 cm average depth.

\
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It can be further explained on the basis of unsaturated 
conductivity (k) and diffusivity CD) which determined the 
total transmission of moisture in soil profile. Results 
clearly indicate that as the volumetric water content (8V) 
increases the k end D both increase significantly. It means 
that surface wetting of soil due to irrigation super imposed 
by checking evaporation loss through straw mulch helped to 
draw more water from lower depths below 75 cm.

It is interesting to note that uptake of H#P and k is 
favourably affected by mulch and irrigation (Fig.8). The 
highest uptake of H»P and k (59*?# 11*4- and 25*5 kg/ha 
respectively) corresponds to the maximum yield of grains 
achieved with the application of irrigation plus straw.

Table 10bs Correlation of H,P and k uptake with fodder 
and grain yields (1976~77)»

Sr. Nutrient 
Ho. uptake

Held
Fodder Grain
correlation correlation
coefficient coefficient

1. H uptake 0.8511* 0.9862*
2. P uptake 0.5778* 0.9050*
3. k uptake 0.134k 0.9151*

* Significant at 5 per cent level
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The yield of sorghum is influenced favourably by the uptake 

of these nutrients as monitored by soil moisture. It is 

further evident from the correlation coefficient (fable 10b) 

of uptake of H ( r s 0*9862), P ( r «= 0*9050) and &

( r a 0.9150) with grain yield that growth and yield should 

be better if nutrient uptake is favoured by some factors.

In tb© present investigation, it is soil moxstur© monitoring 

that brings about higher uptake of nutrients under mulch 

and irrigation.

Though uptake of niirog^i in grains was more in 

irrigation plus straw mulch, Irrigation, poly©then© and 

straw mulch treatments but content of these nutrients was 

low in these treatments and was higher under control 

(Fig. 9a)• Similar trend was reported by Mathur end Singh 

(19^7) and Mohrotra (1970) that percentage nitrogen content 

of plants decreases with Increase in moisture. Lusbs and 

Las§ (1967) reported that the concentration of nitrogen 

increased in drier soil. Joshi and Hore (1969) reported 

that the 1? content decreased m the stems and leaves and 

Increased an the grain with age. Rajgopal (19&9) conducting 

experiment on rsgi reported that total nitrogen significantly 

decreased with decreased soil moisture stress at all stages 

of plant growth. The low concentration of If in grains 

under high soil moisture condition as maintained by 

irrigation plus mulch may be attributed to the dilution
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effect due to very high dry matter production. However 
the total amount of H taken-up by the crop plant may b© 

related to the high flux of water to plants where 
comparatively greater moisture content (6) improves 
transmission coefficient and ultimately the water uptake.
Hye and linker <1977) have clearly brought out that H uptake 

increases with increasing transpiration rates as the 
moves along with water stream as mass flow under sufficient 

moisture condition than stressed plants.

It is evident from the data presented in Fig. 9b i.e. 
phosphorus content was increased in mulch and irrigation 

treatment. Dunham and Hye (197*f,1976) showed that <=C 

(root absorbing power) diminished as water potential 

decreased for phosphate uptake, fhey further stated that 
in wet and moist soils the root surface concentration was 

low, showing thereby that considerable diffusive resistance 
existed in the dry soil at a water potential of -3.3 bar, 

the root absorbing power was markedly lowered, this was 
the dominant effect in limiting uptake and the supply by 
diffusion and mass flow were well able to satisfy the 
greatly reduced plant demand. Drew jt jgl (19&9) and 
Drew and Ny© (1970) measured the uptake of phosphate 

through 1 cm length of Intact onion and determined the 
diffusions characteristics of soil independently. Bhat 

and Hye (197*0 showed that when concentration of P in the
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-6soil solution at th© root surface is less than 10 M 
the “value of c<~ (absorbing power) for young roots is high 
and their uptake rate depends very largely on the rate of 
diffusion through th© soils*

Low phosphorus content In control may be attributed 
to the fact that soil moisture depletion is conducive to 
tho fixation of phosphorus (Weller and Con a, 19**7, Truable, 
19^7)• Crumble (19^7) concludes that is explains the 
relatively low phorpho^usr content of plants under inadequate 
soil moisture supply* Similar trend was also observed by ' 
Thomas jg& (19^2)* Bek and Husick (1977) reported that 
plant water stress for grain sorghum (dorebum bicolor (L) ) 
reduced phosphorus concentration in leaves* Kashyap jt al. 
(1968) quoted that the available P in soil was found to be 
Increased due to mulching (Ghat©, 1961, Awal, 1962}
Jyothshi and Bballa, 1967 and Dubey, 1961)*

It is evident from the Table 9 that protein contest 
was higher in control and straw mulch than rest of th© 
treatments* This may be attributed to the facts reported 
by Wood and Fox (1965)* Fulfi and Junhas# (1968) and 
£erman ,et al« (1969) thau Increase in protein under drought 
condition and decrease in protein but increase in yield when 
moisture was available to plants through irrigation or 
rains* Thus it can be said that protein content in plants 
varies inversely with moisture*
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Perusal of data shown in Appendix I shows that 
nitrogen uptake of plants in straw mulch treatment is 
highest (36.81 kg/ha) and lowest under polythene mulch 
(19.06 kg/ha) at harvest stage but uptake of M in grains 
was not higher In the same treatment. This may be attributed 
to water deficits which in later stages might have bean 
caused in plants. It seems that grain formation has 
suffered due to low moisture and hence the nitrogen has 
been left out un-utilised in stover.

It is none worthy that grain quality as evidenced 
by seed weight improved with moisture increase (Table 6). 
This has substantially helped in increasing the yield.

It is evident from the table that nitrogen use 
efficiency was higher in irrigation plus straw mulch 
(202*9 and 23^*8 per kg H during 197?-76 ) as compared 
to control.

It can be concluded that rabi yield of grain sorghum 
can be substantially increased by proper soil water
management. It is also evident that grain and fodder can

(be increased if a compensatory irrigation is applied at 
seedling stag© or one month after sowing. If irrigation 
is not available it is worthwhile to adopt straw mulch 
which also favours the growth and yield of rabi sorghum.

* ♦ ♦



5. SOMMIII MB C0KCLUS1CHS

Yield of sorghum (Sorghum bicolor L. Moench) an rabi 
(winter) season is very low as the crop is subject to 
moisture stress during growth and is sustained only on 
stored soil moisture which depletes fast as a function of 
time. The present investigation was therefore, undertaken 
to find the response of rabi sorghum cultivar M 35-1 to 
types of mulches, irrigation and irrigation plus mulch.
For this purpose field experiments were laid out on

c

Parbhani clayey soil (vortisol) at experimental farm of 
Maratbwada Agricultural University, Parbhani, Maharashtra 
during 1975-76 and 1976-77* Moisture conservation, depletion 
and movement as affected by various treatments were studied. 
The consequent effect of conserved moisture on growth 
components, yield and nutrient uptake was studied.

From the data obtained cm available moisture content 
determined at various times during growth period of sorghum, 
the following conclusions can be drawn with regard to 
available moisture retention and depletion, induced moisture 
flow within soil towards root system of crop.

1) The moisture retention increased in the order of 
control </ irrigation </ straw mulch </ polyethene 
and irrigation plus straw mulch*

2) Irrigation in combination with straw mulch helped 
in retaining maximum moisture.
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3) There was a continuous decrease in water content
there being no differences among treatments for both 
the years*

In fallow plotst there was little profile depletion*
5) The general pattern of depletion in the profile 

throughout the season was very similar under the 
control} mulch and irrigation treatments*

The unsaturated water flow parameters were computed 
from the data on soil moisture as a faction of depth 
and time*

It can be concluded that unsaturated conductivity (K) 
exhibited exponential relationship (re 0*538?) with 6V;
K decreased sharply with a marginal slight decline in 9V 
throughout the soil profile*

Soil water diffusivity (D8) also revealed an exponential 
relationship (re 0.5407 ) with volumetric water content 
in black cotton soil (vertisol) profile during drying*

The variation in total water flux with change in 
soil water content with time of soil profile during 
drying was also computed*

1) As the drying of the soil profile continued for 53
days, the water flux in general decreased exponentially 
in the surface (0-10 cm) soil*
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2) It is interesting to note that the water flux as- 
lower layers exceeded than in the surface soil 
32 days after drying commenced.

3) The water flux decreased significantly both from
upper and lower layers, in the order of (i) control,
(ii) polyethene, <iil) paddy straw cover, 0,24V,

*•10.204 and 0.144 cm day respectively at 72*5 cm 
height.

4) Application of irrigation increased water flux as 
compared to control. There was not much difference 
in the treatment of irrigation alone and irrigation 
plus straw mulch but it was more than rest of the 
treatments both at upper and lover layers*

From the field experiments conducted during 19^5 and 
1976 the influence of mulch and irrigation on the yield 
of sorghum cultivar H35-1 was studied. The treatments 
comprised of (i) control, (ii) suraw mulch, (iii)irrigation 
and (iv) irrigation plus straw mulch for 1975-76 anl one 
additional treatment of polyethene was induced during 
1976-77. Significant yield variations were observed 
during first year. In order to find out contributory 
growth components suceptible to moisture deficits tne 
observations on various growth components and yield 
contributing characters were recorded during 1976-77*
The results can be summarised as follows*
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The clean height of sorghum plant was maximum undwr 
irrigation plus straw mulch (162*3 cm) but differences 
due to application of straw mulch and irrigation were 
not significant*

There was no significant difference in the production 
of number of leaves per plant of sorghum du© to 
various treatments*

There were significant differences in mean leaf 
area per plant* Sorghum plants treated with 
irrigation plus straw mulch had produced significantly 
higher leaf area (28.29 dm2)*

Ho significant difference in the moan stem girth per 
plant of sorghum due to various treatments occurring 
during crop growth.

There were no significant differences in the number 
of Internodes per plant of sorghum due to various 
treatments*

Significant differences in the total dry matter 
weight per plant of sorghum were recorded* Sorghum 
plots treated with irrigation plus mulch had tins 
significantly higher yield of dry matter*

Length of earhead was influenced favourably due to 
application of mulch and irrigation.
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Application of mulch and irrigation increased breadth 
significantly over control* Application of straw 
mulch with irrigation gave more breadth than resfc 
of the treatments*

Irrigation plus straw mulch had produced significantly 
higher weight of earhead than only straw mulch and 
control*

Significantly higher best weight was observed due to 
application of irrigation plus straw mulch.

Application of mulch and irrigation plus straw mulch 
produced higher grains*

The fodder yield of sorghum was favourably affected 
due to various treatments. The fodder yield was 
significantly higher duo to application of irrigation 
plus straw mulch during both the years (6057 and 
6072 %/ha for 1975-76 and 1976-77 respectively).

Significant differences occurred In grain yield of 
sorghum per hectare due to various mulch and irrigation* 
One irrigation along with straw mulch increases: yield 
of rabi sorghum cultivar M35-1 from 21*81 and 22*79 
to 41 *84 and 46*96 q/ha during 1975-76 and 1976-77 
respectively* Thus about 89-105 per cent increase 
seems to be possible. Only straw mulch increased 
yi&d by 34.8 to 45 per cent during 1975-76 and 
1976-77 respectively. Polyethene mulch increased 
up to 60 per cent over control*
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lutrient content of straw at various growth phases 
and that of grain was determined# From the results it can 
b© concluded that;

1) Application of mulch and irrigation did not affect 
nitrogen content at seedling and grand growth iflower 
preaordia) period but it increased at flag leaf 
(flowering) and harvest stag© significantly in control 
than irrigation plus straw mulch and irrigation alone*

2) Phosphorus contest was not affected up to flag loaf 
stage* However, significant differences in phosphorus 
content occurred at harvest*

3) Application of mulch and irrigation did nou affect 
K content up to flag leaf stage.

h) Application of mulch, irrigation and irrigation plus 
straw mulch affected quality of grains as measured 
by N, P and K content* There was little variation 
in potassium content*

5) Grain sorghum produced under control contained higher 
H than other treatments.

6) Phosphorus content was significantly higher in grains 
produced from application of irrigation plus straw 
mulch treatment.

Uptake of 8, P and K in fodder and grain was also 
affected due to various treatment it can be summarised 
as follows:
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1) Maximum uptake of nitrogen in grains of sorghum per 
hectare occurred with application of irrigation plus 
straw mulch (59*5 7 kg/ha) which was significantly 

higher than rest of the treatments except irrigation 
alone* However, N uptake in fodder was highest In 

straw mulch treatment.

2) Uptake of P in grains was also higher in treatments 
of irrigation plus straw mulch (4-.86 kg/ha) similar 
trend was observed in uptake of P in fodder.

3) Uptake of K. in grains was significantly higher

(25.54- kg/ha) due to application of irrigation plus 
mulch than any other treatment. Similar trend vsas 

observed in uptake of K in fodder.

The correlation coefficients of growth and yield 
components and uptake of nutrients with that of yield were 
also calculated which shows positive significant correlations, 

which can be summarised as follows:

1) Growth and yield components like leaf area (r=+C .74-87), 
dry matter production (re+0.9017), length of earbead 
(r» + 0.7862) and weight of earbead ( r s + 0.874-2) 
have shown positive significant correlation.

2) The correlation coefficient of uptake of K<r=H*0*9862),

P (r as + 0.9050) and £ (r=* 0*915) was obtained with 
grain yield.
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The nitrogen use efficiency was higher In irrigation 
plus straw mulch (202*9 and 23^*8 per &g K during 197? 
and 1976) as compared to control.

From present findings and results application of 
irrigation plus straw mulch at seedling stage will be 
important implication in rainfed sorghum grain in the 
rabi season in India especially in areas where there is 
no rainfall during the seedling stage.

It can be concluded that rabi yield of grain sorghum 
can be substantially increased by proper soil water 
management. It is also evident that grain and fodder 
can be increased if a compensatory irrigation is applied 
at seedling stage or one month after sowing. If irrigation 
is not available it is worthwhile to adopt straw mulch 
which also favours the growth and yield of rabi sorghum.

«*•
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