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Soybean can be a finest vegetative protein source 

not only of Madhya Pradesh but also of India. The protein 

intke, particularly of high biological value1  is very low 

In our country resulting malnutrition, Soybean which  supplies 

both high quality fat and protein seems to solve the protein 

problem partly. Soybean contains around liO% protein and about 

20% edible oil. This is 7917 encouraging in fulfilling the 

needs of majority of vegetarian Indian population. 

In }(adhya Pradesh during the year 198.83 the approximate 

acerage under this crop was 8,1 laIth hectares giving a total 

yield of 614 thousand tonnes with black soybean (70%) and 

Improved yellow soybean varieties (30%). It occupied a 

premier position in production, contributing about 80 per cant 

of the national production of soybean. However, the per 

hectare yield (70'5 q/b$) is loveet in the world, Rena., to 

improve the per Ii ctare yield snd quality of soybean, it is  

essential to food the crop properly. 

It requires, like other legumes, a email dose of nitrogen 

to give a good start to the crop and the large qw untities of 

Phosphorus, sulphur, potassium and calcium, 	otb.rwia., the 

crop removes relatively large amounts of these nutrjs 

from the soil. Deficiency of any on of these nutrients 

leads to unsatisfactOry soybean production.Nit-rogen  

• 1 	

•t.Ir 



is a iLiiting factor in the protein and oil yield. Expansion 

of Industrial uses of soybean has stimulated research an 

composition or the seed, particularly in respect of oil and 

protein content. As a consequence the variability or 

composition has assumed importance particularly with respect 

of different new varieties. 

soybean oil has many medicinal uses. It is used in 

the cure of cancer, coronary diseases, diarrhoea, skin 

troubles. soybean Lecithin being one of the strongest 

riulsifyIng agent is used con*nercialiy in many non-food 

uses e.g, textile, leather goods, soaps and detergents, 

ooarietica and fungicide preparations and as semidrying oil 

in paints and varnishes. It Is also used in manufacturing 

many nutritive products e.g, margarine, maUonine etc. 

Soybean is a crop suitable for temperate regions 

with fairly humid, warm growing season. Di oomparision to 

other leguviinOUs crops, it is less sensitive to frost, 

drought and vet weather. It succeeds on a wide variety of 

soils  and can thrive well in acid soils or soils low in 

calcium content (Wolf & icippa, 199). 

Oster stress is another Important factor which 

affects Practically every aipect of plant growth right from  

emergence to seed fbratiOT1, modifying the anatoy,mop,gy, 

physiology and biochemistry, Low soil water potential is  

the moat limiting factor for germination and s*tablis1ent 

of crops. Wny times a proper plant stand Is not achieved 



due to failure of seed germination, which is usually due to 

poor water availability to seed. Under restricted water 

absorption, seed my take more time to emerge and the 

am.-rgence may lack uniformity. Sctnetimes, after successful 

emergence, crop may face soil moisture stress of varying 

degrees during vegetative growth period and ultirntely 

retard the yields. soil water and plant relationship has 

been the subject of a great deal of research yet very little 

information in this regard is available for soybean grown on 

a black clay soil. 

Therefore present studies were undertaken with the 

following objectives s 

(1) To evaluate and assess the influence of different 

degrees of soil moisture stress on seedling 

emergence, .radicle and plumule growth or soybean 

(2) To study the Influence of varying soil water 

potential on growth of soybean. 

(3) To study the effect of varying soil water potential 

on transpiration of soybean. 

(4) To study t he Influence of different levels of 

nitrogen applied through uree PM and their 

and yield of soybean. 

(5) To study the uptake' of )IX, Ca and Mg as influenced 

by different levels and source of nitrogen. 



(6) To study th effect of different levels and aaroe 

of nitrogen on all and protein oantmts of aO7b4sn 

grain and their mutual relatinh1g 

(7) thangea inNEK,  Ca and Hg in 3011asaffdb7 

different tr62tMerAtS. 
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Considerable work has been done on the soil-water 

and plant relationship and nitrogen fertilization in India 

and abroad. A brief review of the work carried so far 

relating to the influence of soil moisture stress on 

seedling emergence, transpiration, leaf water potential and 

other growth parameters of plants has been presented in this 

chapter. A brief resume of research work on the effect of 

nitrogen on yield and chemical composition of soybean grain  

and their interrelationships has also been given. 

2.1 SE&LI!1E!TC 

2.1.1 11018tuft absmt 	by seeds as influenced by water 

Potential 

The water availability is one of the iost 1portarzt 

factors controlling seed germination and plant establishment .  

flether (1898) found that the capacity for absorbing water  

different for different kinds of seeds. He observed that  

peas absorbed 100 per cent of their air dry weight and wheat 

only +g to ,o per cent. stiles (191+0, 191+9) reported that 

all seeds do not ricifliro gaie amounts of water for 

He further reported that Various bean seeds differ in the 

total a,unt of water absorbed and In the rate of absorption, 

ifunter and Erickson (192) observed that in order for the 

seeds to germinate each species had to attain specific 

moisture content. This m1nirna moisture was found 
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approxitfte].y 305 per cent for corn, 26.5 per cent for rice, 

O par cent for soybean and 31 per cent for sugarbeat 

Richard and Wadleigh (1952) stated that the oarstjc 

and niatric forms of soil Water potential do affect the seeds 

water uptake and response to some extent, 

couis.Georago and sands (1959) reported that both 

water absorption oharactert1os of seed and soil water 

influence the seed gemination,-  Nbnota (1967) observed that 

under restricted water absorption, seed may take larger 

time for germination and seedling tay lack uniformity. 

Phillips (1968) found that diffusivity of  soybean  

seed germinating in aerated distilled water was approximately 

14 tliues larger than corn seed and approximately 18  t1mes  

larger than for cotton seeds, The diffusivity of soybean 

and corn seed germinating in silt loam soil at four moisture 

content ranging from wilting percentage to field capacity 

was  approximately equal at each soil moisture contents  The 

di.ffusivitl of each seed Increased as soil loisture content 

increased. 

adas (1970) observed no difference in water uptake 

by the sed$ In each soil water potential inspito of the 

considerable 

 

I. on 	between their hydrau]je 

conductivities* 1han and 'Varade (1976) observed the water 

diffusivity of germinating leguaenoue spheriaa seeds of 



gram, redgram and pea seeds in lateritic sandy clay loam 

soil at varying moisture content and in aerated distilled 

water in germinator at constant teuperrtur. ater 

difuivity of each type of seed at three xisture contents 

(7 9  10 and 20%) increased with increasing t!io after 

planting the seed in soil. Water difAisivity of each seed 

germinated in aerated distilled water was approxiv1ateyr 

four times more than that in soil. They also concluded 

that the rate of uovement of water In soil controls the  

absorption of water by seed and in turn, the seed water 

diffusivity. 

Mensah ! 	(1979) measured moisture isotherms 

separately for soybean seed coat and cotyledons shoved that  

the seed coat equilibrated was also higher for the seed 

coat. moisture difftaeivitiee detexijnate from seed coat 

and cotYladons dry data, atioved that gq4 oct, resistance 

to moisture transfer was 6 times that Of the Oolyledna. 

Woodstock nnd Tao (1980) stated that deterioration 

in soydom seeds apparently involved, at least in part, a 

decrease ln  ability of seed axes to tolerate water uptake 

at the short imbibtion. This weakness may be Oompensated 

byosmotic control of water uptake. 

2 • I • 2 EffectLrP 

The  jnfluenOe of soil water potential on percentage 

• Ierg3o• of varioUS crop seeds has been studied by many 
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workers under laboratory conditicn. Thsir ocion conolusion 

ji that the total rate of germination as iol1 as total 

gerndnr4Ltion are decreased as ratric potential decreases. 

Ayers and Haywarda (1948) stated that soil salinity 

impedes the rate at which seeds germinate and also decreases 

the number or seeds that do germinate. Hunter and Erickson 

(1952) observed that at 20°C a soil should have a moisture 

tension  of not more than 12,5 atmosphere for corn and 

kernels to gerilnate, 6.6 atmosphere for soybean to germinate 

and 3,5 atsphera for segmented augarbet seeds to germinate, 

Gingrich and Russell (1956) observed that a decrease 

in rnatric potential a.ffcts sned or radicle behaviour to a 

larger extent than an equivalent decrease of the osmotic 

potential because of the simultaneous Chafl$• In the capillary  

ødtiYitio 

cois-orga and Sands (1962) found that the osmotic 

potential does not restrict germination unless high  

concentration is reachedo 

coje.'aeorge and sand (1962); Coflis'Oeorga and 

.ctai. (1966) showed that When soil water potential was  

cozitroUed by ati'ic potential, germination 	 at 

vary 9M3.1 reduction in water potential. 

Todiar and Hillel (1965) found that mexim 

gerujniticzt of seeded dryland range under semi-arid 
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conditions required moisture conditions near field capacity. 

moisture content 2/3 to 3/4 of field capacity severly 

reduced germination which was zero at 15 bars. 

rensen (1971) reported that the changes In tension  

from 1/3 to I bar has no significant effect on the time 

required for emergence and the growth rate of cotton 

seedlings  In Silt loam soil packed at 1.10  g/crn3. The rate 

of emergence and growth rate progressively decreased as  

tension Increased frcm 2 to 4 bare. Thereafter as tgnj1ofl 

increased, time required for emergence increased rapidly 

and rate of growth gim3itaneously decreased sharply. 

t1ergenoe did not take place at tension greater than 12 bars. 

flaO and Gupta (1976) reported that the rate as well 

as percentage needling eergeiCe of soybean were InxiMM at 

the suction of 0,3 bar although satisfactory emergence 

(greater than 70 per cent) occurred upto 3 bare suction 

when the depth of sowing was within 3 cm. They observed that 

the percentage emergence of soybean somn at different depths 

decreased and the time required to reach maximin eergencg 

increased with the Increase in moisture suction. 

Sokolova and Khvin (1971) studied in field trial, 

with sibean .*.giVS moisture In the soil from emergence 

or from the pod formation stage onward dased the 

proportion of esperic aaid and glux*tic acids and 3.ysins 

in the e.4CP. 



-10- 

Nalk et al. (1978) found that the soybean seedling 

raised from seeds treated with different che-AcqIs were 

subjected to drought. The vnlues for drought tolerance 

parameter's such as relative water content, free proline 

content and root weight were the highest with seed treatment 

100 ppm cycocel aol followed by sued treatment in 02% zinc 

sulphate, 200 ppm asoorbic acid, water and untreated seed. 

The values for shoot weight and leaf area were the highest 

with seed treatment in water, Intemediate with seed 

treatment in different chemicals and lowest with untreated 

seeds. 

Heatherly and isfl (1979) evaluated the effect of 

different levels of soil water potential. (4P) on the rate 

and percentage of ee2'geflCe of the soybean  ay. Tracy from  

ahrkey clay and Dub os silt 1oai equilibrated to soil 

wayer potential. of .0.1 to -0.7 bar in a glass house study,  

plants emerged from the sharkey clay at a faster rate and 

over a wider range of soil water potential than fro; the  

Dubbs silt loam. 

ingh (1983) reported that good e'ner'gence of gram and 

wheat on be achieved upto 4 bar soil water potential 

where satisfictorY eiiargeflc* (6% to 70%) may be obtained 

upto .10 bar soil water potential in a fine ttlthed black 

clay soil. S&tjgfactox7 emergence of oaf flower can be  

obtained upto 4 bar soil Vat.r potential although & soil 



water potential of about -2 bar results in a very good 

gerrination. The highest value of the eiergence rate index 

of wheat, gram and safflower was obtained at -5, -1,80 and 

-0.33 bar soil water potential. 

harma (198+) concluded that for obtatnlng good 

emergence of barley,  (82 to 100) 9  soil moisture stress 

beyond 5 bars should be avoided in a fine tilthed black 

clay soil, axiimmi emergence rate of barley was recorded 

at -0.33 bar soil water potential and decreased progressively 

at a slow rate, Decrease in soil water potential beyond 

5 bars caused a drastic reduction in enorgence rate index. 

2.2 GIQti croR8 

2.20 Effect of soil water Mtential on radicle elongation 
and shoo troOt rttio 

A number of laboratory experiments hays been conducted 

by various workers to assess the effect of soil water 

potential on radicle elongation and shoot/root ratios  

Gingrich and  RU03033. (1956) observed that moisture 

tensions had no significant effect on radicle elongation of 

corn unless the oxygen concentration v&s 5.25 per cent or 

greater. There was progressive reduction in radio).s 

elongation for the higher levels of oxygen concentratg 

with increasing soil moisture tension. 
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Iden (1961) found that the osiotic pressure of the 

soil solution generally inhibited root growth of cucumber 

and beans at 10-30 atmospheric suctions in red and sandy 

soil. Taylor and '.Ratliff (1969)  observed that the weight 

and length of shoots of cotton and peanut decreased with 

decrease in matric potential of soil water. They also 

concluded that rate of root elongation did not respond to 

change in the soil rnatric potential from -'0.17 to -7.0 bare 

for cotton or to cthinges from "0.19 to -12.5 brg for peanut. 

Eavis (1972) reported that above -3.5 bars, there was no 

direct effect of soil water potential on the pentration of 

pea root in sand. 

Ievan (197+) observed a Mrked reduction in flax 

root growth below -7,0 bar soil water potential. He also 

noted an increase in shoot/root ratio with decreasing soil 

water potential which indicates relatively greater 

depression of root growth than that of shoot growth, 

Gupta and Sin& (197) found a non-linear decrease 

in the root elongation of wheat and run beans as the soil 

moisture  potential decreased. The root elongation of both 

the  crops was better at osmotic potential than at comparable 

aatria potential. The difference was attributed to water 

transmission characteristics of the soil* idic1e elongation 

was reduced to about O% at  7 bars Li case of wheat and at 

about 8 bars in ease of mung. 
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Bunco (1978) rcorted that the increase in root 

resistance of soybean and cotton plants were correlated 

with lover rootq of elongation. The data indicated that 

shoot/root Interaction occured ich affected apparent root 

resistance to water flow and complicated the interpretation 

of whole plant data on leaf water potential and transpiration 

in terms of the flow dependence of root hydraulic 

characteristics. 

Ijzard and BDYer (19,90) observed that for soybean, 

transporting water at a steady rate, writer potential 

difference between  soil and Xboot  were 8rUer than between 

root and leaf over the range Of soil water potential from 

-0.2 to -'ii bar. 

fleathe2'lY (1980) found that the shoot dry weight and 

leaf area index of  soybean pliflts grow at .0.6 and -0.7 bar 

soil moietuTh potential were significantly less than those 

of punts grown at '0.3 to -.0.5 bar. Boot density was  

significantly less at -.0,7 bar. Decree In soil iojtui'q 

potential decreased shoot iass. The. clay soil gave ht-,her 

production than the gilt loam at all levels of Soil 'ioisture 

potential due to better water auilability'o 

,luck et al. (1981) reported that the soybean plants 

vers grown In uniform sandy soil In a rhizotron with only 

natural raini'ai.l or aupjlementral irrigation, Adaptation 

to dry conditions podc*d supplemental water had raich 



larger root systeris. Leaf and intez'nodes numbers were 

comparable but leaf sizat  internode length, leaf area Index, 

and seed weight were substantially larger when soil water 

potential was continuously maintained above '-0.1 bar by 

trickle irrigation. Water stress appeared to shift 

carbohydrate utilization from shoot growth Into production 

of additional root biosa. 

Cavalieri and  l3oyax' (1982) observed that elongation 

occurod in the t oXifl8l 1.5 cm of the soybean hyp000ty]. 

where the water potential was -3,5 bar. Tissue osotio 

potentials generally paralled tissue water potential g 

that hyp000t3rl turgor was maintained. Growth-induced water 

potentialS reflected the local cell enlargement activity 

and were supported by appropriate osmotic potentials. 

22 • 2 	 soil water jptentialontraniration rate 

and leaf area -- 

Various workers have studied the relationship between  

the soil water potential and transpiration rate under 

varying crraporativo defld of atmosphere. 

weatherlOY' (1950) studied the Internal plant water 

relation In cotton  as affected by  soil water suction and 

evaporative deind of atmosphereo He found that at a certain 

value of soil vat sr gut ion, the plant water balance was  

largely oontrollad by evaporative dend but it it were 

below this value it ims controlled by both soil water suction 
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and aerial evaporative conditions. Richards and Weeks 

(1957) reported that as soil becomes drier and soil suction 

increases, the suction in the plint root necessary to 

maintain transpiration increases liore rapidly. When the 

øuct Ion approached 15-20 bars, exceedingly high auction or 

IPD was needed In plant root. 

Kramer (1959) stated that the ratio of water absorbing 

surface to transpiring surface is probably more Inportant 

than the actual leaf or transpiring surface. Unless water 

absorption keeps pace with water l035 an Internal deficit 

cicBveloPS. 

Vaadia et al (1961) reported that the water balance - - 
of plants depends on the soil, plant and cliiiatic factors. 

AbSOtPtiOfl 
of water by plants is initiated and controlled 

,jrily,  by transpiration. The evaporation of water from 

the rnesophlU cells causeS a decrease in turgor pressure 

thus, lowering the leaf  water potential. 

Fisher and hogan (1965) observed that the rate of 

otynthosiS was moderately sensitive to decrease In plant 

water stress also retards leaf expansion and reduced leaf 

ityer (1967) found that air resistance is about 3 

times greater for a ls*f 10 ei* wide than for only I an wide. 

ionit et al. (1973) observed a rapid increase in - - 
transpiration rate IIM%.dIataly after irrigation in both 

herbecious and  wood)' plants. As soil water was depleted 
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the rate of transpiration declined. T3lanohet at al.(1977) 

studied In pot trials, 13 soybean cv from maturity groups 

00 to TT-1 were grown with soil water supply to give 45, 60, 

or 100% Of raximm transpiration.  Leaf area and yield 

components were ieasured in 8 cv, with maximum transpirat ion, 

transpiration/unit leaf area was almost constant, but use 

varied, dry conditions decreased both loaf area and 

t ran  spiration/unit leaf area. 

Dianchet and Gelfi (1978) observed that with no water 

stress, water consumption and total dry matter production 

were approximately proportional to leaf number up to a leaf 

area index of 5,, beyond this, seed production and water 

consUmptiOn reached vyAxim but total dry matter still 

increased with water stress the leaf area, transpiration 

and seed production were reduced; the photosynthetic activity 

seed/total dry matter ratio and water use efficiency were 

higher at low loaf area Indices. 	 - 

Bunce (1978) reported that the relative importance 

of leaf area expansion and N'.R to DM production of soybean 

and cotton during soil water stress via thus dependent 

the degree and duration of stress. 

Planchan end Vignee (1978) found in pot and field 

trial of soybean that highest transptation rate (at 130 v/a2  

j.ight intensity) was 11G8Ched in the morning and the rats 

dropped sharply in the tSI'flOOfl following a big Increase 

in Collar resistance (from 300 to 700 s/ia between 1100 and 

1200 b). 



3jvaIcum:r and Shaw (1978) observed in field study 

that rate of leaf area expansion were closely related to 

hang 05 in soil Water pot erit tal • RQR of soybeans was 

negatively correlated with stomatel conductance leaf-water 

potential and rate of leaf area expansion, 

Eavill and Taylor (1979) reported that the total 

transpiration of soybean (crn3/day) from the container 

increased with leaf area. Transpiration rate (cr?/om day) 

decreased linearly as soil water content decreased, but at 

any particular soil water content, BL had no significant 

effect on transpiration rate. 

Hipps and Hatfield (1980) reported that the variation 

in mjoroolJJflate between vat erinij treatments grew lar.;Qr as  

the season progressed and was more pronounced In soybean due 

to greater leaf areas. The nicroclirizate at a given point in 

time was heavily influenced by the stress history of the 

plants. 

Moyer and Walker (1981) reported that the pattern of 

inversion of termixial leaflets and later of lateral leaflet 

an total available water fell below  +O% was observed in 

soybean cv, oribi grown at Pretoria, South Africa. The 

t*rOtiofl between moV*U*flt, abaxial and adaxial stcat el 

stress were investi.8Sted. 

(1981) studied in an experiment using 2 

short and 2 long duration soybean cv. detached leaves left 



in water In darkness for 56 were weighed frequently during 

drying until they wilted. No significant difference were 

found in relative turgidity at wilting (72.7..76) stmt] 

closure (91.5-95.6%) total or cuticular relative transpiration 

ate3 or transpiration control index. 

2.2.3 Effect of  soil water potentialP leaf water-,  potential 

Various research workers have studied the effect of 

soil water potential on leaf water potential. Boyer (1970) 

found that I1aX12%flWI leaf enlargement of soybean, corn and 

sunflower occured at leaf water potential of only -1,5 to 

-2.5 bars and was nearly zero at leaf water potential . 14. to 

-5 bars. The same relationship were found for crop yield 

also, 

pais and EaguG (1977, 1978) reported that initial 

drying Of the soil had only % slight effect on the leaf 

relative water content except that a steady value wag 

obtained at 81+-801, but as the sol]. moisture content was 

allowed to decline below about 21 the relative water 

content decreased steeply as a result of high day time 

evaporative dfld. The leaf relative water content 

recovered partially as low evaporative condition prevailed 

at night. The  day time depletion in leaf relative water 

ØOfltQflt W59 more severe and the recovery at night was more 

imcopleta with 	moisture content In the soil. The 

day t Ime lowest value or 52-75% relative water content was 

obtaiied 1600 h, associated with 12.6% soil moisture content. 
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Bunce (1978) reported that low relative humidity 

resulted In low leaf water potential and turgor in an cases 

and In loaf expansion rate in most cases in soybean and 

cotton cv. 

Carlson et al e  (1978) observed in the field experiient 

that both leaf water potential and leaf conductance related 

to significantly to imposed soil  moisture treatments and to 

final seed yield and yield corponents of soybeans. 

wenert t a]., (1976) found that leaf water potential 

differed very little between sunlight and shaded leaves, so 

that it appeared that short-term chances in elongation rate 

resulted from raU chunges in turgor pressure in field grown 

soybean* 

gatfleld and Car'1SOn (1979) reported that the exact 

pattern 	to day,  was highly dependent on atmospheric 

demand axid soil moisture content within the canopy an initial 

time  lag after sunrise was observed before leaf water 

potential beg3n 
to decreases this effect was attributed to 

radiation 
interception differences between canopy 11trata0  

There were no consistent differences in leaf water potential 

patterns between two soybean cult liars. 

Saiot and cortee (1980) observed a close relationship 

between isaf water p0ttial and ARk accumulation In soybean 

under water stress but the relationship was different in the 

two cv. (a)CbjLppW& 64which is fairly drought hardy and 
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(b) 	!il1n which is drought siisoeptible,*  growth of (a) was  

less affected by the stress (b) did not accU2ml1te as much 

II3A as (a, yet the leaves from (b) had more negative 

Potentials, 

yadava (1980) observed that the leaf water potential 

was a better indicator of plant water stress then other 

physiological paramel.ers j  but the stornatel conductance had 

no relationship with leaf water potential varying from -P- 

to 	bar in soybean. 

2 ,2.4- 	 leaf 

water pot eTj 

It is eu known tbth the rate at vttich the water is 

lost through the 0tote is inversely po1b0P0It10l to the 

resistance of diffusion path and directly proportional to 

the yapour pressure differences between the inside of the 

stomatal cavity and some print out side. Internal diffusion 

resistance døpøfldB upon the stomatal aperture which in turn 

is function of leaf water potential. Transpiration in most 

plants jo  controlled by 3total aperture. Various workers 

have studied the relationship between tftfl$j)1ztjOfl rate and 

leaf water 0tentia1. 

Gardner and flenielson (1961 ) stated that the 

resistance of water movement in the soil limits the t• of 

water uptak. by r,ots, the turgor pressure decreases, the 

stomata start to close,, the transpiration rate decreases. 
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Ufler (1972) observed that the transpiration rate was  

essentially zero i&ien soil water potential dropped below,  4 

bars and When leaf water potential fell below -11 bars. At 

this level the leaf diffusion resistance measured by true 

markers was very high because of the closure of the stomata 

of pea. 

Bunco (1978) found that at equilibrium an Increaso In 

transpiration always resulted In a decrease In leaf water 

potential. Different response of equilibrium leaf water 

potential to transpiration rate OCCU!'5d depending on weather 

transpiration was altered by changing relative humidity, 

light intensity or leaf area in soybean and cotton plants. 

RajpUt and Gupta (1978) reported that the 

transpiratIon rate was highest in lentil followed by niger 

and wheat. The leaf water poteintial decreased almost 

linearly with the decrease in soil water potential among the 

three crops grown under giiilaT soil and enviroumenta 

conditions* 

Boot and J3enflott (1980) measured the diurnal process  

of field grown  soybean after varying period of water stress. 

On plots deprived of water for more than 10 days, canopy, 

carbon' echange rate, eaPOtraPtb0n and stoiaatsl 

conduotance increased up to 1000 h, then declined as .saf 

water potential declined and turgor reached zero. Good 

carbon exehmgg  ,,at./light rspoflee curves wer. obtained on 



Bhargava et al (1976) reQrted the eopr-itive 

n.oi[sture depletion pattern of soybean  nd rnvlize gram in a 

black clay sot], of 1.P. Lozano et- t' (1973) studied in a 

two year experiment with 14. soybean cv. and 3 levels  of jl 

moisture there Was no 9igflifFLflt difference In the 

proportion of unfilled pods duo to either of the variables 

nor was there any interaction between them in relation to 

seed setting. 

Berlto and Bergnschi (1979) observed that water 

use was highest between the stage of greatoot podding and 

the stage when O% of leaves had turned yellow. Daily 

average water use was highest at 7. 	from mximum flowering 

to naXiIlMfl podding. 

M yer (1979) used a phyalolog teal soybean growth and 

dei.lopflt Models to st :bate crop performance, seed size, 

seed yield and COP t er1tiiX'e for drYIand and irrigated 

oditiOfl8. It can be used to study detailed Physiological 

process in soybeans, and has been va1idted for 3 locations. 

4en at a].. (1979) reported that moisture stress, - - 
&gnifiCafltl7 affected most yield ComPonentS (we1ght/d, 

seeds/pod, poCJ/flO°, number Of pods) for both experimental_ 

varieties for the 1f stZ'O pr'10,  butimportant 

interactions vera difficult to identify. Although the both 

variety differed greatly in soie speoltia yield components, 

compensation betve the different yield ccnpcnants 

resultod in no øoit yield diff.i'enee, between thesa two 

experimental varieties. 

J 



Wien et !i. (1979) observed reduction in nain stem 

length due to moisture ntres in cowpea and soybean plants. 

hunter et al. (190)  concluded that soybean responds 

well to permanent water tables maintained close to the soil 

surfce3, and high yields of seed are feasible in 80 to 8 

days crops. 

.Tones et a].. (1980)  discussed the results of a 

sensitivity analysis with the node]., in teVris of research 

needs and In terms of potential problems in stimulating the 

effects of water stress on crop growth proceses. 

Karlon It a].. (1980) found that the Conc-entration of 

nutrients (P, K, Ca,  t,  re, 14n and Zn) in  pltg grown 

with and without irrigation were very similar; however, 

plant biouLss production and therefore nutrient uptake was 

much greater under the irrigated conditions. Differences 

in nutrient concentration 2mOnli th's 30Y1 C. appeared to 

be related to plant growth stage at the time Of sampling. 

The uptake and distribution of nutrients within the soybean 

cv, and reLatiOnShiP to yield and rurther fortilizatlon  

practices Were discussed. 

Quiafl Bin Ysof at a).. (1980) studied In an 

experiment stress plants  throughout the growing season. 

For all treatments leaf and stem dry,  weight increased 

throughout the  flowering period. Highest grain yields and 

ihoot dry weight were obtained for plants growing on soil 



ra1nt1.1ned at relatively high SOil iitor 1VC1 	out 

the reproductive growth peicd. Stress durin: both flowering 

and pod filling resulted jv scnificant yield reduction in 

constrast to well watering was due to an increase in number 

of pods/pl3nt rather than to seed :3ass or number of seeds/ 

pod. 

Sutherland and Danielson (1980) concluded that pod 

and g€Bd developrieflt stages that X'U1Te the -w-intenanag of 

an adequate soil water sup.ly; water deficit during flowering 

depresses Yield; and high soil water critii through , out the 

pod and seed d9VelOPUeflt stages delays maturation which 

could decrease yields if the growing season is restricted, 

Tayabi !t tl., (1980) supplied adequate moisture in 

fj.i.d grown oybWfl during pod fill t8 extended the  

capacitY for N assLilation, via nodule function and 

nitrate uptake and reduction, to later stages of erbryonjc 

deve1opmt when the plants would otherwise have been water 

stressed. 

Yendeland t 	(1980) observed that the rate of 

leaf production was very sensitive to water stF.s* at an 

stages of vegetative 	 being reduced to nearly 

no growth wider severe stress. The potential for recovery 

growth upon rel*386 from stress was limited b. the time 

remaining  until pods Isere initiated at the uppgrmst nodes  

of the aoyb*fl plant. 
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Iyig and Wang (1980) conducted a pot trials with 8 

soybean cv, the effects of + days without irrigation on 

stomata was investigated. With holding water increased the 

diffusive resistance of stota with cv. Bragg being more 

sensitive than Sant'Ana. Bossier more sensitive than Florida 

and 1FV-1 more sensitive than Vieoja, 

!alclich and Cregan (1980) studied in each year of 

(1978-79)9 2 seta of 20 pods from each cv, were submerged 

in watpr ftr 09  1, 6 and 21+ h to follow moisture uptake by 

the pod and seeds. Pods and seeds from groups II-IV 

contained significantly more moisture than V and VI. Pods 

of cv. 4iUiama and Celest contained the least arzount of 

moisture in groups III and V, with both having approx. 310 

and 38.()J zn.c. at 6 and 21* ii, respectively seed of cv. 

Ware contained the le3st moisture (7.5 and 23,8% at 6 and 

21+ Ii, respcctiVel7) arnong the 16 cv*  in group IV, The 

result indicate the involvement of the pod exooarp, endocarp 

and used coat in providing protection to soybean seed against 

field weathering. 

Snyder ç 	. (1982) observed that seed yield 

reductions for all 501.1 water treatments and cultivars 

ranged from 2% to 27%. Averaged over all stress treatnents 

the later maturing cultivars exhibited & 12% seed yield 

reduction, whereas the early =turing cult ivara had an 18% 

reduction* 
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2.3 H itrogun-1!at;ion 

2 • 3 • 1 Content and  jptake of nitMgen andits effect on 
soybean.yield  

Soybean is not a heavy feeder crop, but when other 

crops fallow soybean they do not give good yield perfornnce 

o balanced and timely fertilization is a must for proper 

development of soybean. 

Thorn (1919) sug;ested that legumes in rotation were 

the cheapest and more economic means  of increasing soil 

nitrogen. / Lyon and flizzel (1 934) conducted experiment with 

various leu'tes alone and in oobination With other crops 

for ten years. They observed that rotations including 

legumes were superior to all. Soybean was most effective 

amongst the legumes and large gain of nitrogen in soil vas  

associated with large nitrogen content of crops. 

Murneek' a experbneflt3 (1937) with  soybean plants 

grown wider long va, short days indicated that flowering is 

accompanied by rsrked decreases in nitrate content and 

increueS in amino N content of the 3te!g. ftirnoek also 

reported that nitrate is fairly uniformly distributed in 

different regions of the stem during flow.nLn, 

Singh at al. (1938) reported that the n, i.labl. 

nitrogen was relatively high In soils previously cropped to 

l.gwue* as compared  with non-legumes. The amount of nitrogen 



was the highest in the environment of the legume roots 

whether shaLlow or deep and was low in spring, increasing 

in summer and once again decreased in rains after which it 

had risen until October. 

LethweU and Rvanse (191) observed a great demand 

for nitrogen during the development of pods and beans.  

There vas no indication of cessation of nitrogen absorption 

by soybeans until maturity. There were indications, however, 

that the plants  were able to utilize nitrogen more 

effectively in the early stages of growth than in the later 

stages. 

nith at al. (1955) indicated the beneficial 

influence of legumes in maintaining soil fertility at 

fly higher levels as ocxzared to rotation without legumes. 

Ohirogge (1964) reported that soybean crop requires 

31 1+ kg nitrogen, one half to two third of this requirement 

may be supplied by nitrogen fixing bacteria and the 

remaining nist come from the soil. Much of this nitrogen is 

taken up b7 the plant during pod formation and seed fluing, 

jntio and tstta (1961+) observed that nitrogen 

&ppl icat ion Increased phosphorus uptake 'rkedly, 

uanwaj and Weber (1971), reported, in field trial. 

in 1963 using B oulttvars, that total accumulation of 

nitrogen, phosphorus and potassium followed the same pattern 
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ag that of dry matter acunulation in all the cult±vars 

tested. Rates of accumulation increased as the neason 

advanced. The concentration of nitrogen, phosphorus and 

potassium in each plant part, except the seeds, usually 

declined as the season progressed. Of the nitrogen, 

phosphorus and potassium In the nature seed, about 

was translocated from other plants part and O% was taken 

p from the soil and nodules (luring seed development. 

Harper (1971) observed levels of uptake of nitrogen 

phosphorus and potassium measured by their dieappaaence 

from the solution, were low during the first 30 days after 

emergence, increased sharply,  at Initial floweringand wore  

highest between full flowering and mid pod filling, uptake 

was affected markedly by the solution strengths, but 

phosphorus was the only nutrient removed in direct proportion 

to its concentration. AU the detectable phosphorus  was  

removed from the three lower nutrient levels during pod 

filling and all the detectable N was removed from weakest 

solution between initial flowering and the green been stags. 

i genera)1 the  uptake of nitrogen, phoaphos and potassium 

decreased during the later development stages. The content 

of nitrogen In the tops decreased from the seedling stage 

and levelled off, after full flowering phosphorus content 

Increased during the first 30 days, reached the highest 

levels at initUa flowering, decreased until mid pod filling 

and then levelled Off. potaxsl= content increased slightly 

from the seedling stage until full flowering and then 

decreased. 



Banoo and AlbrttQn (1972) repo$ed  a definite 

relationship between the effect of nitrogen, phosphorus 

and potassium fertilization on soybean yield and on the 

nutrient content of both the leaf and grain tiøsue. 

Nitrogen, phosphorus and potassitvi fertilizers all increased 

the content of these respective ele.ents in the loaves and 

uitl'o(iefl and potassium fertilizar caused an increase of 

these eleienta in the grain. Soybean yields showed a 

positive correlation with nitrogen and potassium. Setty 

o974) reported  that nitrogen percentage in soybean plant 

Increased with increasing level of nitrogen and decreased 

with the age of crop. 

Agraval and uarig (1 97) sLudied the effect of 

graded doses of phosphate viz. 01  Q and 80 kg >205/ha with 

0 and 20 kg N/ha on soybean Pun1ab-1' 'i3ra98" and "Clark.. 

63" and reported that application of nitrogen and phosphorus 

increased the seed protein and oil content signjficanty as  

compared to content in all the three varieties of aoybea, 

Courpront and Taisin (19) ob zvei that fbr  

nitrogen, the razimum uptake rate (about 10 kg/ha/day) 

occured after the appearance of the first pods, for 30st of 

the other elements it occured in fifteen days preceecung 

flowering • For pOt$SSium and phosphorus the maxima rates 

of u)tsk• were 8 and s kg/ha/day respectively. 

-j 
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Tivari (1975) concluded in his thesis that no basal 

nitrogen is needed for soybean if .LM. @ 10 cartload/acre 

is nixed vlth the soil at the time of last bakharing. 

pal and iaxena (1976) observed that the nitrogen 

concentration in stems, leaves and petioles decreased with 

plant age, vier.a in pods the nitrogen accuimilation 

increased. In contrast, nitrogen accumulation in steis, 

leaves petioles and whole plant followed a sigroid pattern 

with plant development while in pods it increased linearly, 

Bayer and flat (1977)  found the effect of a wide 

range of Mi., concentration on the uptake and tiue content 

ofphosV.Orug t  pota53iUZ, calcium and =,gnesjug in soybean 

Plant at different growth stages • A stinulatory effect of 

NID, on the uptake and content of phosphorus vas observed 

over the entire concentration range, whereas thin effect 

was observed only upto .O0)iIa NR4 with respect to potassium 

at higher levels Nth suppressed the uptake and content of 

potassium. Inhibition by high levels of fllil was also found 
for the uptake and content of calcium and magnesium, It 

was  concluded that inhibition in the uptake of potassium, 

calcium, iign..hm by high levels of IM4 r7 be an 

important factors in the mineral nutrition of soybean plants, 

iatam (1977) reported that the plant nitrogen content 

increased with nitrogen aplication but decreased with 

organic -ratter application. 
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th1e 	Ihu3pc (197?) both obiervd that application 

of 30-60 kg N/ha to soybean and/or seed Inoculation increased 

the seed yield but decreased seed oil content, Where as  

application of 60-90 kg P20/ha increased the seed oil 

content as compare to control. 

j3arnj at eZL. (1978) in field trial In 197-76  soybean 

were given 0, 89  169  32, 64 or 128 kg N/ha as urea applied 

10 cm away from the rows at the bntng of flovering. Seed 

yields ranged from 2.62 t/ha with NO N to 2.91 t with 128 

kg N but idfterences were not signif1cnt yield components 

plant height and the height of Insarton of the 1t pod 

were also not significantly affected. 

Kastori et al,. (1979) presented the data on the _- 

contents of N, r, , ca, -49, measured at 15  days intervals  

from 31 t 'y to 31 st kuguat and at raturity in the leaves, 

steia, pods and seeds of soybean cv. Wi3kln, steels and 

Corsoy at Novi Sid in 1976 and 1977. Accumulation  of the  

elenisfltS was highest In Corsoy Which accumulated most plant 

dry matter and had the highest seed yield. (2*4 t/ha). 

nuang (1980)aofldUCted a trial in 19781, )+ 

Were given 0. 5o or 100 kg N/ha and IA X and i, n , p , CS 

and !jg contents -Aeasured at 10 days Intervals after emergence. 

Applied N had a greater effect on seed yield of dwarf ear.1y 

maturing cv. than on raU Iftte =Wring Cv D4 content wa $ 

greatest at 5o days and ocmcntretion of N, P and K In leaf 

and stem were highest at 20-O days after ssergence. 
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\Anon,mous (1933) reported that maximim soybean grain 

yield (18.0 qfha) was recorded from 10 kg ,'ha given through 

Ffl4 vhich vas statisticaLly at par with the yield obtained 

due to 20 kg Nj)i applied through urea In a clay soil, 

Dwreasing u levois caused a narked reduction in soybean 

yield. 

2,3 • 2 Effect of nitrogen j4at Ion on protein and oil 

Fellers (1918) reported that the protein content of 

soybean increased by the influence of nitrogenous fertilizer. 

Wagner (1962) reported that the protein content of 

soybean increased by the Influence of nitrogenous fertilizers. 

singh and Singh (1968) reported that the nitrogen 

application Significantly increase the protein content of 

soybean. 

Kesavan and 1iraoh&n (1 974) observed that the 

phosphoric acid Increased the protein and oil content 

significantly. Nitrogen had no Influence on the seed yield. 

Nitrogen Increased the protein content significantly but 

had no effect on the oil acntent. NOI'1fl (1 97t) reported 

that the influence of nitrogen is prorInantly seen In 

Increasing the protein content of soybean. 

Agraval and Narang (197) reported that the 

application of nitrogen and phosphorus in combination 

increased seed protein end o1l content as compared to control. 



2-3,3 	Ltiiy 
,_qqition of AqZ 

J.bert (1933) oberud tLat cicium had a significant 

role in symbiotic nitrogen fixation. Nodit ion failure 

ocuret below pH 5 regardless of calcium levels. Above that 

PH calciz had an effact regardless of p11 level, indicating 

its nutritional value. 

Horner (1936) observed that nodulation improved in 

proportion to calciUmi application. There was a tendency 

tovards a proportional Increase in nodulmtt ion and growth 

and sjrtmjlar relationship between calcium and per cent 

nitrogen in the plant. 

C'KeLly and Geiger (1937) observed that when there 

is a change in the ratio of protein to oil then there is  

also change in other components of soybean  grain;  usuaUy 

there is an inverse relationship between the oil and 

carbohydrates with protein. 

Cartter and Hopper (19+2) reported that percentage 

of sugar increases and decreases with percentage of oil and 

that when total  sugar and oil changes in one direction, the 

protein content changes in other. 

caaly (1937) stated that Oslo ian vas required for 

the growth and normal biaviour of Rhiscbi be4ter1,a as 

well as for affective nodul&ttofl in soybean seedling. He 
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also observed that the order of Importance of the elements 

studied for bacteria is Ca > )4g> 3a) K ) ii, 

Vitteam & '!ulvory (19+), ruleky (19.7) reported that 

the applied phosrtiC fertilizer increased ths protein 

content of the grain. 

Ramagrioli (191+9) found phosphorus and potash 

fertilizers to favour oil formation and nitrogen fertilizers 

result in high protein and seed yield. 

Robertat . (1954) reported highest oil content 

of beans at the first aturity and decreased progressively 

with later maturity, However, this decrease wax not 

consistent for all varieties. Protein content of seed, 

considering all entries  varied inversely to the genera]. 

trend noted for oil contønt1  however, this trend was not 

consistent among varieties* 

!Crobor and Cart tar (1962) studied interrelationship 

of protein and nonprotein COfl3titUefltS of the soybean  such  

as oil, c eUu3.osa, sugars, pentos es, crude fibre, ash and 

seed size was effected aost by changes in protein ccntent 

When tha protein was increased, they found about 1/3 of the 

decrease in nonprotein constituents was in 3uars, 1/3 in 

oil and r.rdndSr in cellulose and pentosø. 

rhtrtwig and Collins (1962) and 3•chnson and 3arnard 

(1963) reported a negative correlation between protein and 
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oil content of soybean grain. Singh and Singh (1966) reported 

that the protein content of soybean 	seed Increased with 

the application of phosphorus. 

3irnirnova - Ikonnikoua et al. (1971) observed a 

negative correlation coefficient ( r = 00 13 ) between 

protein and oil content of seed. 

Shannon (1972) reported that yield was more Closely 

correlated with number of pods/plant. 100 seed weight and 

number of seed/ plant than other tharacters, He also found 

that the protein content was negatively correlated with oil 

content, 

iiith and Circle (1972) repoitod a. positive 

correlation between yield and seed size, yield and cil  and 

a negative correlation between yield and protein. 

Ial etal. (1973) observed that the eight of the 
."FM.* 

eleven varieties under test showed a negative and signitjcat 

correlation between protein and oil content of the  Soybean  

seed. 

Ravankar and 1dlie (197) reported that ap lied 

phosphorus Increased the protein content of the grain 

iarma & al. (1977) reported that in field trials 

In 	 '. at 13 locations, the new soybean  

cultivars J3-'2 out A91d4d the aIIdsJd Cultivar Clark-63, 
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Bragg and local ralitur by 42i55 (average +8.65), 17.6-

6O.8 nd 23,1460 (average 23.6) 9  $..-2 has I0.1% seed 

crude protein content 21.3% seed o1l con.ent and 1.8% 

ethion.iVe in the crude protein. 

Soko3.ov3 (1977) showed that caposition of aijnoacid 

in the seed crude protein of soybean depends on eultivars, 

soil and climatic conditions. Excessive moisture in the 

soil during the growth period affects the quantitative 

contents of amino acids in the crude protein. 

Sod etal. (1977) reported that the seed protein 

content vas generally higher in the late vturing vai,jet is a 

and oil content  was highest in early sown or early maturing 

varieties. 

.Tosb:L (1980) concluded in his thesis that application 

of nitrogen alMgvjth phosphorus increased organic carbon 

content of soil jgfljfjOaflt]y. Be also concluded that the 

nitrogen  application through either source increased the  

water aolublø phosphorus significantly over control. The  

jncreasing levels of phosphorus did not cause any significant 

change in water soluble phosphorus content in soil. 

pa3iva3. (1981) SUUUZi$Sd in his thesis that the 

m&xlmm  uptake of nitrogen, phosphorus and potassium in all 

the cult ivare was found at +O days growth stage and 

decreasing trend at 80 days growth stages  There was  

,significant difference in phosphorus uptake in grain whereas 



nitrogen and potassium did not differ significantly in  the 

grain portion of any cultivar. It has been observed that 

the protein content of the grain increases as the duration 

of the crop Increases whereas the oil content decreases with 

the increase in duration of the crop. 

Tedia (1984) concluded that protein and oil content 

in soybean grain increased significantly with Increasing 

doses of superphosrhRte application as compared to control 

and was ixixitum with 80 kg dose. Among Varieties, "Black 

soybean" contained the (significantly) higher atount of 

protein than "33 7244fl and 113S2" but "TS-2" Contained 

3ignificantli) greater amount of oil than "Black. aoybean5'. 
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The present Investigation, entitled "Studies on the  

growth of soybean in relation to soil moisture and nitrogen 

stress in a black clay soil" was carried out under Dryland 

Agriculture Research Project, Indore during Rharif season 

1984-85. For this study following three experiments were 

conduc,od : 

I • A pot experiment was ccnduetod In laboratory to 

study the 1n1ueflOe of 3011 moisture stress on 

seedling emergence, plumule and radicle growth 

of soybean. 

2. Another experiment was conducted In pot house 

to study the influence of soil moisture stress 

on growth and transpiration of soybean. 

. field experiment was conducted to study the 

IniLuence of different levels and source of 

nitrogen on yield, chemical and biochemical 

composition of soybean. 

A, olaysy soil was used for laboratory, pot house and 

field studies. The various physio-chemical properties of 

soil used for experimental purpose were determined in the 

laboratory using standard method which have been given In 

t*bl1. 



Table I Physlco chemical prope'bias o soil 

properties--of soil ---  Method  __  value 

I • , Ieahanical analysis 	 International Pipette 

(a) Clay % 	 56.00 4U1O (ii?er,1950). 

(b) 311t : 	 30.75 
(C) :3and % 	 13.25 

2. p11 	(i 2) 791+5 Glass electrode 
PH meter, 

3• EC in 	/cr2 at 2 0C 0.22 Richards (195+) 
('i 2. s/t 

• CLcium carbonate 4 +.5 &Wid titratim method 
(Piper, 1950), 

5, organic carbon 0.35 Wai.kley & fl)LOk' 
rapid titration uethod 
(Piper, 1950). 

6. Available N (kg/ha) 180.00 Alkaline 
method (ubb1ah & 
Aai3ia, 1956) 

7. Available 25 (]c/ha) 30 	 it !I.. (1951+). 

K (kg/ha) 500.00 	Flaime Photometer 8. Available 20 	 (Chapvien a Pratt,1961) 
------ ----a -- 	ir 

3.1 	Th LLQ 

3.1 ,1 GzIti1!4 

Air dried soil sazzipisa (0-15 cia depth) were 

ground and passed through 2 'a sieve and tho soil  moisture  
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cii zcteritics were det;tncd by the stcridard procedure 

as described by BiCbardS (19+9). The soil moisture 

characteristics ourve of the  soil used for experimental 

purpose was determined in the laboratory using pressure 

plate and pressure neibrano apparttus in the 0-I and 1-15 

bars suction ranges respect ivoly and the same hag been 

dpitGd in Fig.2 and appendix-3. 

3.1.2 ViabiljZt8t - ----- - 

yjabui.t:' of the seeds was tested by tat asoljum 

test. seeds wore socked In ).5! totx'aolium solution i'or 

3 to hours and after that,  they were desected and the 

aoloU dsitY developed In the embryo was tested. The  

daVPlOPflt of colour In the edbryo is associated with the  

yjibilitY of the seed. Sound and viable seeds develop fast 

pink colour in  the embryo, comparatively fade pink Colour 

is  tlevoloped In 1055 viable seeds and in the uflvl3bls seeds 

there is no development of pink colour In the embryo. 

Viability Of the seeds was found to be 100 per cent. 

3 • 1.3 creticnof desired soil oistueptentia3. 
- 	 -. 	 1 	•-4--* 

rjmit was conducted in Rlumlnimm containers 

having 
&MOnsionof 8.5 z 5 em (diameter x length). gight 

Of soil water potentials were created in these  

contlLinerx to seed their effects on *Q*dIJM emergence, 

plwUUle and radiol' elongation of soybean seedlings. 



The rollowing levels of soil water potential and 

corresponding moisture content were created 

Treatments !4Dtt1ire per 3AP (-bars) 
cent by wekLA -  

14, 34.1+0 0,33 

31-44 1,00 

143  28.00 3.00 

2'i.62 5100 

21.80 8.oc 

20.% 10,1 00  

147 18,70 12.00 

17.46 ioo 

These desired soil water potentials were created by 

adding an appropriate &OUflt of water calculated from  

moisture desorption data (pig,2) for ft known aiount of soil. 

Before  p1dfl8 the awta.Ulc ContBifleT with soil, total weight 

0r container nclt1iig soil and water for a desired level of 

0optiOfl upto a m& height was worked out. 4etallic 

containers were packed'1t CI'7 soil In Insta2mnts and 

,jt,at=OOUSj.v required ariunt of water was added. Finally 

each contftIfle1' val closed with its lid, and ke,t for 

_rg to ascertain moisture Squilibrium in soil., Ton seeds 

o f goybean  Vsrg placed at an wilfura depth of 2 in each 

container after treating with Thirta 50% by slurry nothade 
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The container were arranged in a completely randomized 

design having 12 replications on a tab" in the laboratory. 

Centrally located among the Containers was a thermohydrograph  

for record1flL temperature and humidity. Wihe side three 

containers of similar dimensions were also Izept for 

recording potential evaporation during the course of study, 

container was weighed at 12 hours interval and the 10 s s 

of rtoisture if any, was made up by addingwater to ajritajn 

0ontant soil moisture potential. 

3 ,1 .4   

ergonOe COUfltS were started after +6 hours of 

uowjng and these were recorded regularly at a 12 hours 

interval upto 168 hours of sowing. Room temperature and 

relative humidity in the laboratory varied between '°c to 

270C and 80% to 95% rexpectiVely. 

At each sampling time one rsPllcatiOn  replication L'a5 destroyed 

and the Observations on radicle and plzmle length from each 

t.r.BtI*flt were made. Before WaShInr the goii In Containers 

.uffieient quantity of 3% sodium hexamtaphoate We added 

to digpiwoe the soil for ftcilitating thO washInE. Length 

Off radials and plumule were mmsured by putting tie 

at raight on graph paimrs. 

.i%eflC* rat. index (mu) was calculated by th* 

forlwilU 	 & Ubildyal, 1970) &S given bgloi 

mu 



- 

where fL is to por cent elcrzeioo on Ith day, x is total 

ui.uiiber or days in ich e3ergo!co was coiipleted and (xi) 

j3 veightae 1ctor for ith day. 

3.2 $0 ]L 'AUTZIANT) PTh NT RIL(.T ]t)NEWUDISS IX)R SQZBAN - 	- 	 - -_ - - 	-. - 

An eper1ment was conducted in a pot house during 

the period from 15th Tuly, 1965 to 26th August, 1985 to 

study the  affect of different levels of soil water 

potential on different growth parmotex'a, transpiration 

rate, root and shoot growth of soybean  cult ivar rs 7244 

grown in a ClaIQt soil. The attospneric tamparature and 

humidity during the experimental period varied from 190c 
to 320C and 78.5%  to 96 respectively. The potential 

evaporation recorded in the pot house varied froDi 1 = to 

10 =/ day. 

3.20 Growth medium  

t alar soil collected from field No.2+ of exper±m.ntal 

area of DrylUfld Agriculture Research project, Collee of 

Agriculture, Indore (114J) was passed through a 2 ra sieve. 

Numbered plastic pots of 22 cm height and 25 cm In diameter 

were weighed. The volume of the plastic buket was  

ca1ulated and then the quantity of oven dry soil to be 

pecked in each bucket was worked out • The quantity ,j' soja 

calculated for each pot was packed at a bulk density of 

1.20 g/aak At the ti= of packing the fertili,r ua. 

snd Superphosphate were added to give 20 ppm N and 40 ppa 



P205. The quantity of eater to be added to each tratment 

for different oiture levels was calculated. After two 

vetting and drying  cycles the ealculted aioimt of vatr 

vas added to each pot to achieve desired ioisture level 

according to treathonti. .Pour healthy seeds of soybean in 

each pot at 2 oni depth were sown on 8th July,  1985. The 

surface of each pot was covered with glass wool and 

perforated polyethylene sheets to check evaporation loss. 

After one week, only two healthy plants were retained In 

each pot. 

3.2.2 imtaiI5o.'treatments 

The total number of pots were 33 in which following 

treatments were allotted: 

I • 	(140 314.110% soil moisture content on weight baj 

(-0.33 bar UP). 

2. (•1) 30.00% soil moisture content on weight basis  

(-1.2 bar aWl'). 

3. (43) 26.78% soil moisture content on weight basis  

(-+ bei awl'). 

() 20.56% soil moisture oOntent oyl 1.ght basis  

(.40 bar WP). 

51, 	() 1746% ecu moisture content on weight basis 

(.15 bar aWl). 

—j 



ch tathcnt was replicated 6 times and one 

replica-Lion was destroyed for root saapliA& wiC-,  ciry attox' 

p'oducticn at oath samplIn3i date i.e. 7, 14, 219 	, 3 
and *2 days after sowin(. 

3.2.3 Oboelvmtiona  

The following observations were recorded: 

Growth attributing characters viz, plant 

height, number or louves, leaf area, fresh 

and dry weight of Plant under different 

treatments. 

	

it) 	Growth of soybean roots at tLIf.nt ti$. 

	

iii) 	Loss of soil water through transpiration, 

(i) Leaf area : 

The total  leaf area per p1znt was determined at 

different times inter"an ULIflL following relation given  

by iri&ma2rth1 !t 	(17710  1  

= LXWZK 

where L a Ifmgth of leaf, WO With of loaf and K = constant 

fagtpr. The fWtOD K JBI *0tifltd U8iflC 1SIWO* at ditfereflt 

utagaa of  growth and was AAand to be 0.7. 

- 



Shoot portion was out near the soil surface and its  

fresh and oven dry weights (dried at 6 0C for 48 hours) 

were recorded. 

(iii) ht: 

sampling of roots from destroyud pots was done and 

the roots from each pot were recovered by washing out the 

soil with a gentle stream of water and its fresh and oV1 

dry weight were recorded. 

(iv) Stamheieft * 

The stem height was insured at djffoyjjt tine 

interval using a standard scale. The height was measured  

from soil surftaca to the apical portion of stem. 

Cv) 	npitiOfl_1'e1t8 

The ariount of water used by transpiring plant was  

determined by weighing the pot every week with the help of 

a balance. Transpir&tiOfl rLita was calculated by djyjtjjg 

the  amount of water used by plant per day with the leaf area 

of that plant. The transpiration rate was enressed an 30 

of water in grams per unit loaf area per day (g/cm2/day), 

Three similarly packed pots without plants WØ used to 

determine evaporation, which vas Observed to be negligible. 



3.2.5 C 	t.,-,Uon of sgsI parameters,  

(a) Shoot1root: 

It was calculated by dividing oven dry weight of 

shoot with that of root for the same sampling date, 

(b) Relative stem boight - 	 - 	-- 

It was computed as the ratio of stem height of plant 

under stress condition to the stem height of plant under 

control (No stress) concLttion 

(C) 

It was computed as the ratio of leaf area or giant 

under stress oondit ion to the leaf area of plant under 

control condition, 

(it)nel ivod7 weigtof roots  

it was computed as the dry weight of root and shoot 

under stress Condition to the respective Weights under 

oontro3. codition$. 

(C) 1at iv. ti 

It was computed as the ratio of trenapiratjo rate 

at the plant  under stress condition to that of plunt under 

control (No stress) conitiofls. 
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3.3 	 N 

A. field experiment wider rainfed conditions was laid 

out in randomized block design with nine treatments,, at the 

College of Agriculture 1rui, Indore in field numler 24 (the 

physioo chemical properties of the oxnorlmentai 3011 are 

given in table-I) during the kharif season of 1984'..85.  Each  

treatment was randomized and replicated three tines. The 

gross plot 8im38 was If IA X 7.2 = and after leaving 

nonexparitel margin on either aide the net experiental 

plot aise Vfl5 12 IA Z 6.3 IA.  Soybean crop (rs 7244) vas sown  

on 30th *Tune, 19811 and harvested on 11th Uctobar,1984. 

soybean seed at the rate of 100 kg Per hectare were sown at 

row to row distance of 45 cm and plant to plant distance of 

3 on at 2 t 3cmdeep in  soil. The plan of layout is shown 

In Fi9.3. 

3.31 DetailS 0ft!oathSTlt3 
•1 

rn all  there were nine treatmentg. The details of The 

dl. ff,r1t tratn*3flt combinations were asunder  

(Ti) Control No fertilizer but only culture 

treatment. 

(T2) g 	- Recommended dose of 20 kg N/ha 

through UZ. 

(T3) Ntj 	Nitrogen at the rate of 10 kg N/ha 

through urea. 
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() 1;67 	Nitrogen at the rate of 6.7 kg N/ha 

through urea. 

(2) N10 y= -  Nitrogen at the rate of 10 kg N/ha 

through farm yard :inure. 

() 	 Nitrogen at the rate of 16.7 kg N/ha 

through urea. 

(T7) N20(3+. PXM) - Nitrogen at the rate of 20 kg 

through urea and rest ball' 

through trTa yard manure. 

(TB) N20+Zfl - Nitrogen at the rate of 20 kg N/ha 

through urea alonwjtb 25 kg/ha Zn.O1. 

(T9) i'arer' a ethod 	No LUngicids, no culture 

and no fertilir. 

313.2 	iaatqr offertilizer and nwlng 

The requisite quantity of nitrogen was applied for 

different treatments as basal dose at the time of sowing 

and 40 kg ?20  per hectare was applied unitortily at the time 

at sowing. Zinc warn also applied in treatment TS as basal 

dose using ZnSOti. @ 25 kg/ha. No potassium was added as the 

soil was ti3i&d7 rich in potassium oontent. Basal placement 

of frtj1i$eX' vre dons about i an deep in the soil and 

about 2 an ban.&th the aced. 

3.3.3 QtjQU 

Tb@ tblloVlnS observation, were recorded: 



- 

Ci) Grain and straw yield and its attributing 

characters under different treatments. 

(ii) Soil chemical analysis for to layers (0-1 c, 

15-30 cm layer) before sowing and after harvest 

at Crop for available N, P, K, Ca and !. 

(iii) Uptake of N, ?, K, Ca and Hg by soybean crop as 

influenced by different treatmen. 

() Protein and oil content of soybean as affected 

by different treatments, 

3,,3,1+  ____ ___ 

(a) Collection and ;eJraUon of the mterialij 

(1) 

The surface soil samples from 0-15 cm and 15-30 em were 

collected randomly with the help of soil Sampling tube before 

wing and after crop harvest from each plot. The samples 

were mixed thoroughly and dried in air, crushed, sieved 

through 2 xi sieve and used for analysis. 

(2) Uan. t L3A $ 

The plant namplos from each plot were collected 

randomly from the $rSa of net plot at Mturity stags of the 

crop. Whole wture plant samples were dried in an oT4n at 

600C temperature for about 2if hours, The grain was kept 

separately from the straw. Samples of grain and straw war*  



preparcd by fLyZr jxdjn6 with tho help of z,echanjaa]. 

grinder. 

These samples were analysed for nitrogen (protein) 

thosphonis, potas3iUxfl, calcium, mgnesium and oil content 

by standard methods as described in following paragraphs. 

(b) loll angWia 

The soil samples Were analysed for various factors 

as discussed below briefly 2 

(1) Avallable Nitrogen j  

The soil samples were analysed fbr available nitrogen 

by alkaline perulanganats method (subbish and ii9ijat  19%). 

Twenty grams soil samples were taken in one 11tre flask and 

to it were added 100 rul of 0.32% KriOL,. and 2.% 1aOR each. 

The flask  was i'ziediately connected to distillation assembly 

and heated. The distilied anonja was collected in N/ID 

R2SDl using netbl red indicator. The excess sulphuric acid 

was titrated against 14/10 NaOH. fleaults have been "pressed 

in kilograi1 of nitrogen per hectare, 

(2) e 1 * P4 	t 

The soil &ap1es were analysed for availble phosphorus 

by using Kl.tt colorii.et.r euthod (Olsen 	I 95i). 

C) par4q of td4 	$ 

Dissolved 0.1916 g of pure dry KH2x4 in on. litre 



of distilled water. This solution contained 100 nioro gram 

P205 per litre. Presaved this as a stock standard solution 

of phosphate. 10 ri3 of this solution was diluted to 1,000 

ml with distilled water. This solution contained 1 microgram 

(0.001 rig) of P205 per illilttre. Then 1, 20  14 6 and 10 ml 

of this solution were taken in separate 25 Al measuring 

flasks, 5 ml of the ext i'aot ant solution and 5 ira of 

molybdate reagent and diluted with distilled water to about 

20 i1. After the addition of 1 ml of EJnC12 solution it vas  

diluted to 25 Al mark and  then contents were ehken 

vigorously. After 10 minutes the blue colour of the solution 

was measured on the photoelectric colorimeter by using red 

filter (660 m). The meter reading was plotted against 

microgram of P205 and standard curve was prepared accordingly. 

(ii) &LtMgtknI  

One gram of soil sample Vag taken with 20 mt of 0,5 14 

NaHCO3 of jU 8.5 as an extractant (Olsen Ital 194) together 

with 0.5 g of Darco G-60 (Free frori phosphorus).  The 

contents were shaken for 30 minutes in lOC) Al conioal flask 

and then filtered through Whatman filter paper number %,O, 

(iii) Developantqt 0  

5 11 of the colourless filtrate was taken In 25 

volumetric flask for determination and then 5 ml of amnium 

mOlybdate hdzvoh3.Or1e said solution Ufts added The contents 

were diluted to about 22 Al. NOV OflS ml of working solution 



of stannous chloride was added to each flask to develop blue 

colour. The contents of flask were shaken well and diluted 

to iiark. Colour intensity was isasured. in Klett survnex'son 

photoelectric coloriieter within 10 minutes using red 

filter after setting the instrument to zero with blank 

prepared. The amount of P205  was calculated in kg/ha. 

(3) Ava 	is 

One gram of soil was shaken with 10) II of neutral 

normal arinoniuin acetate solution as an extractant in 200, ml 

conical flask for 30 minutes and then filtered through 

Wiatn No.1#0 filter paper. The an*,unt Of potassium present 

in extract was determined by Piwne photometer as described 

by Black (1965) • The results were calculated as 1O in kg/ha. 

Extract is also used for dote rdntion of exchangeable 

calcium and magnesium. 

(if) flcchangaable cicj: 

Exchangeable calcium content was eat iiated by 

Veragnate t,hod. In this method 10 ml of aliquot taken in 

cortical flask and added 10 ml of 15% NaMt  then 2 to 4 drops 

of calcone indicator, the colour was raddjh and titrated 

with N/100 i1A solution. At the and point of tittjon, 

colour changed reddish to violet colour and burette reading 

was recorded. The &uunt of exchangeable *&jCjLUK wa 

.alaulated in kg/hi. 



() Extha1eablenaneait 

Exchangeable magnesium content Was not estimated 

separately. For this estimation, calcium plus magnesium 

was estimated by Yersenate method, After that estimation 

calcium reading was minused from calcium plus magnesium 

reading. For the estimation of calcium and gnesium 10 ml 

or aliquot was taken In conical flask and added 10 ml of 

buffer solution (NIUfCI + rinifoli) and then added EZ indicator 

2 to 4 drops and titrated with N11 00 1LLVA solution. At the 

end point colour was blue green. Then the burette reading 

was recorded. The auount of exchangeable magnesium was  

calculated in kg/hI. 

(a) ELIMt Maly a: 

The methods adopted for different factors involved in 

plant analysis are discussed briefly,  as under 

(1)DgLt_erminatiOn Of 4oq: 

Nitrogen waa determined by micro K3.ldhal rnethod., for 

which 1(X) mg of plant sample was digested in 100 ni xj eldl 

flask with concentrated I1280. in presence of triple stilt 

mixture consisting of potassium sulphate, copper sulpiiat, 

and selenium powder in the ratio or 1OO20o.. The digested 

material was transferred to distillation unit and was  

distilled with 10 ml of 45% sodium hydrxjde s,luticn, m. 
distilled ammmix was collected In 2% boric acid solution. 

After aceiplete distillation the distillat, was titrated 



against 11/50 sulphuric acid. The equivalent amount of 

nitrogen was calculated and result was expreaed as content 

of nitrogen in percentage. 

detailed by Piper (1950). 

The process is described in 

(2) 22ternination of phopAprus.: 

One gram of oven dried plant sample vas digested in 

diacid mixture consisting of concentrated nitric acid and 

72% irchloriC acid in the ratio Of (20), • The digested 

rateriaL W3i5 filtered through Wh.tn filter paper No.tiO 

and diluted to 100 znl mark- Filtrate was used for 

detorthatiOfl of phOSphOlU5, potassium, calcium and 

magnesium, 

10 1 of aliquot from the colourless filtrate was  

taken In 100 11 voluiietria flask for deterd.nat ion and then 

ml each of 0.25% amnoniUUl metavanadate and 5% amonjAn 

molybdate war, added to it to develop yellow Colour. The 

volume was made, solution was shaken well and kept for 

30 minutog and colour intensity was measured on a ntt 

nerscn ooiorimeter using blue filter (660 n). The 

I.ity Was  mt0hed with intensities of different standard 

phosphorus solutiOn as described by Jaokn (195B). The 

results war. .xpr.ed as content of phosphorus in percentage. 



(3) DeterzinationL° Jl! 

5 ml of the aliquot of the filtrato was taken in 

100 . volumetric flask and was diluted to rnark with 

distilled water. The potassium content in extract was 

estimated by Flame photometer as described by Black (1965). 

The results were expressed as content of Potassium  in 

percentage. 

(14.) Determination of calcium.; 

10 ml of the aliquot of the t Ut rat a was taken In 

conical flask and added 10 ml of 15$  NaOH then 2 to tj drops 

of calcone indicator, the colour was raddish and titrated 

with ri/i 00 E1YA solution. At the end point colour was  

violet and burette reading was recorded. The results were 

expressed as content of calcium in percentage, 

(5) Deter into  

For this esti2atiOfl,  calcium plus magnesium was  

cstii2ated. After that calcium reading was ninused from 

c& jojvM  plus  jagnegiume  1or the estimation of oalaimp plus 

magnesium 10 ol of aliquot of the filtrate was taken in 

conical flask and added 10 ml of buffer solution (N1cl + 

N114011) and then added RBT Indicator 2 to 14 drops and 

titrated with N1100 fflA solut ofl • At the end point colour 

was blue green and burette I'adIiig was recorded. The  

results were wMrsased an content of aagnesjum In 

Percentage, 
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(d) Grain analysis - 
(1) Det ermin tion ntt rqer 4osp orustaiur!,_calcium 

and MOSSIUM __$ 

These five nutrients In griin sample wus determined  

by the same process as described earlier for the  

phosphorus, potassium, calcium and magnesium in plant 

samples. The ociitgflt of these nutrients was uzpx'es3ed in 

percentage. 

(2) qqrmq_ aroi * 

Protein was estiiated by analysing the grain saznple 

for total nitrogen content by nile o-keldhal procedure as 

described by Piper (190) and per cent nitrogen  

multiplied by 6.2% to get the per cent protein,,  

S 

(3) q1nati1m of ol 

Oil content was eatlated by extracting oil with 

petroi.ium ether by soxtilet extraction method as described 

by ynowles and Watkifl (190). In this method 2 grants of 

oven dried grinded material taken and twlsferz'od it in a 

previ0u33. prepared thimble. Pluged the mouth Of thirn)1 

with fat free absOrbaflt cotton. The clean,, dry receiver 

flask from  the $UZh1•t 8,98I7 was 	and weighed it 

accurately. introduced the thimble with sample into the  

soihiet. Assembled the &ppSZ'&tUS and filled saWilot with 

pet rolium ether by pouring it thl'OUgh tJi condana.r at 



the top by rneans of a glass funnel. The amt of solvent 

was taken about 11 tFies the capacity of the soxhiet. Placed 

the apparatus on a Water bath at 60C, fixed by clamps to a 

retort stand and started cold water circulation in the 

condenser. Extracted abait 8 hours roughly (about 20 times). 

After the e<traction Was over, reioved the thiiblo with 

material from soxI3let. Assembled the aprntus again and 

it on the water bath to recover all the ether from 

the receiver flask. The flask now contained only the crude 

fat. Disconnected the receiver flask, wiped the out side 

of the flask thoroughly with a clean dry cloth to remove 

the film of moisture and dust and dried it in a hot air oven 

at 1000C for one hour, cooled in a daicoatar and weighed. 

The results were expressed as content of oil in percentage, 

3-3,5 Method; of statistical  

The data were analysed by method of analysis of 

variance as described by Fisher (190). The nrwtur, of 

analysis of variance is given below. The design of experiment 

was simple randomized block design with three replications. 

eletcfl of analysis of vexianas 

- 	 .......n.e*a. 

D.F. 	s.&. 	M.$.S. ]a1 Tabi. Talus 
at 

5r - 	 - - 

Treatments 	8 

Irror 	16 



I o- - 
The null hypothesis Was tested by the F test uhich 

revealed the significance of treatment effect critical 

difference between tvo treatment means. The critical 

difference for treatment means was calculated by using 

equation given by Panse and 3ukhatme (197). The standard 

error of means and coefficient of variation were calculated 

from error riean square as follows : 

C.D. % 	 x A x table 't' value at % 

C.D. 1% = .EnI. x v17 x table 't' value at 1% 





3iJLTS 

Pot house studies were conducted to study the 

influence of differr!t levels of soil water potential on 

seedling emergence pluule and radicle growth, 

transpiration zute and growth of soybean (JS 72-44) during 

vegetative growth period. A field experiment wae also 

conducted to  study the effect of different levels of 

nitrogen applied through urea and farm yard manure on yield, 

chemical and biochemical composition of soybean  plants. 

pres&t chapter deals with the results obtained in jot house 

and field experiments. 

if I 3t11L 	E 	3Ui)fl . 

4 •  1.1 	d1ifl emerjenO 

The  data obtained on seedling earg eno e as influenced 

by dIffSl'flt 32V01R of soil water potential (S.W.P.) have 

been depicted in Pig, if and table-2, it is evident from the 

data that higher ggedling emergence of soybean at any time 

was obtained at field capacity (..0,33 bare SWP) iioizre 

content and decreased with progressive decrease in &wp. Thq 

final  •rjrg5flCe Of eø7bfl in NP rIIIO of "0.33 to *i5 bar 

ranged in between 98.10 to 65.00% respectively. Further 

decrease in sw beyond -5 to -15 bars caused a draate 

reduction in 1eedling eaezgenoe. The $QedlUA wlergence 

r.00rdad after 168 hours Of sowing St 3WP of 810  100  -12 

and 15 bars was ,269  36.809  24.80 and 1.8$ respectively.  



tzib1e 2 	Soybean seedling emergence (%) as influenced by 
different levels of soil water potential, 

	

- -$ 	 Time after  

	

I 	 -_.--a---_p_-_- 	(haaral .- 	 Final  
(-bax's) 6072896108120 	132 	1k156 ! 168 S  rate index 

0.33 10.60 	16.60 20.50 32.62 48.22 68.15 86,110 95,00 97.70 98.10 395.56 

I 14,20 16.10 22.00 30.20 50,42 61.50 8.11.0 78.00 86,25 292.011 

3 - 	10.62 12.50 15,60 20.65 38.60 51.95 62.15 70.10 78.96 221.63 

5 - 	- 	- 10.53 15.26 27.50  40.20 5.20 60975 o.00 1110.70 

8 - - 10,25 20.10 311.60 110.55 112.10 44,26 80.75 

10 3.30 15.50 25.20 31.00 36.50 36.80 62.00 

12 - - 16.80 18.70 2+,20 24.80 18.70 

15 - - 3)+0 10,15 18.50 21,85 10.15 

(each figure is an average of three replications) S.En. = 0.52 

C.D. 5% 	= 1.58 

C.D. 1% 	= 2,19 
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It is evident from the data (Fig . 4 and table-2) that 

decreasing soil water potential in the range of -0.33 to -15 

bars caused a progressive delay in seedlIng ee:gmie of 

oybcafl. Eiierence started after 60 hours of sowing when 

swP was r!iajntained at -0.33  bars, Deareuse in i' upto 

'-1 9  ..31 i.5  4 '-109  -12 and -'15 bars caused delay in 

seedling emergence by 12, 12, 36, 1 81, 481, 7272 hours 

respectively. It is also obvious from the data depicted In 

11g. 2 that rate of seedling emergence was higher at field 

capacity moisture content 	 progressively 

decreased with decreasing ffIáP upto -'15 bars. The raxhn 

emeregnee  rate 1ndex (IIU) was recorded at -'0.33 bars £WP 

and decreased griidi*Uy with decreasing $WP upto 4 b*rs 

and further decrease in SW? upto -15 bars caused a c1ratj 

reduction in tI leading to 8 rninjrxnzn value of 10.15 at ..i 

bars j1P. The final emergence after 168 of sowing (t) wag  

g jgnicintlY correlated with 8W? (X) ( 	-0.98"*')1n the  

rtnge of -0.33 to -15 bars which is represented by the 

regresiofl aqw.tion 	- 

• I • 2 	Ufl111! and 	rovth  

The data on plumae and rediels growth of soybean 

as affected by different treatments have been Presented in 

tole 3 and 1 resp.otiYeLY. it is SYident from the data 

that in general the different 10VOIS Of SWP under 

oonaidsr*tion asused significant differences 



Table 3 P", e length of soybean (m) as influenced 
by different levels of soil water potential. 
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T-ime _r a.frut-._ei.ar  i s- '.1.i_n - . hours 

-bars) 	
%. 

t 	 O113 	2 1144 H
.0 
 
	
561 168  K    

-i 
 -1-U._W _ -- II•._ii 1_LL._ 	r-'_jj _- --_ _jj_j----_ ._-Ii__J-i-.L• -•• -.- LT_•__-S 

0.33 40 18.B 45oO 56.3 73.8 89.1 99.+  117.0 130.6 151.0 160.8 

I 	 156 i5.1 71,1 79.3 85.8   98,0 106.0 117.3 

3 	- 	an 	12.0 35.6 59.9 63.2 &).1+  76.3 83*4 

128.t11 

90.0 

29*1 	41.1 57 *3 6001+ 71*0 76.3 

8 - 	- 	 28.6 i3.6 3.6 C1.2 67.1+ 

10 - 	 28.6 31.3 4000 i3.3 . 	50.0 

12 . 	 - 287.1 30.8 3.3 1+1 

15 	4w 
..•.ii _ __u-_ ._ 	_ --. 	-J__I__ .-L-_- .UTii 

- 	 - 	- 
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2ó.2 
_L__rni:_i 

29.1 
--re-_- i_- i 	_i_.--  i.i. 

32.2 
_-- 

35.5 

(Inc."i fJL;ure Is an average of 3 rep). icat ton s) s , a 	= 	0.28 
C. D. 	z;O*E4 

C.D. 1% = 	106 



Table 1._p Fadicle length of soybean(m) as Influenced by different levels of soil water potential, 
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0.33 = 16o)+ 3.2 50,o3 70.2 83,4, 9)+8 IiOaO 130.5 13E.2   15000 

I - 	 10.2 38,1 65)# 7)+•Q 81.6 89.3 95.7 1O+.0 115.3 

3 - 	 6.8 294,8   50.0 53.1 57.6 60.8 65.6 70.3 78,o6 

- 	 - 	 - 	 25,6  	38.3 	1#6..1f 	52.0 	7:8.1 	61.5? 	15.50? . 8 

	

25.3 	3C,,1 	41*1+ 	 51 a7 	5,~10 I 

10 	 4M
_ 	 - 	 2C6 32.0   38. 40*8 I)+.6 

12 	 Am 	 so 
	

Oft 
	 2:I.6 	29.9 	32.6 
	

35.5 

2+.2 28.5 30.3 3O.14 
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(Dch figure is an average or 3 rep1iaat1 - 3) = 	O.#33 
- 

Iw3O  

= 	1680 
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and radicle growth of soybean. IUX10M plurtule aria radicle 

growth was observed at -0.33 bars 8WP and decreased 

significantly with decreasing SW? upto -15 bars. The  

maximum plunUlo length of 160.8 iEI vas. recorded after 168 

hours of sowing at -0.33  bare 3WP which decreased to 128,+, 

90,0, 76.39 67.1+1 50.09  1+1,1 and 35.5 mm respectively at 

.4 ..3, .50 .43, -10, -12 and -15 bars SW?. $imfl.ariy 

ruaxiEnmi racticJ.e length recorded after 168 hours of sowing 

was 150.0 in at -0.33 bare and decreased to 115.3, 	78.61  

65.89 56.1 9  4+.6, 355 and  30,1+ u respectively at -1 9  -3, 

-81, -10, -12 and -15 bars SW?. The final piwnule and 

radicle length (Y) recorded after 168 hours of sowing were 

significantly correlated with SW? (X) in the range of -0,33 

to -15 bars which  y be represented by the regreasjo 

,equations  as given below: 

(i) y w 132.79 ., 7.59X Cr 	092) for pluiiule length in a 

(jj) = 120.03 - 7,06X Cr 	 for rudicle length in mm 

1+. 1.3 	 -d  radicie-Ar-oulth 

The data on the relative seedling eilrgence, pluiuie 

and radiclO grortb of wybean IL15 a ftnctiOn Of SW? have been 

presented in table 5 and depleted in Pig. 5. It i 

from the data that emergence, plwsfl9 and radial, growth 

decreased with d.areaeing SW? in general, me deca In 

per cent 	g.nce of soybean ia 41"Ot linear in -0.33to 



- EmerQ : 
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Table 5 Relative seedling ernergence, radicle and plumula 
growth of soybean after 168 hours of sowing 
under different levels of soil water potential. 

Soil water 	Relative 	'Relative 	3 Relative 
potential 	emergence plule I radials 
(-bars) 	' grcwtb 	growth trw-..a-----S-----  

0.33 1 000 1100 1000 
1 088 0.80 077 

3 0.80 0.56 0.52 

5 0.66 0.3+7 0.44 

a 0.3+5 0.3+2 0.37 
10 0.37 0.31 0.30 
12 0.25 0.25 0.24 
15 0,22 0,22 0.20 

0.006 0.002 0.003 

0. D. 5% 0.018 0.006 00009 

c.i. 1% 0.025 000$ 0.012 

-12 bars 9WP and further decrease in 3WP tram -12 

to -15 bare did not affect the .iergenoo The relative 

emergence decreased from 1.0 to 06 with the decrease  
ve from -0.33 to 6 bars. The trend in the decrease  

relative plui*Ule and radicle length wag aiiost similaz' 

through out the SWP range of -0.33 to -15 barso  AS In 
noticed (Fig. 0 that there was s Sharp decline in relative 
plumag and radiele grovth of soybean from I to about 0.5 



as the SP decreased froi -0.33 to -3 bars. Further 

decrease in iWP from -3 to -12 bars caused decrease in 

pluriule and radicle growth as relatively slow rate. In 

ctW range of -12 to -15 bars there was almost no change in 

relative plumule and radicle growth. 

+.2 	JP 	 IDN TO  
oU 4T1l POTTY1IL 

1- 

Periodical observations on various growth parameters  

of soybean viz. plant  height, number of leaves, green Loaf 

area, welBht of shoot, weight of roots, shoot/root ratio 

and transpiration rate Of soybean as affected by different 

levels of soil water potential were iiacie and have been 

given In appendices 1 to 19. 

1+.2.1 

ygrage plant height and leaf area recorded at 

veekly interval as influenced by different treatments bav 

been given in *pp*ndiX and 6 and relative sten height 

end leaf area have been depicted in FIg. 6. It is evident 

fron the  data (Pig. 6 a) that relative plant )IG±8ht (plant 

,jght under stress conditions divided by plant II. ight 

recorded at field capacity moisture Cntent) decreased 

].ln.arly from I to 0.35 an 	decreased froi -0.33 

to -10 bars. PUther decline In SW from -10 to -15 bars 
cawied only a nrgin'l decrease fXO% 0.35 to 0.25. 



0 	2 	4 	 8 lu 
Soil water po1ntic1 (_bur) 

EFFECT OF SOIL WATER POTENTLOL Oc'(p)RELT1VE STEM -\E1T 
& (b) RELATIVE LEAF AREA JF SOYBEAN PLANIS 'HOWN ON CL..4y 

SOIL. 
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Relative leaf area (leaf area under stress conditions 

divided by the leaf area of plants grown at field caaoity,  

moisture  content) has been plotted in Pig. 6(b). It i 

revealed that there was a sharp decline in green leaf area 

of soybean when SWP decreased from .ø033 to 	bars, Arther 

decrease In sWP from 4 to -15 bars resulted aiost in 

linear decrease In green leaf area at a relative3,v slow  

rate. 

Total number of green leaves under di ffe rent 

treatments at different times were also recorded and the 

data have been presented in appendix 5. At any,  time maxlmm  

number of green leaves were recorded "hen 3WP vas aintainett 

at lu0.33 bars and decreased with decreasing SWX. After 42 

days of sowing such decrease in total number of leaves per 

two plants due to decreasing SWP Upto -1.2, -, 1O and .15 

bars was observed (Appendl,  5) to be by 14.29 25.5, 57.1 

and 7.4 per cent respectively. 

1+, 2,12 	and 4ytigh 

to.  figa 

The data on fresh and dry weight of soybean plants  

r.øorded at different tiJS under different treatmentg  treatment. have 

been givn in ap.ndix 7 and 8, The changes in relative  

fresh and dry weight of soybean plant's due to OhMgo in SWP 

have been dpiOtSd in Pig, 7. It is observed from the data 

that Mlinum fresh shoot weight of sojben was recorded at 
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field capacity oiature conditions vhich decreased with 

decreasing 3WP. There vas a sharp decrease in fresh 

weight of soybean shoots due to decrease in 34P from -033 

to -2 bars and further decrease in SUP from -2 bars to -15 

bars caused a linear decrease in fresh weight of soybean 

shoot as indicated by relation between relative fresh weight 

of soybean shoot and $WP as shown in 1'ig. 7(a), Airost 

reduction of shoot weight upto 50 per cent of the recorded 

at field capacity moisture content was rO8u3.tSd at -8 bars 

8w. 

Fig, 7(b) presents the data on relative thy weight 

of soybean shoot as related to SWP. It is observed from 

the curved that MMIMM (100%) relative thy weight vas  

observed at 0.33 bars 3WP and decreased a.ost linearly 

with decreasing 8WP upto -15 bars,  

4.2.3 F10C and 1]? 

The data 	and dry weight of soybean roots 

as Influenced by different levels of SW? in the range of 

-0.33 to .15 bars recorded at different tii*.8 have been 

given in appendix 9 and 100 

It is evident  fr0FJ the data  that dearvasing Vp 

adversely affected root growth of soybean.)iiimi root 

growth took place at field capacity mOi$t5 content and 
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decreased gradually with decreasing SWP upto -10 bars, The 

decrease in aW? to -10 and -15 bars resulted very poor 

growth of soybean roots. 

The relationship between soil water potential and 

root growth was assessed by computing relative fresh and 

dry weight of soybean roots (total weight of roots under 

moisture stress conditions divided by root weights recorded 

at field capacity moisture content) and the 3aro have been 

depicted in 7ig.8. Ls shown in Fig. 8 that iaximt root 

growth of soybean (as reflected by fresh and dry weight at 

varying SWP values) took place at field capacity moisture 

content.Fresh weight of 3OybORfl roots decreased aliogt 

linearly with decreasing 3WP in '0.33 to -15 bars (Pig.8 a), 

The dry weight of soybean roots decreased sharply 

WhM  SW was decreased from -0.33 to bars followed by a 

gradu*l decrease in -4 to 10 bars SW?. Further decrease 

in SW? be3rorld -10 to -15 bars resulted in o1y a rnrg1na 

decreaSe in dry weight of soybean roots (Fig. B i,). 

L. 2 .' 
of gqXboan 

. shoot/root ratio of soybean Under different 

treatmnts a worked out on dry weight basis and the data 

have been presented In appendix 11 and depicted in Pig9. 

The shoot/root ratio of soybean 1noressed fromUbOU 2 to 3 
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with decreasing W? fr -0.33 to 1+ bars. The decrease  

in g4P from -4 to .10 bra did not cause any change In 

shoot/root ratio as it remained about 3 throughout this 

range of SW? • ?u thor decrease in 3WP from -10 to -15 bars 

caused a consider-able increase in shoot/root ratio from 

about 3.5 to 5.5 respectively at -10 and -15 bars SW?. 

1+,2.5 	nay iron in relation to sqgAatqr __  

The transpiration of soybean during the vegetative 

growth pøi'ioct T000i'ded at different 1nter.ls have been 

given in appendIx 12 and depicted in Fig. 10(a). It is 

revealed from the data that transpiration rate of soybean 

at SUP of -0.33 bars ranged from 0.61i to 0.52 g/6r42/ctay 

and decreased with decreasing SW1. In general the  

transpiration rate decreased In all the treatraents with 

the age of the plants. As. is shown in Pig. 10(a) that 

there was a sharp decrease in transpiration rate of soybean 

with decrease in SW? from 033 to ..LF bares  Further 

decrease in SW? fro" -f to .10 bars caused a gradual 

decrease in transpiration rate Only up to 28th day of 

sowing after that the transpiration rate were almost 

stabilized leading to a Hdn1M=  value of 0.06 g/cm/day at 

-15 bars 3W?. 

)br .St8b1±shIn the relationship betw*i 

t ranspi rat ion and SW?, relative transpiration rats 

(transpiration rats under soil moisture stress conditions 
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divided by the transpiration rate recorded at field 

capacity rioisture content) have been worked out and t1i  

data have been  c 	in Fig. 10 (b), It is wi 

from the curvet .  in F 	10(b)  that the decivase in SWP  

from. 4-0.33 to -'tf bars I'G3Ulted in  

relative tmnspiration  rat s from I to 0,35,   In s4 to  -10 

bars SWI)  range , the decrease in relative tnspirti 

rate per "oar ii e C re a e in 	wa3 re:Lat ive ly less follow9d 

by only a 	decrease In re1ative tmap1ration rats 

per bar dearease of SWP in asIO to m15 bars z'ano. 

4
,3 NM  iF:ziT IL IZ!T ION 

tii-  - . ___-J _.. -U _I•-- 	I - - 

I4 3el   YIG:di and its attributor haracters 

The data on the Influence or different treatments on 

height of 	nuzrter of pods/plant, fresh =d dry w9ight 

0 f 1plantso  number and we igh t of grain  ; 10 plants and 

test weight, grain and straw A01d of soybean have been 

presented in table 6 and 7 reapsotivly. it Is evident 

from the data that the apicat1on of nitrogen in  grengral 

caused a significant increase In plant hqjZht,9 fresh and  

dry 
weight o f plantg1l  grain flWflbOX and welallt of ia pitnt 

aa e0i3p3rsd to control. The bearjLng of pods wag &:Lio 

in C rea sd dug to n i rog sn fertilization  

ineresse oould bØ Ob3SX'V8d only duo to treatzumt N20(Y242 

Fm:, It jS $3.30 obyiou$ that 1Lp4jcatj of nitrogn. at 

the rate of 20 Xg/ha half through urea and 11&lf tl-Lrough JT4  



Table 6 - !iffct Of different levela of nitrogen on height of the plant , number of 
padL3/plant , fresh and dry Weight of 10 plants, number and weitht of grain/ 
10 Plantse 

1 -E 1 -r-- --- _Jj___ 	.iir i-U i-  •r-L•-.-rI--1--  •-i-  - -..-F -- J I 	 - 

 : JI1ofTNumberc 	 of  Treatamts 
$ 

 	
o GIM

t in/Io   5heightpods/ 	 .Il  
: pleant  * 	2 plants ; 	

lot 10 plant 	%weight weight •  
plants* 

WW 
- III 	-. _ ._ J - - .. 	. II 	i. I I • 	_ i 	_ I _ 	 I 	 - T T i 	 -I . 	 , • 	 __ 

I . NO (Control) 	 56.7 51w06 	160*6  1 	988933 	1000 5 
2. N20 	 &+56 6k.83 216.9 176.6 1137.00 	12701' 

3. )Ii 	 6'+.56 55.80 253.2 209,09 1O#7.00 	103,7 
F, N&.? 	 63116t,1 5+.O3 217.2 191.0 1O++.67 103.6 
5. 

 
11 !TM 	 73.58 61.13 	278.2. 229-al 	1117,33 	121.3 

6. NJ 0*7 	 66.76 %.I.7 	21+6.0 208.2 	1093.0 	106,6 
7. N20 (I + 4   TM 	7•3I' 	•7 	28's.7 233,8 	1281a67 	188.8 

8. N20   + Zn 	 67.27 65.1O 	22791+ 193.0 	1225e67 	130.1   

9,, No farner's control 	60.21+ 1+1 	202.7 16+4 	748oOD 	77.5 
.iuiu . 	-_- _I - .--,- .__•LFJ 	- I1I -U LLJ -r-.... • 	ru r_ ...i L -.u-  • • 1 -.---.*--W I- -rirj-  .. -* -i 	.-- ..uii u. 	-.i - .i. i -.- t. i . 	- i .-,- 	 . - 	, I  

So  Rae ± 	 1.68 	1+.88 	11i.07 15.10 	73,31+ 	7)47 
C *DO % 	 5.02 14*62 	+2.17 	i5.27 	219.89 	22.38 
C*D*  1% 	 6,o92 	N.:;. 	58.1O 62.37 	302.56 	30e8I+ 
C*V4 	 '+.'ii%   11i.7I+% 	1O.5 13,958% 	11.78r 	11j6% 

1-_ -II - _- -- - 1 I -- - r 	w-,_• • 	L. . - . T - IJL.-.-- - 	1.Tl1 	JI-r 	.WFI 	:1 -i . _.i- •-i ..i • 	-i- __.- --- -_ . -I_Il L • V 
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Fig, 11 AVERAGE GRAIN AND STRAW YIELD OF SOYBEAN (q/hci) AS .INFLUENCED BY D1FFRENT 

LEVELS OF NITROGEN 



gave maximum benefit fo2lowed 'by the 10 kg of N/ha through 

FYN. Decreasing levels of nitrogen appliod through 

fertilizer caused a progrea.,,;Sive decrease in all the  

characters in general. 

The grain and straw yield of syean as influenced 

by different treatx1ents Iiae been given in table-7 and 

Fig. 11 0  It is obvious *om the data that higiest grain 

yield (20.23 q/ha) was obtained due to apiication of 20 kS 

jq/.ha half through urea and half through FYN vhich was 

statistically aign1f1c.mt over all the other treatments  

uncer csjderatiorA. Next In order were the treatments 

1q20 + Zn (19.03 q/hR grain yield) and N (18.32 q/ha 

grain yield) treat;entR D08p€CtiVQl3f as 1"'ar as their 

effect on grain yields were concerned. These z'egit 

J,ndicated that ap1:iicatlofl of zinc hasgiven 	additional 

dvafltgR. It is 	 results that 

d.creasing the N  3-IOV0111 from 20 kg/ha to lower side 

caused ft progres3jvo decrease in soybean Grain yield aLso, 

The thousand grain veigbt and soybean  straw yJLe:Ld als() 

fono,wed a trend very 9ii1ar to grain yield. 

4,3,2 01813ical CRMQ*'t'W1 of  a  

Nut Ti.t C oflt nt in soy 3Sfl grain and straw as 

sffected by differont treatmonts Uave begn gilrgn  in  

table 8 and 9. Tho nitrogen COntift 1n Graln ried from  

5 .71%   (140 fa r's control) tO 5-87)L (1120 + zn) T1s 
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Table 7 - Effect of different levels of nitrogen on 1000 
grain weight, grain on straw yield of soybean. 

S. No • - 
gratrz $ yield $ yield 
weight :(q/)ia) : (q/ha) 

- - - 	- - ----.--,-- -. - - 	* - 	- 	- 	------ 

1.  N 	(Control) 98.30 11.78 11.35 

2.  1120 105.00 16.82 16.92 

3.  NIO 100.83 16.9+ 17.25 
44  100.27 1+s1+9 15.73 

5.  NIO FIM 0•3' 17,55 18.94 

6.  N16.7 102.+0 1.92 1758 

7 N20 Q + i JPfl) 111.76 20.23 21.65 

8. H20 + Zn 111)43 19.03 19.14 

9. Igo (hrmer's control) 	98.17 11.03 11.62 

0.93 0.31 0.67 

CD 2.79 0.9+ 2.01 

-- 
1.56% 3.35% 6.92% 

dlfferencu in nitrogen content due to treatments T8 

(N20+ Zn), T7 	+ . 7114)), T5 (N1071M) and T2 (N20), 

were statistioaUY 	 It is also apparent 

that decreased levels of nitrogen application thirougi urea, 

down to 20 kg N/ha caused decreased N amoentration in  

soybean grain. TflS nirogi conen in soyteim Srain  

under treatment, T5 (NiO M was as good as was obtained 

due to application of 20 kg N/ha through urea (Ta) alone. 



Table B - N, P, K, Ca and 	content of soybean grain 
as affected by difi'erent treatment. 

-- 	
:!itro.-;?hosph.spOtad.Clci-Magnej.. 

NO 	 Treatments 	IgeII 	orus 	sgit2m lurn 	SUM 
S 	 conto-.content ccflte-$Conte_ 3conte.. 

;nt C)' (%) rnt() snt(%) tnt(s) 
- 	 -...---,,---a e 	 - 	 - 	 - 	 • - 1 

1. N 	(Control) 5.72 0.68 2.141 0187 0.147 

20 20 5.8k 070 2.141 0.91 0.145 

3. N1O 5.81 0,70 2.514 0.92  0,1,7 
. '6.7 

5.76 0.71 2.144 0.91 0,149 

5.  1110 M 5,83 0.70 2.67 0.96 0.1+5 

6.  IT16.7 
5.81 0.71 2.147 0.88 0.50 

7.  N20 Q + 4 YM) 5.84 070 2,1+7 0.91 0.50 

8.  1120 + Za 
5.87 068 2,3k 0.91 0.1,8 

9.  N (rr1er'$ control) 5.71 0.69 2.29 0,87 

S. SM . ± 0,01 0.06 0.08 0.02 0,008 

C. Do 0,03 LS, 11 0 . n,, 0,021+  

C.D. 1$ N.S. N,S. N.S. K.S. 0.033 

C.V. 0.31% 1 6.39% 5*85% 14.29% 2.915% 

The pioePh01"*, potastUri, cLloium and 

content  ln  5 y.an grain renged from 0.68 to 0.71, 2.29  to 

2679 0.87 to 0.96 and 0.145 to 0.50 per cent 1espeotivel. 

HOVIV' the differences in the Concentration or those 

nutrients 

 

in grain VO1' statistically 	iflcLnt 

in ;.jgflE33iU11 content Which d1ffird jpj 



2.21 

2.08 

2.31+ 

2.31+ 

2.20 

2.144 

2.21 

O,82 

0;76 

0.78 

0 

0.81 

0080 

•0.79 

0.71k 

0.1+1+ 

0.142 

0.1+3 

0.1+1 

The nitrogen, phosphorus$ calcium and ziagneaium 

content  In soybean straw ranged from 1.81  to 2,kCM v  0 

to O*C47, 2.08 to 2.1i1 and O.+i to 0.46 per cent 

re:!JpectiVely and the differences were statistically 

s.. i 	The potasc.Aum content in straw varied fro:--i  

2.O8 in control to 2,1+1;*' in T8 (N20 " Zn) boing 

Table 9 am N, P,K, Ca irid Hg content of soybean plant 
straw as affected by diff-erent treatments 

T reatrnflt S 

p_1____---- -- --- - -- -- - 	. 	. . -  --"-I ~- ~ 	 I1• 	 •-.uj. -.J.- .-n 	

--- sflitx'o- Thos'i!E' :iIc1uznMagne 
sgen 	$phQZ'U!S :3siWi c on t ont s 3 iurl 
sconte-aw s cont eon sconta4w 	( ') jcontaqw 
zntig)-. znt(~4) --m.ont 	 00j) nt 

0.033 

0.01+7 

I . NO 

2. 1(20 

3. Ni 

14 

 control  

116.7 

• NJ 0 nm 

6. 1116o7 

7. N20 0 +ifrflM) 

8. N20 + Zn 	
2.08 

9 • 110 (1?amerf  $ control) 1,P 81 

1.86 

2.00 

193 

1,090 

1,694 

1.97 

2.05  

0.01+6 

0.0147 

0.01+7 

0.01.6 

O.O+6 

0.0)4 

0,031 

__,_- - - S-lrE'E 	- 	.- -fl.UfT -I1.J. • 	
---_ r 	-p •- fl -_ 	 - L • 1 -, --- 	 LLL 

U 	 • 	
- 

C.V. 

O"Of"S 

0*024 

0.033 

0.003 

0*004 

0.22 

U.S. 

I   

IP 
U 0 68,1~4 

0.02.3 

0.071 

0.098 

5.19% 

0.007 

0.023 

3oC4% o.725% 1+9614 

4N, 
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statlsticaUy at par in all the trez-Anzents. The nitrog 

content in soybean straw due to rrt levNei.%;.1s and %cloureg 

:.-V of nitrogen vms a1gnifict1y rlore as compared to Controls. 

The treatments T8 (N20 + Zn) and T7 (N20Q + j vi)) were 

stat1t1caU at par in this respect ,hjje N content in 

treatments V2 (N20) ,p T3 (11110)T5(1410 FM) and T. (N16.7) 

wa 3 0 b e rved to be ig r i Li ant].y less. 

Lf3.3 	nice of mztrient 

The uptake of nutrients by soybe  la anoraint t 'aw and  

total uptake as inf"Juenced by different treatments have  

been prosented in table 10t  1 1 and 12 respective'y. A3 ill 

rev Ued  f 	the jtta that  t , uptake of nitrot;ens  

phosp]ftorus,j potagaiw2$ caiciuji and -ioagnes 	bY 
	1n and  

3tra1v was gjgnificint1j affected br different l9v93.3 of 

nitrogen arid source. The N uptake by soybean grain Varied 

from 63.0? kg/ha to 116.27  kg/ha in  

N20. 	urea 4'JS FYM)treatments TØCtiVQy. The uptake 

of due to u ( • . FV4) vds signific~-ntlY 2ore than 
due to 8Z27 of the trqELtm0jjtj3 under conia j • 

ApplUStiOn of Zn alongwith T120 caused only about l e 73 kg 
N/ha more uptake than cuLy 20 kg b/ha (T2) 110wever, tljLs 

differwiCe was nons1gnifi<nt. Decre;•aLng levels or i 
pp1tOd through urca du6ni to 20 kg N/j CLuied 

Pmareselve docrese in 14 uptake by grujal  ,,11,C 4 

joycas 1,110t
•1ó.7 "lid 

N10 FYM trQatmnt# VII'S flonaignitiant bUt farther deorgase  



in N application to I6.7 caused a signifiont reduction 

in nitrogen uptake (83.56 kg N/ha). 

Application of different rites of N through urea and 

FCt4 caused the significant differences in uptake of P, K, 

Ca and Ig nutrients by soybean grain. Tho P and K uptake 

Table 10 - Uptake of N, P, K, Ca and g by oybcan grain 
as affect rid y different tIteatriients. 

NO. Treatments Tre uptake :phorus:ssituj :um 	S slum 
:(kg/ha) ;utakezupte:uptako: uptake 

z(kg/ha) (t/ba) :(1,./ha): (kg/ha) 

1. No 	(Control) 67.37 8.06 28.33 10.21+ 5.52 

2. N20 
110.01+ 13.27 14,31 17.08 8.53 

3, NIO 
96.13 1170 39,71' 15.24 7.82 

4.  83.56 10.30 34,87  13,34 7.10 

W10 5. 

 

101,37 12.1+3 +6.79 16.79 7.811 

6.  N1,7 98.29 12.02 41.83 14.89 8.39 

7.  1120 ( 	F'Yi4) 118.27 11+.26 50.10 18.1+0 	10.05 

8.  N20 + 111.?7 13.01 414.53 17.25 9.12 

9. N 	(Ptrier' S 0oiitrol)63.07 	7.61 2.02 9.65 11,93 

183 019 1.08 0.14.7 0,12 

CoDo 	 5.48 0.59 3.25 1.1+2 0.38 

C.D. 1% 	 7.56 0.82 1+,47 195 0.53 

c.v. 	 3.35% 

I---I. 
-i --LJ- -- 

3101% #,71,$ 
- 	- 

5.57% 
- 

2,88 



ranged 7.61 to 14.26 kma and 2'.02 	50.10 kg/ba 

resp9ctiVy in treatments T9 (NO1 1hraer's control) and T7 

Similarly the uptake of. (N20 q+  	 varied 

fro,j 9065 to 18.+0 kg/ha and 4.93 	io.o kg/ha 

reipectiveIy under the game treatments, Decreased levels 

of N in the range of 20 to 6,'7 kL;/ha sliowecl, a (Iecr..%Islng 

trend In Use uptake of The t11999  nutrients by 805rbean grain. 

The reiaVL of Nio P and K by sW, bea straw (Table-mll) 

ranged in between 20.98  to *41,  k9/haj 0.35 to  

and 23,56 to ,8.27 kg/ha respetiveIy, highest being due to 

ap1itiQfl of N20 alongw:Lth 25 kg of Zn3O4/ha. Sj"xj3arj.y 

the pt k9 of Ca and Mg vi ne d ftNm 8 *59 - to I7&22  kg/ha 

and 4im95 tO 991+1  l 	ro zp ' ct iv•ely In T (110,1farm.pors  ' 

control) and T7 (I'120 (* + FM 
	 The trend 
 

Up, ;'ks of &U these nutrients by soybean straw wag  

decra&zing with decrea sill rate Of 0 ap1ictiori. The 

fference In uptake  ii.z'e  observed to be statitioay 

ajgn.i fic3nt. 

(0066" d o  C2) 



Table 11 	Uptake or N j  1-19  i:, Ca arid 'Is by soybean 
straw as affected by different traatmmts.  

- - _I__- _L - iLU 	- i__I - . -. - • J U • :r 	LIJ1ft - i-is wru-s -t 	i -'- -w 	-_ IJ l.JU L LJ-IJ.L 	 rI WOM 
 

S ' 

 
Witro-m,*Phosma :iota-m 	:0,110 	; ;t1gne.. I Treatment s 	$g.in :PhOrue Ifsitr ;MIAake :slum  NO , 	 upt ake uptafte :uptake  :Q/ha) ;uptake 

P a
a . 	 2 ( : Jj2& :(i/ijaI . 

..1l_- 	• _!. - _ILIft _ I _ii I __. 1 : • i* _uIt -I WNW -,-i 	 -. 1P.- - 	*__ !W4 	. 	________ 

I . 110  Wontmi) 	2 	0,38 	23o56 	9936 4 

2. N20 	 38.09 0*90 	979 1I45  8.13 

3.. U10  	 33.39 0.79 	37.81 13J0 8.37 

'+* 1q6-7 	
2-9e96 0.73 	3273 	13.1)i 	6o * 93 

c. N13 PYM 	 3t.7 0,89 	14al 	15.36 8.19 

6.Ill .7 	
3+.7O 0.60 	O .5O I'+v03 7.87 

7. N 20 4 P ?1t4) 	),1+041 0.99 	W3.27 . 17.22 9.i1 

8. N20 + Zn 	 39.92 0086 	4,6*4-115,097,90 

9. NO(FaroifarO S CI1tZ'O1) 20.98  O.35 	25*95 	8959 4,95 

1-_ 	- _II* 	--- 	_r.r•-I- -- -I- - 	•_L L1-.J-Lr '- 	'-- •1. -t -; - -. 	.- - .... 4. 	LP• -- -P -*•--- -'w- 	- 	J_--1 I 1 -.-. 

0J2 

1 .9 A 

2.17   

0.33 4.1I# 01040 

0.10 1291+1 1.94 1.20 

17.13 2.70 

2.77$ 8.42j 18*710,4-  8,I+)+% 9.374 
-•-I_ 	•-II _JJ J1_--• -U 	-'• .. .-- I. -i-f'--P---• 	• 	lug- I 	-_I 	-_ 	-J-fl• 	'r 	fl -._.I._.p_ 	r_l -t•. -I 	-j-%'•-_--1l - 

The tQtii tptaks of NIP p, y,CR and 	by zoybean 

graln  snd straw have been awrised j tiible*12, The 

totiiJ, uptaks Ob3YSd sidi'X' trend all 	 . graij-,,j 

and atrtV indcApand*ntly. The difforences 	"k-tako or 

these nutrients due tro 116.7  nd I'D *109 Ni•7arid 2O wez'• 

r,:Lativ.1y narrovyarticularly in 	or p , ca, nd ig 

uptake bir soyb.&fl $tZ'SW. 



Table 12 Totaluptake of nutrients uy yuer 1, 	 .1 

- 	 • 	Ut . i..LI$- 	 . 	T 	- .up.iui ___ 	 __• r - 	-. 	 •-T. 	 , 	 , 

	

S • : 	 : T ot a]. 	fT  otal :1 0 ta]1 :L' o t al • **To td! 

	

NO • 	Treatmmts 	nitrogenphos' opotaaw  

	

$ 	 :uptaice 	h
p

oru 3  s1um : c .siuzn 

	

0 	 1 (kg/ha) :utake .u1)ttke .(kg/ii) :u;itake 
-_- ._-.--.--L---- 	 -". 	1(k9/ha) 

1, NO (Control) 	 8 	 1 *89 19060 10 

2. 1"20 	 18.13 11f1? 90.10 31.53 16.66 

.. N10  	 i29.2 	12.49 	77• 	28 ,p 74 	16.19 

If. N6•7 	 . 	113e52 11.03 6?. 	26.+8 111,e03 

. IqIO   Fym 	 138.13 13.32 9O9 	32.15 16.03 

oil 141007, 	 13299 	12L32 	32. 	2C.91 	1 -" *26 

7. N20 (1 * FN)102063 +   15.25 98.37 35!.62 19946 

8. N20 + Zn 	 151,69 13.87 90.91f 32.34 17.02 

9. N0 (Far.iert s control) 8+.O5 	7.96 	o.97 18.2k . 9.88 

 

 

ition o1 3,+ 	soybcan 

Protein and oil content and their estImated yie as  

inf3.uenced by different trsatmmtsi hay•been Pro.(.--,-Cnted  

tablem*13* A perustil of data  presented in t&blom*13 

indicated that ap1ieatiofl of nitrogen gign 

increased Uis  PrOtOin content and thus thq q9t 

protein 'vie 1d. The z4xtflZfl proteln catsrt of (36a71%) wax 

AAW 	 -.6 'acozd.d In treatrt Te (142042n) which was 94  9 arific" atly 
higher than aU the other treat-iontim under aQfl$idsr&tion. 

The protein per omit at t"6 	 Of Uitrogen JL,9, 

N20(T2) v6s SiPific&ntly 	a (36-52%) indieatingthat  



application of zinc helped in Increasing the protein 

content in soybean grain. Though the decreasing levels of 

nitrogen caused a pro-tressive dereae in protein 	Lr  can-4- cnt 

but the differences due to T (N) T6 (167) ~gid T5 

(1110IM1 4) were nonsignificant* 

The estimated protein yield in soybean grain was  

also 3ignifitflL11Y increased &te to application or nitrogen 

supplied by either source. The -1--t 	m prot a in y:Lo of 

(7.39 q/ha) was recorded due to X20(j + I Fm) 4hich 'a 

aiuificant1y more than rest or the trorc-itraonts  

TB C 112() +   zn) vtiith gave 6.98 q/ha protein yja 	The 

j:rotein yieid obtained due to treatnent N20(64.37 q/bA) was 

.tt.8tiC!LUy at par with i:c+n.Docraaned level of 

jtxogen gjLven through urea caused decreased estj=ted  

protein yield. These results also 1ndicated (Table-13) 

that rrM proved to be better than the 	as  

,protein ydkgld VMS concerned. 

Oil cantgnt of soybean graln decreased aignificanty 

due to application of nitr'ogsne it varied fr 20,31A  
w tier t:L rile 1' a C ont rcL I • 0 . N0 to I 9 . 60% in i 	+ z • T 

diff*rwOQN in oil contwt under troatmonts  

N 	and N16.7 v•rs only marginal and itbLat:L.&1;I17 
nonignUicLflt. As far as th* S$tited oil yield vas 

toncrn•d it was signifient1y 

of nitrog•n and the trwid veil obstemed to Ue d:Lffm-"--.&. ro"10 from 

oil .3cntSnt data bocause of InteractIng .tf.ct of *Oybs& 



Tabla 13 - Protein, oil content In soybean and their 
etiriated Yie2d as Influenced by differant 
treatments . 

_-I_I,__jj ----rpiiuu..-I: 	I*f. 	- .- -I •- 	 ;4.- 1rlt• 	 __-U 	- 	 - 	 --. 	 .  

Tretients 
 

Protein P rot eiOil   NO • : 	 2Cofltet yield lcontcnt yield I 	 ; 	
L_c.Q1L1aa)$(;: q/h  J. -IJ -I-JJ-  -U II* 	 j •i 	j 	 -I-krt: 	.- 	-. 	 urr.&- 	 - - -- - . 	. 

I . No  (Control) 	 3g.?? +.21 	20.30 	239 
2. 1120 	 36e52 6.87 20.12 	3.78 

3. N10  	 3631 6000 20*11+ 	3.32 

4. 16.? 	 36.02 .22 20.21+ 	2.93 
50 910 PTh 	 36.1+1,. 6.39 20.13 	3j3 
6. N 7 	 36.31 6.111. 20.13 	3.1+0 

?. Npo(i + * FIH) 	 36J2 7.39 	19.63 	3.9? 
8. UPC) + 	 36.71 o99 	i.6o 	3q72 

go 
  n (Far. w.  r1  a cont rol) 	35u68  3 *94 20*31  

$•1rii. 	:t 0*06 0.11 01101 0*  06 

c.. 	% O18 0q34 01002 0*19 

GOP* 1 0.26 0*47 0.03 0*26 

COV* o.3o;; O.37 •% 33% 

-!9,-- 	- •• r-iu 	W- 	--*- 	. _.__1r__4, 1... :: 	•I 	-- 	-rii.wri-i •,1ItIIW1L i -'•I_ ______________________ --_4?*. -I__rø . ii . _. 

gr&in  yield. The estlmated o1l yield ranged in  

2.21s.  to 3.97  q/h ro ip satiVS ly mdz' No (Farwris  

sid 1.*v'20(4 + I ]TO tr"Unnts.. DeCreasod 	or 
nitrogen 9hOVSd a dearcoas-1mg trarld in eItiatd oi fjosId.  



1 
3 5 ReJat 	between diffe...ent nut rient s and . 	 . .i-_-_&,.- -4.-i- 	-r!'•. 	 . 	 __ ,i_- 	.-..--- l-.- 	 • .- - - - . 	...' - 	 - -4*_ -_ 	 q- -_ 1-ti 

I) ioI•i eri i. jararet ers 
iJ 	 -LJ- Li 

Correlations of different nutriGntB jji 

oil content; of soybeirt (Js ra. 	wera *joee.,r-,%d uut and have 

been givgn in tabjq"i4,, Thars oxizted Ad6gn1ficmt Poit 

Table 1 — Corrolatio-il Ooefficie..14s between difforent  
cc)m;titueflta of soybean Cram. 

_I_____II1 	1__. U 	--L.I 	ti -I-I-. ,&-_-J. . tU 	U _IP • 	-- 	 I 	' I 	 - 	.- 	
1, 	 _____ 

s.ro. 	Fraction 	 r 	V:1Ue 
LfTJU 	 •t 	n.:tIL -.-. .L---IJ 	 - J.*1 	 • • 	 -U 	-I-LIIU 	 - *-- 	,jj.j 	-- 	 _ 	 • 	 • 

I • 	Nitrogen 	V.3 P.W.10t c 	 + 06999++ 

2. 	phosphorus 	Ve Protein 	 + O.27t N*f;e 

3* 	p Ot a Ip s jua i'rotein 	+ 0.35+ N.S.  
L.• C~anium 	79 Prot tvin 	 + 0*614 

;. 

 

Magnosium 	VS Protein 	+ 0.206 Neuc%x* 

6. 	Nitrogen 	Ve Oil 	 qm 0 4P 769* 

7o 	PbO9,410rus 	y 	 +012? N.S, 

8. 	

potass 

	
. 

90 	Calcium 	V's Oil 	 Im 0.262 N, s, 

10. 	mWedimm 	Vs  

proteln 	V+II, 	 774' 
_I__J - 	 --.... if 	 • 	-r. 	ii 	qi- 	.0 

Tabl I ya :Iii n 0 1. x' to r 7 4 • f • at  
Table ya]is at T for 7 defo at 	a 0.797 
4+ * 	ghly aignitjat 

+ 	- Significant 
L$. - Nonsignificant,  



correlation between nitrogen and protein (r = 0.999) 

content of grain as expected. The protein content and 

phosphorus, potassium,)  calcium and magnesium were also 

positively correlated  but the values were statistically 

Ø5ignificant. There existed a significant negative 

correlation (1' = -0.769) between oil and nitrogen content 

of sojbean, Similarly significant negative correlation 

(r = ..Q,776) between protein and oil content was observed. 

cil content versus ph03ph01'13 and potassium were positively 

correlated, relationship being statist ioaUy nQnsigriificnt, 

The rel*AtiOrlahiP between oil Content and calcium and 

magnesium was negative as represented by nonsignificant 

correlation values between them (Table iti.), 

• 3 • 6 	eeet 

The  available nitrogen content in soil was determined  

for 0-15 em and 15--30  cm layers before sowing and after harvest 

of the croP. The changes in available Soil nitrogen brought 

&bOUt due to different treatments after harvest of the crop 

were found to be atatiStiCUY significant. A balance a1set 

of available nitrogen in soil has been preparedfor both the 

soil 1a7U'$ and data have been presented In table 15 and 16 

rasps t tV03Y. It is revealed from the data (T&,1. I ) that 

	

ther. 	a net gain of nitrogen in 0-1 øi *Oil layer 

ranging from 1.90 to 23.20 kg/ha In traatsnt N (Farmer's 

eontx'aL) 6nd  N20+ Zn respectively. A net gain of available 

nitrogen to the tune 18.63, 16.309 15.501  8.93, 8.779  5,07 
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Table 15 - Balance sheet of available nitrogen under 
different treatments based on 0-15 cm 
lGep soil layer. 

-_ f6-r-e-thd -it - 
NO,: 

Treatnents 	:sawIng zutrou- :(1/ha) :harreut:grain/ 
: (kg/ha) :gh 	* 	: (kg/ha) :loss 
* 	•frti-g 	 (kg/ha) * 
* 	:lizors 	
I-.  

I • NO (Control) 

5, 10 FXM 

6, Nió.7 

7. 220( 

8, T20+ zn 

90 N0(rI3er'a oontrol) 

178.1+0 0.00 178.1+0 

180.20 20.00 200,20 

179.60 10.00 189.60 

179.60 6.70 186630 

181.30 10.00 191,30 

180.90 16.70 197.40 

183.00 20.00 203.00 

178.80 20.00 198.80 

178,20 0.00 178,20 

180.90 + 2.50 

218.50 +18,30 

198,37 + 8.77 

191,37 + 5.07 

200.23 +8,93 

213.10 +15.50 

221,63 +18.43 

222.00 +2220 

180.17 + 1.90 

L &il. ± 	 1,18 	 5.86 

CD. 5% 	 N, G. 	 17.57 

C.D. 1% 	 u.s. 	 21+.21 

c.v. 	 103% 	 5.00% 

and 2.50 WW was recorded r.speotiveiy due to treatrients 

N20( + + 1Tu), N209  N16.79Niø, N100  N67 and N(mtrol). 

Balance sheet of available nitrogen in 15.30 ca ioU 

layer (Table 16) indicated a net depletion of 1.27 and 1,143 

kg/ha Of n1trOSOn in tr.atients WO(Control) and NOfaruer's 
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Table 16 - pn3.ar.cm sheet of available n1troen as influence 
by different tretta based on 15 to 30 eta 
soil layer. 

- 1 -•- -IS - k JI----" 	_l -1 -  •_Lf. -fU lt-• r.-• • I 	 I-n. --.- . _1 . •r•.- -U- - • I -LU---  1 .. il-I 	..JL 	LI•w-u-I- -1 -i . ILl JL J 	U. -I. _I$'.I' _- -.L T . Is 	1* 	i 	1 

  

        l ft or 2
o 
t gain/S. 	 :Bafore :jdd d Tota- 0 

NC*,T 
	 sowing :thxouii$(Wha) 2harret'loss 

(ligtira) :E;h 
I forti-1  
S 

	

2 	 a 	*(i/ha)$ 	$ 	I 

i No CWrOl)it 	 17061+0 0.00 176e4O 175*13  -1.27 

2. N20 	 17B.20 20.00 198.20 216.13 +1793 

3. NIO 	
177.60 10.00 187.60 191.27 + b33 

% 	If N•.7 	
177.60 6s70 184.3O  187.37 	+ 3,07 

50  NJ OrTH 	 179.30  10.00 169.30 196.63 + 7.33 

178.90  1'0 *70 195o60 210w4G +lLf.80 
6. N16*7 

7- N20(1 + I 1?r4) , 	
18l oOO  2 	201*00 21 9. 33 +18.33 

1120 + 
176.80 20.00 196.80 220.30 +23.50 .. 	

C. 

II 	9 • 110  (jotarmor  ' a ønt rOl) 176*20  0 	176*20 174*77 	1o1+3  

.1_J___ 	IT1 -JI 1 LU - - .r'J-L . -I -_L - I •T L.1l• ii:j- 	• • 	
s:JJ__1 LITI .- _• 1II-. -U ---'J IL U- W. 	 . 

1.11 	 5*61 sJ. ± 

clip. 5% 	
N.S. 	 16.83 

C.D. 
1$ • . 	

ties* 	 23,v19 

0%;  
11V.  

J.  J _I-1 I 	- 1LI • -- - _LI .L- 	iji.r 	-Iui-ui-.JI--* 	-11- __I._I. ip . . •_1__ .I__ - _-I _1-v--i- - i 	_____________________________________ 

	

I :i 	- 	• --- 	 --- 

'•I 
control) w'• 

flOrertijUer from any of the source wag  

. 	
aW:LiId. Other trwatraents witnessed a net Cain of ayflable 

trlog1 

 

ln  this ioU :Layer hUhast being 23.50 ka/ha in  

1420+ zn traltpaint followed by 18,,33  and 1#7%93  k 	n it r o; (1 

in jj2Oq + I! yjW and I( rssotiv4y. 	 •• of  

jtrog* $pp1iction OUId not pin of nitrogen  

I pgres qjLvay dolmr*&$ in 	a rst..  

U 



kvailable phosd Potc%- ssillul, aalcium zind 

magnesium in 0-15 and 13O  cm layer were also deteridned 

after ha 3St or the crop and the ' dhta have boon given in 

Azppandlx 20 -atnd 21. Tho cJiange in available p K, Ca 

and Mg as affected  by differwt treat.mentq were observed 

to bim nonsignificallt 
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DISCUM ION 
*1*- - 1 TI - - 	 I JJ.. 

The 	arkental results as reite1 in previous 

chapter have been discussed with their grobcible reasoning 

in the present chapVr.  

¶ 	(. r " ' '•- Tr14v :.i 3iflu:iG 	 IUDIIS: 
'.0 -U. _ -Iw  

50 1  . I The data  p 	In table  a and Fig. + indicated 
L 	

max 1.mum and early ee rgenc e o £ oybe an took  p 

at field capacity uoisturo content 'ithjcj progressiveiy  

delayed and decreased with decreasing SWP, it Is  

evident from the data that the ftnal, 30majLng 

emergence of  3oybcafl deere-aced from 98.10% to only 

6%, as the 914P decreased from '0.33 to ..5 bars 

*1 ich ny,  be a on Id sx'.d as zat is 1'tct o ry smorgignco.  

Iturtlior decroase in J4P boyond em5 to ow15 beirs  

caused a r=ed rcbit1cn and delay in 	ij 

• iiergincs attributable to lesser vater a'cail.abj,jjty,  
to the seed from its iraiediate surramd1rig. Thq  

rate of soil w:tsr movement would be too iicw to 

JUp217 gufficlMnt tOiStUZ' to the seed for 1ts  

gaim4mticn ;it rO1t1VO17 low 8 R 

Umter end Maickson (192),   Than and Vamde (1976), 

Rio and Gupta (1976) . A progressive deareaso In  

seedling aiex'gencs with decreasing NP for  

of or'opi has also been reportci by CO3,119  

and Sands (1962) , T 	.-.--Mmr and il 	*1  ,jensm 

0971)  , Alngh (1983) , 311W.Ma ( 1984)  , T 	a I. 	on 
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be infered from fbre,~;oinr discu3slxm tizat for 

obtaining sLtisZe.otory emergence of soybean soil 

noituro stress beyond 	bars should be avoided. 

The data presented in Table-2 revealed that maximum 

final emergence rate Index (MIX) was recorded at 

field capacity moisture cntent (-0,33 bars SWP) 

and decreased progressively at s2ow rate upto -5 

bars SWP and further decrease In EMP upto -15 bars 

caused a narked reduction in ER! leading to a 

minimum value of 10,15 at -15 bars SWP which again 

Indicated that 94P less than 4 bars aiould be 

avoided for achieving satisfactory emergence rate. 

The decrease in ERI with decreasing SWP 13 attrjtj 

to dczareased water availability for soybean seeds. 

S1vi1lT results have been reported by Singh (1983), 

&iarna (1984) for 9ff2ower and barley crops 

respect LYe 13'. 

5.1.2 The data on p1mgule and z'adicl, growth of soybean 

as affected by diffOrOut treatments have been 

presented in TableS 3 and 4. It is reTQft3d that 

iXiflfl p1uwU3e and radicle growth wag observed at 

-033 bars SWP arid decreased significant3s with 

d.cr.aa.flZ SWP upto -15 bars and a higbly sgnifit 

oorr.latIOfl betwan f1MI plumule 11i %nd so in 
0.33 to 15 bars raflre vas obtained, The ziin 
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Plumule lersirrth or 160.8 ' was recordod after 168 

hours of 'oving at qmO.33 bars Xp which decreased 

to 35o,  5 nfl at iuuiii bars :;w1. 35ni]1ar1y xad1c1'3 

length recorded after 168 hours of sowing was 150.0 

at i0.33 bars S& and deemaged to 30.1+ M at -'15   

bare WP Th c- rdUCt Ln in pltunae ai radicle 

e2ongatiofl with decza sing SMP y be attributcA 

to limiting water sup1y due to drastic reduction 

in capillary conductivity with decre.asing SW?, 

enc.  the caflgO$ in free energy an cp ac it]r to  

tran,jport waiter iler!i roponiru3.e for reduction in 

p3,umaq and ,adtcie growth. 	jyj.j3' results on 

. 

j):LUMaq and  radicle elongation of different cop 

as affected b ,v decreaelng SWT have been reported  

e3,rlior by Taylor arid Ratliff 	• OU-Pta R-nd 

$lngh (1975) • ingh (1983) , 	(198)+)• As 

a3jio3t 	r.duction In z'ud1cL 

at 	1: 	took place tipto -'3 bars MM, therofore 

it ry C 	 that ft soil water potentioa  isa s 

than .3 bars 1dOU24 tit too hazardous for seedling 

growth or ,;oybean. 

.1.3  vis resUts On thg i' 3ntIv* f"vOrPnOO, A 'a 

1'i4ic:L* irowth of soy'b•sn  hvo been Presented In  

tb1• I .d Fig. 5a 	Thess result th4j  

onc1uiOflS 'Which $ZS drk%m  jfl 5.1.1 and 5-.1.2. 
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v.2.1 The d.,;Lta on avora&e plant lieight and green leaf 

area have been presented in appendix i. and 6. 

RolatiVe stem height and leaf area of soybean in 

relation to SW? have been diapicted in Fig. 6. It 

is rev•aled that i,elatjyg plant height decreased 

a1r;oat linearly from 100 to O,3 as S1P deareasad 

from w&003 to ewlO b---tzH3* FUrther decline in swi ealo 

to i.15 bars cawed only ri*arginal decrease from 0.35  
to 0025* 	ost linear decrease in relative plant  

i2eight in - 0 33 to AO b,-4,.ra tcVP ;~ange so.1-11cated 

shoot eliangatior* at deormIlIng ratq and irgtha, 

decrease in z1ativs plant heiglit in -10 to 4= 15 

bars UWP range Indic:-~ted cessation or goybean shoot 

•].ongation. A1 	rp dec 0 in i'slativ, green leaf 

1ret with docroasing VP from -0.33 t + b,.-.& rs and 

followed by llnoA,, r decrease at a relatively g:LOV 

rat* in a4 tD wwJ5 bars!PIP range may be attj 

to  d 	vat a r availab U ity to soybean plant ,g 

ijndr prevuiling atmospheric conditictis which  

jjbited the yiornal phys 	91ca activity4 

Manahat (19?7) , Blanth.t and Glj (1978) ,Bunce 

(1978) . 
and Shival-a-M-ar and flaw (1978) allo rVorted 

that leaf ttrs& of soybean deareasod  

water stress in soybean, Wien at &j. (197,9) 
MEMO" 

-1 
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observed reduction JLn minstem 	due to 

moisture &;r03s in cowpea and soybean Ruck et a].. 
• 1LU -U -U- LJ 

(19e1) also reported similar results for leaf size 

and internode lengUi of soybean, 

The data on total ntnber of green leaves under 

different treatments are presented in appexidix 5. 
It is revealed that :iixjnnj number of green leaves  

were observed When SUP vas maintained at -0.33 bars 

and decreased With decreasing sWI. Vendeland et al. 
--i_U 

(1980) observed that the rate of 3-eaf production 

wag VeZ7' sensitive to water Stress at  all stages of 

veget ativa deve1oprient of the soybean plant q  being 

re duc 0 d to U a ny no growth under severe  atx'e89. 

5 4,Z,2 Fig. 7 •?owc the relative fresh and dry weight of 

soybean mhoot as affected by deargasing SW  ln  

•O.33 to -.15 bars. It is obsed that the  

relative freJ:j and dry weight or shoots was rocordad 

at field a ap ac ity ilsoisture a ant ent . This  wa 

jpOggible due to the reason that there wall  

v,vtter availabiiti tO PlantS at wO*33 bare £*JP and 

plant 19aves .  were turgid and Nny developed as 
 

vi2taU7 øbiix'i'•d. There van a sharp decreugg in 

fre9j, weight of 507b•an $hootj duo to docrealle in  

sw from a,0-33 to ii.2 bars and MAher "creams ln 

swi,  fr4ov '2 to I 5 bars resulted ln a linear 

decreasoo Reduction of shoot we.jght a.iot upto 



!;o per cent of that recorded at field capacity was 

reui t d at -43 bars SUIle While relative dry weight 

of shoot declined linearly when VUP decreased frog 

£L:Ld capacity to -15 bars ap•  These results 

uggasted that the rovth rate of soybean had a 

direct bearing on transpiration rate, VVP and 

atmospheric conditions* }Iealthely (1980) and 

OsrRl Bin yysof ot?. (19130) 	also been reported 
amdamm 

that &ioot dry weight or soybean  plants were txirnum 

at roiatiVo]7 high soil water 2evel throUghout the 

reproductive growth period. 

5,2,3  Th• r.3Jt Ion ship between  BWP and root growth vas 

a S S S •d by C opt In g relative fre h and dry weight 

or jo7bS8fl roots the • have bsen depict9d 

ill  Fig. 8. A I:Lnear docrease in relative fr9sh  

w,igt of ioybefl roots with decreasing SWP from 

() 33 to  - I bars Indicatod that soybean root 

Browth iiud direct bearing on SW?. The dry weight  

of soyboan :root decreased sharply when 9UP wag 

docrealled from mwo,33 to .4 bars folloved by a 

gra&-uo- decrease  jto - , 	 d ftrVier 

deareSSO in aWP boyond oPIO to '-15 bars resulted in 

only iargina1 doarsaxe (Flgoll),, The result 

indicated that  Nsxlxm  dry 	acuition in 

•oyb.sa* rOOt took y3oL-ice at field capacity Ipture 

 jhayø0ntt fl 	 doex4wsi" 	upto # 

bars 94'. A NP raze of 4i to -10 bars witnessed 
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dry matter accumulation only at very 93-oov; rate and 

1ti.4atG1r no dry matter accumulation beyond "10 

bars SW* Singh (1963) and shax,na (198I4) also 

reported siiilar results for safflower and barley 

plants Tespe et ivcly. 

5o 204  The relat ion h ip between SW and shoot/root ratio 

of soybean has been iiown in Fig. • it is  

Indicated that the shoot/root ratio iner(TAsed 

gradually from about 2 to 3 as sW deareaaed from 

-0-33  to -1f bars.  T 	e!:iphasised that under 

re9tx,ictad water availthUity,  root gmwth of voybem 

experienced reLAtiVeIl more adverse effect than  

ghOOt grovth, 3WP range of @4 to majO Vars did not 

cau3e ftfl)'  011=9108 in shoot/root as it rentained 

about 3 thvOughOut this range of LqWP iohioh indicated 

that hOOt and root groldth were equally affected in 

this rmng 	further decreaso in IWP from -10 to -15 

bars cawed a con1dsrb1e inarmse in oot/root 

ratio fr(m about 3e5 tO 5.5  &g1fl Indicaing that in 

this rE%nge of 34P toot growth of 3O7bfl experienced 

severe 3dvr1s •ffscts thm*'Oot  Mvth in  this SW!, 

rsnge ft330•  Nec:1n (1974) , Christie (1975),, singh 

(1983) also r"rted the increase in shoot/root 

ratio of f3=,t  gmes and safflower rsspsctivsly#  

with dearOUSZ9 soil vter Pot*ntial.  

workers have reported a decreaso in shoot/root ratio 

vith &a j%&Sjn& VP In case of Whand barley 

(tray3ar) and Mtliff 1, 1969"'. i 9V4) * 	 . 



5 e 2e5  F 	10 shows the transpir-ition  arid relative 

transpiration  'at t soybean under different 

treI- t.f at3 CLU2'iflC ita VegottiVø growth p 

The fferences in transpir:Aion rate under 

different tr9:,A.,,ien ws aay be attributed to the 

differences in in it i3]. So 1) vat e x' ccntent, There 

Wa a & ia rp decrease  in tranxpir-i tion  rat a of 

soybean with decrease 	IdP fr 	 bars. 

Further decrease in hJP fro
-
I 4,.to 1wl o bars 

caused a gradual-, decrease in transvir---ition rate 

on:L7 upt o 28th day of sowing, Boycxnd  i 0 bars  

the transpiratiOn raters were aluiost stabili,ed 

leading to a minimum va1e of 0. 06 9/M2
0 /day at 

.15 bars jaie despite of relative3,y hi,-,her 

atzo3pheX'i0 evapoxativity jn the lat or Ye 

ugget9 that the transpiration rate Was 

inclopofldOflt Of atmospheric conditions0 Tho  

deareaSO 
in transpiv-ition i'ate initially in wet 

•i½ 

soil moisture T&n9Q is at1butecJ to 	water 

availability because of slia decline in i  

conductivity of a black clay soil vith deezvasing 
CL 

w . Later on a gra al decrease in transpiration  

rate Nljght be due tO JLntegrated effect of hydraulic 

PmPertieg of soil as we as ttaj. behavlour 

or Loybean IWAV08- 
Below J~ bars SVP 

 

turgor presguro Of 	
and thus C1O3UX'O of 

to nit aL Op • i't U X'S r31Lft have caused  g

-WW&IM 

reduction in 	
rete. sionit et a)..

IM"WOM

Be  trMspiration
(1973) 0b.ed a ral increa inv 
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5.3. 

rate i-xiedi.ately after irrigation in both 

herb jous and woody plants. As soil water 

depleted.-  rate of transpiration declined* Blanchet 

et L. 0 977) , Blanchet and C 01f (1978) and Eavis  
4MRSEM& ._ji-• 

and Taylor (1979) also reported that transpiration 

rate of soybean plants decreased with decreasing 

of soil water content. 

N IrRoc;E; ]FEW ]L MT:EON g 
IL- 

__II-  

I.  

5.3.1 Vie reSult'; on yield of 90Ybean  and Its attx'ibutory 

charackjors an influenced by different treatments 

have been presented in tables 6 and 7. It is 

revealed from the data that the application of 

njtroofl in general caused a significant increase 
.V 

jLn  yjant height, nui2ber of pods/planto  fresh uncl, 

dry weight of plantsi s  grain number and veUht of 10 

X)Islnts as  compa-,red to oontrol, The ree-ults clearly 

indicated that the soybean plant growth responded 

re3arkab1y weJ.1 to the app1ioitin of 20 kg 11/ha 

appLied half through u'ea and half through F. Ye  2-L 

f0j:Lowed by 10 kS 11/ha applied thou The 

P0q5jLb3.q reason for thisightbe 	the 

1% rnb tn at ion of )?.Y* TL*1*  i4t h fl it øgoi cu s fertilizer* - 
jch are bioneficial for' pint growth, FoYa , 

releajee the njtrogefl and 	nutrient. grMualIy 

+hrnU1ZhOUt 
the 59IOfl and iflt,ifl goodphysical 

w -- 	- - 

e
fton8 Of the 3011. Tivari (1975) reported 



that no basaL nitroCfl ic needed for soybean growth 

Ifro YIP .• 
1. ( 2 cartload/hoctare 13 mixed with the 

soil at tho tjqA0 of last baklia-rini;. Deorea};ing 

leVe3jq of jtrogefl applied through fertilizer caused 

a progre3slve decrease in aU the growth characters 

In goenerajo Th 14 decrease  in the grcn&h  characters 

or'soybean ght be duo to the fact that nitrogen 

is an essential 
constituent for plant growth which 

due to siort supply caused decreased plant g rowt 

of soybeW 

This data on grain and strw yield Of soybean as  

gi"n  in tableel  an d Figell revealed that hlZ~'iest  

grain Yie (20.23 q/ha) 	obtained du to 

a1ication of 20 kkg "'1/ha hair through urea and 

half t,ougki F.Y.T, ,   which '4ag3 statistloaUy 

8jificant oV91' aU the other tr9atl-Mlits under 

consideration. The possible reason for 
this MIE:ht 

b a that the 1)iC°' of   nitrogen in Qbjn:Ltion 

0 f F Y* ' ji-icrea0edphosphOruS UPt3k0 X4CSdY 

(3111- nda 	flatt&, 19&+) which Is 	 oor  

seed 
 

foj
t,~-a-L jono AnonY•°' (1983)  

jaait1U grain 
Y,02.d wall recorded 	nitrogen 

app3J.cat ton thrOU& F. Y. 	
The r.5u:I-ts indicated 

that .a)p2FiOatiori of Zinc with o kg N/ha Vareugh 

urea bag given an 
adcLttiø1 	tge. It JL8  

apparent frOrn tl.,(& results that dieareasb-ig ) 

caig.d a 1.2arXed 	
Jnsoybean 9r&jLn Yield 
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(Anonymous 4, 1983). The thousand grain e1ht and 

soybean straw yie also followed a a 	r trend 

as grain yield. The reu1ts are in conftx'ity With 

the findings reported by Bangoo andXlbrtton (1972), 

Ag raval and Narang (1975) , sable ujid Khuspe (1977), 

I3aii1 et al
, (1978) , Kastori et al.. (1979) , Huang 

o  930) and Joshi (1  980)0 

5,3,2  The re suit a on the nut rio nt . ont exitjn oy t e an gra  in 
and straw as influenced by itffex%nt nitrogen levels, 

ourc a an d Uif,>ir  C orb iiia t on, h!-xve been given in 

table 8 and 9* ;Ln aPPraisal of the tables revEaied 

that the differenaesin nitrogen content 
ojb soybean 

grain  due tO tre-,jtments  N20 + Zn, 112()(+ + jr F*Y* M.) 

1j,  0  1,4 and 1-120 were ;t at i 5t lea lly nonsignificant. 

It is apparent that dec ased levels of nitrogen 

1tCtj thp rough urea down to 2.0 kg/ha caused 

proi4ressivo decreSSO Jafl N COUOt1iCT1 ifl $OYbC3Ifl 

g 	The rt It Do g on C ont; nt in soybean et raw due 

to 

 

dif fermit levels and scurce of nitrog en vas 

1jc;jficant37 nora a
s cornimd to 	 The 

treatments  N +  	and t420 ( 3' + I FoYe ) were  

statistically at par in this respect idhlIe 

C 0t ent in treatments N20 p WIN 141OFM cLnd 1q16.? 
q l-~ 

W" observed tO bs 1inifiC.t17 less& The, 

differeflC' 

 

in "' 
concefltXtiOfl 

of pllosphorux!p 

P'Otaseium d caJ.CiU3 in grain 	 jjL3y 

it $01 Ich 09jgnifiC3iflt UXCOP nsgnoslum Oanter  
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differed si 	The differences in the 

C oncer rat ion of phos-p-horu-91 calci 	mes ium 

ILn a   t raw were S t at 1. st Ic a fly s I g n i fic ant except 

potassiur, crjntent which differed non in ific nt 1y. 

Thus It can be concluded that Uie percentage content 

of nitrogen showed the increasing trend with 

jLnCre&qing :Levels of nitrogen application through 

ur. The creased plant growth possibly resulted 

in dilutiOn of nitrogen and other eIemonti in the 

plant. The app1iC1tiOfl Of nitrogen increases the 

a1T,Li1rb1e 
njtrogen cøteflt c, soil. The increased 

4r% ai2oflbllitY of nitrogen in soil increases nutrient 
IrIV 

absorption b5r thO P1 	S:L-ailar Via-ws have been 

put fortli by Murne ek (1937) , Lethwq and Hvunse 

(ia1'1 !XLfl7 	 (1971) • Bangoo ,,.qnd Albrtton 
p 

(19 ) , let  ty ( I 9710  , Pa3, and 8"ona ( I 976) Hatam  

( I 977)  , 
nayer and hat C I  977)  and Huang C I 980) 

motion of ypield 
5.3.3 The 

UptaIIe 0fnutrit j• , 

ICI in turn depefldS on a good balance of the 

mf j 

or ]plant nut ri gnt 3 pr9sent  j 	Provided  

the :i5 a   good balance of the  

-. 

then they h,"WO ft  0 

and u1ti11'Y on 

in vig cu r and heglth ofthe p
bringx  

in thee th- 0  pover tO resistfche at•taøk of biotic 

oiap:iimentor7 effect an the yield 

the  uptake of the nutrIents and 
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pest and Ccolovical adversities. It is o*in fro.ya 

the  re suit given in tables 10,  I I and 12 that uptake 

of nitrogen, phosi--)-h.0rUZ-3,j potassiumq calcium and 

'iagne3u by grain and straw IMS sigriific-~ntly 

affected by f fa ront levels of nitrogen and source, 

The N uptake ( I i8 . 27 kg/ha) by soybean grain due 

t 0 t2 (-k! + 1 M).1s sinificmt1f iore than due 

to any of the treatments  under ccniderat Ion. 

DcrGa31fl; levels 0   N applied Ljjrc-j.qPi urea down to 

20 kg 1%1'h& caused a progressive decroase iri N uptake 

jf4c k:~nt level. tpp1iction ofby grain to a sign  

different leve3z of nitrog through urea and FYM 

eaussd the siCifiCTht diffcr„,. co jun uptako or F, 

K , 

 

C,a arid Jig nutrjents t• gm in. Dacroaz;ed 

:Lc131,9 of Uin 	 (:   range of 20 to .7   1;g/* a showed 

C. 0rSiflg trand j the  

b;9 j0ysan gr1n. 	trend j uptai:o of all these 

nutrJJ3ntJ by soybean straw was do-croasing ifith 

doCrev   	• diffeipences   c 	t  

jM pttka were observed to be StatLstica 

aiz;n:tftctnt. 
The tot3l uptako obeyed sir,-,ii 	trend 

as 

 
th;2t oirL by grain at strav indepandently. 

ThUs it w
ay b4z cc1ric2od that the 20 Xg 11/h& half 

i2rwgI urea and h f thzoui rlYll 	 the  

possible re&son 
tot 	

,toLka from the soil. m. 
for that uiiY'• t be the jncrotsd ayaj3biiity Of X 

and 
wctracting power of plant roots increasod in 

aoil due tO the ITM &V 03 	aing wit”' uj'• 



Ijayer and Hat (1977) concluded that inhibition in 

the uptake of potas.0iuin, calcium and magnesiuii by 

high levels or N may be an important factor in the 

nut rient a of soybean p 	Similar resultsor 

uptake of nitrogen nd other nutriente by soybean 

p:Lants at different growth period were also observed 

by Lethve and i;von 3 e (1951)  OhIrOgge (19610 1  

jjanura~y and Webor (1971) , 11,arber (1971) and Cou ront 
6 

andTaizifl (1975),* 
0 

5*3*4 
	glancs  at the dita  h Olin in table-mP13  vsa ie i 

that ap:)11catiofl of nitrogen significantly increased 

the 
protein Contont and thus the e3ti1!ated protein 

yiøld. The riiaxinna protein content of 3,r),*?I,'% was 

2O + 	which was atgniricint1y recorded in troat:Ient  

hjLgber than all the other treatments under 

C 071 iderat !ofl The .• 
ju 	j 	protein yield 

of 7.39 q/ha tn recorded due to i42Q( +   * P:N) which 
:a 0 • 

ign 1. fic 0.in t 1y more than  

ro:Ljoimd by' N20 + Znvihich gave 6.913 q/ha protein 

yrig:Lde The deomf'Bing lOvOls of nitrogen caused 

IL progressive dea"ELOO in Protein content and 

69tiit.d prot0in yield. The results also indicated 

that MM proved to be better than the urea as  

t,,1113 proteJS YISId was C   Ofl C • Xfl 04. 

The increase in th
g protein content and Ogtimated 

protein yield of soybean grain due to the ino"asing 



leve.'I.s or nitrogen aight be attributed to the flact 

that the nitrogen ±3 an *S3qflti.2, c0113tituet of 

RiTIO aCid. , 'thich is structural unit of protein. 

N it ro gen inthe key e 1eaent in the 3ynth o s i of 

prote and result obta1rnd oxpressed this faret. 

Inc rev. :30  In protein  cont erit due to application of  

nitx'ogen has also been observed by FelIers (1918), 

wagnar (1902) .p singhend Singh (1968) 11 Kesavun and 

jfi~Q r4chan (19710 1 	 (97+) , grava:L arid Narang 

(1975). 

Tableow13  a 1j 0 revealed that the oil C Qnt ent of 

soybean grain deareasod sj.gnifioant;Ly duct tO 

ap1iiction of nitrogen. As Vir as thG Ostt'Ated 

0 U yi-d1d was c onc ex'n o ci it Vas sign i f ic ly 

1ners. ..4ied this to p1iautiOfl ot nitrogen and the 
qk-

trend was Observed to be different from oil øontflt 

ds.ta bLu3e Of Interaoting f fiact of sAoybetin grain 

yie]Lde The .ti!tOd oil yield ranged in between 

2.24  to 307  qZ' SpO ct lye ly under NO (I?n=9rIs  

contx'o:L) and NO 	+ BIH) treatments. The 

decrease in oil 0tOflt 	13oybean grain 14G b e 

attributO to the fact Vist 
nitro5efl had no effect 

on 01]- content (gesLivan and ,rechn , 1974)  • 51milar 

ob,ertatiOfl5 war* reported by itobert ot ala (19;t ), 

sood et al. (1977) and POL21%%I (19t1), 
w_I 

5*3 05  • 

The result . on corrO13tt1 c o.tLcieflt • . b0tV00n 

 
diftøD•flt C$tLt 	O   ObS grain are given 



i.1O6 

ii 

 

table-14. art. is seen frQ:2 the tabledmil+ that a 

positive and highly signifl tnt oro1ation ja 

faLmd betwetin nitrcefl and protoin (r = O.999) in 

graU, ag eX]11sct8d %kASreS a negative z4ld significant 

Correlation  v 	uic1 In between  nitro en and  oil 

(..0.769")  and protein a1kd oil (,-0.776)  j oyb e n 

graIr  S imi;Lar 1,9 suIt 3 WQJ XO a IS 0 • Xported  by 

0 i y,,qjj.y  und. Geiger  ( 	Cartter and Hopj~er 

(191f2) I Krober and Cartter (1962) , flartwing and 

Co 	(1962)  , jolmson and Bernard (1963) , Srairnova- 

Jkonn 	4. (1971)  , Shannon 0972)  and IAI 

at a.1 (1973). 
MMINMRM 

PUYther, 12G correuiow phospliorus and  

dR 

Proteint potaSSIUM auIU rQteifl, c1CiU and proteing 

maaAesi= naid prote  in, P110.9pholvS  &rId Oil urid 

Potass 	and oil were observed positively 

flon2i;flii'icaflt. The correlation botwo•i aIoium 

ad oil nd WSjusjua were roulld nogativoll 

0nifiCaflt. As "gara3 the positivQ correiation 

between ci). and phosphorMS and negative correlat ion 

between oil and njt;x'ogon, øizttL1' observations weto 

reported by thovas Ilion  

5* 3 -6  I b ii an a ehe ,t 0 f avatlab 10 nitrogen    in BOLL has 

been prepared for O'15 on and 154*30 	laYers and 

data 
  heY begn presented in tSbIOS445 and 15a 

verusal of &Lts pressntad in  



dicatod that there was a net gin of nitrogen ki 

0.1 C!i soil layer ranging fr04 1.90 tO 23.20 k&/ha 

in  trfaat  ent N (Faraert   s c ont r ol) and 1120 + Zn 

rc s1 ,et ivoLy • The increase ri the nitrogen c ont nt 

in 0-1 CM go layer:1it lao, bccwa3eof intensive 

nodule foriv-tiOn that might I-lave r ra laied unut i. ii e d. 

BalanCO 
sheet of avuJ3,:-,ble nitrogen content in the 

soil it 15 to 30 cm 3011 layers has been prwiented 

jLn tablemal6a The data Jnd,Lc:A- 1r'.0od a not deplotion 

of nitrogen in treatment NO(Contr ) and 110(Farmrf S 

control) wlisre no fertilizer was applied frwa any 

of' the 3OUTCe. Other treatments OaWSSd a net gain 

avaiiabls nitrOgOnin 15,,P30 0:2  so iL layer, 1nereased 

r3teø of nitrof;en application.caed not gain of 

nitrogen at progressivOlY Increas g rtes Aiicii  

may bq because of proportionate intensive root 

growtll in the IUbgUTZaOO layer resultinZr,  in  

fixation of ato9P11erie nitrogen. Importance of thO 

legumes in rot at ton as the , 	 more econolic 

rr ean B of increaSing so ii fl it rog en has been  reported 

earlier (Thorlftt  1919). Lyon and. Bizzal(193k) 

,pO2'ted that 30ybeafl Ia theraost efrect've 
 

the  :Leg=eg U  large gain of njtrot,n in 90jj. i• 

aø(ciatsd with 3j&rge niti'ogn oontent of cropso. 

Similar r.ault$ W•DS rapoi'tQd later on by S106h st al. *jrrt 

(1938) and 3mith alo  (i959) .-1I I 
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Pot house studies were conducted to  avaluat thO 

influence of di jr re.t t levels of soil vat e r j.OT#GntIc*,1 on 

seedling riergenee t plumulet u4nd - re-Otic g IVA 11 v 

tzpwannpiroaticn r:te and Gxv,.tft. of soybtfl (J 2++) durir4,.,  

vettiVe grole.011 per:Lod* 	flaid experimeflt Ia5 
wv 

C CD dt t $ d to  s t: dy tw c ffe ct of di 'f r nt .le"111 of 

n,trogen p1t&i thrO'2 urea and 

 

f"rWard 'ianure on yi€1d, 

ir COPO1iOfl O2 ,Oybs= (33 72-+f) 
nir 	- ---- -- 	 - 

riuta. The Z3U].t8 CbtiJ 	lod to the follovIng 

C one 1u ion 5 3 

( I ) The  raZ iunw s ee dL jLng eisr g eno , pLuiruIe and 

radicle growth of soybean took place at fie3A 

capacity 0ituTe COfltf3flt ( -o. 33 bara SUP). 

(2) 	Decreasing $14? from '0.33 to .-i

Ln seod-- .4 W
,~ 9 pro6ressiva decrel---"& io nd delay 

icr 	ni% diC anLS d p iwiu1egcncC,
I;rcwLh Of soybern. 

9 

The decre&86 in øød2ifl ro'rth para.=t. a.,&m in 
 

d.Q•33 tO m5 
bare 814F rarije wsre in tolerable I:L-.iJLt 

jdiàatiff 

 

that for rc,a.liiinc satiatactory 

•gje:'ei1ce and ro4t12 it soybtoan seas.,11JLn,-, ,j so 

jacisJUourle at z•e. 3 S beyond bars xhm1d be avoided 

(3) 	z iJcrL oyb an plant6rwAh yj  

g re ai 1• 	rea uL1a reaat : A"%%.ozh a1 d7 weibt r 
or i;ilQOt ond roct toc& placeat field capacity 



..1Q9 - 

:oiture content (-'Ch,33 bar3 SW?) and decreased 

P gressivel aboat in a linear rrner with 

dcrc ( l ea irng 3sU frori -O.33 to -i ba. 

(1+)  The Wnoot/root ratio o sc"be'fl on dry w.1ht basis  

incre^ied gradually yit,h decreasing S1' froju -0.33 

to 	bars and -'1 0 to oml 5 boars vhih eLiphagized 

that iinciez' rricted wzter avai]bil1ty root 

grcnAh  of soybean experienced re:IjtivLy .:-.iore 

adve r e eff0ci*,t than shoot grovith.  p.n almost 

constant shoot/root ratio jn -# to aP10 brs SVP 

jLndicated that :I. ,-loot.# and root growth of 3OTbON 

in this U11 range were equally affected. 

C ) 

 

Th era V 	 rp d0crO&NO in trwispiration  at o 

of soybean wLth decrez-, 39 in SWP from -0.33 to 

bqrs. 	
'I? froia + to w10 bars 

C211Cd 	
rats ''1 

011L u C 28th  day  Of g owing • bqyond  	bars  ?, 

tiia  txvnspiration rates !ttz'e a]tt stCLbilized 

i,sad,blg to  $ ajn1M1= ,a iu of 0006  

;on')r'1 tt-jatran)1rat&oflratq of ;oyban decreased 

V ith the ; a Of the £aant S. 

( 6) 	
nera1 caud 

4praiition of jtogefl i g 	a 

sign, fic T1t 
inerquos in growtliq   y4and 

att?rlbIpLtOl7 	
01' 90Yh1 plants R 

co:LrSd to ØQUtI'0L 



= 11o.. 

(7) The results Indicated that the highost grain yield 

(20,.23 4/ha) was obLainad due to ap01iCatiofl Of 

20 kg jj/ha half through urea and halt Uiroughf TI 

thichwas statistically significant over all the 

other treatments under consideratiofl. Next In 

order were the N20 + 7ii (19.03 qPla grain yield) and 

I I f",O(IS.62 q/ha grayle:Ld) tipeat=mts rospectiveli 

83 far as their affect on grain yielft 1ie1*e concerned. 

(8) The result dicated that application of A#, 

@ 25   kg/ha gave an additional advantage aø fir me 

the   ara yield, nitrogen and protein content 

were concerned. 

(9) T njtrog*n eoni et III  soyi ,n plant icreased 

S ign i fic nt 1)! with increasing lovec1 oil 

pp1i•4 Imit-rogal * 

(10) 
The UPtLI Of nitrogen, pho3phorus o  potassiump 

tUCi1WI and ti:iGMXium bY eojbaan grain and straw 

wax 0jgnirioant3Y affected by different levels of 

Itrogen and 3ouree. The trxid   in total uptake or 

djfferent nutrient zitah.d with the  

- -I 

g,min and itx'av yjWld obtained under different 

treatmntivo 

(11) Ap].iCt0fl of nit 	3ignifloafltll Increased 

. the protein Otd3flt and estimated protein yield. 



111 ow 

The ;'zimwi pro'4r'1- e.Ln content (36.71) was recorded 

in treatnent 1120 + Zn idhich was eigniflcanty more  

than obtained due to N 	, Decreasing levels 

of nitrogen caused pro;,pressive decrease In pr4ein 

content. 

(12)  Oil content of soybean grain decreased significantly 

due to application of nitrogen. It vn'i€d from 

20. 31 under raxer' control I.e. 110 to 19.60r,  in 

N20 + 1• The differences in oil content under 

  nta 	i0,i0M and Ni6t reat 1~,201 	• 7  were only 

!Tg1i1a1 and 3tati!ticaUy none . 

( I 3) There axisted a ii gxtfi( 3iIt POGIAUvO C orrOlation 

(x' a 0.99,9++) between protein and nitrogen content 

of soybean grain while oil and nitrogen COfltflt 

of goybemr.. yerib significantly negatively correlated 

(34s = -O.769) • similarly protein and oil content 

of ioybefl were 	 negat.i'iely correlated 

(1 = m&0*7?6) * 

(110  BBJ.anc I 8høOt of availab3Ao nitrogen  in soil 

indicated a not gain of nitrogoa in OmaI5 C soil 

layer rangina frm 1.90  t 23*20  k 	nitrogen. 

j1ni32..rly in 15-a-30 c1 ioil jayerg gin or nitrogi 

ranged from 3.07 to 23J kg/ha. in viius trsatmOnt 91 

.Zo.pt in controls trccn v.r, thoro was a not 

depletlDn of abOUt 1-5  k W/h&* 



no  112 aw 

(1 50) 	
Increasing rLts of soil applied nitroefl cued 

a not addition of njtrogen at iflcreasing rates in 

soil. 

t 

13 
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Rvaafter-s-ta­i~~ grdA  : ;3 0 -_4_m . 	w-• IU - i.u. - 	 • 	 - 	 • . .T 	 _• 

water smoistures  

Wte- COfltflt 	7 	: 	, 	 28 1 3 	$ &1b2 

ntia:J son ve1ght 
( 2 	1 	

- 	

2 
 -- -_ 

.I___ 1 .rLIJ - - - 	
iii- - 1U1 - 1 Vfl1•C 	* -U - 	-•-W 	r:r L 	 i - - 	 .. . 	 . T- -- -rir  

0.33 311!1,1#0 4.61 8.02 14.86 17.52 19.36 21.81 

1.20 30.00 3997 6.70 12.52 15,32 17.60 18.76 

)+l , 	26.76 3.70 5s1+5 10,56 14.88 16*10 17.18 

10.00 204,) 2.i1 34,83 v.29 8.16 8.3i 9.10 

15000 1 	1.10 2.05 3.50 .1,0 I+.38 4050 



APAI MMI VIII 
1_IL__l -Ju. 	- _J LJ 	• • 	 • -JI 

Dry weight of soybean plant3 (1112 plaiits at 
different tLie wider Zferent treat=Qntzle 

i 	kI'.w 	 ._J _ft 	 f 	 W -I 1 J 

 

E. 	_
Soil 	*SoiI- 	: 	.• g a'er start of 	enir!kht

.-.d  .---- L 	 -  	' ----'-*'_ ---MUMEMONAmbom  

water &riOiStUX* 	$ 	$ 	S 	; 

'm  p 
&2we;LgJ:Lt 	' S '" S  3  35 	42   
(mobars) sbasisQPjZ 	 $ 

-. 	- -.-- ------- 	 __.-,--* _i-. r- 
-..p.ris-_..--•- _- W-*'-L--.•_is-..-_i-i.L:-'*JLr1__U-L4-•U--_-_._-------_--------.-- - - 

O..33 31+*40 OjF 1.10 2.32 5.30 8935 10.25 

1,20 30.00 0+1 0.93 2.08 4498 8.02 9.15 

4..00 26.76 0.37 0,84 1,02 4,06 6.63 717 

10.00 20.8 O.2 0.2 O33 102 1a
19'1.22 

15 000 17)46 0.15 0.35 Om'+8 0.52 O.!8 0.59 

jl_U_1_L_U_II 	 _ I_ 	 • _ I I 	_ 	I_ I_. •T_ UI 	 ' 	 ---U- 	 - 1 	•-_ 	•_ - : 

All, 	II)nc dw  

Fresh weight of aob'fl roots ( 	p 	at 
different timesUnder d treatment3v 

nonz  f GXP   bye - - - - 

	

 t art o:r 	srL 
Soil 	I Soil 	mom. - 	vb*--pp"v4W 0 0 42  
vat el' 	i°ist' 7 	1i 	21 • • 26 	35 
potential:content 	

* 	3 	s 

(-bar3) 	 ' 
baii() 	2 1 

--I--_._-- -J-_J_-'" 	F'_ 	••,_.. 	l__r_it-  •_I 1.._i•_i-i-n- 	 __..U._11_ui 
pm 

	

0.33 	31+.1+0 3.90 6.913 12,50  18.78 26,w87 . 30.16 
.0 

	

1.20 	3.10 O 34125 5,28 10*83 1.76 22.56 2.5O 

400 	26.76 3.10 4.1? 8,90 12.10 18.90 21.34 

 1+*95 4098 

	

10,00 	20*8 i.Bo 2.4O 3.924.28 

	

 

15 ,00 	i7..6 0,76 0.92 1.08 1.18 1.20 	
1,021 

 



kpr"; Ez:.J*Dlx Ow x 
I_. 	•T. I• - 	- 4. - 	-. 	__I__ 1 

pr 'y weight or   soybean root   (g/2 Plant at 
different tj=e:i  under di fferent t reat mont s. 

ILI- . - - -:: :•.- : 	 - -i. i 	_ 

ScU *SOLL S____ 
 

DmSOX5IZ?t 0  

	

- f 	 _ 	
-n•___-. -N LL. 	U.PS- 	 - - 4*I 	 -4 	 -.- -. - -. r.__LJ 	•UL • ii TI 

w -.ter 	inojsture: 	 2 
potential*content  ; 
( 

1+2 
13 rs) :cn weight : 

7 	: 11+  : 	28 	35 	: 
- 	- - -- 	- - - -- 

I: , _ _ 	

4.1UJIU -I-I -1- -- 	*'- 	-L 	IL J. 	 • 	

-J1 .0 ..LL-.- iift-kI•- 1. • 	-i --.-...- .11 TI-- 

0.33 34.40 0.29 0.70 1.56 2.3w 3e52 4o66 

1.20 	30.00 3.22 0.56 0.98 1 a 66 	2.16 3.00 

1+* 00 	26,w76 	0*14 0.30 0.68 	1.32 	i.U+ 2*11+ 

10.00 20,50 O,m 0.18 0.2kI 0.30 O.3. 

15*00 107.46 0.03 0.06 OO9   01CJ 

 

0011 0.11 

- - - 	 --- - -- ._-- -- - -_- ----- -- - -- --- -_. -______.- -U- -•t 	
Lu-.-I.uI-L*r_• .LJI I- F1I -I .•1I-' 	I-LU ii• II 

APF MTDIX me XIE 
___I.* •••  

hoot/root ratio (over dry w•ight basis) 
of: oybe4fl uncor differen treatmentse 

_.
_ 	 ID -1JL •_p .w .11.-.'- . • 	-a, '-- 

rriI 'rt-:L-i) 	
1- 

A 	of' ex  

water :moisture  

	

. ri.o.4*• 	 L 	. t I. 

fflti
0t 

	

alscontent
bari) :onweIht$ 7 1218 	 3 3 

sbas1s() a 	z 	a 	g 

__uJ___J rijrjl_l* 	r-.___L- L-_f1• 	 _[ ___J_____L_ • -1 l-.-M-_. u:iIi .-J. 	

_t_IJl_1_.1LU -.4-_Jl
-wpm-. 	p 

0.33 34o4O i.86 1057 1 04 202,5 2.37 219 

1,20 
30.00 1,86 1,061 2.12 3.00 3.71 3.05 

2$1.00 26.76 2.64 2.80 
2.68 3,O7 363 3.3 

10000 200
5.00

8 3,12 2.09 3.+6 3)+O 3.50 3)~8 

0 17.f6 	5.83 .33 5.2 	5?0 .27 .36 
15.0  

--_- 	. -i-- ----1_I-lu -rIrr,kI- __iL • - •--LI.W -J- JI - . 



Apl,,.p7;.. ,D:lx 	x1i 
__u i . i__- -i-i U-  - -i- -.- -wJ-.• i.- . 

Transpir.l.tion  rate of soyberm (g/cm2/tykv) 
unc.or 	f fe rent t  

_*1-_ I--U- . _1 • I• r -• • L-JJ-  - . i • - .* 	. w -- • • . -_-..._-- 	•. . 
óU Soil 	Z Sofl. 	after stt 	tiriiiitiñtT 

- - -I- 	 .-,.-& --. , 	- - I.- -'-- i.i--•--  _u- 	LU1 ft- •..lLL -III-. -I_-_U.iW. •a.N - LI 1f -• -•• - 

wLtor 	:moj&ture 	$ 	 Z 
potential-Montant : 

 I  I 
 +27 	11+ 	28 	35 (asbars) scrz. weigh 

 

 I 	I 	I 	2 	$ 
11. .. -L--w 	- 11 •Ii• 	i.r - 	IJ11 L.J • I T-I- -. U 	I -J --U- -L 	Ii $TJLI J- -J1 	J*tD 	iL T ilL 	• UI _IU__*. -I • -1 	 I 	 'S •.lIP-  - 

0.33 3)+e4O Os64 0.63 0.61 040 58 0.55 0.52 

1.20 	30a (Y) 	O.41 	0.1+0 	0.38 	O.3 	0.30 0.28 

1+ 000 26.76 0.27 0,27 0.23 0.19 0.16 0.13 

10.00 20.58 0.11 0.13 0.13 0.08 0.08 0.08 

15.00 17*46 0.06 0.06 0.06 0.06 0.06 0.06 

APiNIIX .-XtII 

11alative plant height of soy ean 
wider dif4ereflt treatimatse 

-LU . 	U.LII 	•IT .lI-.---J1 .-- ----- 	-.- -----.-a:ft  
3ff 	23c1 er start ox7  qMer 
w.itor 	3 n;osture:  

f.bawg)
0tentia1:coatrLt ; , 	:i 	21 	"a

..*on •i1ioiglit s ' 	, 	 ,, 
-- --- ---- --- - - --- .. --I- •lips 

	

o.33 	3 	1 • (K) 1-00  1 00 1000  1 • 00 1 AD 

	

 

1.20 	3.0-00 O.R O.9+ 0.87 0.89 0,92 0095  

	

1i.00 	26.76 0.70 0.6!; 0.69 0.66 0.65 0.67 

	

100 ,00 	20s35 0.39 0.3? Ow3I+ 0.31 0.30 0.28 

	

15 0 00 	17.U6 02* 0.31  0.29 0.2? 0.2# 0.22 



APi•E•iDD( xiv 
- 	iii1 - * .•- -w- ---. . - 

Relative green leaf area of soybein 
ifldoi' different treatmmits, 

J-L- . 	 r 	 , . 	. '. 	 --m1- . 	-. * .. 	 --  i5o 

rr- :.oil 	_ D4ys an. or 3tai OA ejorint 
.I_ i• 	---.- iiL • 	T • 	•IL LU 	-_ 	LLJ 	LF :. 	.TIi -1*U UI I 	 -L 	FI_.4 	LLU _J. R..LLIJ 

'iat ax' 	 I rioi sture 	 $ 	 . 
poto ontialicontant ; 

7 	21 ; 	35 :1+2 
,. 

( 	on weight: 
:btis(4 • 	: 

Oda•r -. ---, -I-,- 	 - . 	 -I- 	
. • - - 1 --f- 	--F . -1 r: j -nrwi- - 	tJIIIu1Iu.r __ 	 - 	 n--It- -liz . .i '-- ijjii-i - -. I 	 ; 	-' .11_I- 

	

0.33 	3440 1.00 I t. 0 0., 	1.00 	1.00 	1.00 1000 

	

10 20 	30.00 0.66 0.66 0.70 O71 Oo7l+ 0.71 

4,00 26.76 0,540.61 ().1 0.60 0.60 Oe57 

	

10.00 	20j8 O.3+ 0,31 0.26 0.35 0.30 0,29 

	

15000 	17.76 0.22 0.21 0.20 016 013 0*10 

1LPjEND ' . XY 
••-LL--L 

	•-. . • 	'W 

1.181&tivo fr9sh wi;I of soybean plant 
under different treatemnts. 

s-,J-s 	-i: i• 	 -*1r? -I4---* 

so 	
ijnJ 	

: 	- y g aMe 1' irirot:iez:&ent 

	

_ 	 -r*t---- - .  

r•I_._-• -m'-r 	 . .. 1 	 -- 

water smoisture 	$ 	 I : 
- E -f- -JLjU_. UIL • 

P otentiaiscontent : 
C -b:ara.) got,' weight I 	I 	: 

21 	 #2 
: 

23 	;3c 	 ;  
:baz1(Z) : 	s 	I 	i 	s 

-.: ' •.-i* .-i- . .-- 	- r. 
 

	

0.33 	S+m4~0 1.00 1.00 1.00 1.00 1,00 1.00 

	

1.20 	30.00 0.86 o,83 O.8+ 0.87 09:1 0.86 

	

. 4.0 00 	21. 76 	0.80 0.68 	0.71 	O.814 	0#83 0.78 

	

10.00 	2o51 	O. 	o*48 0.35 0m46 Ool+3 . 

0.141 

	

15,00 	17.146 0,32, 0,25 0,23 0023 0.22 0.20 

i: 



Ttelative dry vel..glit of oyiar 1)3.v,&nt, 

under 	di f fe r(-.o rt 	t rti•t ii Em I . I. 

.J- LL 	Ifl-* I 	-- • I 	.1. -.-IJS 	 '-S' 	. . ' NW 	 '1- 	-I 	- 	 ' 	 - I 	- 	fl 	-1-- 	--- 	- - - - 	

-P 	ment, 
 

S
_

oil 	:Soil 	: 	ii after t't o 	a rl   

-_..; dIdIWlIuF'. 	_ - -•I-r_w'.- _iR 	_.$.W - - 	 - I---_ • 	-I-._ 	 . 	 __ 

water smoisture  

p oto entials c. ont ent : 	
7 

: 	 21 	28 : 	:42 (btr) 	iiiii't: 	: 

ia 
I , 	

* . 	 - - - -- 	 w. 	'•_ I __ 	 I - - U_- •_• - 	 -_ - 	 . 	 . 	 . 	

3 
________ 	 ____________________________________ 	

•1 T_. 1 1IL_I ---•: -: -ra 	_-a*•. - 

	

0.33 	31 11-1ç; 1 0013 1.03 1.00 1.00 1.00 1.00 

	

1.20 	3i:\oc 9E O.C2 0.69 O.94 0.96 0.89 

	

f.00 	2.76 00.630* 76 0.78 0.76 0.80 0.70 

	

10.00 	20a 58 O.+6 0,+7 O.35 0.19 O.1+• 0.12 

	

15.00 	17.+6 0.27 O31 0.20 0009 0.07 0.05 

x F 1) EN 1) 1 F. 

Fte3.atj-ve fra jshweV- hat of 80Y00alal rOOt 
unceT diff orm o 	Lreatments. 

R 	
X

o ~Flmgwm  ram 11TA 
. ' _.- _Lr-  

water 1+2 pot( a 7 	: it+ s 21 • I 213 	$ 35 ; 

(.ubars) 	;Qfl sjoighti 	: 	* 	: 	* 

sbaiia 
_

-
LFw- _'.•_fl- L_ 	 T'-- _ n,_L _ thin_ 	 -

2 	$ 
-.1--lu-_Il_--I•_• J_ -I 	 _• _.11 - • I _ -• 

	

0.33 	31+.)+O 1.00 1,8 00 14100 1.00 1.00 1.00 

	

1.20 	30.00 0.83 0.76 0.86 0.89 0.814i 0* 81* 

	

I4.00 	26.76 0.!19 O59 0,71 0,64 0.70 0.70 

	

10.00 	20,513 0.1+6 0.3s' 0.31 0.23 0-18 0.16 

	

15000 	17.I" 0619 O,13 0.013 0.06 01,0 



FiDDC m XV132 

R ele" t iv adry woight or   4oybean 
i'ot a wider diff.arent ta'.11t-ae-1146,0, 

Soil i--'--  : 

 
L 1 . . I •• 11 U 	-1-1 	. *-1-1l 1--L. 

	t- 
	- . 	-I- I 	- 	-a. 	j 	 u 	S 	 I 	L• 1 -1 	-- 	T I 

Laz, 9 Rt9Z 	3tZ't of  -.:- _iE 	• - 	- -JI--Il • _ 	 .- 	 . - . . .- - , 	...', . .-- . - - - 	-.-- -.-- .i_ 

wat3.t' 	°' S 
potentia:Ltaontent 	 : 	21 *. 28 : 	: 1+2 
(iubTS) :on 'Gg!1t: ? ; 	; 

	

01133 	3.40 I  1.00 	'LOO 	1.00 	1.00 	1.00 	10 00 

G*  64 

	

1.20 	3 	0.76 0.80 3.63 0.71 0.61 

	

460026.76 O)+8 Oo43 0#43 	0.52 0&46 

	

10.00 	20e 58 0.27 04j25 015 0,13 0.09 3,7 

	

150.00 	i7.6 00  10 o08 0.06 o.0# 0.03 0.02 

I:tDDC - 

 

X IX6 . i*_-  . r• 	.-.4A-c*-  ' 	. -- - . 

RelUtiVG tm ir&tiOn rate of 
aoyb an under e' d 	t 

BMW 
I- 	. 	. - - . . - . - 	. - 	• -.. 	I. fl 	 - 	- 	 . . - # 	. 

S 0 ii 	I 01 2. 	s 
 ? 	. 	.. - 4, • -.-' 	-.___ . . - - 

water 	 tire $ 	S 	: 	$ 	S 	2 

p ot ential I c ont elitf 	,, 	 : 	: , 	: tf2 
(-1xr3) :012 wei&ht3 ( 	3 	" 

•LLF•U1 .v-&&t _r - -- -A- -I- 	-'- 	.-. - U I 	-tr• 	•J • 	.-r L 	- -_ 	____IJ__J I :_•p--- U'f 

	

0.33 	
31+*40 1.00 11,00 1.00 1.00 1.00 1.00 

	

1.20 	30s0D Om65 0.63 0.62 0.68 0,9 5-4 0.53 

.00 

 

204 076 o.1+2 0.42 0,3? O32  0.29 0,26 

j000 2Q.;;8 o.1   o.20 0.16 0.13 01*14 0*15  

	

15 000 	1701+6 GOO 0O9 0.09 010 00
11 01.11 



\ 
 XX 

-rt•Q c04k . +L- €U 	( 

 

Nvarage of throe repiicat1on)  

"1 vaIDIAb-le 
(Kg/I.- 	i 1-1a)uTreatments  	' I : 04456-71 	 I 533c& 	I53O&O..1cm 15ia3OC  0-1  5am  1 3Oc;:

04 at -  N*  

10 (COMtrol) 	 I ,)Q 17-1.5  •)Q 	16*30  1 	55 ,.1* 00 5X4*30 13370*70  1 	25',S7JvO3  2 

120 	 iBO*20   1 	i l+*60   1 13 5W- 4*30   543*30 13248*00  i 	2099 60  2239.00 
Arp NIO 	 179.60 17?,60 1.9O 1.23 533oO3 526,73 11776,110 11+€,3() 2281.63 131F9,67   

06.7 	 179,w60 177.60 19.30 17.27 522,30 51u.70 12512903, 12292.70 2355*2019551G3 

110 7M 12757*30181.30  179.30 18.80  17.80 519.Ot) 513.30 	1253.3O 2796.80 2,333..7 

116.? 	 180.90 178.90 17,50  lo.,w 503.70 +99.3O 13302,70 127;36*70 26}+9S60 2192.13 

120(4+1 FM 	183*00 181.00 20.2319.03 550.30 51,6.00 13616.00 13366v70 21+28,10 1983,r̂. 0 

120 + 	 178.80 176.C3 19.30  18.13 532.00 526,30 12757,30 '12)456.00, 2355.20 1922.L3 

IN 0( Parma r" 9 control) 173.2O 176.O i 3.53 17.20   526o3') 521.30 13D2.7 12773.30  21+23080 193.O7 u-_. - n-  • U i•-nij .j j.jr*.i -r--i-  i-.i -'-'a- 	. 	 , 	. . 	-•- 	- - 	, . 	- .. . . - 	,- 	 , 	 . 	, 	- 	• 	- 
3.E 2.. ± 	 1.17S 	1•11 	1.919 	1.798  19.535 2GeOI+q 1+50.18. 	297.781 260.21 

C.. 5% 	N.S. 	U D 	 0 3,  

-. 

C.D. 1% N11S. 	. so 	LS. 	..-  .  'r . 
xL.s 	Ow  • 	41030  

c. .v.  i.131i% 1.o8 	18.6+2% i8.+8$ o.00% o.00;. 	6905% 	o.co$ 21.O 	22.00 
J •-- _U -I 	. 	i .. 	- ____ 	__ _• • 	__• 	. 	r--. 	--.i- y 	--- ..-.. --  



116.7 

120(4+4P!M) 

I20+   

213.10 210o4O 16#70 13.90 +92.7O W)2*OD 10917,3 

221.63 219.33 14*10 

222.00 220*30 '13.70 

1+99,70 49Q0 

46a"'- *00 Ir"76*7 

1140800 . 

107914.,?   

APPINDIX vp XXI 
._. ._- -I_I. -w- 	. 	 •i- • _U - 

Ni•k LkYJ - c 1t&L -thM ( a rege of t..Iree replications) 	A"vela.aé&;: 	 rY 
-- -------------_- 

1 	1iab1e : wa11ab1e 2 I4va11ab:Le 	AVft1P  lab LO 	: 	&vaijabje 
Oitrogen(kc/ha) :Posho3(& Pot $S1(/h1) Walcium (IiGlha) 	la-8nesium 0-4;/ha)  

T z'stnertt, 	- 

r.i iii t*rru 	 r.-•- 	 • --'-'- ''- 	 i -*---ii . • •i.. 	 - .•.* . - •. r 	

: 
0.15cm ° 	: ' 

5i130 C 	O15 C! I 5ui3O 

- -• - 	--_- U 11 -• -- -- -I-F LI .1 LI Ui--IJ .-......-..JI 	I - - -ItJU- ii- -J--I -.IL. 	 ._____II 1 -J. -' '-' 	 -__ 	 Ll 	 UJL 	LI .JLWLLLII -L.Ji1JiIl fl• IJ .L 	iii 1w ii 1J1.J F] LI-LW -.LIL-IL-.J.- II&j- 	r it - ._ LL 	•1L11.LT. 	-. - - L • i 	- _____ 

11 C4040 

9690w7 

9  ~>00 -93e 

10058.7 

NID (Control) 

120 

110- 

16.7 

110   TIM 

180.90 175,1 i2.20 12.00 73.73 14 7 

218.50 216.13 13.70 	13.30 4&5oOO 

196*37  1 16*20    	15*70     • F77 . 30 469*0 
191.37 197.37 17.20 	12.80 1453.X 446 ie 6 

200923 196.63 16.80 	1.1G   450 -a 00 448 e 3 

9t1.1F5 . 30 2 2.-.8 1 . 60 I'Ph"'66  .140 

91435,3o 235.20 176Ge4O 

8832.03 192.8o 1472000 

9322.70 1766): 1398040 

92OGeOn 22013.00 213)+)+0 

9813.30 2060.80 1913.60 

10+26.73 1913,60 	
17 

9568.00 IE40eOO 1398.)+O 

It i( Fre rfa 
control) 	180.17 17t1,77 11+.70 14-m4O 455oOO 450mO 1079k.? 	9077.30 19137.20 15192O 

J .LF1 	•JLU 	wrUui 	i • J ..t--m- . • 	LJLW iSiui- 	j.-.--.ii - rujL 	 1WWL -J- -.-'i L L 	J- L1 • U j.- L 	rII -I-i • •1 	I -i m-- .ri 	iti: TlITUU 	J1 Liii •. 1_-Un.jJ 	 j 	IJJ 	 j--- -- 	LLL.L. r 	iu, 

S.Fr. ± 5.86 - 5.61 1,09 1.2$ 20.18   21.58 $1+8.58 551.81 303.09 289,37 
01;r. 5% 17a57   16.E3 1.s. u.s. u,. •3. s o .0 	se 

C.D. 1% 21+.2I 23.19 N,3. N.S. N,. i•• 110 36 NO SO 11's, Njw 34 
Cl:!. 	. 5.00$ *.88% 12.49% 15.7C$ ?.00 8.00% 9.0O 10003> 2.09A 30.00% 

IJ1L • i1U.M •* 	LJuI I •1L -LJ-. -- _,_ 	1 WL 	.T111 T1 1J • YI1 	U ILl- lL1 W1111 	.JIL L 1 L1 	JJJ 1. 	LI 	i 	JUZtlI1U1tJ -• Fiji - L LLiriruT _I-• • • w- i I__ 	I 	iJ- • .• 	 -.-4- 	---r t ur. I. 	rjrii 	L- 	ri L ir 	1 r 	U. 	• 	i. 	 .i......- - - 	 -j 
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Board in year 1978. II, secured throughout first divisiOn 

fr  om PriM ry to  I 	L e a on& Ty 0 due at ion. 

He j  cined the J. T. K. V. V. , Zrabs--ilpur in the year 1978  

th 	 GO(1) frOm 
and 3UCCOSSUY completed z  

the College   of Agriculture Jabalpur in the year 1982,  Aftox' 

graduation, he joined  A 	to apeciliZe In Soil 

3 C I en c s and AgricultUrELI ChQ'MistrYs College of Agriculturel 

Indore (Me   P ) . lie has C OLTIpIØt ed his course with an Go C • G- -A -  

3,01+ out of  4-,00 scale. The thegis problem wig assigned to 

him was of his choice, 'which has been completed by him and 

has been presented here with in the present fo a 

Ile is also a fins Poet, excellent ussay Writer, 

T1a rye Uotls Debator and Classic Commentator
m,   C ric1et 
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