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C1 AP1U-X 



2Ls rapidly proliferating interest is rater rwonseos 

and aeoelersted rsooareh activity on etfNt Of 'droeght' en 

plants are ia"eative of soil nsistxre to be 	at t5s ieys- 

rtant environmental fee tors affecting plant gam. sarly 

research on the plant-soil-nsiature relationship was based 

principally on moisture • stmt effects. It was sees rsesg 

ailed. Mvever, that plants performed s4 ally well in sails 

with very diverse moisture ..stmt.. With the advent of the 

energy esasoept of soil nsistare and suitable devices for 

measuring energy levels* sane the reeepition that static 

energy levels bets a deal-sat influence in moisture utilisa-

tion. In fast, it is not the absolute amount of potential 

energy 'contained* in the water which is important in itsoltr  

but rather the relative Levels of that energy in different 

regions within the &oil. The concept of soil-water potential 

is a criterion for this energy. 

For most crop*, there are specific critical periods 

during the growth seasons when soil water potential is requi-

red to be high in order to got substantial yields. For 

almost all crops, moisture is needed at the time of ger.ina-

tion and early seedling stages. In the establishment of 

plants in their habitat, germination is an essential and 

active phase which is escaped only by those species which 

depend partly or completely upon vegetative production. 
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t•tabliohmeat my be related to the ability of seeds to der-

aiaate under a given moisture etross (Dotsaahs. 1959). 

Is the arid zones, with newts irrigation facilities, 

low eater  potential is tho aeot limiting factor for prniaa-

ti•o. This low water potential may be due to the actual 

lac k of adequate moisture in t e soil, i.e. low satrio 

potential or presence of •zoossiv quantities of salts in 

the soil water or both. This is partLNlarly Important for 

saline ••ils. wigs in molesting varieties of orops, special 

attention should be paid to salt tolerance of the crop tar 

ges ination. This problem is oonplioatod by the fact that 

• crop varieties, althsugi, salt tolerant during latter 

stages of growt", any be quits sensitive to salinity during 

domination (Riobard$ 1954). 

As the soil dries out, the surface forces acting on 

the *oil moisture lacrosse. Difference in surface force 

action will be refloated in the amount of water that a seed 

can remove from the soil, and should influence gemination. 

Thus an  appreciation of soil-moisture stress is necessary 

for an adequate evaluation of the etfoot• of soil moisture 

and soil salinity upon the germination of seeds. To obtain 

water from the soil, two main groups of forces must be 

overcome (a) the surface-force notion of the soil particles 

which accounts for the moisture retentive properties of the 

soil and which is usually referred to as soil moisture 
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toaaien and (b) the motto raroo aeties which is dw to toe 

tisselmod materials in the soil solution (Ayors. 1952). 

Meds, ywver, eegnise an eptlu.1 rang of nsietrre 

below or abere .ieh they will either net ptuinato or it 

germination talc" pleas• it will be poor or slow. ilore ars 

two schools of thought regarding the capacity of plants to 

absorb soil moisture within the whsle available rants. Oar 

group of verbals (vadloi4h, 19,51 Veih eyer, 1936) believes 

that plants are e4nally eapablo of absorbing water regardless 

of the soil moisture within the field capacity and pessanoat 

wilting psroentage• although the tension. at which water is 

absorbed, increases from field capacity to pos~saoat wilting 

percentage. According to another group of workers (Aldrich 

cad Work, 19 	=rammsr. 19;ti Ley and 'Poser Milo, 1965) 

vator is not equally available in the entire range between 

!lald capacity and permanent wilting percentsso. 

goods contain embryonic plants, but from this* it does 

not necessarily follow that germinating seeds have the same 

vator requirements u grown up and growing plants. In spite 

of the importance of $eed germination in the soil, only a few 

references say be found in the literature concerning the water 

relation of seeds and their specific requirements for germi-

nation. 



If foes. of moisture *taw. on Good d+raiaatioa sad 

early soodlia; growth have dot mite iaplioations ror sgri-

culturo. In reties or irrigated agricultura l  it is owto-

nasy, when asoossary, to pro-irrigate and them to prepare 

therood bedand plant as sash as 'ssaiblo to ensure a pod 

stand of the crop. In areas of drylaad agriculture soodiad 

usually follows a rainy period. When Soil moisture is 

limiting, oatab crops such as ssg, safflower, arid, etc. 

are often used mad tinder unravourabls soil sots two ooedi-

tions, oven those any rail. stun it the goods germinate 

and a crop gets underway, lack or soil moisture any stunt 

the growth# sausiog reduction in yield. 

In coao1doration or what has been stated above, it 

was felt that there is a great need for carrying out o:po-

rinonts to critically assess the influence of soil-rater 

potential on germination and root elongation of different 

field crops giving special emphasis on wheat and .ung, a 

cereal and a pulse respectively. iboontly introduced 

varieties• Itarmdo.-4 (wheat) and Javahar-43 (nuns) in dry 

land agriculture or Nadhya Pradesh were selected for the 

present investigation to  study their behaviour at germina-

tion and root initiation stages under varying degrees of 

soil-water potentials  in order to assess their ability to 

Siva satisfactory germination and root elongation at Speci-

fic moisture or osmotic stress or both, particularly in a 

clayey soil. 
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Is tiw of *1 layertaaoo of saes t vermatiaa, $ s 

present study was undertaken with ti following obJootivss, 

1. To study the street of astrie potential on sondaatiea 

(o.wrg*noo) and root oloasatioa of vLsat and s 	is a 

clayey soil. 

t. To study tie street of oaaetio peteatial ea .ormiaatiea 

sad root oieasatiea of nlwat a" sums. 

3. To study the effect of total soilouster potential 

(ratrio potential plus osaetis potential) on germination 

sad root elongation  of tw sass ereps is a olaysy *oil. 

-so0os- 



rrrrrrrrrrtrtrrrarrrrr 

CHAPTZR-II 

rrrtrrrrrrrrrrrrrrrror 



A brief review of the work carried ont in ditfaroat 

parts of the world relating to the influenoo of soil-water 

potential on germination and root elongation has boom pro-

seated is this chapter with a view to assess the available 

information on the different relative aspects taken up 

under the present investigation. The presentation has boom 

made under the following hoads;- 

1. Germination and drought resistance- 

2. Moohanis. and essentials for sorio germination. 

3. Gosninatioa in relation to oa.otio potential. 

4. Germination in relation to .atrio potential. 

D. ROOT iLONGATION 

$ffoot of soil-water potential on root elongation. 

A. SSYD GZRXXXATION 

1. germination and drought resistance 

in and and semi and zones having meagre irrigation 

facilities@ water shortage is the most important cause of 

the failure of seed germination and plant growth. This 

water deficit may be duo to an actual lack of adequate mois-

ture in the soil (matrio potential) or due to presence of 
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excessive quantities of solutes in the sell water (s.rotio 

potential) or both (Kanohar and Nat , 1965). Th. sola-

atie■ of varieties and species of plants that have the 

capability to germinate under drought and still produoo 

optisns• is, therefore. of prises importance in and some 

faring ('a iri and marbanda, 1963). 

Oeraination of seeds in the presence of osmotic 

potentials produced with a suitable solute is a staple, 

easy and reproducible test which gives a relative measure 

of any differences among varieties for their character of 

drought resistance (Vasud.van and Halasubrsaanium, 1965). 

This is done with the assumption that a seed which can 

germinate by absorbing water against a lover osmotic poten-

tial, its resulting plant may also absorb moisture under 

similar conditions of moisture stress. A considerable 

amount of work has been dons on this aspect, but the views 

of the scientists are such controversial. Some accept that 

the ability of germination in lower osmotic potentials is 

inherent character of varieties and species and is generally 

correlated with drought resistance and adaptability in dry 

tracts (Yasasakir 1929 and Vasudevan and Balasubramanium, 

1963) while the second view does not support this hypothesis 

(Aaoedt and Johnston# 19361 Birdsall and Neatby, 1944 and 

KoGinniss, 1960). 
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t.  IYS 	■ and •asantLs fer z.rso g r iaatian 

For germination or soeds. a certain level of hyds+a.-

tion of seed must be attained before the physiological 

processes are triggered on (Heater and Zriokson, 1952). It 

has been reported that dry seeds may have as low as -10,000 

Joules/ht (101.3 Joules/ke a I atmosphere) water potential 

(Nanohar, 1966a), therefore the soil moisture contest need 

not be very high for their germination (Peters, 1920). 

However, most rapid germination occurs when soil moisture 

is at or slightly below field capacity. According to 

Densen and Mao Oillivary (19k3). and Manohar and 8oydooker 

(196k.)•  the seeds of certain species may germinate even 

when the soil moisture level is at permanent wilting or 

slightly lover. It is, therefore, logical to deduce that 

a seed which has a capacity to germinate with lower degree 

of hydration may stand better chances of gemination in 

scanty rainfall areas. Soriano (1962) has pointed out in 

this connection that seric germination depends not only on 

the minimum imbibition required, but also on the imbibition 

pressure and the time factor. 

Blain (1960) stated that very little attention has, 

so far, been paid to water uptake problem. Seed water 

uptake has been distinguished into two stages by Atkins 

(1909). The first stage i.e., imbibition was thought to be 

connected with the swelling of colloids and the second i.e., 
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ger.ination do to osmosis. Plain (1960) doabt d this sea-

Jsoture and proposed that uptaks of water by embryo shoale 

be eonsidsrod as a physielogieal process and it is distinct 

from that of ondesporn which is exclusively connected with 

imbibition of soil Colloids. 1lthou different s»chaaisas 

of water uptake may exist in eadospers and embryo. yet it 

appears that embryo growth is dopondont, to a great extent, 

on the endosperm food and growth factors (Siroar and Labiri, 

1956). 

Siroar and Ghosh (1961) observed that endosperm pro- 

tein is hydrolysed and other amino acids appear and are 

translocated to the embryo at germination. Presumably the 

endosperm must attain certain degree of hydration to 

trigger on the hydrolysis processes which are essential for 

the availability of food factor for the growing embryo. 

Similarly, Hanohar (1966b) reported that embryo cells must 

attain a definite degree of moisture level to initiate 

vital processes to growth. This degree of hydration will, 

of course, vary in different types of soeds. Soriano 

(1962) stressed that a high power of imbibition is consi-

dered to be characteristic of :erio germination. 

3. Germination in relation to osmotic potential 

The adverse effect of lower osmotic potential on 

absorption of water by seeds has been observed by several 

workers. 



10 

Shull (1916) found that seeds of janthi swlwa- 

jene 	

- 

imbibed 11 per cost as sash water from a saturated 

sodium chloride solution saving an osnotie prsssars of 375 

atmospheres as faro. pure water. Intake of water from a 

solution with as os.stie pressure of 19 atsespberes was 75 

per coat that of the control. i*sn the some goods have  

this remarkable power of imbibition, very few of then will 

germinate if the soil moisture content is below the wilting 

percent&&*. 

Denson and Mao Oillirary (1943) stated that the 

germination of seeds of all of the crops studied took place 

in a shorter period of time at high soil moisture than at 

low. Since rate of germination is dependent upon rate of 

water intake#  this observation inpliss that the Imbibitional 

power of the seed is conditioned by the moisture content of 

the seed bed. 

Uhvits (1946) studied the germination of alfalfa 

seeds on artificial substrate, supplied with sodium chloride 

and mannitol solutions at various osmotic pressures. The 

rate at which the seeds absorbed water was continuously 

decreased by increasing the concentration of either sodium 

chloride or mannitol. Rats of gormiaation was also decrea-

sed by increasing the osmotic pressure of the substrate. 

Germination was almost completely inhibited by 15 atmosphe-

roe of sodium chloride but 84 per cent of the seeds genii- 



Ii 

aat" at 7 atmosphere es tie pressure at salt • on tie 

auattel substrate 37 per cant of the coeds germinated swa 

La the pr.s.aa. of 13 at sepitsrs sesstie prsssrrs. -

r.latively advemo effect of the .sdia• .Ylsride at a given 

•sswtie pressure appears to be related to the ones intake 

• f chloride during psuiaatioa vh.a this Lea is prasoat is 

the substrate is high sensentratios. 

stiles (1948) showed that the embryo sad the Seed .f 

drought resistant so. 193 rotten absorbed about half as 

mush water during tbs first 96 hours if germination as 

those of Roger Asala Cotten. The low pr portion of water 

in the seed and embryo of former with rapid initial .zt.aded 

absorption of water and high proportion of water in the 

.ad.sp.rn were the fasters that made this Variety to germi-

nate under drylaad conditions. On the other hand Roger 

Aoala Gotten seeds required almost trio, as mush water as 

the former and is, therefore, drought susceptible. Similar 

trend was observed with different varieties of corn. 

Decreased physiological availability if water arising 

from increased concentration of solutes in the soil solution 

afisots the germination of seeds of various crops quite 

differently. Ayers and Hayvasds (1948) point out that soil 

salinity impedes the rate at which seeds gerainats and also 

decreases the number of seeds that do germinate. 
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Layton (1919), free a series of Staid stndioa, had 

suggested that the orop plants of yeah, ardin and otroag 

salt tolerance will not grow whsn the soil solution at field 

capacity os000ds 2, 2.3 and 2.7 per coat salt concentrations 

respectively. 

Pagers fi &L. (1957) reported a method for oval atiag 
winter hardiness in alfalfa based on difforonoos in rate and 

total germination in sucrose and sodium chloride solutions 

of definite osmotic potentials. so found that lower osnotio 

potentials decreased the rate and total gemination. 

Kohta and Decal (1958) reported 100 per coat `orai- 

nation of Dajra at 1 per coat salt concentration of soil 

solution at field capacity while only 54 per cent goraina-

tion was recorded at Z per seat salt concentration. 

Dotsonko 11 AL. (1959) studied the germination of 

sin alfalfa varieties at throe levels of osmotic pressure 

using mannitol as substratum. They found that rate of 

emergence as well as total emergence percentage were dooro- 

asod as the osmotic .tress increased. They concluded that 

if seedlings wore slow to emerge, final percentage oaer-

gonoe was low. Logically the longer an ungorminatod used 

lies in the soil, the greater the opportunity for it to 

succumb to coed rotting fungi or other environmental 

hazards. 
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Detasako and Sans (1960) further confirmed that for 

ability of alfalfa seeds to goraiaato in lower osastio 

potential was horitablo. 

Nooianios (1960) while working on germination of 

different grass seeds under various osaotio potoatials 

observed delayed germination in lower os.stio potential. 

the rate as well as total germination was reduced in all 

oases. 

Lahiri and marbaada (1964) observed significant 

differences in the moisture r.quiromont for lamination of 

three grasses native to and and somi-arid regions and that 

close parallelism existed between their pattern of water 

uptake and gorminability under low levels of moisture. 

Beads of Coaohrus •etiarul were found to attain the equi-

librium atsgo with water within two hours and the amount of 

water absorbed was also significantly loss than the other 

two grasses while the seeds of Lasiurs •indloua reached the 

same stage in six hours and also with big amount of moisture 

absorption. 

Nanohar and Heydeoker (1964b) reported that the 

lowering of the potential of the germination medium results 

in a decrease in the potential gradient between the seed 

and its germination medium. 
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Naaahar and Nathar (1963) studied the problem in 

dstail by g+sataatini pealaeti tyitheidas seeds wider dif-

ferent osmotic pots*tials and shored that the rate of ger-

ainatien as well as the total gesumntiow were  significantly 

reduced in lover osmotic potentials. 

Abiohaadani and Bhutt (1965) studying the salt tole- 

rand • of gerainatiag BaJrs and Jowar varieties eonolnded 

that dajra was more salt tolerant than Jowar. 8s.» highly 

salt tolerant varieties of BaJra were found to stand fairly 

a salinity lswl of 3  per cent in soil solution while the 

upper licit of salt tolerance of Jowar was only 1.8 per cent 

salt. Varietal differences with regard to gersinability in 

lower osmotic potentials have also been reported by Hayward 

(1954), Vahhab (1961), Burnstoin (1961) and Nanohar (1966b). 

4.  Q*rnination  in relation to metric potential 

Bow. of the workers have studied the effects of low 

matric potential on germination of various crops in textu-

rally different soils under laboratory conditions. The 

general observation is that the total rate of germination 

as well as total germination are decreased as matric poten-

tial decreases. In other words, there exists an inverse 

relationship between the soil moisture tension and percen-

tage germination. 
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Hunter and Zriokson (1952) found that when the avai- 

lable soil moisture was below the moisture required for 

germination of soybean seeds, the seeds beoame covered with 

myselia of fmgi and were killed at the end of a week with- 

eat germination taking piaoe. They also observed that in 

order for seeds to germinate each Drop seed studied had to 

attain a specific moisture content. 

Banks and Thorp (1956), while studying the seedling 

emergence of wheat as related to soil moisture content, 

Sulk Density, Oxygen Diffusion Ratio and Crust Strength, 

found that seeds germinated in a shorter time at high soil 

moisture potential than at low when the other three para- 

..tors were kept constant. 

inch g g. (1957) found that winter wheat grown 

on Nebraska had boon found to germinate in the soil at a 

metric potential of -1500 Joules/kg. 

Nehrotra 91 &L. (1967) studied the germination of 

certain Rabi seeds as influenced by variation in soil 

moisture. They took four levels of soil moisture from 

field capacity to wilting point and found that on an 

average seeds took shorter time in completing germination 

at higher soil moisture than at lower one. The total time 

taken in germination was, however, not markedly influenced 

by the amount of absolute water present in the soil, but 

its rate was materially reduced at the lowest level. 



16 

Phillips (1968) round that water uptake rates is 

soybeans, corn and cotton decreased with increasing soil 

moisture tension at 4490. 

=sp.rimonts have also been conducted by son» work re 

to study the comparative effects of osmotic and satrio 

potentials as well as to assess the combined influence or 

both of those on seed pssination. 

H.lm.riek and Pfeifer (1954) found that the gosui-

nation and early growth of yogo winter wheat were signifi-

cantly superior to the geraination and early growth of 

ch.yenne winter wheat when germinated under controlled 

initial moisture conditions. They germinated seeds of both 

varieties in soil in a pressure-a abrans apparatus and also 

in potri dishes using osmotic solutions prepared from 

d-mannitol. Both methods gave similar results. They also 

found that seeds of the two varieties grown at two loca-

tions, Laranire and Sheridan, Wyoming did not give signi-

ficantly different results when tested under limited 

moisture. They concluded that the differential germination 

and growth response between the two varieties were inherent 

rather than environmental. 

Collis-George and Sands (1962) while studying seed 

germination using equipment that enabled them to dietin-

guish between matric potential and osmotic potential, 

observed that matric potential was more offeotiv. than 
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osmotic potential in deoreasimg germination rate. Osmotic 

potential was found to reduce germination only when "an** 
were above 1000 an of water$  when 8eC1 and glycerol were tbs 

solutes. Metric potential upto 100 an of water reduoed the 

pnsination rate but not total germination. Metric poten-

tial of 15000 cm of water equivalent to the permanent 

wilting percentage prevented germination of perena1el rye 

Brass and oats) alfalfa `erainated 38 per sent. They also 

concluded that different solutes had different effects on 

germination for each seed species. 

Lyles and tannins (1964) tried different combina-

tions of metric and osmotic potentials and found that at 

5.2 ataospheres total moisture stress or total potential, 

equal emergence was obtained when 72 per cent of the total 

potential was attributed to .atric potential and 28 per 

cent to osmotic potential or 19 per cent to matrio poten-

tial and 81 per cent to osmotic potential. 

B.  ROOT NLONGATION 

gffaot of soil moisture potential on root elongation 

There are many factors which affect plant growth 

directly or indirectly such as soil water, aeration, 

nutrient supply etc. Actual availability of soil water 

involves the ability of a plant to absorb water at the 

root surface, the energy with which it is hold by the soil 
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and its rate of movement through Uw soil to tho plant root. 

(Gardner and sbli go  196=1 Melts and srea, 1971). 

Larsoa and Johnston (1953) is an experiment, eondn-

otod to determine the offsot of soil moisture levol on 

yield, consumptive use of water, and root development of 

sugarbeets, found that by rossving the available voter from 

the root sons, the yield end consumptive use of water for 

the growing season decreased. But the moisture level had 

no effect on the rate of root o:tonsien. 

Gingrich and Russell (1 96) reported that radial. 

elongation and hydration of corn seedlings decreased with 

increasing sail moisture tension or osmotic stress over the 

1/3 to 12 atmosphere range. Growth characteristics that 

were influenced by osmotic stress responded linearly in the 

1/2 to 1 atmosphere range. However, growth as a function 

of soil moisture was not linear in the same range and was 

most sensitive to moisture changes in the 1/3 atmosphere 

range. These differences were attributed to the valor 

transmitting charao•teristics of soil. Similar observations 

have been put forth by Vaadia Lt, &L. (1961) . 

Indsn (1961) compared the root growth of cucumber 

and beans in the red clay and sandy moils and found that 

the osmotic pressure of soil solution generally inhibited 

root-growth at 10-30 atmospheres. 
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Gardener (1962) reported that penetrating ability of 

cotton roots decreased with increasing soil moisture stress 

for the suction range above 1/2 bar, with increasing osswtio 

stress in soil solution and with increasing partial pressure 

of co.. 

Gardner and Danielson (1964) found that penetration 

percentage of cotton roots increased as the soil-.oisture 

tension was increased from 0.05 to 0.52 bars, then decreased 

as tension was further increased to 10.8 bars. Penetration 

also decreased with increasing salt concentration in the 

soil solution. 

Stevenson and $oerems. (1964) found that root growth 

was dependent on the moisture content of the sandy loan 

soil but shoved a curvilinear increase with increased mois-

ture content in a clay loam. Similar observations have been 

reported by Mederski and Wilson (1960). 

Orabi, and Danielson (1966) reported that in corn 

roots highly significant depression in elongation (length) 

were produced by increasing suction from 0.3 to 0.7 bar 

but not from 0.7 to 0.9 bar. As suction increased, root 

elongation decreased. 

From this array of literature, it is apparent that 

germination and root elongation of a number of field crops 

have negative co-relation with the soil-moisture stress as 
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wall u osmotic .troop. TLo combined offoot of both of 

theme components of soil-valor yotontiai plays an important 

role in pmiaatioa and root oloa atioa. llhotbor th000 two 

components are equal in their offoot, or in other words, are 

interchangeable or not, still r—tao an inadequately aaavr-

rod Question as there is differonoo of opinion. 

Further, no adequate information is available in the 

literature on the influence of t10tal soil-valor yotoatial 

on germination and root elongation- It is, thereforo, iapo-

ratiw to conduct a dotailod study of the offset of these 

two components separately, as vo11 os, in combination to 

dot a bettor undorotn"ad of the ioohaaisn involved and the 

manner in which the two components of soil-vator potential 

influence aged germination and root elongation. 

-10001- 
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Two crops, a cereal and a pulse were taken for to 

study. Amongst cereals, wheat ( 	...fivnn) variety 

Nar'ada-4 (r D- ) and assais t pulses, ssmt (!loin ! 
aursul Rssb.) variety Javahar- 5 were selected. Soth the 

crops have been recently introduced to dryland agrionitare 

is India. 

Genetically pure seeds from 1971-72 crops were 

collected. 

The experimentation was divided into two aain parts. 

In the first part, germination studies for both the crops 

were conducted waded 

1. Different osmotic potentials in petri dishes. 

2. Different natric potentials in the soil. 

3. Different osmotic potentials in the soil. 

4. Different total soil-water potential (natric potential 
+ osmotic potential) in the soil. 

In the second part, radiolo elongation was studied 

nnderl 

1. Varying degrees of matrio potentials in the soil. 

2. Varying degrees of osmotic potentials in the soil 
(soil maintained at field capacity). 

3. Varying degrees of total soil-water potential (metric 
potential + osmotic potential) in the soil. 
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Part-Zs 

1. Germination as a ftmotioa of asmetio o 

A separate experiment for each crop was conducted is 

the Petri disbesl, at room temperature (1).c = 1). The seeds 

were g.raiaatsd is solutions of different osmotic poteatials. 

The solutions of various osmotic potentials were prepared by 

using d-naanitol, a boxahydric alcohol. The use of d-arani- 

tol, to obtain different osmotic potentials was decided is 

vier of the fact that solutions of a given osmotic suction 

can be prepared easily and, at the same tins, it is non-

tonic to the seeds (Uhrits, 19%6). Besides, dmitol is 

the boot chemical known so far to limit water uptake in a 

plant without effecting the metabolic activity of the plant 

(Thimann, 19)4). 

1.1. Buooifioations for osmotic solutions 

The relation between the osmotic potential of a solu-

tion and its molar concentration is given by the following 

ezpressiont 

Osmotic Pressure (P) . K ' A' (Xaggans and 	 (1) 
Gardner, 1959) 

where 	g . grams of solute (d-mannitol) 

R . 0.0820 atms. per degree per mole 

T . absolute temperature' 
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![ . Molecular wigbt of d-s~anwitol 
V a Volume of solution in 1ltros 

$iaos eaaotio potoatial is equal to the water poton-

tial of the solution at atmospheric pressure (Barre and 

statysr, 1965), from the abo rotation, the water potential 

of IX ---S tot solution is 0.08*0 time the absolute toapo-

raturo. A IN ''4 tot stock solution was used to proper, 

solutions of different oanotio potentials. 

The ratio of the stock solution and water for propa- 

tion of those solutions was calculated by using the ozpro-

ssioni 

V. 	Vt A It 	-- 	(a) 

whore 

Vs . Volume of the stock solution. 

Vt . Volume of the solution to bo prepared. 

Xt . Required osmotic potential of the solution. 

Xs . Osmotic potential of the stock solution. 

Thus the osmotic str.ssss of O, 1, 3, 7, 10 and 15 bars were 

prepared. The control consisted of distilled water ropro-

sonting 0 bar osmotic stress. 

1.2. Procedure 

Clean 9 oms dia. glass petri dishoe with throe 9 ems 

diameter Whatman Has 4 filter papers well sot in each dish 
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Vero used. Tb. Petri dishes were sterilised in an oven for 

2 hours at 120•C, in order to redmoe growth of bacteria and 

mold. Twenty ml. solution of the desired eamotio stress was 

sprayed on the filter-papers in eaoh dish. Tveatyfivs hoal-

thy seeds almost of the same also were sown in a symmetrical 

manner in each Petri dish. Zach treatment was replicated 

our times. The placement of the dishoo was completely raa-

demised. 

Separate experiments for each crop were carried out. 

The germination count was recorded daily. ♦ seed was oonsi-

dersd germinated when both a normal radial• and plu ulo were 

visible and distinct from the seed and radials had reached a 

length of about 2 mm. The counting was continued till no 

nor* seed sprouted. 

L. 	 v 

1.1. TW surface soil samples (o-15 Ca) from the e:peri-

mental farm of the university were used in this study. 

Before conducting the experiment, the following parameters 

were detorminedt- 

(a) Teat es Mechanical analysis of the soil by the 

universal Pipette Method (Piper. 1930) showed the peroen- 

tagos of different soil separates as follows* 
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Clay 	63.50% 
Silt 	19.00% 

Sand 	17.30 

(b) jj[, Tbs soil p11 was Qot.rfatm.d in soil suspension 

using 102 soil water ratio with glass electrode p11 me tor, 

and it was found to be 7.0. 

(o) &A41 The Zlootrioal conductivity of the saturation 

extract was determined according to the t•chaigno given in 

U.S.D.A. Hand Book So. 60. It was found to be 0.3 milli 

mhos/on at 25•C. 

(d) Moisture aharaotoristios1 Per the construction or 

soil-moisture desorption curve, the moisture content at 0.3 

and 1.0 bar suction was determined with pressure plate and 

from 1.0 upto 15.0 bars with the pressure membrane apparatus 

(Richards, 1949). The results of these measurements are 

presented in Pig. 1. 

2.2. Procedure 

The air dry soil was passed through 2 mm sieve and 

thoroughly mixed. Moisture tensions of 0.3, 1, 3, 7, 10 and 

15 bars were created by adding an amount of distilled water 

calculated using moisture desorption data to a known amount 

of air dry soil. The soil was spread on a rubberized sheet 

and water added with an automizer in small instalments. The 
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mining of Water With soil Was dons With the help of a spatula 

under poiyothyions covering in order to malaise evaporative 

losses of water. 

After preparing the soil approximately of a desired 

auction, it was packed to a bulk density of 1.25 gm/oa' in 

small aluminium cans filled upto 3/4th of their height. 

Twsntyfiw seeds were uniforaly pressed into the soil 

and the remaining soil was placed over then naiataiaiag the 

bulk density as 1.25 throughout. The cans were then covered 

with polyethylene sheets which touched the soil surface so 

that no appreciable Vapour condensation on the inner side of 

the polyethylene covers could occur. 

A completely randonIssd block design was adopted with 

six treatments and four replications. 

Separate experiments were conducted for each crop. 

The room temperature was 25.0 = 1• Germination counts were 

mado daily to determine the influence of the factor studied 

on the rate of germination. "Germination" as used here 

indicates the percentage of seeds that sprouted and from 

which the plant emerged above the soil surface. The counting 

was continued till no more seedlings emerged. 
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3. eraloation (aasrnnos) Ts oaaotio patents is soil at 
a constant metric uotsatial of 0.3 bar 

Osmotic solutions of 1, 3, 7, 10 and 13 bar pressures 

were prepared in exactly the same manor as described in 1.1. 

The solutions of different pressures were used ins toad of 

pure water to bring the soil samples to a metric suction of 

0.3 bar. The mixing of the different solutions with the soil 

was accomplished in the same manner as described in 2.2. The 

soil was packed to a bulk density of 1.23 p/or3. me packed 

soil, therefore, had a constant metric suction (.3 bar) aQui-

valont to field capacity, but differing in osmotic stresses. 

Th• rest of the procedure was the same as described in 2.2. 

4.  
xatar potential(natric ootantisl * osmotic ootentiah 

4.1. In order to create desired levels of osmotic and 

metric potential in the sass ssaplo t  mannitol solution of 

desired osmotic pressure was used to wet the soil to a desi-

red moisture level. 

4.1.2. The following combinations of osmotic and natric 

potential were used to got six levels of total soil water 

potential via., 1.3, 3►  b• 9. 12 and 15 bar*. 
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Coabinatioa 	
trio 	Osastia f Total soil water 
nt 	potential   Set Mo. 	
~) 	(in bar) 	 ) 

I 	0.3 • 1 • 1.3 
1 • a • 3 
a • 4 • 6 
3 • 6 • 9 

8 • 1s 
5 . 10 • 15 

XI 	 1 . 0.3 	• 1.3 
it . 1 	. 3 
M + 1 6 
6 + 3 	• 9 
8 + 4 12 

10 • 5 	. 15 

All the six treatments were replicated three times. 

Thus two simultaneous experiments Were Conducted with each 

set for one crop at a time. The room temperature was 

27•C t 1. The rest of the procedure was the same as dosori-

bed earlier. 

Part-IIS SOOT MLONOATION OF WHEAT AND WJNO 

1. Root elongation Vs matric potential 

Soil-moisture tensions used were .3, 1, 3, 7, 10 and 

15 bars, and were created in the similar manner as described 
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in 2.1 of part-Z, using the some type of soil. 'lime packing 

of the soil in the alneininn Growth sass was dose at a bulk 

density of 1.25 p/os . Healthy looking seods$  almost of 

the same sire were selected and soak" In aerated water for 

approximately 2k hours and then gessslaatsd is petri dishes 

at room temperature (23e0 s 1) until a sufficient m=bar of 
radicles had reached a length of 5 sn. The radiols league 

were measured to the nearest mn and S or the intact seodliag. 

were placed on soil in the growth cans which were about 

three-fourth filled with soil at bulk density of 1.25 p/oaa. 
The rest of the soil was spread over the seedlings in instal-

asnts tapping the Gass gently at Imtowmte so as to maintain 

the bulk density of 1.25 p/oa?  throughout and to bring a 

close soil-seedlisig contact. The boxes were, then, Covered 

with polyethylene sheets to *hook evaporation. The covering 

sheets almost touched the surface of soil so that no appre-

ciabis vapour condensation on the shoot could occur. 

A completely randomised block design was adopted. 

Each treatment was replicated four times. 

Separate experiments were conducted for each crop. 

The seedlings were allowed to remain in the growth 

cans for a period of 24 hours, after which they were removed 

and the lengths of the radicles were measured again. 
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Y. 
.t rield çaacity (0.3 bar 	trio •i&o$ion) 

Fin levels of osswdo potential vis. , 1, 3, 7, 10 

and 1S bare were used. In all the oases, soil moisture was 

maintained at field capacity. Coatrol oam istcd of soil, at 

field oapaoitJ %Usr" only distilled water vas used to ornate 

moisture tension of 0.3 bar. The name procedure vas adopted 

as described under 3.1 aad 2.1 of fart-I for preparation of 

samples and the other experimental details wre similar to 1 

of Part-II. 

Six levels of total soil-rater potential in two dir-

ferent sets for each crop, were used. The combination or 
the two components was done exactly in the same manner as 

described in 4.2 of Part-I. 

The preparation of the samples was done as mentioned 

in 4.1 of Part-I and the rest Of the procedure was same as 

described in 1 of Part-II. 
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'l.1.  =fr.ot of trio o.t•tial oa e.rssiaatia■ or ads■e 
!tea 
Theg.rmiaatioa (.s»rg.no.) percentage of wheat sad 

mans ar. plotted against time at different atric pot.n-

tials in rig. Y snd 3, respootiv.ly. The figures reveal 

twomajor .ff.ot* on seed germination as .,.istur. tension 

incr.u.d, gemination rate was reduced and greater time 

was required to reach final germination. 

The combined result was a progressive decrease in 

total germination (.n.rgeno.) as moisture tension inor.a-

s.d from 0.3 to 1S bar. Fig. 2 show that 94, 9t and 87 

per cant germination at .•trio suction or 0.3, 1  and 3 bar 

respectively was obtained in case of wheat. Purth.r, more 

than 80 per centgermination occurred on the 3rd day at 

0.3 and I bar, and on 4th day at 3 bar moisture tension. 

In case of Rung (Pig. 3), however, 91 per cent g.r- 

urination took place at 3 bar moisture tension and 87 per 

cent germination was obtained even at a moisture tension 

of 7 bar. Besides, more than 80 per cent germination occu-

rr.d at aatrio suction of 0.3, 1 and 3 bar on the 2nd day, 

and at 7 bar on the 3rd day. 
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FIG.-3 RELATION OF GERMINATION(EMERGANCE) OF MUNG SEEDS TO 

TIME AND MATRIC POTENTIAL. 
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The lowest seed germination of 19 per cent in cams of 

wheat and 31 per cent in slant was recorded at a matrix 

suction of 13 bar. 

In the end of the osperimsnt, the seeds were osaaiaed 

for any sign of sprouting. It was observed that seeds of 

both the crops had sprouted at hider moisture tensions, but 

there was no emergence of the pl—lo above tb. snrfaos, and 

thus were not counted in the gemination. 

Increased moisture tension affects seed gemination 

in two ways. Firstly, there is a marked reduction in rate 

of water uptake by the seed from its immediate surrounding 

soil. Secondly, the replenishment of water, in the soil 

surrounding the seed, becomes slower. Thus it takes longer 

time for meads to geminate. Of course, the rate at waioh 

seeds can imbibe water from a given soil at a particular 

moisture tension may vary from crop to crop and variety to 

variety. Ayers (1932) has reported that the ability of 

seeds to germinate under high moisture stress varies widely 

among plant speoies. 

A further point of consideration is that when the 

rate of water uptake by a seed is too slow, the emergence 

is delayed by a relatively long period and fungal growth 

may take place on partially swollen and tender seeds resu-

lting in their decay (Hunter and Erickson, 1932). This 

fact was further proved by observing the Condition of 



unsproated weds at tM end of the e=periasats. Tbs sends 

were fend partially or ooapletely decayed. 

Za tbs praseat study, swing variety J-~f py been 

found to give satisfactory germination (above 85 per oat) 

even upto 7 bar moisture tension, which Indicates that this 

variety can wry well withstand the drought conditions at 

germination stage. The sates is true for wheat variety 

Naruada-4 which can give more than 80 per coat germination 

at a moisture tension of 3 bars. However, for the but 

seed germination in clayey soils, a moisture tension of 

0.3 to I bar is required for both the crops. 

The general trend of delay in enargenoe and decrease 

in emergence percentage with increasing soil moisture ten-

sion has been reported for a number of field crops by some 

other investigators also (Hunter and Zriokson, 19321 

Collis-George and Sands, 19621 Mehrotra 21 &&. 1967). 

4.2. Effect of osmotic ootsntiai_ on £Srm n tion of wheat 
and auaa 

Figs. 4 and 5 show the relationship of wheat and 

mung seedling emergence respectively to time after plan-

ting at various osmotic potentials. From the figures, it 

is revealed that the rats of germination as well as total 

germination decreased progressively with increasing osmotic 

stresses. Further, greater time was required to reach 

final germination of both the crops as osmotic stress 



FIG.-4 RELATION OF GERMINATION OF WHEAT SEED TO 

TIME AND OSMOTIC POTENTIAL 
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FIG-5 RELATION OF GERMINATION OF SEEDS OF MUNG 

TO TIME AND OSMATIC POTENTIAL 
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increased indicating that longer time may he required for 

*sod germination under saline conditions. 

Although the seeds of both the crops germinated and 

grew to secs ostont awn under the 13 bar osmotic stress, 

the dehydrated and burned appearance of the seedlings sug-

gested that growth couldn't be sustained under such comdi-

tions. This was confirmed by transferring seedlings from 

15 bar to 0 bar tension at the completion of the asperisunt. 

Germination of seeds in various osmotic potentials 

produced with a suitable solute is a simple, easy and 

reproducible test which gives a relative measure of any 

differences among varieties for their character of drought 

resistance. This is dons with the assumption that a seed 

which can germinate by absorbing water against a lover 

osmotic potential, its resulting plant may also absorb 

moisture under similar conditions of moisture stress 

(Yanasaki, 1929b and Vasudevan and Halasubrnnsaaialp, 1965). 

Apart from the present investigation, a aids expe- 

riment was also carried out for sung variety J-45 to con-

firm the above statement. The experiment was conducted in 

pot cultures. On the basis of the observations that mung 

can germinate satisfactorily at an osmotic stress of 7 barn 

(89% germination), the crop was grown at osmotic stresses 

of 1, 3, 7, 10 and 15 bare in the clayey soil (soil mois-

ture maintained at F.C.) for one month. It was, however, 



observed that this variety could •mrvive under 7 bar o metio 

stress with me visual synptome of wilting for at least one 

month. The plants grown under 10 bar osmotic stress started 

shoving syaptosr of wilting after 13 days, whereas theme 

grown under 13 bar osmotic stress ps.daat•d to somas •:teat, 

but withered away s•on. 

Besid•s, visual observations showed marked lack of 

turgidity and thickness of the leaves amid •t•■ of the plants 

respectively at 10 bar osmotic stress. On comparing the 

length of roots of the plants grow. under different osmotic 

stresses (Table 1), it was observed that there was a pro-

gressive decrease in length as well as proliferation of 

roots with increase in osmotic stress from 1 bar to 13 bars. 

As regards, plant height, there seemed to be no narked dif-

ferenoe between I and 3 bars osmotic stress. But at 7 bar 

osmotic stress, the plants had little stunted growth with 

lean and thin stem. At 10 bar osmotic stress, the plants 

had acquired pale yellow colour and had stunted growth with 

very thin stem. 

Since it was practically difficult to maintain a 

particular stress condition for more than a month in the 

absence of a humidity control chamber, so the study could 

not be continued further. However, it was Confirmed that 

mung J-45 could tolerate osmotic stress upto 7 bars at 
latter stages of growth also. The results may be subject to 

some error due to the absence of humidity control chamber. 
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Table-1s soot elongation as a tnaetien or osmotic stress 
(soil moisture maintained at l.0.) 

(Average of S pleats) 
(Pont length takes after one aeath) 

Osmotic stressham) 	length 	General observations (bars)  

	

1 	 187 	well proliferated 

	

3 	 183 	 -do- 

	

7 	 179 	Less proliferated 

	

10 	 111 	very less proliferated having d*-  
hydrated and burned appearance 

	

13 	 51 	 -do- 	-do- 

rigs. 6 and 7 present the effect or varying osmotic 
potential on germination or wheat and mung respectively in 
the Boil keeping metric potential Constant (0.3 bar) throu-

ghout. On comparing the effects or matrio potential and 
osmotic potential on germination (Fig. 8), it was observed 

that the values differ to some extents in the soil the 

values were lower in comparison to those in the Petri 

dishes. This may be because of the fact that the unsatura-

ted soil exhibits resistance to water movement to seed 

depending on the degree of saturation. Also, unsaturated 

[11loVsOU1Y  a fraction of surface area of the need to 



FIG.-6 RELATION OF GERMINATION OF WHEAT SEEDS 

TO OSMOTIC POTENTIAL IN CLAYEY SOIL 

(SOIL MOISTURE MAINTAINED AT F.C.) 
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FIG.-8 GERMINATION PERCENTAGE OF WHEAT AND MUNG 

SEEDS IN RELATION TO OSMOTIC AND MATRIC 

POTENTIAL (A COMPARISION) 
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FIG-10 RELATION OF GERMINATION OF WHEAT SEEDS 

TO TIME AND TOTAL SOIL•WATER POTENTIAL. 
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on germination of sung. The figures reveal that total soil-  

water potential bad a marked offset on the rate as well as 

the total germination percentage of both the crops. 

Ayer* (1932) emphasised the importance of total soil- 

moisture stress (soil moisture tension + osmotic pressure of 

the •oil solution) and its effect on seed germination. In 

the present study, the total soil-moisture stress below 3 

bars bad little effect on emergence of sosds of both the 

crepe. But tbsro was a rapid drop in seed germination of 

both the crops above 3 bar total soil-moisture stress. Tbo 

critical value of total soil-water potential beyond which 

germination rate may be adversely affected should, of course, 

vary from soil to soil. The results obtained in this inve-

stigation hold for fine textured soils. In relatively 

coarse textured soils, the critical value of total potential, 

at which significant reduction in germination would take 

pleoe, may be less than 3 bars in magnitude. 

Collis-George and Sands (1962) suggested that matrio 

potential (moisture tension) and osmotic potential are not 

equal in their effects on germination, particularly germina-

tion rate. However, the low matrix potential they studied 

(0.01 to 0.1 atmosphere) would seldom exist under field con-

ditions except for brief periods following rainfall or irri-

gation. 



176I1 It/AT/ON OF GEA4M/NAT/ON OFMUNG S£(115 

TO TIME AND TOTAL SO)L-WATER POTENTIAL. 



1.3 bar 
3 bars 

6born 

12boYs 

15 bdY5 
NATION -It 
P07 TOTAL POT. 

R 5 
= 13 
= 3 
c 6 
= 9 

 

12. 
15 

FIG.-12 RELATION OF GERMINATION OF MUNG SEEDS TO 

TIME AND TOTAL SOIL. WATER POTENTIAL 

20 

I // 
6+ 3 
8+ 4 
,o+ 	5 

O 	 2 	3 	4 

TIME IN DAYS 



39 

Ia this •tmd7 a sip,atioaat •11o0t of o+motio pro-

sstro on .sod gemination wu round at hiper natrio Na- 

•isas. ?us is ►aaawo of tbs fast that as tbs soil tries 

tuts !bore is an issre"O in os.stio osrssaro of the soil 

solution is a4titi a to tae normal iaerease is Win soil-

Nistaro tension. Teas as iaoroaaod fatal soil-stur. 

•!robs mat soon: which a+7 be oritiea.1 to the Be" prniaa-

*Los der sai,ias eeaditioss at a istnro osatoats well above 

tbe permanent  wining porosatato reported for the asa-sal ao 

soils. 

Pig. 13 reveals that oombiaatioa-I gives the 0400 

CeMaation as on biaation-IX at total moisture stress of 

9r 12 and 15 bass. The differences between the two oombiaa-

tioaa at lower total potential suggest aarkod dih•rmee• is 

the water traasmittia: proportion of the sail owing to the 

tUtor.aeos in matrio potential. 

Ulm--Us  ROOT £7OROATIQ 

4.5. 

 

£rf.ot of aatniø 0otsntia1 on radiolo oloneation of 
wheat and *4L 

rig. 14 presents the relationship of radials elonga-

tion of wheat and mun( to moisture tension. From the fig- 

ore, it revealed that with an increase of moisture tension 

tram 0.3 to 1$ bars• there was a progressive decrease in 

too length of the radials of both wheat and mung crops- 



FIG.-13 RELATION OF GERMINATION OF WHEAT AND MUNG 

SEEDS TO TOTAL SOIL-WATER POTENTIAL 

100, 	 (A CCMPAR15ION OF TWO SETS Or COMbINATI0M) 



F16,-14 RELATION OF RADICLE ELONGATION OF WHEAT AND 

MUNG TO MATRIC AND OSMOTIC POTENTIAL. IN CLAYEY 

40i 	 5011 (A COMPAR1510N) 
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?hero was a rapi4 ds.reaos La root length beyond 7 bar Soil-.

sitare tension. nt.. 13 and 16 ahOW the clear ditferoaoe 

is root lengths of Mheat and aaad, r speetiwly at differoat 

1SM11 Of artrle potoatial. 

4.6. 

•adiele elongation of both the crops as a luaotioa of 

osaOtio stress is preseated is rid. ta'. Increased esastio 

stress resulted La a gradual doorease of the radicle length. 

On ooyai j the effects of varying levels of esaetio poten-

tial (soil .sisturo aaiataiaed at field capacity throughout) 

and aatrie potential on root oloagatioa, it was observed 

that root elongation was more in the forcer oase is oompari-
1 

sea to the latter one (Tie. 	). This difference asy be 

attributed to the water transmission characteristics of the 

so11. Since in the turner case, the •oil-moisture is aaia-

taiasd at field capacity and only the osmotic pressure is 

"raried, so permeability regains virtually constant. but in 

the latter oase, unsaturated hydraulic conductivity also 

Pity. an important role. 

According to Gingrich and Russel (1957) the ds6ree 

of saturation and presumably the permeability remains con- 

'tent in case of osmotic pressure experiment (experiment 

oOtduoted by them in petri dishes, of course). However, 

for the soil-moisture tension experiment, a marked reduction 





9 	t. 



1.9 
FI6.-i5 RELATION OF RADICLE ELONGATION OF WHEAT 

AND MUNG TO TOTAL 501L• WATER POTENTIAL. 

401 	
(A COMPARISION OF TWO SETS OF COMBINATION) 
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crops. 'fbo figure sb.wo that there was differoaoa in total 

length of the radtolos rpto 6 bar total moisture stress. 

rowrVer, the oe biaatioa eta taaat+rial at 9. 1t and 15 bare. 

The tread eta similar in both the crops. This auUrat+d 

that at lower total auction& (<9 bars) only traasaissioa 

aharaotoriaties of the coil were responsible for the difto-

rraaes between the two oaaoa. Howror, in ease of total 

potential of 9, 12 or 15 bare the gradient in the potential 

between the radiolo and *oil became a limiting factor and 

trassaioaion ohasaatoristioa became loss important. This 

IS further revealed by a eonparison of fig. No. I8. 

From tbo present investigation, it is clear that 

the two component& ore additive at relatively higher otre- 

•son and their combined effect results in a marked reduo-

lion in the root elongation. 

Thera may be .any factors, such as soil water, aera-

tion, nutrient supply etc. which have a direct or indirect 

bearing on plant growth. Gardner and ibling (1962) pointed 

out that the actual availability of soil water involros the 

ability of a plant to absorb water at the root surface, the 

energy with which it is hold by the soil and its rat• of 

movement through the soil to the Plant root. 

In the present study, all other faotors remaining 

constant variation in the water rogimrs was brought about 

throuCIi cnoisturo and ovanotla etr000. At lower 1eve1e of 
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moisture stress, only the higher concentrations of 	itol 

selitip had profound •ffoot* on root elongation. This •ug-

gestad that in such oases, the oaorq status played an isp.r-

taat role. But at relatively higher moisture torsions o*sn 

the lower lovely of oss»tio pressures showed moored dooroaso 

In root length. This iadtoatos that at higher moisture 

str000, the unsaturated ooadustivitt and potential gradient 

between the radio. and soil were important. 

This proved that under dryland atrioultura, the look 

or moisture so one hand and salinity ooaditioaa (it high 

salt 00000ntration axista, at all) on the other not only 

affoot the  good germination (as dioonsood in part-I), but 

also the rest growth at early stage. 7horfcr., the main- 

tonanoo of the total soil-water potential at relatively 

higher levels in general and under saline conditions in 

particular is more important at the initial stages of crop 

growth. 

-s000$- 





Germination aad rest sloaptioa studios of wbsat. 

variety S&Xusda-4• and s+,44. Var
iety Jatiadae43•  were ooadu-

etod at varying 41[r'os or estrio, eamotio aad total soil 

 

-

Moisture potential (metric potential • osmotic potential) in 

a typical olalroy soil. Th. rats as well as psrooatago ps-

alaatioa st both to. orope show" a gtdii&1 decrease with 

increasing * ~51i1 pad soil-.oisturs stress over a range Of 

0.3 to 1S bars. Gerdnatioa percentage was found to is 

little higher in Osmotic asthma (d-aannitol) than it 000u-

rred is soil at moisture t.nsioo of .q*&v*lont stress. This 

was thought to be dw to the moisture oharsotoriadoa of w• 

soil. 

A series of ooabinatioas of Moisture stress and 

osmotic stress resulting into the total moisture stress from 

1.30 to 15 bars was triad. The total •oil-moisture stress 

had a 	Sd offeot on the rats as well as tbs dOrmin tioa 

percentage of both the crops. osmotic and metric potentials 

were additive in their offset at total potential of 9 bats 

and onwards. 

Furthorr it was observed that more than 80 per cent 

germination took place at Moisture stress of 3 bars in case 

of wheat and at 7 
bar's in *ass at mung* For root elongation• 

small seedlings were drown at different levels of osmotic. 
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movie pad total •oil-aoistur+ potential for a4 barn at 1•C 

s I in t1N olayoy soil. A mark" decrease is root loedtb of 

both tbo orops 000urrad wdoa tb. aeii aoL.$ura atraao vaa 

iaoroaoad from u.1 to 1) base. AS lbo total sotl-ooia$urS 

•troop (moisture otross ♦ 0000tio etroaa) inoroaaad, root 

oloa atioa of both Was crops decreased• 

rrage tip sbw studios• trio tollowlsi ooaolwiost ry 

be droves 

1. The nail-ioiatura stswa at any Liven Moisture level 

laompaaao with Increased soil salinity and at any level of 

Salinity, tW etawa is increased as the •oil-0oistns+ 

dooraaa"*. 

t. Soil moisture, •tress adversely off•OIs the 000d $SX 

emotion and root elongation. 

3. Plots ture is not equally available to the root* trop 

field capacity to the Wrwsont willing peroontaro. 

4. Ralatiwly higher moisture 
 or osmotic stress oauoo 

reduction and delay is ,BIlootLans 

5. Hung (variety, Jarahar-45) can withstand rolatiwly 

hieh.r Moisture stress.' than wheat (variety Narmada-4) at 

gormination and soot initiation stages. 
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(.e. voro than oik+tr per ooa% of tbo vlablo .soda of 

vMAt &Dd ~A" oo+ro is a oloyoy ooil (63..1 *LAY) cia son-

a1LOto at otrM+H Y eiSk as 3 id 7 bay', s+.Wotiroly. 

7. Aoet ele"Sfioo of vWa$ and woi is adrorroly offo- 

at" uaa.r low ooil-wtor potoeti&l bsoiwo of lou avi3a-

billty of water. Tt+w wtor upt" * by pioeto O.y b ll+dtod 

by stunted root 9rovtL. 
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2. 	 27 	25 	21 	15 	7 	11 

	

4• 	94 	9~ 	
79 
	69 	k9 	19 

• 96 	94 	91 	72 	33 
6. 97 	9S 	92 	74 	56 	20 

7. 0 	0 	0 	73 	37 	21 



osi[aNAnO$ u$CZWTAQs Or W) AT SliD AT DDflW T 
LIVsLS os OSMOTIC POTCSTZAL IS CLATST SOIL 

(son. Mora?UJs NAiaTazllw AT r.a. ) 

(Atss OF 4 WFUCATIO~s ) 

(01A11LATX7s stm ) 

No. or daps O.3 	1 bar P ~rs f Dar, +10 bars 11S bars 
w .2$.r .tag 	 1 

1. 0 0 0 0 0 0 

S. s4 s1 1s 13 9 0 

$6 a1 79 61 s9 9 

;. 98 $9 86 6$ 50 13 

94 9s 90 71 S= 16 

6. 95 93 91 73 19 

7. 0 0 0 74 55 21 

ILL 



aiIen1IIA?I0X !1RCZjR'A0a 0P VM AT $Z&D AT DZmAi!lT CiYZCi 
01 TOTAL LOLL-WA'i*D POTZIRLAL (JUTRIC rO'I'ZJR'IAL 

OSMOTIC p0'l'i!n'LuL) Ill C'LATZT SOIL 

(AVJDAOI 07 4 O$PLICATTO>~) 

(cana.ATITi aATB ) 

C,i.Dia.ti.a . of day. 	1.' 	' 1 6 	9 	is 	S 
not xe. 	w:..nias baZ 	bas. P lb.! 

It 0 0 0 0 0 0 

as It 11 9 0 0 0 

3. an 75 60 s9 11 6 
4. 87 86 69 48 17 13 
30 89 88 72 53 21 16 
6. 92 89 73 57 24 18 

7. 0 0 76 38 25 
-- 

19 
----- 

u 1. 

---------~~..------------------------------------ 
0 0 0 0 0 0 

s. 14 a 6 0 0 0 

3, 79 71 S7 24 12 6 

4. 87 79 63 41 17 11 

5. 90 84 68 32 21 15 
6. 91 83 71 S3 23 18 

7. 0 0 73 58 24 19 

iV 



a;R1QRATIOfI P CUTAOi Or KUMO 8320 AT DITflWT 
LiYRt.I or IiATAIC POTiMTZAL IN c3.1YSY &OIL 

(AVsAAQi OP 	PLICAT10 ) 
(OWL16ATM PATS) 

N. of .vJs 
atfor .o+►ia8 

j.3 b. I bar p bar. 
+ 
f T bar. 1O bar. 13 bars 

1. i1 a 7 	S i ti s' U 	$ 3 
8 26 

91 
63 

. ~! ~7 86 66 29 
3. 0 0 0 87 67 32 

Oi$JIJ ATZON P12022TAGS Or 21010 1S1D AT DIPPSR><JIT 
22P21.S OP OSMOTIC POTZXtIAL 

(AVIPAOZ Or 4 RsPLZCATZO$$) 
(COl1ULATIvI RATS) 

No. of days 
1°

' ban 1 bar 3 bar. bars 10 bar. JIS bar. 
alter moving 

1. 26 24 Q1 16 61 16 
3. 87 98 86 96 81 93 87 87 0 71 72 32 3.  
4.  1O0 99 90 91 73 34 
5. 



agai,nua tlRCuuTAO& or K=§ MUD Ar DXrVSSSMr 
LgUsLi or osNOrzO ro?sxrw. IU CLA1Rr $of. 

(LOZL NOIZT1J MAZ,R'ASxiD AT r.C. ) 

(AYIAAO= or 	PLICATZO1~ ) 

(ootwTITI MAI ) 

Xe. or dam  bar I bar bare JT dare 10 bwrs fIg Der. stter •evtas 

1. as 21 19 16 9 4 

:. 53 89 

 

80 72 61 14 

3.  9e 94 91 8 67 11 

4.  99 9a 94 07 69 31 

0 0 30 0 89 73 33 

v1 



'ii 

summuTT011 pO1CtMiA00 0r Kum At DUnUWr Li7ZL0 OF 
TOTAL $oIL-VAT PmwrIAL (MAT1Ia POIUTZ' • 

OSMOTIC POT$M'ZAL) ZX M A1IT $OIL 

(AVssAOS or 't sPLIaA:ID ) 
(cl*ATr s rA:s ) 

	

6 	9 1s 

~15CC. .baaHoa o. .f "Ye 1.3 	~6 	b.. 
sot Me. 	N! •evia6' 

z 1• a si 16 9 0 0 

s. $7 63 76 37 21 11 

3. 9s 

9. 
98 

96 
as 
$$ 

66 

71 
3s 

33 

23 

s8 

s• 0 

--------------------------------------------------- 

0 93 75 37 30 

II 1• 
s. 

as 

83 

19 

80 

15 

73 

11 
61 

0 
16 

0 

9 

3• 94 92 81 68 30 *1 

4. 97 94 66 73  

S. 0 0 89 74 37 30 



.iu 

O°0T &LO ~oj 
	TTDZ

~ OF 
 O>M ZA     

(*YSA0( or 3 sp1XCATXO ) 

Metric votestial 
(tar. ) 

podiel. 1..gta (a`~+ of 3 ...dltase ) 

34 0.3 
1 31 
3 17 
7 17 

11 I0 
6 

13 

WOT SIAIWATIOM OF WMiAT AT DZlTSRMTR' L9TZL1 or OSNOTID 
pOTsNTIAL (BOIL NOISTUB MAIIrPA»O AT 7.0. ) 

(ATXRAOi OF 3 asrUOATIOIIS) 

Osmotic potential 
(bare ) 

length (an.csgo of S  
(r) 

33 0.3 
33 

1 29 
3 18 
7 12 
10 6 
1R 



•MOT EEO$QA?lON O! VM&AT AT OlFII!fiI? L*fL$ 
OF TOTAL TOIL-VAUZA POI!RFIAL 

(AVIRA09 Ot 3 At1L2CA?Z0lIt ) 

?s$al •.L1-Erabss 	 Md!ei• lsasth 

s.s N. 	
r s.est.1 	(averse+ `f ...dl 	) . (+) 

1.3 34  
3 32  

ss 
so 

1= 10 
1g  6 

U 	 1.3 34  
3 89  
6 2 
9 19 

12 10 

15 6 



A00T $$ 0*0ATION OZ win AATT ~WRW1 T &S'TIL $ 01 
$ATRZC po?s'rIAl. 

(Avzat Of 3 09p1IOA?101Nf ) 

wtfie .x ) 
(►.s 	

A~1.1. LNIt1 (• (ra. of 3 ••.41iaP) 
• ate) 

0.3 
1 
3 
7 
10 
is 

39 
3s 
32 

13 
10 

COOT sLONOATZON Or )IUNO AT DIT'E8ENT EiIlLN Or OSMOTIC 
pTZNTIAL IN CLAYRY $011. 

(IOU. NOISTURI MAINTAINED AT 1.0.) 

(AVsRIAOa 07 3 AspLicATzOlN; ) 

Osmotic potential RAdrI. length(ctwr.p of 5 .Ocdln ) 
(base) 

0.3 	 39 

	

1 	 34 

	

3 	 a7 
7 

	

 
10 	

16 
15 

2 



Ii 

MOT S1Ap T
IO OF XURG AT Z ~ 2V~ 0! 1*TAL. 

(AvI2A OF 	PLIQATIO>~ ) 

ZyW •oil-vatsr Madiolo looitb 
~i~) OoI.$ Xt.N  •

potential (aver'age 
tot Oo. 

= 	 1., 3T 

3 ~ 

6 31 

9 
12 13 

is 9 

N--NS-~---N-~----NN- 
-N-------------- N---------N--- 

:z 	 1.3 36 

3 32 

6 2$ 

9 as 
12 12 

1S 9 
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