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ABSTRACT 

STUDIES ON IRRIGATION )V:ANAG-EI,:EN'r WITH PLANT INDICATOR -

AND IN.l"1UENCE OF WEATHER PARAimERS UN SORGHUM (CO.22) 

By 

N. SUrlBARAYALU 

Chairman: Dr. Y.J:l. i'iorachan, Department of Agronomy, 
Tami~ Nadu Agrl. University, 

Coimoat ore-3 
1982 

Field experiment s were conduct ed during 1978 and 

1979 to study the influence of irrigation and nitrogen 

~eve~s on sor6hum lCo.22) as compared to the crop purely 

raised under rain1'ed conci tion and scheduling of 

irrigation with the he~p of suni'lower as plant indicator. 

The main and ratoon crops were raised during Doth the 

years. The experiments were laid out with three 

irrigat ion treatment s under main plot and four nitrogen 

leVels under sub-plots, for the main end ratoon crops. 

The irrigation treatments were rainfed lno irrigation), 

irrigation at 50 per c ent avai~ab~e soil moisture and 

irrigation with sunflower as plant indicator. Four 

~eve~s of nitrogen viz., 0, 40, 80 and 120 kg N/ha 

were tried in th c SUO plot s. 



A well distributed rainfaLl ranging from 

480 to 630 mm will be sufficient for stabilising the 

yield of rainfed sorghum. Application of nitrogen 

in the presence of adequate moisture is beneficial 

to rainfed crop. 

The water requirement for the main crop was 

greater than for the ratoon crop of sorghum. A 

considerable saving in 'later consumption ranging 

from 9.9 to 10.8 per cent in the main crop of sor~hum 

and 5.~· to 11.6 per cent in the ratoon crop was 

opserved when irrigation was scheduled with sunflower 

as indicator plant as compared to that at ;:'0 per cent ASM 

resulting in greater water use efficiency without 

ali"ect j_ng the yield. 

The ~-uptake in both the irrigation treatments 

viz. irrigation at 50 per cent ASl', and irrigation as per 

plant indicator was nigher t han that in the rainfed 

treatment. Irrigation and nitrogen application had no 

influence on the P-uptake. K-uptake was however, 

greater in irrigation treatments than in the rainfed 

treatment. 

Summarising, it could De concluded that an 

evenly distributed rainfaLl of ;,SO mm wLl.l be sUlficient 

for stabilising the yield of raini'ed sorghum. The 



wat er requirement is great er tor the main sown sorghum 

than i·or the ratoon crop. 

There is advantage in sChedUling irrigation 

with sunfl.ower as pl.ant indicator oy way of J.esser 

water consumption and increased water use elficiency 

as compared to the recommended irrigation scheauJ.e 

at :,0 per cent ASl'l. 
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INTRODUCTION 

Inadequate and i.il-distribu1;ed rainfall is the 

major constraint for successful crop production under 

rainted conditions. '1'he weather parameters that prevail 

during the crop growth play an use~ul role. The crop 

under rainfed conditions normally yields lesser than the 

irrigat ed crop. But the J le.ids get ooosted sometimes 

under adequate quantity of weLL distriou1;ed rainfal.i 

with judicious applicat ion of nutrient s during the 

crop period. under rainfed conditions, the initial 

stages or crop gro-,;rth are af~ected uy non applicationi,", 

of L ertilisers. .in depth study on the factors 
/ 

responsible for the lower Yields ',oEtained under rainfed 

conditions is essential for stabilising the yield of 

rainfed crop, equivalent to that of an irrigat eQ crop. ~ 

Uur water resources ~or irri~ation are 

relat i ve.iy limited and agriculture is, generally, a 

gamule with monsoon. Out of 145 million hectares of 

ccl t ivao.Le .Land In India, Ol"_l.y about }b mi.ilion hectares 

are under irrigation. This is mainly due to wastage 

and improper use of water lRao, 1964). however, there 

is vast scope for improvement in wat er management for 

increased production oy prOViding protected irrigation 

to crops raised under rainfed conditions. 



'\ 
! 

Depth and fre~uency intervals, fixed arbitrarily 

I were the criteria for treatmenJJLilLirrigation experiments 

I conducted throughout Indi:. In rainfed conditions it has 

been Possible to increase the yield of crops by providing 

protective i:rTigation at critical stages by recycling the 

surplus water stored in farm ponds. There is need for 

providing means for irrigation with the pr0:!le!:_,~ch 
{n 'I'! !.-/ 

I 

j ~~ '\: 'V 

in scheduling of irrigation methods on the basis of soil :, 
{,of !~, ~f { 

I '~1!i ,,;/ {l 
moisture deficit in the root zone. 

)' ' f": 

,f : "c"'<" t Timely irrigation and thereby economising 

,:£1.> 'irrigation water has been one of the major problems 

~, l /t 

IL!"'" I.: 

, ," ",.li'n irrigated agriculture. Various devices such as 
PI"' 

,i' 0 tensiometer, neutron probes and resistance blocks 

have been developed to assess the soil moisture. 

Though useful, they have not been widely adopted by 

farmers because of their higher cost and lack of 

technical knowledge in handling. 

Use of biological indicators show a great 

promise in benefitting the farmers CAnon, 1960). '/ 

Sunflower is an indicator plant and is very sensitive 

to changes in soil moisture. On account of its 

capacity to exhibit clearly the symptoms of moisture 

stress, sunflower has been employed to indicate the 

soil moisture deficit for field crops which have 

similar raoting zone. 



Sorghum crop needs adequate irrigation and 

there is scope for economising irrigation vater in its 

present use. Earlier studies have revealed that in 

sorghum crop, optimum Yields were obtained at 50 per cent 

available soil moisture (ASM) with 10 irrigations during~ 
I 

the crop period \~a~aniappan ~~. 1977). 

1'hus it is felt that there is need for an 

in-depth study on the water requireme~ts with cheape~ 

~evices and adequate nutrients under rainfe~ conditions. 

tlence a study has ceen made with the fo~lowing 

Objectives besides scheduling an~ economising the 

irrigation water by using biOlogical in~icator such as 

sun!'lower plant to ascertain 
·1' 

:1 
1) the factors responsiul.e !'or stabilising 

I 

the yield of rainfed sorghum crop to that of an 
,\ 

I irrigat ed crop 

2) the dif!'erences in water requirements 

between the recommended supply of water an~ res.ricted 

supply of water 

j) the role of nutrients under different 

situations 

4) the amount of sorghum grain obtained per 

unit quantum of water and 

5) the quantum of irrigat ion vater saved forI, 

sorghum by using sunflower a~~~t indicator. 
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2 REVIEW OF LITERATURE 

'i'he earth's most abundant compound is water, 

a vita~ constituent in a~l living matter an~ it may be 

considered as the life blood of the earth lRussel 

~ .aJ,., 1973). It is essential to know the exact 

water requirement of crops and 'the ef:ciciency with 

which water can De applied to obtain most economic 

u1;ilisation of limited water resources (Kelley, 1954). 

Inspite of sorghum being to~erant to drought, the 

high yie.laing varieties are responsive to good 

irrigation practices. Rainfed crop of sorghum yields 

.lesser than irrigated crop. But the yie~ds get boos1;ed 

some times under adequate quantity of we.Ll distriout ed 

rainfall with judicious app~ica1;ion of nutrients 

during the crop period. .in rainfed regions, the .low 

yield of sorghum is due to moisture stress in initial 

stages of crop growth and non-app~ication of 

fertilisers. With regard to irrigated conditions, 

depth and frequenc:y interValf>.J~_:x:ed arbitrarily 

somet·imes cause usage of excess irrigation water. 

~ntroduction of plant indicators for sched~ing 

irrigation, eoonomises the quantum of i:r:tigation water. 

A brief review of the past work done on various aspects 

regarding wea1;her paramet ers ~~_a!~d_to water 

requirement, moisture stress, Lertiliser levels, 



5 

moisture-Iertiliser interactions with re:t:erence to 

scheduling of irrigation is made hereunder. 

2.1. Weather parameter.!!! 

The weather characteristics such as rainfall, 

temperature, relative humidity and sunshine hours 

e.fi'ect the crop growth and yield of crops. 

Jiainf'all has profound influence on sorghum 

proauction. Ahmed and Dorairaj (1963) reported that 

farming in rainfed areas ana its success ana failure 

depends on the amount and its distrioution of rainfall. 

K.ri shnamurthy rl .w.. l1973), Sundararaj and 

Thulasidas l197b) observea that rain:t:all at the 

time of flowering affected the yield because of 

st eri.Li ty resu.lt ing from washing of pollen grains. 

'L'emperature is one of the important factors 

all'ecting a..Ll the growth phases of the crop. Among 

the abnorma.Li ties, the temperature causes retarded 

plant growth, ~~. anthesis, .L~rain fi.Lling 

and pro.Longation of ripening. Appadurai (1957) 

observed that the maximum temperature during the 
. ( 

growth period 0:':' September sown crop 'ii:U"rang~ng 

from 321>0. to 38°C and the minimum temperature 

about 24°C. This seems to be the best for elongation 

/.",:;; 1;-
6. ; 



, in the height\of sorghum. Dethier and Vihum (1963) 
'-....---------

while expressing the "growing degree days" sometimes 

ca~led as 'heat units' or growth units, en arithmatic 

accumu.lation of daily mean temperature above a certain 

threshold value, reported that the amount of p~ant 

grow~roximate~y proportion~ to the amount of --heat or temperature units accumulated. 'fhe heat unit 

Value._~_ obtained oy substracting the base or thresho.Ld 
-----'-"~ 

temperature i·or the specific crop from the !IIean 

temperature (average of maximum and minimum temperature 

of the day I. .for sorghum, daily mean temperature 

minus the thresho~d temperature of 10°C (50°F), summed 

from the day of emergence to maturity gives the 

accumulated heat unit s lGilmore and ltogers_z 19581. ..f"" 

Uizumi and Iguchi l19b6! found that growth of sorghum 

hybrids was highly sensitive to temperature. ~arayan 

/ ( and lteadi l19b8) stated that Ilowering was de~ayed as the 
, 

t
' mean ltlaximum and minimum temper at1.1re and humidity from 

sowing to l~owering and found that i~owering duration 

was nign.Ly corre~ated with mean maximum temperature. 

J I Vergara!:!: &.I.. (1970) observed that .Low temperature at 

- grain ripening stage increased the sterility. ~~ace 

~.al. (1971) fo.md an increase ln dry matter with 

increase in temperature from 27i~ to 32~.U. 1'J.ounder U972) 

observed that sorghum cou ... 1i ,-,vI. ue"i seed or continue its 

6 



development at temperature below 18.3°0, to 21.1°0 • 

.tIabadzhanov (1972) stated that optimum conditions 

for flowering were 18°0 to 22°0. Higher temperature 

22°0 to 26°0 and a low temperature 1 DoC to 15°C 

delayed flowering. Purseg.Love (1975) reported that 

sorghum required an optimum temperature aoove 30°C 

for its growth. Mahendra Singh et Al. l197?) stated 

that low temperature adversely affected grain setting 

and reduce the ~ain productivity. Sundararaj and 

Thulasidas (1976) stated that sorghum attained 

maximum growth and a evelopment in areas With high 

temperature and low numidity during the growing 

season. The minimum temperature for plant growth is 

about 15°C and the maximum temperature for plan't gr'owth 

is aoout 40°C, out sorghum thrives best in regions of 

~6°0. ~ivera and Carbello l19771 reported that the 

normal response of sorghum to growing temperature 

belOW 27°C was; lengthening of vegetative phase. 
j 

/' ~d Wardlaw (1978) opined that in sorghum, 

--~t7h-e~r~a~t~e--o-f~g-r-a-l~'n-development was greater at the higher 

temperature of 30°C in the day and 25°C in the night. 

Low relative humidity effects slow growth rate 

in summer crop. Duration seems to be the comoined 

elfeet of humidity and temperature. High relative 

humidity above 80 per cent seems to shorten the dura~on 

{/ti .... 7 

7 



and a low humidity beloy 50 per cent lengthen the 

duration. Appadurai (1957). and Babadzhanov (1972) 
~-l/7~di;; 

stated that optilllum condition :t'or flowering was 

70 to 80 per cent relative humidity. Higher 

relative humidity (85 to 95 per cent) and lower 

relati ve humidity (44 to 60 per cent) delayed 

flowering. 

~.~. Scheduling of irrl£atio~ 

! \L Wat er r_e_,!~!,~:t.. of a crop should be properly 

'" ,~" 1 /etermined for judicial: ... sc~.~~uling_of irriga.tion • The 

';,;-1' ,determination of water requirement of crops is broadly 
.t 

classified oy Dastane and Sharma (1970) as fdllows. 

1. 

2. 

3. 

" 4. 

e it ! 

Transpiration ratio approach 

Depth-interval-yield approach 

~oil moisture deficit and degree of 
depletion approach 

Climatological approach 

In addition to the aOove, the biological. 

indicator approach also helps in scheduling irrigation. 

Several formulae including Thornthwaite (1948) 

Penman (1948) and ~laney and Criddle (1950) were 

evolved but these were found not useful for 

day today use in irrigation practic es. Smith and 

.l:luchholtz (1964) found that open pan (watei"evaporatioD 
.'.,. ., ....____ 



IDC 
? -,0,1'· 

provided a better estimation of the monthly and 

seasonal evaporation power of the air than the 

i
fhornthwaite wethod. Brown ~ ~. l1964) found 

27.5 cm of ET Was necessary to produce the first 

increment of grain or 20 cm water needed. Dastane 

l1970) devised a sOil-oum-sand mini plot technique 

for schedu~ing irrigation. 

Sunflower is an indicator plant and is very 

sensitive to changes in soil moisture lAnon 1960). 
~ ; I f,~ 

<7 'As the soil moisture stress increases beyond certain 

7 limit, the young ~eaves of the p~ant lose turgidity 

and drop. They do not recover un~ess the water delicit 
~ _---

-i' is made good. If wilting persists during the early 

morning hours it indicates rea~ moisture deficit in the 

soil. A population rate of 30 sunflower p~ant s at 

random per 1000 sq. meter area is optimum for use as 

p~ant indicator. Khan and ~athuram l1947J made 

extensive studies on corn, sorghum and sunflower and 

reported that water requirement did not differ much. 

2.4. irrigation nee's of sorghum 

"/; Raheja (1961) reported that sorghum crop 

~;, 'requires about 609.6 mm water for optimum yield while 

~ 

9 

) 

/ 
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under Tamil Nad~~tions, Chandramohan (1970) 

reported 488 mm to be suflicient. Kaliappa ~~. 

(1974) reported that at COimbatore and tihavanisagar, 

irrigation at 50 per cent available moisture was found 

adequate in(th~)rabi season. At Tirupathi (Andhra 

Fradesh), irrigation at 50 per cent depletion of 

available soil moisture on sandy loam soils was found 

10 

adequat e for finger millet grain in ~ season 

lRamachandra ~eddy ~ al., 1974). Similar observations 

were made at COimbatore in Tamil ~adu lRajagopal, 1969). 

Yadav (1972) ana ~alaniappan ~ ~., (1977) reported 

that hybrid sorghum yields were maximum when the crop 

WaS irrigat ed at 50 per cent AS!'! in 0 to 30 cm sOil/1/_: 

.layer in the Kharif season (D.A.R.E. 1975; A • ..t'.A.U., 1975). 

Gopa.Lakrishnan (1966) observed that soil moisture regime 

at bO per cent ASM significantLy increased the height 

of plant. 

The stages of crop growth are important while 

giving irrigation. tialasubramanian ~ ~. (19bb) 

reported that initial seedling, preflowering and grain 

formation stages coinciding with 2,4,11 to 14, 15 to 1b 

and 17 weeks after sowing respectively were found 

critical for water demand at COimbatore. Dastane (19"(0) 

reported that timely irrigations during~ growth 
) 

","" 



\",~.) 
~ ~1 
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J peri~rtan1; than irrigation at definite intervaJ.s. ! 

" . Si~resul.tshave been reported by Swaminathan (1972)~ 
Kanwar (1969) reported that though the total quantity of 

water might be 1;he same, if avaiJ.abJ.e at 1;he right tim. 

of the crop growth, it would be many 1;imes illore 

productive. Dastane l1974) summing up the water 

11:'\ requirements of cereal crops ~germination and 

"" emergence, seedJ.ing groW1;h, fJ.owering and grain ----', formation stages to be crit ical for irrigat ion~equirement::__) 
~---- --

ana higher Yi-el~. Singh (1972J observed that early 

seedling l15 to 20 days growth) and 1'lowering 190 -

110 days growth) stages were mos1; critical ~r 
demands. The r esu~t s of experiment s c ond uct ed at 

Coimbatore on CSR.2 sorghum also confirmed the same 

wherein the highest yield of 4545 kg/ha was obtained 

by irrigations a1; these stages (PaJ.aniappan ~ abo 1977). 

Increasing soil mOis1;ure by supplemental irrigation 

markedly increased the yield of sorghum (J:lielorai .!IT .Ill. 

1964). lt tended to decrease lodging, and increased 

the water use e1'ficiency \J:lond .!IT .Ill., 1964). it also 

increased the vegetative and reproductive plant grO'!.~h,? 
height of plants, head weight, thousand grain weight 

? and number of kernels per head li:Sielorai tl .aJ.., 1964). 

Mathers ..!IT &j.. \ 1960) reported that higher moisture 



~eve~s produced greater yield. Increasing moisture 

levels resulted in higher grain and straw yie~ds in 

barley lFedak and I'Jack 19771. :riming of irrigation 

hati very marketi eIfect on yield ana its components 

{Hagan ~~. 19571. ~ielorai ~ Al. (1964) reported 

that irrigation applied during the period trom 

heading to seed set increased the grain yield of 

sorghum considerab~y. Rao and house (1972) reported 

that inspite of sorghum being tolerant to drought, 

the high yielding varieties are also responsive to 

good irrigation practices. l'lertia andl)ajpai (1975) \ 

observed a linear relationship between yield anti water\ 

used oy sorghum. .!from III ew I'lexico, I'Jalm anti David (19b 81 

reported linear response of sorghum grain yield to the 

number of irrigations. l'lert ia and .i:lajpai (1975) al so 

have ''reported similar resU! ts. "inlCner ana l'~m {19711 

reportee that an irrigation at 50 per cent f~owering 

increased the sorghum grain yield by 2900 kg/ha and an 

irrigation at the soft dough· stage increased the yield 

by 530 kg/ha but an irrigation when plants were 15 to 

20 em height gave only a small yield increase. 

Kaliappa ~~. l1974) reported that moisture supply 

during preflewering stage was more important than at 

pest !~owering stage in deciding the yie~d of sorghum. 

12 



Jacob l19b3) reported that adequate moisture during 

f'.lowering ana grain filling stage are most essential 

to have .larger earhead and better filling of grain. 

tie observed ohat irrigation at 14 days in1;erval 

significantly influenceo the height of sorghum p.lants 

and .length of earheaos. '.I:hangamuthu 119'(9) reported 

that in sorghum, there was significant improvement in 

plant height with normal irrigation ohan irrigation 

given ao critical stages. 

2.? knf.luence of moisture on growth compQne~ 

Crop growth is sensitive to moisture stress 

particU.lar.lY oecause 01' .he physiO.logical ef:fect 01' 

stress on production ana maintenance of photosynthetic 

tissue lFischer and tlagan; 1965). Gra~n sorghum will 

almost cease 00 grow auring:9. periowof woisture stress 

ana wi.ll recover anu continue to grow if moisture 

becomes avai.lable after a reasonable length of time 

lThompson 19(3). Campbell ~.a.I.. 1.1969) recoraed a 

negative corre.lation between moisture stress and plant 

height and stem diameter. When sorghum plants were 

sUDJected to wi.lting prior 1;0 f.loral inHiation, growth 

in height virtually ceased lADon. 1975). Generally, 

the organ growing most rapidly at the time of stress 

is the one most affected \AsPinall ~~. 1964). 

13 



Water stress at an_e~~~~y a~fect the amount 

of ~eaf area at flowering (Fischer and hagan, 196~). 

Wat er stress can also ar'fect the ~eaf area tnrough it B 

e~fect in hastening the rate of ~eaf senescence 

lFischer and tlagan, 1965; Fischer and ~ohn, 19bb). 

Although, totaJ. pJ.ant growth is a.Llected dW'ing water 

stress, shoot grow"Gh is reducea most. J:{oot growth 

is genera~ly favoW'ed re~ative to shoot growth as 

indicateU uy height ana root to Shoot ratio ,"Pearson, IF 

~; Davidson 19b9 and El.naui li JiIJ.., 1969). 

~och,li"aJ.. \1957) reported that the roots aeveJ.oped 

unuer .Limited soiJ. mOisture were liner and had ~arger 

branches of secondary and tertiary roots. Elnadi ~ Al. 

(1969) ana CJ.ements \1904) recordeu h~gher rootIng 

depths under stress conaitions. ~harande ~ al. \1973) 

reported that about 83 per cent of moisture was 

extracted Irom the root zone most.Ly from LJ-3U cm aepth. 

There is accumulating eVidence that soi~ 

ruoIstW'e stress at particUJ.ar stage of p.Lant growth 

has specific erfects on sUbsequent deve.Lopruent in many 

crops. 8kipping irrigation at flowering stage was 

not so detriment.£l in sorghum l.t'alaniappan li.&l.,. 1977). 

stewart (1947) reported that with sorghum, deficits 

were least tolerated in the vegetative and po.Llination 

14 
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period. ~ewis~!~. (1974) reported that a 

moderately severe stress during DOOt through bLoom 

stage caused ;'4 per cem; reduction in yield of sorghum 

whiLe the same accounted for OnlY 10 per cent reduction 

when ehe stress occurred during milk enrough aough stage. 

15 

Adams and Arkin l19TI) observed smaLLer 
'7 

panicles I 
i ",' ""',.. 

and shorter heada' at tli~e ~ onset of sO-i.LlIlaLBr stress during 

I .he earLy stages ~6I panicLe a evelopment. Inuyama ~ ill. 

l_ l1970) concLudea. that the crHical period for 1lI0isture 

stress in grain sorghum was trom boot stage uneil 

f.Lower~ng. Jain \1975) however did not agree with the 

critical s.ages concept as he opined that crops neea.ed 

sufficient moisture throughout the growth period for 

maximum yield. (~~ischer and liagan II ':J65) found that 

grain filling was reduced most when the stress arose 

about 10 days before ear emergence in whea-i. It has 

been concluded that most determinate crops are 

especially sensitive to water deficitS,_.I.X'om the time of 

I floral initiation during flowering, and to a lesser 

ext ent during seed developlllent (.degg and Turner 1976). 

The extent ot· rtM damage caused to the; pLants de]!lended 
'-./ ,__./ 

on their physiolr,gical stage, the degree of water 

stress and the species concerned (Gates, 1964). 

Tillering to Qooting, heading, flowe~ing and grain 



development phases in that order has been found 

critical soil water stress period for sorghum 

(Subramanian 1980). 

Robins and DOmingo \19)")) reported that the 

moisture stress in early stages might have reduced the 

plant height by shortening the internodes. Uizumi.n..al. 

~ 196,) stated that the stress at critical stages limited 

the elongation of stalk and significantly reduced the 

LAI. MohiUddin and taseen (1~7")) reported a 

significant reduction in yield components in C~tl.l 

sor~hum due to stress during i'lowering and grain 

fill.ing stages and stress at grain tilling period 

l70 - 100 days) decreased the seed weight. Stress at 

flowering and grain development stages reduced the 

yield of sorghum due to decrease in ~rain number and 

grain weight respectively lDastane 1974). 

~arameswarappa et ~1. \1975), observed that onl.y 

50 per cent of the spike.Lets opened fully and seeels 

set in, during the stress at spikelet opening stage 

in sorghum CS.3541. The etfect of mOisture stress in 

sorghum was marked on .Leaf area index l~rishnamurthy 

~.JiIl. 1973). 

The yield component is more sensitive to stress 

during its period of rapid development \Begg and Turner, 

197b). They reported reduction of panicle numbers in 

16 



sorghum. Inuyama ~ al. \197b} reported that deficit 

which decreased the numoer of grains per ear did not 

decrease thousand grain weight in grain sorghum. 

Flowering was delayed uy water stress in sorghum and 

other cereals lJ:lrown et .aJ. 1964; Campbe.Ll. ~ Jil. 

196~; Clarkson and Russel, 1976). 

Crop yiel.d, depending on the nature of 

harvested organ and the origin of its constituents, 

may be more or .Less sensitive to water stress .han 

crop growth \Fischer and hagan, 1965). Weight of 

grain and straw yield were _ ibversel.y corre.Lated with 

wat er stres s lCampbell ~ liIdo. 1969). 

In sorghum, water use efficiency for grain 

production \ was" increased as the storea. soi.l moisture 

increased \Bond §i Al. 1964). 1)oss ~~. \1964) 

reported that the rate of water use Varied directly 

with the amount of avail.able soil moisture. Jain \1971) 

report ed that increased moist w'e stress decreased the 

growth rate to a much more ex"ent than its et"fect on 

water use ekIicidncy but the degree and rate of water 

stress deterlllinec:t the ,yield and rate of E.T. and 

thereby the water use efficiency. nertia and ~ajpai 

(1975) obtained an increase in water use efficiency 

17 



with increasing moisture regimes along with a rise in 

consumptive use. Alston l197b) observed that water use 

efficiency was more in dry treatments and the ~east 

under all wet treatments where there were greater 

losses by evaporation from the surface of the soil. 

2.7. Influence of moisture on nutri2~~ 

Dastane l1974) opined that water controlled the 

degree of avai~ability, form, rate of movement and extent 

of uptake of nutrients and hence the responses to 

applied :terti~isers depended on the quantity and 

frequency of irrigation. Singh l1972J observed that the 

transport of mineral nutrients in the soil, absorption 

by the roots, translocation within the p~ant and their 

metabolism were al~ affected oy soil moisture 

availability. ~wo reasons have been given for the 

influence of mOisture, namely increased availability of 

nutrients and the uti~isation of absorbed nutrients. 

lierron ~ ~. ll963) reported that both 

moisture and nitrogen must be adequate for continued 

uptake of nitrogen throughout the season. Sharma l1969) 

found that without nitrogen there was lit.le benefit 

from increased moisture supply out as more nitrogen was 

applied, the beneficiaL u1'ec1; of water became greater. 

18 



Painter and Leamer (1953) observed that more frequent 

irrigation was of no advantage unless adequate amounts 

of fertilisers were used or l.ertilisere were more 

effecti ve in increasing sorghum yields when the crop 

was supplied with adequate irrigation. l'luthuvel 1.1 ~7b) 

stated that mineralisation of aaued nitrogen, its 

mooility in the soil mediua and the consequent uptake 

Dy the growing plants were largely influenced Dy the 

preVailing soil moisture condition. Bennett ~ ~. 

(1964J found that total uptake of ~ ~ ~ in sorghum was 

usually higher with irrigation. Singh ~ Al. (1971) 

found that the availability of ~ increased with 

increasing l.ntensity and :t'requency of irrigation uue to 

dilution of soil solution. ~itrogen uptake per unit 

weight of dry matter production decreased under wetter 

regimes I.Arjan Singh ~ al., 1973). Shrotriya ~ al. 
):-, 

(1974) concluded that the uptake of nitroge~ants 

increased as a result of increased dry matter production 

with increase in moisture level. ~oOvendran 1.1977) 

conCluded that uptake of nitrogen was greater under 

high moisture supply. herron ~ ~. (1963) observed 

that inadequate nitrogen, limited the growth from the 

five weeks after emergence and moisture stress with 

inadequate nitrogen severely reduced the growth 

throughout the season. 

19 



2.8. Influence of nitrogen on growth ~~ 

Burleson ~ Ml. l195bJ, Raheja and Krantz l'958), 

Krishnamoorthy (1962) ana Anand Rao and Readi l1972) 

reported that nitrogen content ana uptake increased with 

increased leve~s of nitrogen app~ication. Rao and House 

l1972i conc~uded that the total uptake of N, ~2U5 and 

~2U was 130-180, 50-65 ana 100-1)0 kg/ha respectively 

in a grain sorghum variety yielding 50-6U Qlha. Atar 

Singh and ~ains l1972) fO~d :~rapid increase in the~ 

uptake of nitrogen !"rom ~~'" boot stage to 75 <1aY8'----­

after sowing. rtoy and Wright l1973) studied the nutrient 

uptake patterns as influenced by 1'1 ana ~ levels and 

concluaea that the Highest uptake of 141:$.7 kg Nlha 

was recorded with the app~ication of 120 kg/ha. 

A fertiliser dose of 134.4 kg~, 07.2 kg ~205 and 

67.2 kg ~20/ha resulted in maximum grain and straw 

yield lReudy, 1 ':I6SJ. 

Application of 1'1 had significant effect in 

increasing the growth and yield components of sorghum. 

rtaheja and K.rantz l1958) oDSerVe<1~ positive influence 

of nitrogen on th, length of earhead. K.rishnamoorthy 

l1962) reported that there was significant difference 

in the length of earhead between nitrogen applied plots 

20 
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and no nitrogen plots. rtamachandra ~eddy and Mustafa 

Hussain l1968) and £anda l1972) reported that plant 

height, number and size of leaves and the ~eaf area 

were not intluencea. significantly by 'N' app.l.ication. 

Anana Rao and Keddi l1972) oeserved that increasing 

the levels of nitro~en lrom 0 to 1~0 kg ~/ha increased 

the dry mat"er production at all the stages of p.J.ant 

growth. rtam~ingam l197';)) statea that increasing 

.l.eve.l.s of nitrogen increaseu the dry matter significantly. 

Krishnamurthy ~ al.l1975J repOrted that p.l.ant height 

and nurnuer of ~eaves per plant were not much influenced 

by N-levels. Ulsen and Sant os (1976) report ed that the 

dry matter yie~ds were highest and a~most two fo~d of 

the contro~ at 150 kg ~/ha. 

stewart (1947) reporteu that the optimum dose of 

:·,i'nitrogen might be around 20 to 4U kg/ha in the major 

sorghum growing tracts of Inaia. ~~leson ~ Bl. (1956) 

reported that sorghum responded to very high ~eve~s of 

;:JnitrOgen upto 240 kg/ha. ~anickkar \1960) showed that 

, ----there was good response tor nJ,trogen t'ertilisation upto 

80 kg/ha giving an extra yield of 1, per cent over 

4U kg iI/ha. l'Jahendra Singh and l'.iahendra .t'a.l. \1909) 

stateu that optimum nltrogen .l.eVel was betW¥ell luU and 

150 kgfha for different places and genotypes. 

, 11ft- d: J 
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Shekhawat and Chundawat (1971) stated that grain yield 

of sorghum increased with increasing levels of nitrogen 

upto 150 kg and application beyond this level was not 

beneficial. Rodge and 'l'ek {1975) report ed linear 

response to nitrogen up~ for various sorghum 

hybrids. Similar results were reported for CSH.5 and 

CSH.b by Surender Reddy and RedQi (1976). Response of 

sorghum hybrids to nitrogen level s tried in different 

locations in India under All India Coordinated Sorghum 

Improvement proj ect indicat ed that Cllii.5 responded 

(_ upto 120 ~~ha. 
~.,,- .~ 

--__.-

The economy in water use could be achieved by 

increasing crop production per unit volume of water per 

unit area of cropped land and per unit of time. There 

is considerable scope in saving the water use in 

"J'(sorghum. J>.elley (1954) observed that it is essential 

to study the ei't'icienc~ich water can be applied _____ ,------
to obtain most economiC utilisation of limited water 

resourc es. 

Thus from the review, it may be seen that the 

vat er req uir~lQ.ell.t of a crop should be properly --'--determined for judicial scheduling of irrigation and 
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introduction of plant indicators while scheduling 

irrigation economises the quantum of irrigation water. 

It was also found that water use efficiency was more 

~Y treatments and the ~east under wet treatments. 

'l'here is considerable scope in saving the water use 

in sorghum. 

J I 
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3 MAfERIALS AND METHODS 

Field experiments were conducted to study the 

influence of irrigation and nitrogen on sorghum 

(planted as well as ratoon) as comparea 1;0 the crop 

raised under rain1'ed conditions and schedul.ing of 

irrigation with the help of sunflower as p~ant indicator. 

The experimen1;s were laid out in field No.69, Bastern 

block of the College ¥arm, Tamil ~adu Agricultural 

University, COimbatore during the years 1978-79 and 

1979-80. 

:;. 1. .Nat erj.W 

).1.1. Locati~-£11~Q_QQnditions 

The Agricultural Co~lege Far~at Coimbatore is 

situated in the North Western tract of Tamil !~adu at 

11°E north. latitude and '16.57n.~t longitude at an 
- - ------:_..:::.--

altituae of 426.72 metres above l'lean Sea level. The 

mean annual rainfall is 644 rum (average of 25 years). 

The mean maximum and minimum temperature are 36° and 

18.5°0 respectively. The weather conditions prevailed 

during the cropr~ng periods are shown in the form of a 

chart in Fig.l and the relevant meteorological data 

are given in APpendix I. 



Fig. 1. j",eteorologicaj_ data during 

crop seasons 
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3.1.1.1 • .A2cumuJ.ated ~_unil..lz 

The heat unit value is obtained by substracting . 
the base or threshold temperature for the specific crop 

from the mean temperature (average of maximum and minimum 

temperature of the day). For sor~hum, daily mean 

t emperatuz'e minus the threshold temperature of 10°C 

(50·F), summed from the day of emergence to maturity 

gives the accumulated heat units {Gilmore and Rogers, 

1958) • 

The details regarding the physico chemical 

properties_and analytical data 'Of the soil of the 

experimental field are presented in Table 1. l'he soil 

comEls under .l?erianaickenpalayam series. ,The soil is 

of clay loam type. /. 

The crop was irrigated with wet land water 

available through the in"tergrid system of the University. 

The E. C. of the wat er was 0.89 mmhOS/ cm. 

,.2. Methods 

Field experiments were conduc~ed with the 

sorghum variety CO.22. :three irrigation treatments 
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Table 1. lnioial sOil analysis data of ohe 

experimental field 

.l:'articulars 
________ §2!±_~~E!~ _______ _ 

o to 4~ cm depth \mean) 

~~nical COmBosition \.l:'iper, 196b) 

Coarse sane! 

l"ine sane! 

Sllt 

Clay 

I J'Jaximum water holding capacity 

.l:'ore spaCe ,Piper, 19bb) 

Field capacity (Dastane, 1967) 

:t'ermanent wilting point (Richar~194'1J 

.tlu.Lk aensity lSaruraram, 1 :l6b) 

Absolute specific gravity 
l.l:'iper, 19bb) 

~i.labl.lLNutrien~ 

~itrogen (Iruthayaraj et ~., 1974) 

.l:'hospnorus \.Jackson, 1967) 

( £otassium (Stanxora 0:; English, 1949) 

Uoher .l:'roperties 

E.e. \1:2 water uxtract) 

pH 

)6.1 per cent 

8.b 

20.2 

34.7 " 
.:...-..., ~'" . ( ," 

44.1; per cent 

~J .1, 

24.0 " 
11.Su 

1.3e g/cc 

2.)') g/ cc 

221 kg/ha 

21.5 

601 

v.4 mmhos/sq.cm. 
S,I> 
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were allotted to the sub plots. There were twelve 

treatmental combinations replicated six times. 

3.2.1. Treatments 

).2.1.1. ~iD_]lot tr~atments 
'''\ 

l Irrigation .~z:eatment s) 

No irrigatifm - purely rainfed 

Irrigation at ~O per cent 
available soil moisture (ASM) 
in the . .':()_t~~e root~nJL~one. 

Irrigation given as per the 1/ 
wil!_jJ;lg.;Uldi.c.aH:on shown by /' 
~ inoicator plant sunflower 

3.2.1.2. ~ub plot treatments.(.Levels ofi nitrogen) 

3.2.2. UQ:L§iU 

Gross 

Net 

No nitrogen lcontrol) 

40 kg N/ha 

80 kg N/ha 

120 kg Njha 

13.50 

6.48 

'1: split plot design was adopted as suggested 
) 

by Panse"~d Sukatme l1967) for the study. 'rhe three 



irrigation treatments formed the main plot treatments 

while four nitrogen levels formed the sUbplot treatment s. 

The layout plan is given in Fig.2. 

'I'he field was prepared oy using a tractor drawn 

mould board plough followed by harrowing. ~he field was 

levelled perfectly. .t:Seds and channels with Dutter 

channel of bO cm all round the beds were formed to 

prevent seepage of water. A total number of seventy 

two beds were formea to accommodate all the treatments. 

3.2.5. ~ and sonne; 

Good Viable seeds of sorghum variety with 

95 per cent germination were used. Sorghum seeds were 

treated with Agrosan at two grammes per kilogramme of 

seed and were sown 15 cm apart with a spacing of 45 cm 

between two rows by dibbling two to three seeds per 

hole adopting a seed rate of 10 kg/ha. .t:Sefore dibbling 

seeds, soil application of furadon granules at seven 

kilogrames per hectare was applied along the seed rows. 

Ten days after sowing, the seedlings were thinned so as 

to have only one plant per hill. 'l'he first year crop 

was sown on 8.9.78 and the second year crop on 9.10.79. 

29 



Fig. 2. Field layout 
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Nitrogen in the form of urea was applied as 

basal dressing as per the treatments, while 45 kg 

F205/ha and 45 kg K20/ha were basally applied in the 

form of superphosphate anCl muriate of potash respectively. 

~ince one of the treatments is under rainIed conditions, 

the en"tire nitrogen was applieCl as basal dose to all the 

treatments along with P and K. In the beds, lines were 

drawn 4:' cm apart and .Lertilisers were app.Lied and 

covered. / 

Two hand hoeings, one at 15 days and the second 

at 30 days after sowing were given. Furadon at seven 

kelograms per hectare in leaf whorls Was applied on ct!le-. 

25th day against sorghum snoot fly. Adequate plant 

protection measures were taken against pests and Cliseases 

as per the recollllllended ~~ of Ta:nil Nadu Agricultural 

University. 

3.2.8. Irrigation 

'.; :, .. /.' A life saving irrigation was given to all the 
1-' !_ ·1/ , 'I treatments incluLi ve of the rainte" treat ... ent for good 

;f germination. Afterwards no irrigation to the rainfed 

treatment I O was given, while the rest of the treatments, 

were irrigated as per treatmental. .r~lOil'ements':.._ .. 
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Soil moisture measurements were made 

gravime.rically as suggesteu oy Dastane (1967) from 

samples taken at three Uepth intervals Viz. 0 to 1, cm, 

15-50 cm anU 30-45 cm. The average tor the three 

depths Were pooled and the mean soil moisture content 

was utilised for calcu.lating soil moisture depletion. 

;\,l'he moistuce content of the soil between the field 

;capacity and the permanent wilting point was taken 

~s the available moisture range.' The depth of water 

required at each irrigation was :found out by using the 

!'ormllia lDastane, 1967) namely, 

l"Joisture deficit or Depth of irrigation required = 

32 

_fi~!g_£gEg£i!~=!£!~~~_~2iE!~!~_££~t~B!x ~u.lk x Depth of 
1 00 Density rooting 

zone 

'i'hie was mul"tiplied by the area of the plot to arrive 

at the vo.LUIlle of water required :for each Plot':"~ 
1easured quantity of irrigation wf~ter Was ~Plied 

through water meter lead through 3 cm polythene tubes 

directly into the plot. Daily moisture estimates were 

made in al.L "the treatments. 

Sunf.Lower is an indicator plant and is very 

sensitive to changes in soil moisture. On account of 

its capaciLy to exhibit clearly the symptoms of moisture 



,c ~ (_, 

stress, the sunflower has been emplo~ to indicate the 

soi~ moisture deficit in 1'ield crops which have identical 

rooting zones. J'Jordan !.§J"iety of sunflbwer seed were 
__:_~.=;:;;::::::::: 

sown along with the sorghum crop and thinned to have a 

population of 30 solitary plants at random per 1000 m2 • 

ar'ea> Irrie;ation was ~r,Li:'~ when the top most well 1/(' 

3d 

, r-) developed leaves showed loss of tur@r. Symptoms were ",< "., 

~~,/ observed at 10 am, when there Was no dew on the leaves. 

Sunflower seed s were sown in between sorghum plant s 

in the treatment where the inaicator plant is required. 

"The 'water adaed through irrigation, erfe_c:ti2,~ 

rajpfall &nd the water contents of 0-45 cm. depth of 

SOll profile at sowing and at harvest were considered 

in computing the total water requirement. Morachan 

l197S) reported that the consumptive use is equal to 

the water added plus or minus any change in soil moisture. 

The total receipt of rainfal~ was recorded 

separately. But the whole quanti.y received was not 

taken into consideration for the moisture availability 

to the crop, because, out of the total receipt,. Bome 

might have been lost through run-off and Bome through 

percolation. Therefore the effective rainfall, that 



was the actual quantity utilisea for crop growth, was 

calculated using a lysimeter. 

3.2.<>.4. :!a.§Wter 

The lysimeter used in this experiment to collect 

the leachete water consisted of three circular pans with 

tapering bottoms each having a seperate outlet. 'rhese 

three pans were set one within the other resembling 

concentric circles and the smallest one was fi tt ed into 

the 40 em aiameter pan and these two toget;her were 

fitted into the third and the largest. There were 

proper apertures ana vents on "the side wails ot' the 

outer, and the outermost to receive the metallic 

outlet tubes that were connect; ea to cOl.lect ion vessels 

t;hrough flexible tubes. For installation, a pit was 

dug out ana a tunnel was made sideways at the desired 

level on the pit Wall leaving the soil above 

undisturbed. This three pan l.ysimeter was set up at 

45 em depth as mentioned above and filled with graded 

filter to the brim. Then it was pushed into the sideways 

tunnel and packed aroune in such a way that the lysimeter 

top w~s at a level and horizontal leaving little space 

between it and the soil. From the water collected Irom 

the central pan after the receipt of rain, the e:tfective 

rainfall was calculated l~achappan ~ Al. 1974). 
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,.2.9. l1arvest 

Two boraer rows of sorghum were harvested 

first, lat er the net plot was harvested. 'rhe dat es 

of sowing and harvest of main ana ratoon crops in 

both the years are given in 'raOle 2. 

3.2.10.1. Grow"th__£Q!!!.J2.Q~ 

.in the net plot, 1'i ve sorghum plant s in each 

35 

,'-' 
"treatment were selected at random and laoelled tor \~"' , 

': ,'" . \, 
taking the i'ollowing ooservations at three stages 0,',.1 

~~ . 
::~ ::::,:::.:::":"::'::,:: .~~l~' 
~eaf area ana earhead measurements were recorded 

at the respective S"tages. 

Plant height was measured Irom the base of the 

plant to the tip of the longest leaf stretched and 

their mean values were recorded in cm. 

Leaf area was computed using the formula leaf 

length x leaf breadth x U.747 as suggested by Stickler 

~~. t1961). The leaf area index Was calculated by 



1978 

1978 

1979 

1979 

- - -

Table 2. Details ot· sowing and harvesting 

dates 

.!:'articulars Date of Date of Duration 
sowing harvest in days 

Nain crop 8.9.78 20.12.78 104 

Ratoon crop 20.12.78 1.3.79 72 

Nain crop 9.10.79 27.1.80 111 

Ratoon crop 27.1.80 23.4.80 87 

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



deviding the ~eaf area oy the area of the land 

occupied oy the leaf. 

At each stage, p~ants were selected at random 

from the outer rows, pul~ed out anu the plant samples 

~e kept at bOaC in a hot air oveIl till constant 

weight was attained. From the dry weight of the 

plants, the dry matter production was expressed in kg/ha. 

Earlier to the laying out of the experiment, 

seeds of short duration dwarI variety of sorghum (Co.22) 

and sunf~ower ~Mordan) were sown in pots. Each pot 

had one sorghum and one sunflower plant in it. The 

root length of sorghum and sunflower plant at 15 days 

interval was measurea ~_l1J.l.lling out the sunflower and 

sorghum p~ants "-rom the pot. ThiEl was done in duplicate. 

and the mean value recorded. This study was u.ndertaken 

to correct~y assess the age 01' the sunf~ower p.J.ant for 
----------------------

indicating the wilting point at which stage, 

irrigation will be given to the treatment 12 • / 



3.2.10.2. lield components 

The .Length of .he earhead was measured from the 

basal node to the oip of ohe earhead and expressed in cm. 

).2.10.~.2. ~arhead weigh! 

Five earheads, oven dried ,were weighed and the 

mean weight was recorded. I' <" 

).2.10.2.3. Grain weight~~ 

t>rains from eaCh oven dried earhead were 

threshed and weigned ana ohe mean weight recorded. 

One thousana grains Lrom each P.Lot were 

counted, weighed and expressed in ~rammes. 

).2. 1U. 3. ~ ield 

;;.2.10. ).1. lield .Q.L~ 

The grain yie.Ld trom the net plot was recorded 

14 per cent mOisture .Level and compu"ed to kg/haD 
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,.2.11. ~lant nutrient anal~ 

the p.lants usea :for recording Clry matter 

production were choppea into pieces ana ground into 

fine powder in a grinding machine. 'i'he powdered 

mat erial was used for chemical ana.iysis. 'fne nutrien"t 

content Was mU.itip.iied uy the corresponding dry matter 

to ca.icU.iate the uptake of nutrients and expressed in 

kg/ha. 

~itrogen content was determined oy microkje.idah.i 

method as suggested uy 8uhbiah and Asija ~195b) • 

.i:'hosphorus content was estimated lJy the method 

described by Jackson (1973). 

~otassium content was ~stimateu in trip.ie acid 

extract using ElL f'.iame photometer \Jackson, 1973). 

statistica.i analysis of the data was carried 

out for the crapo in both the years as sl1ggested by 
F £(J 

Panse and Sukatme (1%7). Whereve~ 

significant, critical differeuce was worked out at 

:t'ive percent leve..t.. 
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4 RESULTS AND DISCUSSION 

Experiment s were conduct ed for a period of 

two years \1978 and 19(9) with two main sown crops and 

two ratoon crops to s"udy the influence of wea"her 

parameters, irrig~ion ana nitrOGen on the growth and 

yield 01" sorghum and sCheduling of irrigation with 

sunflower as plant indicator. 

The weather data during the cropping period 

of the two year periods are presented in .l"ig.1 and 

Appendix 1. 

The mean annual precipitation of COimbatore is 

62b mm and the larger amount of rainI"a.Ll is received 

from the second week of October to the end of ~ovember. 

Rain:t'al.l is generally meagre from the second fortnight 

of December to the end of l'l8.I'ch. 'rhe mean quantum of 

rainfall received in summer (Feb-J'layJ is 1)7 illm, in 

monsoon season lJune-~epJ I{-;' 182 mm and in winter 

(Wet-Jan) is ;'07 mm. 

During the experimental period, a total quantity 

of 517.4 rom of rainfall \J)llain croop - 3:ib.4 rom and 



ratoon crop - 161 mm) was received during 1978, 

while in 1979, a total quamity of 1::164.~ mm of rain 

fall was receivea during both the main and ratoon crop 

lmain crop - 812.6 mm and rat oon crop - 51. '::I mm). 1'he 

rainfall was .less in the first year Q:f-tl)+8. for the 

main crop as compared to that of 1979. During the 

i'irst year (19'(1::1), the rainra.ll was fairly distriouted 

during the growth phase of the crop. There was .._" 

abso.lllte.iy no raini·al.i auring -ehe vegetative phase of ? 
\ 

the ratoon crop during the month or January but __.) 

adequate irrigation was given to the crop at the period 

of stress. The crop yie.ld in -ehe S~infed treatment 10 
;1'(/ 

was low zince the crop ~·f4:'ereU mOisture stress at the 

boot leaf stage. Crop yields would have been ooosted 

if the crop had been given one irrigation at this stage.\'..· 

The rainfa.ll, after sowing of the main crop during 1978 

was meagre and the crop suffered by wat er stres s at the -seedling stage. ~ater due to the ~eceipt of heavy 

showers, the crop has recovered to a great extent and 

hence the 'yield was not affected. Rainfal.L has profound 

inf.iuence on sorghum proauction (JS..rishnamurthy .li!i AI,., 

1973). £ollination and ferti.iisation of the crop were 

not affected by neavy rain as the f.iowering escaped 

the peak rains. 'l'he rainfall was very high during the 

main crop of 19'7'::1 and very .Low and inadequate for 

ratoon crups. 
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'rhe l.ower yiel.d obtained. during the second 

year 1979 main crop may be attriouted to the heavy 

rain fall of 313 mm receiVed during the flowering 

period due to the ~ate sowing in October. Sund.araraj 

and Tnul.asidas \ 197b) also observed "that the rainfaJ.l 

at the time of fl.owering a.l.t'ected. the yield because of 

st eri~i ty resu~ ting from washing of pOl.~en grains. 

rhe grain yield in the ratoon crops ~;i:sed. during 1971:1 

and 1979 were .Lower due to the .Low rainl'a~l during the ._---------
vegetative and flowering period. 

--t------------"-.. ..-~---.-.--
• ( I II ~ G. ~;)' I 

4.1.2. ~ne hours 

rhere were aright sunshine hours ranging 
:j 

~ .. :t"rom 5.5 to 7.8 hours per day. Chandl.er \19631 
'--

,i' ~PineC( that there was an increasing trend in yie.Ld 

1~\.l::\,/ i"tb "the increased sunsnine nours per day. .l:'ark and 

t' , ee ~ 1972) observed that the amount of carbohydrate 

p.j.~ 1. \~ '~ranSlocated x'rom straw 'to grain after heading was 
" ( 

,,' 'nl~uenced uy sunshIne hours per o.ay. 
, " 

i~~!~(C 
L 

'.l'he grain yiel.d J of "the second year \ 1979) 
L-

ratoon crop was greater than the ratoon CL'OP of 1978. 

'.l'he higher ,Yield during 1979 is a"t:t.J=.;iouteCi to the 

r?7 ------higher heat units during the crop period. 'J:he heat 
__ --- .. --. _'-' (-,7t?5 C.o 

units received during 1'97'ifZ::-;;:toon crop~ 580 whUe 

the heat units for the second year (1979) was 783. 
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4.1 

.lJOOInis ana. Williams \19b 3) reported that combinationi' _:.._d_' 
of favourable temperature ana. large amount of sunshine j""..,,~ 

hours made Possiole very high levels ot' production if ;/;' , 

moisture supply is adequate and crop management 

eft'ici ent • 

4.1.3.1§mperatur e 

'.the temperature is one of the important .Lactors 

aflecting all the growth phases of the crop ana. the 

abnormalities in the temperature causea. retara.ed plant 

growth, lack of anthesis, lack of grain lilling ana.jor 
~ ----:::=-:===~ 

prolongation of ripening. nethier ana. v'ittum \1 '0)6:5) 

expressea. that at temperature above the threshold value, 

'the amount of plant growth was approximately proportional 

r 

(-~/'R to 'the amoun't of heat or telUperature. The grain ,Yield ( 

during the first year 1.1918) main crop was better 

where the mean maximum tempera"ur~ wa~ during 

p( rk2,t, 
(1{!f Y' 

sowing month. tiimilar~y the grain yield of 1979 ratoon 

crop was nigher 'than 'the first year \. 19'(8) ratoon crop. 

This may be due to the lower mean maximum temperature("r t',;~ .-,: 

of 24.8 0 C When compared to the higher mean maximum 

temperature of 2'O).6"C at the sowing month which 

recorded higher grain yields. This is supported by the 

andings of JlIarayan and lieddi I. 196t:l) • Tnis is also in 

confirmity with the findings of Oizumi and 19uchi 1.196b). 

/ 



4.1.4. Il~of ~empera~ure on croR_duration 

The duration of the second year ratoon crop 

(1979) was extenced by 15 days as compared to the 
I T"x 1.:( " 

first year (197dJ ratoon c;opl_ ven~a~e6wara Rao and 

Rama Rao ~19b9J reporting the mean maximum and minimum 

temperature and humiaity from sowing to f~owering 
-1-- '\ -

Iouna that flowering auration was lligh~y correlated 

with mean maximum temperatUl'e. tiabadzhanov t 1 ':)'12 1 

reportea that higher temperature ae~ayea flowering. 

however ~ivera ana Caroe~lo (19771 observed that the 

normal response of sorgnum to growing temperature 

oe~ow 2'l oC was a ~engthening of vegetative phase. 

The crop duration of the x'irst year (1978) main sown 

and ratoon crops was U04 days ana '(2 days respectivelyl 

lesser than the duration of the main sown ana ratoon 

crops of the set:ona year l19791 ll11 days ana 8'( days 

respective.lyl. RodO~fo ~ al.,. (1':!'7S1 reporteu that 

abnorm~ities in the temperature caused pro~ongation 

of ripening. The nigh mean maximum temperature (--'-,_', 

l33.9°CI prevai~ed during the cropping period of second 

year (1979) ratoon ae~ayed the [.lOWerIng oy 15 days 

as cOnJ,;ared to t.pe first year {1 978) ratoon crop with 

mean maximum temperature of 30°C and 70 per cent 

relative humidity. 
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4.1.~. Influence of tem~e7atur~on growth componen~s 
" ,,.,,.,.c-. 

.Plant height 2'as found to be great er in the 

second year \1979) ratoon crop \94.9 cm) than that of 

the first year (1978) ratoon crop l87.; cm). T~i<~".c_ 

may be due to the prevalence of h,igp temperatureLduring 
, ..£.:t:' _ 

the growing season. I~ "",vl,~' " " 

( ......-01. ,',,- ) 
'--- I - . " 

45 

The dry matter PrOduction/as g:_eateI"1lduring 

1979 ratoon crop (BOT! kgjha) as compared to that of u A"/ 
1978 ratoon crop \5269 kg/ha). 'rhe higher mean 

maximum temperature (33.9°C) prevai~d during the crop 
, (,~i>{.,~ 

period of 19'!9 ratooh crop/as compa ed. to that of the 

mean maximum temperature of 1978 ratoon crop might 

have contrioutea to the higher ury matter production. 

I'lurata l19b4) as well as .Place ~.al. \1':171) reported 

that increase in oemperature increased dry matter 

production in rice. Rodolfo ~ ll.1. \197,) after 

stud.ying sorbhum growth and development under 

controlled conditions concludea that low temperature 

condition resu.lted in low dry matter production. 

_._ ~ {.t-t. 
( ! v.c' 

The lesser grain yield !during 1979 main sown 
I 

crop than that of 19'/8 may be dUeto the lower mean 

minimum temperature (16.1·C) in 1979 compared to 20°0 

( 

, , 
fl' 

I . 

during 1978, at grain ripening stage. Vergara E .ai./,/vt1 
( 1970) al so observed that low t emperat ure at grain ~ /:74 

't)L-­
#~ 



ripening stage of rice increased Bteri~ity and thereby 

reduction in yield. 

4.2. ~ater reguireme~ 

The data on the efI'ect of treatments on to"tal 

water requirements of sorghum are presented in Table 3 • 

• 1 I 
During 1978, the rainfall occured both~ 

time of sowing l18.9 rom) and after 30 days afoer 

sowing. It was fairly distribute<l during the 

vegetative phase of the crop. A maximum quantity of 

337.) mm rainfall was received during vegetative and 

flowering stages. The crop did not get sufficient 

rains <luring grain filling stage. 

The total water requirement of sorghum under 
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, (.. 
treatment 11 l50 per cem ASl'l) during the main crops I ',l tJ. ",;, 

1)1,1,'. ,;.' 
1/ ",:! ·.i,,~l 
~ .... '" t ' 

of 1978 and 1979 were 582 mm and 031 mm While for 

treatment 12 llrrigation as per plant indicator) for 
! t .,. ~ ,1,..1 

{' J • ''',' , 
. N,f' 

In the case of J' 'I! "1 tI 
I t, I 

1978 and 1979 were 473 mm an<l 568 mm. 

'ratoon crops, the total water requirement of sorghum I' ,,1.',\1' 
(' ",'" 

under treatment 11 during 1978 and 1979 were 330 mm t ;:;.,,1 }/ 
J ," 

and ,12 mID while for treatment 12 for 1978 and 1979 

it was )10 and 2'74 mID. it was seen that in general, 

the totaL water requirement was greater Ior main 

sown crop than ratoon crop. This may be due to longer 

duration of the main sown crop than the ratoon crop. 

i' 



· '" 

OJ 
+' 
I'l 
OJ 
S 
+' 
cd 
OJ 
H 
+' 

"d 
OJ 

~ 
OJ 
I'l o 
o 

<l) 
t"­
O' 

N 
H 

I'l 
o 
o 
~ 
~ 

H 

H 

N1 
H 

N1 
H 

H 

"' I'l 
o 
·rl 
+' 
ol 
!>D 
-M 

~ 
·rl 

'H 
o 
H 
OJ 

~ 
~ 

o 

ro 

O' o 

I'l 
-M 

I'l 
O~ 

;-;~ 
p. ... 

~ ~ 
O'JH 
I'l o H 
OOl 

>­
H 0 
Ol ... 
+' 
ol N 
~H 

I'l+' 
'rll'l 

II> 
!>De 
I'l.p 
-Mol 
>- II> 
alH 
CIl+, 

S 
4·' 
ro 

)';; 0 
Ul ·rl 
«i 'd 

I'l 
+=' .,.., 
I'l 
II> +' 
o ;;j 
H H 
OJ P. 
P. 

H 
o OJ 
l!\ P. 

+' OJ 
ro ol 

I'l I'l 
o 0 
·rl H 

~ ~ 
tQ Oil 
'rl -M 
H H 
H H 
rl H 

N 
H H 



Raheja \ 1 :;161) X'ound that t"or optimum yield, 

sorghum needed bl0 mm of water. The water re~uirement 

of sorghum at bhavanisagar was 551 mm lAnon 1973) and 

600 rom at COimbatore lHoovendran 1977). 

Among the irrigation treatments of ~1 (,0 per 

48 

cent AS!'!) and 12 l.l:'.lant indicator) the water requirement (,~~,/--< 

was .lesser in .l2 (.l:'lant indicator) than.l l50 per cent ASM) 
I" :, 1 

indicating a saving o~ and 63 mm in the wain crope 

of 1971:3 and 197':1 ano. a saving of 18 mm ano. )1;) mm ill tne 

ratoon crops of 1971:3 and 19":;1. .l.n both the main and 

ratoon crops of both the years of experimentation, the 

treatment 11 l50 per cent At:il'l) consumed more ~uantity 

of water than the treatment ~2 \.l.Lrlgation as per p.lant 1/ 
indicator). This is due to more ~requency of irrigatiOg 

under treatment I, (50 per cent ASl'!) than I2 (-".Lant 

indicator) • i adav (1972) report eo. toat sor",oum 

required ~ to 10 irrigations of about bUO mm when 

app~ied at ,0 per cent ASM. 

A total number of 7---and 3 irrigations were 

gi ven under treatment I, l50 per cent ASl'l) ana 12 (.l:'J.ant 

indicator) during 19'/8 main crop, whiJ.e , and 2 

irrigations were given during '':17':1 main crop. Similarly 

a tot~ number of , and 3 irrigations were given under 

treatlllents 11 (50 per cent AS!'!) and .l2 lPlant indicator) 



during 19 {d ratoon crop wnile '{ and 4 irrigations were 

given un(ler 11 (50 per cent At)l'J) and 12 {.Plant indicator 

treatment s during 1 'flY (Table ,). 'rhe lesser number of 

irrigations (luring 19'1'1 main crop was (lue to heavy 

rainfall received auring the period. 

'I'he low irriga~e using sunflower as 
~- - >< ... ~,~ .~""_.. 

49 

, . 
Ii 1~~ plant indicator required .less quam;ity of water due to 

h"~ \ its .li.Ulited numper of irrig~ns. !'!usick and Ij-rimes 
'f,:f' ... ,' \ ___ -----.-.-~--

.. ~: l,''.~ (1963) observed similarly. :J:here is considerable scope i 

for saving the irrigation water in sor"hum as per thli;P. ~'" .11. 
,7[.' -1 r"'" 

indications expressea oy the inalcator p.lant. '." .... _'..:,j' 

Uastane (1 9'/V) also report eO. that timely 

irrigation during their growth period are important 

-l.J ,r)'} fJ ~'i' ./Ji~ 
flt'·· • (, " 

J f'~ 

than irrigation at definite intervals. Similar findings 

have Deen reportea by Swaminathan 11972) and Anon (1972). 

A total quantity of ;,82 mm and b31 mm of water 

was consumed oy the crop inClusive of irrigation water 

and eifecti ve rainfal..l rec ei ved a.uring 1 y'{1:) and 1979 

main crops respectively under? 0 per cent AS1'l (I
1 

). 

A quantity of 473 mm ana. ,b8 mm water was consumed 

under treatment 12 l.l:'l.ant indicator J during 1978 

and 19'/9 respectively. Simil.ar.ly a q,uantity of 3,0 mm 



and ,10 mm water was consumeCl oy the ratoon crops 

during 11378 and 197':} unCler :> 0 per cent AS)') l.ll) \ 
wniJ.e a quan"tity of 31<' !Dill and 214 mm water was \, 

consumed under treatment 12 \.I:'lant indicator) during \ 

197b and 1979. 

Raheja ll'jb1) repor"teCl that sor~hurn crop 

required abou"t b1u mm water Ior op"timum yieLd while 

under 'famil l~ad u condition, Chandra,knohan 1.1970) 

reported 408 mm to Oe Suflicient. 

The quan"tity of water apP.Liea. ana. "the number of 

times each trea"tlllen"t was irrigatea. are turnished in 

Taole 3. The quan"tum of water consumed and the water 

use e~ficiency in sor~hum are presented in 'faole 4. 

The da"ta ina.icateCl that the quantity of water consumed 

50 

and the water use el!'iciency were greater in "the \ ,:,: i 

treatment 12 (plan"t indiCator) than "the treatment 11 \ 6 
\50 per cent ASl"l). 

The I'irst year \ 1 'J78) main crop had seven 

irrigations while that of second year (191'j) main crop 

had five irrigations. tlimiJ.ar.Ly the first year (1978) 

ratoOli crop had five irrigations while that of second 

year l19'{9i had seven irrigations_ :rhe number of 

irrigat ions among the main crops of 19'{B and 1979 

varieCl considerably- A total numoer of Beven 

LIBRARY 
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Table 4. Quantity of water consumed and water 

use eL~iciency in sorghum 

(.l:'coled,,':ean for 1978 and 19(9) 

Quantity of 
water 
consumed (mm) 

Grain yield. 
kg/ha 

Water use 
elficiency 
kg/ha/mm 

- - - - - -

l'lain Crop Ratoon crop !'lain crop + 
Ratoon crop 

11 12 
(50 per (.t'lant 
cent ASl'l) indi­

______ c~t2rl 

606 520 

4043 3b53 

b.7 7.0 

I1 

(50 per 
cent 

_A§.Hl _ 

320 

2753 

o.b 

I2 
CHant 
indi­
cat or) 

293 

2588 

0.0 

- - -------- - .. - - - -

11 I2 
\50 per (Plant 
cent indi-
ASl'l) cat or) 

926 813 

6796 6241 

7.3 7.7 

- - - - - - - -



irrigations with a total quantity of ;;82 mm of water 

was given during 1 '378 while five irri;;ati ons with a 

.otal qUan,ity of b31 rum of wa"er was given during 197~. 

This is due to ,he differem months of sowing and due to 

the ~~!ferent_weather parameters preVailed during ,he 

52 

crop growth. The first crop was sown on tS.'::!.71::l and me 

second crop on 4.10.79. Tne 5reater number of irrigations 

requir ed for the second year rat oon crop was due to lack 

01' __ receipt~d distriuution of rainlal.J. after I10wering 

period. .!Intire quantity of raint'all was received 

betore flowering ana dry speJ..J. prevai.J.ed afterwards. 

hence "he number of irrigations had increased. 

Consequent on the receipt of weLl distribu,ed 

raint'al.l during the first year main crop period, the 

grain yield was €Sreater than that of' 1 '3'1'). :the crop 

raised under rainfed tr:atment 10 also gave comparatively 

higher yields during 1':378 than that of 1979, because of 

the t'avourable distrioution of rainfal.L. Ahmed and 

Durairaj (1963) report ed that t'arming in rain!' ed areas 

and it s success and failure depended on the amount 

and the distrioution of raint'all. Dastane (1970) 

reported that tiwely irrigation during their growth 

periods important than irrigation at definit e intervals. 

Similar findings have ueen reported by SWaminathan \1972) 

and Anon \1 972) • 



4.3.1. Influence of 1rr~on on growth ana 
:yj.§ld componen.:te_ 

The influence of irrigation on ~Towth components 

like plant height, leaf area index; ary matter production 

and yield components like length of earhead, weight of 

earheaa, grain weight per earhead, ana thousana grain 

weight were studied in detail and discussed. 

I'he plant height recorded during both the years 

of experimentation under main and ratoon crops are 

furnished in tatlles 5 and b. They varied from 103 em to 

l)b em in the main crop and from 73 em to lOS em in the 

ratoon crops respectively. 

The height of plant was recoraed at )Oth, 

S3 

bOth day after sowing and at harvest stage. In Doth the 

years under main crop there were linear response of -plant height to irrigation. The increase ~n plant 
rib dfl ; ( 

height was very sharp from 30th day t~ after 

sowing and the height increase was very meagre from 

60th day to the harvest stage. There was more or lesB 

cessation of" growth during this period. .tlut in the 

case of ratoon crop, the increase was faster upto 

30 days after ratooning and thereafter the increase in 

I' 



Table 5. Influence of irrigation and nitrogen 

on ~lant height (crn) 197~ A' 

Treatments IVlean 

10 103.4 121.9 127.9 123.0 119.0 

11 120.2 127.7 134.b 135. '7 129.5 (' 

12 117 .'1 129.5 127.1 1)1.1 120. '3 

l"J.ean 113.~ 120.4 129.9 129.9 

s . .t:. C.D.l.t'=0.u5) 

Lrrigation 2.40 5.35 

.L~itrogen 1.29 2.52 

interaction -
l~ levels at irrigation 1.57 4.30 

Lrrigation at N - levels 2.27 4.b2 

10 79./j f'1.7 /0.1 '12.f:> 7') .0 

11 92.3 92.1 94.0 8b .9 91.5 

12 95.9 9b.b 92.5 94.~ 95.4-

1"lean 89.3 89.5 87.9 84.b 

S.E. C.D. lP=O. 05) 

Irrigation 

Nitrogen 

.interaction -
M levels at irrigation 

Irrigation at l'j - levels 
-------

3.02 ti.O'1 

1., 4- ).02 

N.S. 
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Table O. influence of irrigation and nitrogen 

on -<'lant heignt \cm) 197':1 {).! 

'l.'r eat ",ent s 

10 

I 
1 

12 

Mean 

Irriga"tion 

l~itrogen 

Interaction -

111.4 

12'1. j 

124.6 

121.1 

N levels at irrigation 

l.rrigation at N - levels 

10 

11 

12 

l'lean 

Irrigation 

l'jitrogen 

Int eraction -

79.4 

80.0 

t18.0 

tl2.5 

N levels at irrigation 

lrrigation at N - levels 

&J.!LQr.Ql1 

121.1 

132.1 

129.':1 

127.7 

Mean 

131. I 126.1 122.6 

13') .4 1'5':1.1 1)5.5, 

135.2 135.9 130.9 
I 

133.4 133.7 

S.E. C.D.(.I:'=0.05) 

N.S. 

8.62 

2.'10 

Re to on .l2o:.QJi! 

91.1 

9905 

102.':1 

97.tI 

88.8 

104.6 

10':>.2 

':19.') 

S.Eo 

4.01 

2.31 

89.9 

10;'.1 

104.1 

':1':1.7 

100.1 

C .D. \P=O. 05) 

u.s. 
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plant height was not signific ant. in both th e main 

and ratoon crops of both the years, the plant height 

at the har~ ... est stage revealed that there Was significant 

increase in irrigation treatments i1 and 12 over rainfed 

treatment 10 , the height of plant at harvest stage 

und er rainfed treatment 10 was lesser 1.119 em) in 1971:J 

and 123 cm in 1979. in the treatment 11 (50 per cent AS.l'lj, 

the plant height was no cm and 134 em during 1978 and 

1979 respectively. 'l'he difference in height of plants 

is mainly due to the irrigation etfect. Raheja l1961) 

stated tha-;; sorghum showed increasea plant height at 

higher moisture levels. Abraham .Iacob l19631 1'ound 

that irrigation at 14 days interval. significantly 

influenc e<1 the height of sorghum plant s. This was 

supported by Gopalakrishnanl1966) who observed that 

soLi moisture regime at bO per cent AID" significantly 

increased tne plant height. The rainfea treatment lIo) 

suffered in the ear.J.y stages after sowing for want of 

rains. The crop was sown on ).9.78 and only traces of 

rainfall. were received till October first week. Tnis 

may De one of the reasons for the reduction in plant 

height. This oDservation is in line with Robins and 

Domingo \19531 who reported that ~oisture stress in 

early stages might have reduced the plan. height oy 

shortening the internodes. 
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4.).1.1.2. Infl!.!ence of nitrogen < "jb 
> (). .'> ~(_.7' 

The height of plant) was mea sur ei' on 30th. bOth I' 

day after sowing and at harvL;;t' stage at different .Levels 
i 
i 

of nitrogen lio ' 1~1' J.'j2 and N3 lO, 40, (:SO and 120 kg l~/ha)~ 

:rne dat a reveaLed that there was significant difference in 

height due "to the .Levels of nitrogen applied in uoth the 

main and ratoon crops in "oto the years. .it was seen 

that (:SO kg J:j/ha and 120 kg J:j/ha were on par in the main 

crop while the "three .Levels namely 40 kg, 80 kg and 

120 kg li/ha were on par during the ratoon crop. 

4.3.1.1.3. Influence of irrigation and nitrogen 

"l'he interaction oetween irrigation and nitrogen 

.Level.s was significan"t in the tirst year main crop only 

while it was not significant in the next year. The data 

of the tirst year main crop reveaLed tha"t under rainfed 

"treatllient lIO) the three nitrOGen levels viz. 40, 80 and 

120 kg ~/ha were statistically on par Qut superior over 

no nitrogen thus indicating that the p.Lant height was I inf.LuenCed oy the applied ttl whUe the .Leve.Ls did not • 
. __ ~_ ._.t-,_' 

~orikanthmath (1975) reported that the p.Lant height was 

not much influenced by nitrogen .Levels. Ramachandra 

Jieddi and l'lUBta.J:'fa J:1ussain l1968} reported simil.arly. _.... ,..., 



58 

undilr the irrigation treatmen"t I1 (50 per cent ASl'l) 

the nitrogen ~evels 80 kg and 120 kg ~/ha were on par 

revealing the neea for ~G kg Nlha for op"timum p~ant 

height. under the irrigation treatment I2 (irrigation 

as per plant indicator) all the "three levels viz. ;.p1 
(t , 

40, 80 and 120 kg Nlha were on par indicating that ,r 

40 kg Nlha was ab.Le to influence the p.Lant height. 

4.3.1.2. Leaf ar~a_inQ~ (Lai) 

4.3.1.2.1. Inf.Luence of irrigatiQD 

.. 
~I"__ 

The leaf area indices for 19'7tl and 19'79 tor uoth/, / f)' 
,'.',iIl • 

main and ra"toon crop are f'urnished in Tab~e '( Il: 8 and / -_'" > 

/ 

~·ig. 3. They varied tram 1.~4 to :>.20 in the main crops 

and from 0.tl4 to 2.3 in ratoon crops. The leaf area 

index was caLculated at 70th, bOth day after sowing 

and at harvest stage. 

The ~eaf area indices increased upto bOth day 

after sowing While at harvest stage in decreaSed in ooth :::;::::::::::: 
main and ratoon c~'ops in lJoth the years. The .Leaf area 

index increased with the time ana oeyond 60th Clay, the 

plant entered into active reproductive phase causing 

gradual senescence of .Leaves until harvest. Similar 

decreases in .Leaf area index at harvest were reported, 

by Boovendran (19'77) and Wahab l197tl). The .Leaf area 

indices were greater in the main crop than the ratoon 
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'fable 7. Influence of il-rigation and nitrogen 

on ~eaf area index 1978 

- - - - - - - - - -
Treatments 

10 

11 

12 

Mean 

h'rigation 

l'Oitrogen 

Interaction -

1~0 

3.)0 

3.08 

3.34 

3.24 

N levels at Irrigation 

1~Tigation at ~ - levels 

10 0.92 

11 0.93 

12 1.19 

Mean 1.01 

Irrigation 

l~itrogen 

Int eraction -
JlI levels at ll'rigation 

Irrigation at N - levels 

j'jean 

- .&In-Cr~ - -
2.98 3.15 2.99 ).10 

3.17 3.37 

3.~1 ).33 

3.09 3.28 

S.E. 

0.4ts9 

0.189 

~ .S. 

0.09 0.90 

1.25 1.16 

1.32 1.24 

1.09 1.07 

S.E. 

0.127 

0.080 

1~. S. 

3.14 

3.01 

3.05 

, ' 
3.19 I' 
3.20 \\ 

C.D.CP=0.05) 

N. S. 

0.ts3 0.84 

1.18 1.13 

1.16 1.23 

1.06 

C.D.(.t'=0.05) 

0.284 

1~. S. 
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Table 8. Influence of irrigation and nitrogen on 

~eaf area index 1979 

'1'r eat ment s 

10 

11 

.L2 

l'lean 

l:crigat ion 

lhtrogen 

1nt eract i on -

2.03 

1. ':18 

1.70 

1. ';)0 

~ levels at .Lrrigation 

lrrigat i on at N - 1 evel s 

N 
1 

mj,Ul::Qll. 

1.tl4 

1.;14 

1.79 

1.t:lb 

2.47 

2.uO 

1.96 

2.14 

S.E. 

0.2':14 

0.141 

l~ • s. 
N.S. 

~toon Cr.Q:Q 

10 

11 

12 

Mean 

Irrigation 

l~itrogen 

Inoerac.ion -

1. J 

1.b 

1 • C{ 

1.7 

N levels at .Lrrigation 

irrigation at J.II - levels 

- - - - - - -

2.5 

2.', 

2.~ 

2.6 

1.9 

2.5 

2.3 

2.2 

S. E. 

0.15 

v.07 

.1.v.3. 

i'lean 

1.93 2.0'! 

1.70 1.90 

1.92 1 • Cl4 

1.85 

C.D.~l'=O.O? ) 

1'I.S. 
N.S. 

1.J 1.b 

2.3 2.3 

2.0 2.1 

1.9 

C.D.ll'=O.05 ) 

0.54 

0.13 



Fig.3. InJ:'j_uence of irrigat ion and nitrogen 

on LAI (Harvest stage) 

10 Rainfed crop ll~O irrigation) 

11 Irrigation at 50 per cent ASM 

12 Irrigat ion as per plant indicator 
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crop in bO-ch the years. '.the increase in J.ea!" area 

index in -che main crop over the ra-coon crop is due to 

the more numoer of lunctional J.eaves in main crop than 

in the ratoon crop. 

t. J..(·rigation at )0 per cen-c AS'" lJ.
1

) and irrigation 

~ 1'\ as per pJ.ant indicator lI2 ) significan-Cly produced more 

~'.:': l:-:" \J.eaf area index than -che rainfea treatment lIo) in i"irst 

'\ {'; " Ijyear main cro p. (.liz umi .ll.! .ll.l.. I. 1 C;6;,) ana: .ll.ramer II 96 ':i) 

y who ooserved a.ecrease in .LAI with water stress pl.ants 

to the decrease in ce~~ size and interceJ.l~ar vOJ.ume. 

~ The lack 01' di1'l'erence in -che 

; ratoon crops is aUtrivutea: to 

-\ pi. ":l 
LAl during votn -Che year I 1 J: f pi, . 

/ ~-----l during the vege-cative phases. 

the adequate rainfa~l __) t{ I 

4.).1.2.2. Influence of nitroge~ 

J..eaf area index was cal.Cu.la-cea on :>uth, bOt1~'! 
nay aft er sowing and at harvest 3tage at dift erent 

leveJ.s of, nitrogen viz. 0, 40, 80 and 120 kg ~/ha. 

'.the data revealed -chat there was no C1ifference in J.eaf 

area index oetween C1i!"!erent leveJ.s of nitrogen at 

different stages of growth. .l:tamachanara Reddy and 

L'Lustaf"a .I:1ussain (196d) ana .t'anaa (1972) reported -----that the .Leaf area index was not influenced by nitrogen 

levels. 



4.3.1.2.~. Influence_of irrigation ane! nit~ 

i'here was no significant interaction eftect 

oetween irrigation and nitrogen on ~eaf area index. 

4.3.1.3. Dry matter production (Dl'll') 

The e!ry mat-L er production at 50th, 60th day 

after sowing and at harvest stage was recoraeC!. 'i'he 

uata on .he ef~ect of irrigation at C!if.Lerent stages 
-----.,: 

are pre~e.n!_ea in 'l'abJ.e 9 & 10 and Fig.4 i'or Doth the! .. 
-~ . .,-- ~ 

main and ratoon crops in both the years. The dry 

matter production was more at harvest stage in the 

wain crop than the ratoon crop in Doth the years. 

This co~d be attriuuteC! to the more vigorous growth 

of tne crop as revealea througu plant neight and 

leaf area index. 

~he dry mat.er ~roduction increased with 

increase in moisture supply. lrrigation at 50 per cent 

63 

ASl'l U,) and irrigation as per plant indicator (12 ) 

recorded significantly higher dry matter production 

than the rainfed treatment (10 ) in both main and ratoon 

crops in "oth ·.he years. At 50th day after sowing, 
f': . 

there was significant reduction in d~ter -----

production due to water deIicit in the main crop 
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Table 9. 1nf.Luence of irrigation ana nitrogen on 

dry matter production kg/ha 1978 

Treatments 

I 
0 

tH:l':J5 

11 9248 

12 9812 

l'lean 931t:l 

.L~-rigat ion 

Nitrogen 

Interaction -

1~ levels at .L.r·rigation 

Irrigation at .L~ -

10 

11 

12 

.!!lean 

Irrigation 

l\Iitrogen 

Interaction -

.Leve.LS 

,5vl 

5375 

5501 

4792 

N .Levels at Irrigation 

Irrigation at .L~ - levels 

N 
1 

tl894 

10844 

10479 

10072 

J:(atoon 

)':!01 

615& 

6~27 

?421 

.I.'lean 

8'140 842tl tl{,9 

10428 10210 10183 

103b4 9648 100'Ib 

':Jtl44 9429 

s.jjO. C.lJ.lP=().05 j 

4bO.0 1024.9 

219.0 429.3 

.l'l.S. 

Crop 

4168 3?68 3785 

b474 bD8 bO)1 

0235 J991:l 5990 

'b2~ J235 

S.E. C.D. (.1:'=0.05) 

1 .... ti. 

N.S. 

..1. .... s. 
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Table 10. influence of irrigation and nitrogen on 

dry mat"er production kg/ha 1979 

'l'reatment s 

Irrigation 

Nitrogen 

Int eract ion -

7450 

nou 

7009 

oN leVe.La at 1£'rigation 

IrriGation at ~ - leve.Ls 

.l.u 7450 

11 63t:lS 

12 7341 

lVlean 7053 

Irrigation 

Nitrogen 

Int erect ion -

!~ levels at lrrigation 

Irrigation at N - levels 

l'IJean 

Main crop 

77ti4 '1'7? 1 '10?2 '1429 

830u 

8822 

8302 

tiOSO 

S017 

7942 

20\).9 

112.2 

13'/.4 

219.2 

Rat oon Cl:Ql1 

717? 76y/ 

tl30S 9523 

92b2 9963 

8248 9041 

S.N. 

:>54.1 

474.5 

l~. S. 

7940 

1571 

'/;'21 

b}95 

S958 

8548 

7967 

8005 

d054 

62? .9 
219.9 

7159 

8294 

8778 

C.D.lP=0.05J 

1234.4· 

930.0 



Fig. 4. Influence of irrigation and nitrogen 

on the dry matter production 
(Harvest stage) 
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than the ratoon crop. The same trend was noticed 

during the bOth day after sowing and at harvest stage 

in ooth main and ratoon crops in uoth the years. 

Boovendran l19TI) otlserved a, reduction in dry matt er 
',--,/ 

production of sorghum due to water deficit. Colman 

and .Lazenby (1975) stated that under severe moisture 

stress conditions, there was limited leaf growth and 

much of the uloisture use illimediate.Ly at'ter watering 

was probatl.Ly .Lost oy evaporation trom the soi.L and 

many metabolic functions were attected uy moderate 

moisture stress and it took somet ime s to ret urn to 

normal. Hence the total growth tletween successive 

waterings, under low moisture .Levels was very .Limited. 

l 'l'her~nce in dry matter 

production between the irrigation treatment 11 (,0 per 

cent AS"'") and .[2 (.t'lant indicator) in al.L the three 

67 

, 'f 
st ages of growt~~iz. 30th. ROth day aft~ sowing and '('(0 ?;'(1. 

at harvest in uoth main ana ratoon cropsin Doth the 

years. 

4.3.1.3.2. Inf.Luen~of nitrogen 
J 

I . ~-,{.~ 
Dry m&Gter production was worked out on 30th./ (i" 

bOth day after sowing and at harvest stage at IOur / 

different levels of nitrogen, viz. 0, 40 , 80 and 120 kg/ha. 



Tha d.,. ,avaaLa' th., ,h.,a ~.:~a", 'aaponan 'n 
ni trogen apPlication~ N/ha and beyond that, 

a quadratic response was noted at all the three stagEU3 ('''­

~oP. while in ratoon crop, the quadratic 

response was seen beyond 80 kg H/ha level at )Oth day --after sowing and at harvest stage. Anand Rao and 

Readi (1972) observed tha.t increasing the leveJ.s of 

nitrogen trom 0 to 1JO kg N/ha increased the dry 

matter production at all stages of plant growth. 

Ramalingam t1975) stated that nigher levels of nitrogen 

increased the dry matt er producti on significantly. 

4. ').1 .3.3. Inf luenc e of irrigat i on and nit rogen 

The interac.ion ~ between irrigation and - --;:;;:;;;.-
nitrogen levels was not 'C';;-r:sistant in both main and 

ratoon crops in uoth the years. The results were 

significant during the secona year main crop which 

indicated that under rainfea treatment 1.10 ), all the 

i'our treatments Viz. 0,40, eo and 120 kg Jj/ha were 

on par. it was also seen that the decrease in dry 

G8 

/ 
matter production was significant when the nitrogen / wi.~./. 

level was iIlcre'.sed from 80 kg/ha to 1<::0 kg m/ha. I / 

Under irrigation treatment I l50 per cent ASM), 
1 

the three nitrogen levels Viz. 40, 80 ana 120 kg m/ha 



were statistically on par reveal.ing that 40 kg llIjha 

lev~um. Similar trend was noticed in f» 

irrig;tion treatment I 2 • 

'l'he above stUdy on growth components of sorghum 

reveal.ed that the height of the pl.ant was consistantl.y 

more at all stages ot growth when the avail.able soil --=--moisture increased. In the case of ratoon crop, the 

difference in height was not significant between 

different irriga'tion treatments _~ ri 

~eaf area index was more under both the 

irrigation treatments ~1 and l~ than under rainfed 

crop upto bOth d~ _I!fter sowing. 

Dry matter production increased in all the 

stages with increase in a vail.abl.e soil. moisture. 

4.3.2.1. Barhead length 

4.3.2.1.1. Infl.uence of irri~~ 

The infl.uence of' irrigation on the l.ength of 

earhead are furnished in Taol.e 11 and 12 for the main 

and ratoon crops for both the years. The treatmental 

dif:r:erences under irrigation affectea 'the length of 

earheads. tiowever there was no difference in earhead 

l.ength between main crop and ratoon crops of both the 
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Table 11. Influence of irrigation and nitrogen on 

Earhead length (cm) 1978 

'l'reatments 

10 

11 

12 

l'lean 

Irrigation 

l~itrogen 

Interaction -

20.b 

23.7 

22.8 

22.4 

1~ levels at Irrigation 

Irrigation at 1, levels 

10 19.0 

11 20.2 

12 22.5 

Mean 20.6 

tr:Hgation 

Ni trogen 

lnt eract ion -

ill levels at Irrigation 

Irrigation at N levels 

22.~, 

2b.2 

24.5 

24.4 

18.8 

23.5 

22.3 

21.5 

l'i2 

21.5 

2b.8 

23.7 

21.3 

25.1 

Mean 

21.4 

25.4 

23.6 

24.0 23.2 

S.E. C.D.,P=0.05) 

l.H 

0.39 

1'l. s. 

20.7 

22.6 

22.7 

22.0 

S.E. 

1.36 

0 0 95 

l~. S. 

20.5 19.8 

25.8 23.1 

21.5 22.3 

22.6 

C.D. \.t'=0.05) 

3.03 
1,. S. 
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Table 12. Influence of irrigation and nitrogen on 
Earhead length (em) 1979 

'rreat ment s 

Near. 

Irrigation 

Nitrogen 

Int eraction -

20.4 

20.5 

19.7 

N levels at ~rrigation 
Irrigat ion at l~ 1 evel s 

10 18.0 

11 20.6 

12 20.2 

Mean 19.6 

Irrigation 
Nitrogen 

Interaction -
.I.'i levels at Irrigation 

lrrigat ion at N levels 

~!l...Qrm. 

19.9 19.3 

22.0 22.9 

21.5 21.7 

21 .1 21.3 

S • .E. 

0.63 

1.04 

N.S. 

20.5 22.8 

25.4 26.9 

25.4 26.:;; 

23.8 25.3 

S.E. 

0.82 
0.35 

0.43 
0.67 

Nean 

18.7 19.0 

21.1 21.6 

21.2 21.2 

20.3 

C.D.l.l:'=0.05) 

1.41 

N.S. 

24.3 21.4 

26.6 24.9 

25.8 24.4 

25.6 

C.D. (:p=0.05) 

1.82 
0.69 

1.19 

1.38 
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years. The influence of irrigation on earhead length 

coula De clearly seen Dy the reduction of the length 

of earhead in the rainfed treatUl:nt 10 as compared to 

the irrigation treatwents 11 ana L
2

• SimiLar increase 

in earhead Length was oeserved by Abraham dacoe l19b3) 

ana Jjoovendran \ 19TI). however, no din: erence in I' 

length of earheads was cbs erved between the two II' 
irrigation treatments 11 ana 12 , 

4.'5.2.1.2. Influence of nitrogen 

The length 01' earhead recorded at harVest under 

72 

different Levels of nitroGen is furnished in Table 11 & 12. 

Significan" difference in "he Length of earhead at 

different levels of nitrogen in the l'irst year main 

crop as well as second year ratoon crop was recorded. 

The earhead was longer with nitrogen applied ~ 

liowever the difference in length of earheads between 

the three dif:t"erent levels of nitror'en viz. 40, 80 and 

120 kg ~/ha was nonsignificant in 1979 main crop and 

197B ratoon crop. RaheJa and ~rantz \1958) ooserved 

a pOsitive inIluence of nitrogen on "the length of 

earhead. ~rishnamoorthy (1962) reportea significant 

difference in "the length of earhead Detween nitrogen 

applied plots and no nitrogen plots. ~amachandra ~eddy 

and i"lustafa liussain \ 196B) oe s.ervea as increase in the ---leng"th of earhead with enhancement in nitrogen levels. 
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')-'he interaction effect between irrigation and 

nitrogen levels was nonsignificant in 'the main crops of 

Lloth the years as well as 'the !·irst year ratoon crop. 

however, during the second year ratoon crop 80 kg ~/ha 

hau lengthy ears under the rainfed treatment while the 

same response was ooserveu with 4U kg ~/ha ~eVe~ itself 

under irriga'ted treatments l11 a: 1.21. 

The influence of irrigation on 'the weight of 

earhead t'or <loth the main and ratoon crops .cor ooth * 
years are Iurnished in TaO..Le 1> 60 14. Significant 

eJ.Iect on the weight of earheads was ooserveu ouring the 

second year main and ratoon crops of Doth 'the years. 

UiJ.!erence in earhead weight oet;ween t;he 

treatments 1.1 ana I2 was meagre with the main and 

ratoon crops. 

The weight of earnead was recorded at the time 

of harvest at different levels of nitrogen. 

Significant difference in earhead weight at 

diI·ferent levels of nitrogen in the main and ratoon 
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Table 13. Influence of irrigation and. nitrogen on 

Earhead weight 19) 1978 

Treatments Mean 

!IruJLQr.2ll 

Ir.'igation 

l~itrogen 

lnt eraction -

11t:l.2 123.3 

119.7 12?t:l 

121.7 127.5 

119.9 125.5 

~ levels at Irrigation 

Irrigation at ~ levels 

10 24.1 32.6 

I1 28.8 3t:l.'{ 

I2 )0.3 3? .6 

Mean L't.7 :>? .6 

Irrigation 

~itrogen 

Int eract ion -

N levels at Irrigation 

Irrigation at lj levelS 

125.:;; 117.:;; 121.0 

132.0 123.8 125.3 

126.8 123.8 124.9 

128.0 1 L 1.6 

8.~. C • D. \P=O. 05 ) 

:> .50 111. S. 

1.b4 3.21 

.l\j. s. 

31.b 30.b 29.7 

3').7 3? .t:l 34.8 

)b.7 31.3 34.') 

34.7/ 34.6 

S.E. C.D.\.I:'=0.05) 

2.84 6.33 

1.92 3.7b 

l~. S. 
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Table 14. influence of irrigation and nitrogen on 

Earhead weieht 19) 1979 

lrrigation 
Nitrogen 

Int eract i on -

119.7 

1 HJ.O 

112. "I 

~ levels at lrrigation 

irrigation at 1'1 levels 

Irrigation 
JlIitrogen 

Interaction -

65.8 

59.9 

N levels at Irrigation 
Irrigation at ~ levels 

l'lain Cm 

114.0 

123.3 

124.2 

120.,;) 

75.5 

73.i:J 

Mean 

113.8 114.2 110.b 

125.8 119.2 122.0 

120.tJ 11 tJ.) 120.3 

120.1 117.2 

S.E. C.D.I.P=0.05) 

3.07 6.84 

1.72 3.37 

2.10 J.e3 

3.00 0.09 

73.0 oO.B 64.0 

70.7 70.0 70.9 

75.5 71.7 72. "3 

75.1 07.5 

S.E. C.D. (.r=O.O'j) 

4.20 10.07 

2.1) 4.17 

N.S. 
l'4.S. 
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crops of (loth the years Was ooserved. The weight of 

earhead was greater in nitrogen appl.iea plots than "the ,<:' 
I ,'t)'ll' 

no nitrogen Pl.ot s. {) I " 

SigniI'icant interaction effect was oOserved 

oilly with the main crop of 1 r-JIY. 

'rne inLLuence of irrigation on "t~EC_ grain weight 

per earhead is preseutea in Taol.e 1, ~ 1b for the wain 

and ratoon crops of oo"tn the years. 

tleavier grain weigh"t per earhead was oeserved 

with suppl.emep.:L..al irrigations (11 anQ 1
2

) as compared {" t" 
,rl. __ "--' ...... 

,," to "the rainI'ed crop. Earheads of "tne ratoon crop were 

" ,: ~ighter than that of the wain crop. 

steady inc~ease in the grain weight per ear 

was recorded with increase in the level of N upto 

80 kg N/ha and w~ereupon it declined. The decrease in 

grain weight at 120 kg Nlha may be attriouted to thll , '1 
) (" 

rate of movement and ext ent of uptake of nutrient s.) ~ I 



'fable 15. Inf.luence of irrigation and nitroGen on 

grain weight per earhead (g) 1978 

treatments 

i'lean 

iL-rigation 

lhtrogen 

Interaction -

j)j0 

52.5 

01.3 

65.8 

59.9 

N .levels at Irrigation 

Irrigat ion at l~ level s 

10 18.3 

I 1 21.b 

12 21.1 

l'lean 20.3 

Irrigation 

j)jitrogen 

Int eract ion -

j)j .levels at Irrigation 

.irrigation at b levels 

!'!:ain 

09.7 

'15.5 

76.3 

73.8 

ll.ll.iQon 

21.b 

2'5.0 

24.0 

23.7 

Crop 

'1).0 

'(b 07 

75.5 

75.1 

S.E. 

4.20 

2.13 

ilJ.. s. 
1~. S. 

60.8 

70.0 

71.7 

t'7.5 

Nean 

64.0 

70.9 

C.D.lP=0.05) 

10.0', 

4.17 

Qro;Q 

21.3 

2'5.4 

24.3 

20.7 

20.0 

24.0 

23.8 23.9 

20.5 

24.6 

23.3 

S.E. C.D.(2=0.05) 

1.67 3.72 

u.72 1.40 

j'j. S. 

l~. S • 
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Table 16. Influence of irrigation and nitrogen on 

grain weight per earhead 1979 

Treatment s 

Irrigation 

Nitrogen 

lnt eract i on -

tlo 

45.8 

1~ levels at Irrigation 

lrrigat i on at 1'1 +evel s 

10 19.8 

11 25.2 

12 25.5 

l'lean 23.5 

Irrigation 

Jil1trogen 

Interaction -

N .Levels at Irrigat ion 

Irrigation at N levels 

!'!a1!L Cr Qll 

60.5 

70.5 

'/3.'3 

68.2 

27.0 

30.8 

29.5 

29.1 

l"Jean 

68.3 62.5 :> 9.3 

'(6.7 64. ci 68.4 

61. ) bO.2 b4.4 

68.d 62.5 

S.E. C.D.lP=0.05J 

4.15 9.24 

2.69 ';).27 

).29 9.1) 

4.:>4 9.1b 

28.5 26.0 25.3 

29.2 28.0 28.3 

29.2 29.2 28.3 

28.'3 ;:_ (.7 

s.~. C .D.l.k'=U.05) 

0.82 1.82 

0.49 0.97 

0.61 1 .b cl 

u. tl5 1. '{2 
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Singh II 972) reported that the transport 01' mineral 

nutrients in the soil, absorption by roots, 

translocation within the plant anel their mechanism 

were all aU'ected. oy soil and water availability. 

the interaction eli'ect was significant in the , 
main and ratoon crops 0:[' the secona year of experimentation 

(1979) While it was nonsigniticant d.uring the main and 

ratoon crop of first year. 'l'he results revealed. that 

f'or the main crop, under rainled ana irrigatea 

conditions, 40 kg N/ha itself was found adequate to 

in1'luence the grain weight per earhead. 

4.3.2.4. 1hQus~nd grain weigh! 

The inl'luenc e of irrigat ion on 1000_grain weight 

recorded in the main and ratoon crops in ooth the years 

are presented in Table 17 ~ 18. 

There was no variation in thousand. grain 

Weight in the main crop of Doth the years and in the 

first year ratoon crop due to the effect of irrigation. 

However there was significant difI'erence between the 

irrigation treatments in secona year ratoon crop. 
,pJ' 
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~ab~e 17. ~nfluence of irrigation and nitrogen on 

1000 grain weight (g) 1978 

Treatments 

Irrigation 

l'litrogen 

int eract ion -

30.1 

31.3 

N J.eve~s at irrigation 

Irrigation at ~ J.eve~s 

10 28.7 

~1 27.5 

12 27.4 

1'lean 27.9 

J.~'rigation 

Nitrogen 

Int eract ion -

N levels at J.rrigation 

Irrigation at J.'j .Levels 

31.9 

;'0.2 

30.2 

29.3 

29.8 

2.03 

0.b9 

J.~. S. 

Ratoon Crop 

27.9 28.;; 

27.;; 28.3 

27.0 28.3 

2(.4 28.3 

s.~. 

1.09 
0.64 

29.5 

31.1 

28.0 

28.1 

27.5 

27.9 

1~. S. 

N.S. 

Mean 

29.3 

)1.2 

30.1 

28.2 

27.8 

27.6 

C.D.ll'=0.05) 

N.S. 

1'<.S. 

N.S. 
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-

Tab.Le 18. 

- - - - -
Treatments 

- - - - -

10 

11 

12 

Jiliean 

Irrigation 

IHtrogen 

-

.Lnt eract ion -

.Lnfluence 

100u 

- - -
NO 

19.6 

22.9 

21.0 

21.8 

N leve.Ls at .irrigation 

Irrigation at N levels 

10 14.5 

11 14.5 

12 14.8 

1'lean 14.6 

Irrigation 

Nitrogen 

lnt eract ion -

N levels at Irrigation 

Irrigation at 1~ levels 

of in'igation and nitrogen on 

grain weight ~g) 1979 

Nl N2 N 
3 

~lillJJ Cro12 

21.:; 22.3 22.3 

24.0 22. :; 22.3 

21.b 20.3 21.2 

22.3 21.6 21.9 

1.93 

1'0. s. 

17.4 15.8 14.7 

17 .2 15.4- 15.b 

14.1 1).8 1::> .b 

16.2 15.0 1? .3 

S.E. 

0.87 

0.59 

1'.S. 

H.S. 

N. S. 

- -
Mean 

- -

21.b 

22.9 

21.9 

15.6 

1:5.7 

1 :;.b 

- -

- -

C .D. U:'=O. 05) 

1.93 

1.15 
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Hoovendran {1977) observed no difference in thousand 

grain weight of sorghum under different irrigation 

treatment s. 

'fhere was no differenc e in thousand grain 

weight due to different levels of nitro!~en in the 

main crops of both the years and in first year ratoon 

crop. However, the aifference in thousand grain 

weight between the nitrogen .Levels was not iced in the 

second year ratoon crop. Korikanthimath (197,) 

observed increase in thousand grain weight of the 

main crop greater at the corresponaing .Levels of 

nitrogen than that of the ratoon crop in ooth the 

years. 

The interaction elfect between irrigation and 

nHrogen levels was not significant in the main and 

ratoon crops in ooth the years. 

4.).3. Uptake of nut~ 

4.3.3.1. 11 it rlJgillL uptake 

4.;.3.1.1. Influence of irrigatiQn 

The influence of irrigation on nitrogen uptake 

is presented in Taule 19 ~ 20 and Fig. 5 for the main 
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Table 19. Influence of irrigation and nitrogen on 

Nitrogen uptake ,kg/hal 1978 

Treatments 

Irrigation 
Nitrogen 
Int eract ion -

183.b 170.0 

161.8 176.6 

155.8 168.8 

171.8 

N levels at Irrigation 
~rrigation at ~ levels 

10 b 4. ~ 7').7 

11 65.8 89.3 

12 72.b 107.9 

Mean 67.6 90.3 

Irrigation 
Nitrogen 

Interaction -
l~ levels at Irrigation 

Irrigati on at N levels 

17,:).8 

188.7 

188.3 

1':>9.1 

187.9 

160.9 

1 85 .6, 16 9 .3 

Mean 

173.1 

178.8 

lb7.2 

S.E. C.D.(P=0.05) 

l\l. s. 

K.S. 

82.8 b6.1 75.9 

90.5 102.2 e6.9 

112.5 96.4 97.3 
, 

95.J ' 88.2 

S.E. C.D.(P=0.05) 

10.11 22.52 

5.64 11.06 

6.91 19.16 

9.86 20.02 
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Table 20. Influence of irrigation and nitrogen on 

l1itrogen upt alee ,kg/hal 1979 

Treatments 

Irrigation 
Ni trogen 

Interaction -

83.2 

89.6 

94.1 

ee.9 

l.'l levels at Irrigat ion 

Irrigation at N levels 

10 

11 

12 

l'lean 

Irrigation 

Nitrogen 

Interaction -

78.5 

112.7 

118.b 

103.3 

N levels at irrigation 

Irrigation at l.'l levels 

N 1 

103.9 

112.2 

107.7 

107.9 

84.1 

132.9 

130.4 

115.tl 

N 
2 

104.7 

Mean 

91.6 

123.0 128.2 

95.8 

113.3 

108.6 117 .3 

115.0 

S.R. 

5.17 
1.58 

1.94 

3.51 

88.7 

134.3 

139.0 

120.7 

S.E. 

115.2 

111.7 

C.D.lP=O.05) 

7b .8 

131.3 

124.1 

i 1 .52 
3.11 

5.38 

7.41 

82.0 

128.0 

12b.3 

110.9 

C.D.(P=0.05) 

3.39 7.,5 

15.b7 

N .S. 
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Fig.5. Influence of irriga"ion on l~, J:>, K uptake 

(Harvest stage) 

IO Rainfed crop (No irrigation) 

I1 Irrigation at ~O per cent ASM 

I2 Irrigation as per plant inuicator 
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and ratoon crops of Doth the years. The resu~ts were 

significant during the second year main crop and 

ratoon crops of Doth the years while there was no 

difi-erence auring the first year main crop. 'L'he 

reSQlts during the main crop showed that the nitrogen 

uptake in the irrigation treatments .1.1 l50 per cen't Ai:ll'l) 

and 12 (Plant indicator) were on par and the 1~ uptake 

under the rainfed treatment 10 was the least. DuriRg 

the ratoon crop, the uptake in all the treatments 10 

lrainfed), 11 (50 per cent AS1'l) and .1.2 lplant indicator) 

~similar. nennet ~~ ~., ll~64) found that the 

total uptake of N and K in sorghum was usually higher 

with irrigation. but Arjan Singh U ..a!... \ 1973) 

reported that N-uptake per unit weigh. of ary mat.er 

production decreased under we. regimes. 

The effect of applied ni-~rogen on nitrogen 

uptake by sorghum was significant during the .second 

year main crop and first ratoon crop. 'rhe res~t8 

revealed that during the second year main crop, ~ 

app~ication of 80 kg l'l/ha influenced the uptake of 

nitrogen as seen £ro~~~least uptake in no nitrogen 

p.Lot. During ~.!? t-irst year ratoon crop, it WaS ----- -seen that the application of nitrogen increased the 
p--
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,( 

uptake of nitrogen out the nitrogen ~evels 40, tiO and 
__ -;,...s" 

120 kg ~/ha were on par. 

'fhe uptake of nitrogen was quadratic in the 
.. _;_:~-=­

main and ratoon crop in uotn the years, at al.L the 

stages of crop_..iirowth. J:lut at each leve.l of nitrogen --"there was linear uptake fro~rter sowing to 

harvest stage • .tlurleson n if:l;-956) Raheja and. 

~rantz \19")0), Arishnamoorthy \19b2) and Anand ~ao and 

Heddi (1972) reported that nitrogen content and 

uptake increased at increased leve~s of nitrogen 

app.Lication. 

uptake of 1b9 kg of nitrogen per hectare was 

recorded at harvest s"tage with the application of 

120 kg N/ha. Hoy and Wright (1974) reported that the 

nutrient uptake pattern inf.Luenced oy N and l! levels 

ana concluded that "the nighest uptake of 140.'{ kg ~/ha 

was recorded with the application of 120 kg ~/ha. 

'i'here was a rapid increase in the uptake of 

nitrogen ~rom bOth day after Bowing___ to harvest in the 
~ .. --.--

main an(i'rato~:;;-' ~~ops of Doth the years. Atarsingh and 

Bains l19'(2) alpo found a rapid increase in the uptake 

of nitrogen trom the uoot stage to 7") days atter Bowing 

in CSti.1 ana ~warna. The total uptake of nitrogen in 

87 



the experiment in Doth the years ranged from 89 to 

183 kg ~/ha in the ratoon crop. Kao and tlouse (1972) 

concluded that the total uptake of nitrogen in main 

crop ranged from 130 to 180 kg ~/ha in a grain sorghum 

variety yielding 50 to 60 Q/ha. 

'fhe interact ion between irrigation and nitrogen 

on nitrogen uptake was significant during second year 

main crop and first year ratoon crop. During the main 

crop season, the nitrOEen levels Nl and N2 l40 kg and 

80 kg li/hal were on par uut superior to 1~0 and 1~3 

(120 kg/hal under rainfed treatment 10 while the levels 

N2 and ~3 (00 kg and 120 kg/haJ were on par and superior 

over .NO and 1~1 under irrigation treatment s 11 and 12 • 

In the ratoon crop, the nitrogen levels Jill' 1~2 and ~3 

88 

(40, 80 and 120 kg lVhaJ were on par ana superior k~' 
-Jf /1)" 

to No under all the three irrigation treatment s 10 , c;)L 

11 and 12 • 

4.). 3.2. ~QI:l!£_~ 

4.3.3.2.1. l!!fluence of irrigat.;i..QA_ 

The iniluence of irrigation on X' uptake for 

the main and ratoon crops during Doth the years is 
~ ;::-

presented in TaD1e 21 & 22 and ¥ig.? The res~ts 



Table 21. Influence of irrigation and nitrogen on 

~ - uptake kg/ha 1978 

Treatments 

l'lean 

Irrigat ion 
Nitrogen 

Interaction -

28.9 

22.0 

24.;: 

25.0 

~ levels at Irrigation 
Irrigat ion at N levels 

10.5 

16.5 

10.2 

14.4 

!l.<U1L~ 

23.3 

25.0 

28.4 

25.6 

24.2 

24.3 

24.8 

23.2 

22.0 

24.11 / 21.9 

1.94 
1.46 

l~ • s. 
l\l. S. 

~on Crop 

11.0 11.b 10.3 

17.1 18.1 17.7 

1 d.9 17.8 17.7 

15.7 b.8 ( 15.2 

l'Jean 

24.2 

10.8 

17. ;: 

17.7 

/89 

S.E. C .D. \.t'=O. 05) 

Irrigation 

Nitrogen 

Int eract ion -
J:l levels at Irrigation 

Irrigation at ~ levels 

1 .21 

0.84 

l~. S. 

.liI.s. 

2.70 
~. s. 
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" Table 22. Inf.Luence of irrigation and nitrogen on (" _; 

:r - uptake kgjha 1979 p .r 
- - - -

Treatments 

l'lean 

Irrigation 

Nitrogen 

lnt eract ion -

1'<0 

27.2 

25.3 

26.6 

26.4 

~ ievels at ~rrigation 

Irrigation at!~ levels 

N1 

!lain Crop 

26.5 

28.6 

2tl.o 

27.9 

lia1Qon (;rQP 

Mean 

Irrigation 

Nitrogen 

Interaction -

23.0 

19.4 

23.1 

22.0 

1'< levels at l:crigation 

Irrigation at.N levels 

20.::; 

22."1 

29.6 

2,~. 0 

20.9 

2'( .0 

24.0 

24.1 

27.9 

24.3 

2;' .4 

Mean 

24.'( 

26.7 

s.~. C.D.l;r=O.05) 

2.41 

1.23 

N.S. 
l\j, • s. 

22.() 19.7 

20.7 24.4 

29.4 26.9 

26.2 23.7 

21.0 

23.2 

27 .2 

S.E. C .D. (:r=0.05) 

3.02 
11. S. 

1~ • S. 

N.S. 

6.72 



were significano in the second year main crop and 

ratoon crops of' ooth the years. 
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The result s showed that tV: e P-uptake under 
_"".r 

all the three irrigation treatments(LU' 11 ~2 was 
\.._ 

() 

,t2' I 

statistiCally on par inaicating that the irrigation 
q:" :7' 

ha~ no si~nificant influence on ~-uptake. Jiowever, p'" 

during the first year ratoon crop, the .t'-upta':e in 

the irrigation "Lrea1;ments 11 bO per cent AS!'!) and 

12 lplant inaicator) was significantly higher than 10 

l~ainfedj. Vyas (1964), ~reenway et ~.\196d) and 

.tloovenaran \19'('() ooservea a lower upta;,e under drier 

moisture regimes and increased .I:'-uptake at nigher 

soil moisture Levels. 

:the .I:'-upt ake was very lOW in the earlier 

stages of crop growth at all leve~s of nitroc;en. There 

was no significant difference in .t'-uptake ~ 

at different levels of nitrogen in ohe wain and ratoon 

crops. liowever, during the Iirst year ratoon crop, 

the .l:'-uptake was lower at harvest stage. The total 

~-uptake in ];he ;xperiment s conaucted in ",oth the years 

under different levels of nitrogen ranged from 22 to 

28 kg/ha in th e main crop ana 14 to 26 kg/ha in the 

ratoon crop. Rao and House (1972) reviewed the result 



of a large number of experiments and concluded that the 

total uptake of -"2U5 ranged :trom 50-65 kg/ha in a grain 

sorghum variety. The results which were significant during 

the second year main crop showed that the treatments NO 

and Nl l40 kg/ha) were statistical~y on par inQicating 

chat the nitrogen application had no influence on the 

P-uptake. 

The int erac. ion between irrigation and nitrogen 

uptake was not significant in the main and ratoon crops 

during uoth the years. 

'J'he influence of irrigation on J(-uptake is 

presented in Tables 23 & 24 and Fig.) :Lor the main and 

ratoon crops during both the yearn. 

'J'he A.-uptake was greater in the irrigation 

treatment s 11 l50 per cent ASj'j) and 12 lplant indicator) 

compared to that of rainfed treatment \10 ), Wadleigh 

and Richards l1951) explained the causes of poor 

uptake oy plants. 'rhe poor .b.-uptake Was due to 

moisture stress because of the l·act that the rate of 
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Table 23. Influence of irrigation and nitroeen on 

K - uptake kg/ha 1978 

Treatments 

Irrigation 

l~itrogen 

!nteraction -

287.8 243.7 

240.2 253.7 

238.6 268.9 

255.5 

N levels at lr~'igation 

Irrigation at ~ levels 

239.1 217.4 

243.2 25::>.0 

243.6 233.5 

Jl'lean 

247.0 

24t! .1 

246.0 

S.E. C.D.l~=0.05) 

K.S. 
l~. S. 

N.S. 
N.S. 

&1.QQ~12 

h'rigation 

Nitrogen 

Int erect ion -

122.1 

117.2 

121.0 

120.1 

N levels at Irrigation 

Irrigation at U levels 

9O.'( 

122.8 

119.t! 

11) .1 

102.U 85.9 101.7 

125.5 122.8 122.1 

129.9 125. i 123.9 

119.1 111.3 

S.E. C.D.lP=0.05) 

12.01 20.76 

5.04 1~. S. 

6.17 17 .1 

9.b5 19.9 
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Tab.Le 24. Influence of irrigation and nitrogen on 

~ - uptake kg/ha 1979 

'rreatments 

10 

.l.1 

12 

l.lI,lean 

Irrigation 
1~itrogen 

lnt eract ion -

214.9 

163.9 

20d.5 

195.tl 

N levels at .l.rrigation 

Irrigation at N levels 

N 1 

&.Yl Crop 

198.4 

220.7 

265.2 

288. : 

.fullQQ!l Cr op 

10 ":54.2 39.b 

11 60.0 bO.9 

12 50.6 b4.7 

J'lean 48.5 55.1 

Irrigation 

Nitrogen 

.Lnt eract ion -

1'< level at Irrigation 

Irrigation at 1'< levels 

Mean 

220.9 210.4 211.2 

296.5 255.d 2":54.2 

30tl.b 244.2 25b.b 

275.3 23b. tl 

S.E. 

24.b7 
13.80 

16.91 

24.10 

4b.3 

71:l.2 

59 .~ 

b 1. 3 

S.E. 

ts.5 
?61 

!cI.S. 

1~ .. s. 

C .D.lP=U.05) 

54.97 
2'( .Ob 

42.0 

'(2.1 

62.9 

59.0 

46.8b 

4tl.93 

4U.':i 

68.0 

59.4 

C. D.lP=0.05) 

19.39 
l~. S. 
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entry of li. into p~ant C1ecreaseC1 to a greater degree 

than the rate of dry watter production anC1 uti~ization 

of K in the p~ants. Ahmed ana Durairaj (1963) 

jVlenz e.1 e~. 11 972) aM Fri boug ~ w... U 976) report ed 

that the uptake of ~, r, li. was more unC1er irrigated 

conC1ition than under dry conC1ition. '.1:he quantity of 

water In the soil affects not only the amounts of 

nutrients in soi.1 soJ.ution out a~so the rate of 

movement to the root oy din'usion and mass now as the 

water is absorbed oy the roots, (Viets 1972). 'fhe 

95 

/p//.'~ 
upta,~e of li. at the 60th day after sowing !lll...!:l_~e<:..~:.::.__~~_ 

in the :t irst year (1978) while at harvest stage the 

iI.-uptake was greater in the main crop of' Doth the years 

as compared to ratoon crop. The .Ii..-uptake in ratoo~.' 

crop was greater during the first year than in the (/' .".vfvj­
second year ratoon crop. :tlaseler et JaJ.. (1961) I f 
reported a gradual C1ecrease in translocation with a 

decrease in 00 il moisture ~evel. Vaadia ~ .w.. (1961) 

and ECK and 11usick l1977) observed that the p~ants 
~ 

growing under moisture stress have relativeJ.y l.esser 

amount of ~ and A. Bielorai ~ al. \196~), Doss ~ ~. 

(1964) and Fedak and ~~ck (1977) reported that an 

increase by 30-55 per cent and 15 to 35 per cent were 

noticed for r and iI. respectively with irrigation. 



r-, 

The K-uptake was greater in the main crop 

_han the ratoon crop in both the years. There was 

var iation in the K-uptake in the .. !:-:.:>._:.::_rlier st_::ees 

viz. 30th and bOth __ d.ay after sowing among the main 

and ratoon crops in both the years. There was 

) quadratic res~se of ~-uptake in all the stages as 

the levels of nitroGen increased beyond 40 kg Nlha 

both in the main and ratoon crops. 'l'he total 

h.-uptake in the experiment for different levels of 

nitrogen in both the years ranged. from 196 to 2'/'::1 kg/haG 

in main crop and 48 to 120 kg in ratoon crop. Rao and 

house l1972) conCl.udeC1 _hat the total uptake of K20 

ranged from 100 to 130 kg/ha in sorghum. 

The interaction between irrigation and nitrogen 

on ~-uptake was significant in the second year main crop 

and first year ratoon crop. Under the rainfed treatment 

1
0

, all the nitrogen levels were on par indicating that 

under rainfed condition, nitrogen has no influence on 

K-uptake. Under treatment 11 l50 per cent ASM), 

80 kg Nlha had greater influence on the uptake of Kover 

other levels of nitrogen. Under treatment 12 lplant 

indicator) both 40 kg and 80 kg N/ha were on par. 
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In the first year ratoon crop, under all the 

three irrigation treatments 10 , 11 ana 12 nitrogen 

application had no influence on the ~-uptake. 

4. 3. 4. Q~jJLtiill 

4-.:5 .4. 1. Stabili~_Q;Lti eld undeL!:aiJ:l~.Q..._n.ID.:U..m! 

li.uivalent--.!~LQ.Lirrigated c!:Jm 

'i'he crop under rainfed treatment lIO) and under 

50 per cent ASM irrigated treatment lI
1

) and irrigated 

as per plant indicator (12 ) were comparea to study the 

factors or constraints responsiule i'or the lower yield 

oOtained under rainfed treatment (10 ), The results are 

present ed in 'J'ab.Le 25 &: 26 and Fig. 6 &: 7. 

'J'he rainfed crop raised under treatment 10 

recorded the least grain yield as compared to the other 

treatments 11 and l2 in the main and ratoon crops in 

ootn the years. Crop growth is sensitive to moisture 

stress particularly because of the physiological 

effects of stress on production and maintenance of 

photosynthetic tissue lFischer and hagan, 1965) and 

Campbell ~! &1. 1969). 

The influence of irrigation on grain yield 

recorded in the main and ratoon crops in Doth the years 
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Table 25. Influence of irrigation and nitrogen on 

Grain yield kg/ha 1978 

'l'reatment s 

Irrigation 

Nitrogen 

Interaction -

2995 

3608 

3640 

:::>434 

Jij l.evels at Irrigation 

irrigation at ~ levels 

l'lean 

I""rigation 
j)jitrogen 

Interaction -

1525 

2188 

2209 

1994 

N level.s at Irrigation 

Irrigation at ~ levels 

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

3340 

4085 

3968 

3798 

33U5 

4145 

4099 

31'/5 

4173 

3813 

3tl50/ 3'/20 

S.E. 

N. S. 

it. s. 

l'lean 

)204 

4018 

3880 

)'74.6 

1 )1.2 

Jiatoon CrQg 

14):> 

24'17 

2472 

2128 

1402 

~325 

2)12 

20,,1 

S.lS. 

112.7 

32.4 

40.1 

'14.1 

1:130 1429 

2~79 2:::>17 

2243 2324 \ 

1952 

C .D.,P=U.05) 

2,1.5 

63.3 

111 .1 

1:>5., 

98 



Table 26. In!'l uence of irriGat ion and nitrogen on 

Grain yield kg/ha 1979 

Treatment s Mean 

!'J.a.in Cro.12 

10 2458 20uO 2459 2258 2439 

11 3003 41::;4 4406 4110 4008~ 

12 3030 35::;7 5tl7':J )256 3426 -

lVlean )024 3437 );,ti1 3201 5311 

S.E. C .D. tP=0.(5) 

Irrigation 254.0 ,67.9 

Nitrogen ;, tl.6 114.2 

In"!; eract ion -

!~ levels at l.rrigat ion '72.5 199.1 

irrigation at N levels 15<+.3 530.2 

Ratoon Cro.12 

10 1485 1480 1j69 1340 1419 

11 2504 )::>10 5432 350~ 3189 

.1.2 2)5;' 33ti6 2920 2755 2tl51 

l'lean 2100 2792 2570 2408 

S.E. C.D.ll?=0.05 ) 

Irrigation 1 59005 311.0 

lHtrogen 09.82 1 :5'1.;' 

Int erac. ion -

N levels at Irl'igat ion 80.70 239.0 

Irrigation at N levels 120.96 258.0 

- - - - - - - - - - - - - - - - - - - - - -
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Fig.6. Influence of irrigation and. nitrogen 

on grain yield (1978 and 1979 main crop) 

10 RainIed crop (No irrigation) 

11 Irrigation at 50 per cent ASM 

12 Irrigation as per plant indicator 

NO No nitrogen 

N1 40 kg l~/ha 

1~2 80 kg b/ha 

~3 120 kg ~/ha 



.,a. G. INFtU6I1Cr. Qf: 11i_, .... T/I~,. AND H'.,.ROe&oN 
ON cSIIA'M V'LI..O 

/91a· MAIN CRt>P 

-
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Fig. 7. Influence of irrigation and nitrogen 

on grain yield \ 1978 and 1979 ra.oon crop) 

IO Rainfed crop (No irrigat ion) 

I1 Irrigation at ?O per cent ASM 

I2 Irrigation a2 per plant indicator 

NO No nitrogen 

N1 40 kg N/ha 

l~2 80 kg l~/ha 

Jli
3 

120 kg l~/ha 



''''~Lu.e.NCE.. O+.x J;>I<"&"TION AND NIT~"'N 
0"" C;; J:lAII-l '(I L..~D 

1~7g- RATOOHCROP 
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1978 and 1979 are present ea in 'fab.Le 2:5 and 2b ana 

~'ig. b CIc 7. '.rhe resuJ. t s were significant in Doth the 

main and ratoon crops in both the years. Considering 

the main crop, it Was Iound that during first year 

l1978), the Yields_from 1_L~~ were on par l4018 and 

)880 kg/ha respectively) but significantly superior to 

10 (3204 kg/haY while during second year, the irrigation 

treatment 11 l50 per cent AZI'l) gave maximum yield of 

4068 kg/ ha fO.llowed by treatment 12 lplant indicat or) 

with 3420 kg/ha and the treatment 10 lrainfed) recorded 

the lowest yield of 2439 kg/ha. Jiegarding the rat oon 

crop, in both the years 1978 and 1979, the grain yield 

obtained in treatments II and 12 were on par. The 

yield during 19'(':) under II and 12 were 231'7 kg/ha and 

2324 kg/ha while it was 1423 kg/ha under treatment 10 , 

During 1979 the yields ootained under treatments II and 

12 were 318':) and 28,1 kg/ha respectively, with 10 

treatment the yield was 1419 kg/ha. 

The above results indicate the benefit of 

irrigation to the sorghum crop. ~ielorai ~~. l19b4) 

reported that inrreasing soil moisture by supp.lementa.l 

irrigation markedly increased the yield of sorghum. 

102 

\ The higher yields obtained in the irrigated plots over the 

\rainfed crop may be attributea to the availability and 



inoreasea. uptake of nutrients due __ _i:~"_i~ore~~":_c1_moisture 

available in the soil. Dastane \1974) opined water 

controlling the degree of availability, torm, rate of 

mevement and extent of uptake of nutriems end hence 

the responses to app~ied ~ertilisers depended on the 

quantity anQ frequency of irrigations. The lower yield 

in rainf ed treatment 10 may Oe at trib u.t ed to the 

reason that the transport of mineral nutrients in the 

soil, absorption by the roots, translocation within 

the plants and their metabolism are all afrected by 

soil moisture availabilit3' and two reasons have been 

103 

given r"or the lower yield In rainfed treatment first by I 
decreasea availability 01' nutrients and seconaly oy the ( 

utilisation of absorbed nutrients to a lesser extent 

that the irrigated crops. 

The grain yield when irrigated at ?O per cent AS~ 

was on par with that irrigat ed with sunflower as indicat or 

:', i plant during 197d whereas the yield was higher w_i:....t_h_I...:ll--__ _ 

treat~ent as cowpared to that with ~2 treatment tplant 

in<1icator). Kaliappa n JlJ.. (1974) and .l:"alaniappan 

i rl AI.. 11977) reported that at Coimbat ore, sorghum 

yields were maxi..num when "the crop was irrigated at 

?O per cent AS!'l. A"t Ranuri U'Jaharasht;ra) and Jiyderabad, 

yield did not decrease even when irrigated at 2, per 

cent ASl'l(D.A • .ti..E., 19'15; A • .I:'.A.U., 1975). 



4.,.4.). J.nfl.uence of nitro~ 

, 
increased. the grain yield of sorghum. The 40 kg and 

80 kg !9ha level.s were on par during 1 ':J7t:> while the 

.lower .level. itsel.f ~4u ~g N/ba) COUld Destow greater 

beneIit than the higher J.evel (80 kg .Njha). _!o'or the 

ratoon sorghum, 40 kg Njha was optimum lor higher 

yiel.ds. ~tewart \1~47) reported. that the optimum 

d.Ose of nitrogen might be around 20 to 40 kg fi/ha 

in the major sorghum growing tracts of olnd.ia. 

~he interaction between irrigation and. nitrogen 

on grain yield was significant in the second year main 

crop and. ratoon crop of Doth the years. 

'rne results of the second year main crop 

revealed that under rainfed treatruent 10, the yield 

from the three levels of nitrogen 0, 40 and. 80 kg N/ha 

were on par with grain yieLds of 24j8, 2bOO and 

2459 kg/ha ano. 120 kg Nlha gave the .lowest grain yieLd 

of 225tl kg/ha. 'rhus it indicated that aPPLication of 

nitrogen without adequate moisture may not be remunerative. 

oln tact the grain yield was considerabolY reduced oy 

7.4 per cent over the no nitrogen pJ.ot. tierron ~ Al. 



\1 :103) repor.ea .hat Doth mOisture and nitrogen must be 

adequate lor continued uptake of nitrogen throughout the 

season. Bennett m< .aJ.. \ 1 '::itl4) i'ouna .hat total uptake 

of ~ ana ~ in sorghum was usually ll~gher with irrigation. 

When irrigatea, .he response to applied nitrogen 

was positive. 'l'he t:!0 kg l~/ha .Leve.1 recoraing higher 

yie~d (41)2 kg/ha) OVer that at 4u Kg ~/ha \3991 kg/hal 

as well as 120 kg N/ha l3Cl34 k.gj hal • 'l'he response to 

ni trogen when irrigat ea with sunt'.Lower as lnaicat or 

p.l.ant was comparab.l.e with .hat at ?u per cent ASl'l. 

~eamer \1953) reportea that fertilisers were more 

effecti ve in increasing sorghulll yields when the crop 

was supplied with adequate irrigation. ~anfkkar \1~60) , t 

observea that there was gOOd response for nitrogen 

ferti.Lisation upto 80 kg rt/ha giVing an extra yield 

of 1';> per cent over 40 kg lVha. J/luthuvel \1976) 

stated that mineralisation of adued nitrogen, its 

mobility in the soil medium ana .he consequent uptake 

by the growing plants were large.Ly in1:"luenced oy the 

prevailing soil mOisture condition. Rodge and Tek (1975) 

~eported linear response to nitrogen upto 120 kg/ha 

tor various sorghum hybrids. 

The interaction e:t"fect of irrigation and 

nitrogen levels on the grain yield of ratoon sorghum 
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was significant. While no response was observect t'or 

the appliect nitrogen with the rainled ratoon crop lIO) 

application of nitrocen at 40 kg ~/ha was able to bring 

about significant yield increase with "he irrigated 

tre~tments 11 and 1
2

, 

The influence of irrigation on straw yield was 

studiea througn the three 1;reatments Viz. Raint'ect \1
0
), 

4 i~'rigation at ?O per cent ASl'l (11 ) and irrigation as per 

plant indicator \12 ), The yielCl obtained are presented 

in l'ables 27 & 25. The resUlts are discussea below. 

'L'he crop uncter rainfed treatmen1; (roJ, 

irrigat ion at )0 per cent ASN \11 ) and irrigation as 

per plant indicator \I2) were comparect to S1;ua.y 1;he 

factors or constralnts resl)onsible J.or the lower yield 

obtainea. una.er rainfed 1;ree.tment 10 , 'J'he results 

showea. that 1;he rainfed crop raieea aftaOl t~nt I Q, 

recorded least straw yiela as comparea. 1;0 1;he other 

two irrigated treatwentsf 11 and 12) in ooth the years. 

It is clearly seen that 'ine main reason is attribu1; ed 

to the moisture stress experienced uy the rainfea. 

1;reatment while the irrigatea crops received supplemental 

lOG 
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TabLe 27. InfLuence of irrigation and nitrogen on 

straw yieLd kg/ha 1978 

- - - - -
'l'r eat ment s 

------

10 

L1 

12 

i'lean 

Irrigation 

Nitrogen 

lnt eract ion -

NO 

- - - -

7513 

10123 

1 J052 

9229 

N leveLs at Irrigation 

Irrigatiun at N Levels 

IO 4527 

11 5838 

12 5b07 

l~lean :>324 

Irrigation 

Nitrogen 

Int eract ion -

N levels at Irrigation 

Irrigation at N levels 

- - - -
I'l

l N N3 j'lJean 
2 - - - -

&.i..n...J:I:.Ol1 

S183 

1100;, 

11b40 

10276 

89;,9 9242 S474 

11429 11217 10943 

11675 10794 11040 

10688 10418 

S.E. C.D.lF=0.05 ) 

395.8 882.5 

19.04 38.1 

689.9 

742.9 

Rat 0 on Cr.QJ2 

4270 4475 3987 4315 

6'164 6096 6096 6199 

5967 5736 5761 5768 

5667 5436 5281 

S.E. C.D. lP=O. 05) 

347.2 774.7 

121.9 239.2 

149.7 413.6 

251.5 524.7 
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Table 28. Influence of irrigation and nitrogen on 

straw yield kg/ha 1979 

'l'reatment s 1~0 

-------

10 5787 

11 843b 

I 7922 
2 

l'1ean 7382 

Irrigation 

Nitrogen 

Int eract ion -

N levels at Irrigation 

Irrigation at 1~ 

10 

11 

12 

I'lean 

h'rigation 

Nitrogen 

Interaction -

levels 

48b8 

6138 

5996 

5667 

N levels at Irrigation 

Irrigation at N levels 

N1 N2 

Main___QJ:.Qll 

591b 

9439 

8411 

7922 

5787 b070 ,890 

100,'{ 

82,6 

8033 

S.E. 

509.3 

1)2.'{ 

163.0 

324.1 

tJ3,9 9073 

81?3 8185 

7527 

C. D. \.<1=0.05) 

1137.3 

260.6 

453.7 

b89.8 

Rat oon Cr.Qll 

5256 

8183 

8289 

7243 

4727 4621 4868 

8042 8183 7637 

7407 7196 7222 

6725 6667 

S.E. C.D.lP=0.05) 

0.027 

0.00, 

0.087 

0.135 

0.061 

0.010 

0.240 

0.278 
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irrigation besides rainfall. 'fhe straw yields under 

treatment 10 in the main ana ratoon crops of first 

ana second year are 8474, 5890, 431) and 4868 kg/ha 

respecti vely. 'The Yields were greater in main crop 

of both the years -chan that of ratoon crop in al.L the 

treatments. Fischer and hagan l196S) and CampbeLL 

et al. \1969) reportea that crop growth was semsitive 

to moisture stress particularly because of the 

physiologic al effect s or s"tress on production and 

maintenance of pnotosynthetic tissue. Among the 

straw yie.Lds 01' main crops raised during the two years 

and in the first year ratoon crop, the yie.Lds under 

.L1 and 12 were statistically on par while during the 

second year ratoon crop, "the "treatment .L1 \?O per cent 

AS)'l) comparative.Ly gave nigher yield than the 

-creatment 12 (plant inaicator). 

straW yield at differen-C nitrogen .Levels was 

significant in -che main anQ ratoon crops of Doth the 

yeaxs. .Ln the first year main crop, the straw yie.Ld 

at nitrogen leve: ~2 l80 kg ~/ha) was better when 

compared to the yield at other levels of nitrogen. 

The no nitrogen plot gave the Least straw yie.La. 
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tlut during the second year main crop and the ratoon 

crops in ooth the years, the yields under the treatment B 

40 kg 1'I/ha and 80 kg 1'I(ha were statistically on par. 

~o nitrogen plot gave the least straw yield. stewart 

~ 1947) report ed that the opt imum dose of oi trogen 

might be around 20 to 40 kg N(ha in the major sorghum 

growing tracts of lndia. ~aniCkkar \1960) showed that 

there was good response tor nitro~en fertilisation 

upto 80 kg lVha giving an extra yield of 1) per cent 

over 40 kg ~(ha. 

The interaction uetween irrigation and nitrogen 

on straw yield was significa..1'1t in the main and ratoon 

crops of both the years. under each irri;~ation 

treatment, the influence of nitrogen was stuQied. The 

resu.J..t s indicat ed that under 10 ana 1 1 , the nitrogen 

.Levels of 80 and 1LO kg ~(ha were on par while under I2 

treatment, the nitrogen levels 40 kg and 80 kgjha were 

simi.l.ar. 'l'his showed that under different .levels of 

irrigation, a range of nitrogen of 40 to 80 kg ~/ha was 

oetter for inl"lup ncing the straw yield in sorgnum. 

4.4. jponomig,§ 

The total cost of cultivation ana the gross 

returns for different irrigation treatmmts and levels of 
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'J_ r,/ 

nitrogen were worked out. Prom this the net return 

obtained lrom the Various treatment s '"ere calcu.l-ated 

by deductlng "the total cost of ClUtivation trom "the 

gross income. The cost of one irrigation was worked 

out Jis. 7'3/- ~or each irrization. 

'J:he data revealed Vl:able 29) that the net 

re"turns trom both the irrig'ation treatwents 11 (50 per 

cent AS!'!) and 12 (plant indicator) were on par 

i~d~cating "the advantage of the adQptiQll-~ the 

irrigated methdld by the use of iE.~,1~n:·._..w...ant. 'fhe 

mean da"ta tor 1 ':J'/d an d 1 ':J7:J reveals that there is a 

111 

saving in water consumption of 14.2 per cent in main /,ir-,I 
/' ' 

crop and tl.4 per cent in the case of rat oon crop j' 
(Table ,0). 

1'ne aaLa on economics on net return revealed 

'tnat there was no signit'icant difference between the 

net returns ootainea from irrigation at ,0 per cent AS!'! 

(l,) ana irrigation as per plant inaicator \12 ) in 

Doth main ana ratoon crops inaicating "the economy in 

the use of sunflower as plant inaicator in SChedUling,! 

of irrigation to sorgnum crop. 
i/ 

~. ' , , 



Taole 29. Effect of treatments on net return 

lRs/ha) 

112 

Treat­
ments 

------------~~~~____________ _ ________ ~~!2~~ ________ _ 

N 
1 

10 1617 1794 1536 1178 1531 808 574 288 18 422 

11 2J80 3097 3166 2722 2891 1539 2316 19';5 1674 1871 

12 2435 2992 2990 2179 2649 1b50 2386 1764 1444 1811 

l'lean 2211 2628 2';64 202b 1332 1759 1335 1045 

Irrigation ;).E. e.E. S.E. e.D. 

2d2.9 ;)85.9 169.) 374.6 

--- ------- --- ---- -- --- ----- ---
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Table 30. Economy in water USe 

\Mean for 197e ana 1979) 

l'articu.Lars 

l' ot al. q uant i ty of wat er 
consumed under irrigation 
treatment l58 per cent AS",) 

Total. quantity of water 
consumed under irrigation 
treatmen"]; as per polan"]; 
inaicator lI2 ) 

Saving in water consumption 

Saving in percentage 

l'lain Crop 
mm 

bOb .2 

520.0 

? _...-"-

113 

Ratoon Crop 
rum 

293.2 

27.0 



The mean grain yie~d oDtained auring both 

the years with the main and ratoon crops was b7~6 kg/ha 

for the treatment 11 as compared to 0241 kg/ha for 

treatment 12 using sunf~ower as p~ant indicator. The 

consumptive use for:. the treatments 11 and 12 were 
-----~----

92b and d 1:5 mm respectively l Tab~e 4). 1'hus the 

water use e~Iiciency worked out to I.) Ior treatment 

.L1 and '/.7 tor treatment 12 wliich clearly indicate 

the usefulness of ~~Plant for 

scheduling irrigation to sorghum crop for greater 

water use elliciency. 

J tel \' 
f' (. 

,.' 

',t' 
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SUMMARY AND CONCLUSIONS 



5 SUMMARY AND CONCLUSION 

.irrigation is the prime requirement for 

succ essfu.L crop produc"tion out at the same time it is 

one of "the costly inputs in crop production. tlence 

it is essential to economise the utilisation of water 

tor maximum output, ~'urther, under rainfeu conditions, 

crop yie.l<lS are poor compared to irrigatea crop. 'J'he 

weather paramet ers that prevail during the crop growth 

play a maJ or r 0.1 e. 

:rhe present investigati on was taken to assess 

the 1:"actors~sp_onsiO.Le forst~~l~_!ling Y~~i.~ld~ 

rainfed sorghum crop to that of an irrigatea crop, 

to know the differences in water requirements oe"tween 

the highest yield under the recommenaed supply of 

water ana restricted supp.Ly of water. Attempts were 

also made to study the rO.Le of nitrogen under aifferent 

situations ana the quantity of irrigation water saved 

by using p.Lant indicat or .Like sunflower. 

Jlixperiment s were .laid ou"t in sp.Lit P.Lot design 

with three irrigatioH treatment s viz., 1110 irrigation, 

lrrigat ion at ,0 per cen .. AS1'l anu irrigation as per 

indicator plant in main plots while four nitrogsn 



Levels viz., ~o nitrogen, 40 kg, 80 kg and 120 kg 

Nlha :formed the sub-plot treatments. 

The resuLt s of the experiments are summarised 

below: 

116 

. j 

From the results it could be inferred that a 

well distributed rainfall ranging frOID 480 to 630 mm 

will be su~ficient t·or stabilising the yield of rainfed 

sorgnum. Application of terti.l.isers in the presence 

1"/' ;, 
, I 

of adequate moisture is beneficial to rainfed crops. 

l'JOisture stress in early stages of crop growth wiLl 

reduce the yield drastically. 

The total water requirement of sorghum under 

treatment 11 (50 per cent ASl'1) during the main crop 

seasons of 197tl and 1979 were ?82 mm and 631 rom 

respectively while it was only 4'/3 and 5b8 mm under 

treatments I2 (Irrigation as per indicator plant). 

For the ratoon crops raised during 1978 and 1979 the 

water requirement under treatment 11 (50 per cent ASM) 

was 330 WID and 310 rom respectively while under treatment 

12 \1LTigation as per indicator plant) it was 512 mm 

and 274 mm respectively. Hence it was seen that 

there waS a considerable saving in water requirement 

'" ;1>" 
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by 18.8 per cent in 1978 and 9.9 per cent during 1979 

by irrigating the sorghum crop with indicator plant 

in the case of main crop. 

ln the case of ratoon, there is a saving of 

water oy ~.4 per cent in 1978 and 11.6 per cent in 1979 

by irrigat ing th e sorghum crop with plant indicat or. 

The nitrogen uptake in the irrigation 

treatment s I1 and 12 was higher than that of the 

rainfed treatment 10 in the main crop while in the 

ratoon crop, the uptake in all the three treatments 

I 1 , I2 and IO did not reveal any signific ant 

dirference in uptake pattern. 

'l'here was linear uptake Of .witrogen upto 

40 kg N/ha beyond which there was quadratic response 

in both main and ratoon crop. An upta1:e of 169 kg of 

nitrogen per hectare was recorded at harvest stage 

with the application of 1~O kg l~/ha. There was a \,,: 

rapid increase in the uptake of nitrogen from bOth 

day after sowing t 0 harve~n Lloth main and ratoon 

crop. 

it was observed that irrigation had no influence 

on .t'-uptake. Similarly the results showed that the 

nitrogen application had no influenc e bn the .t'-uptake. 

. :'- I 



K-upt ake was greater in th e irr igat ion 

treatments 11 and 12 compared to that of rainfed 

treatment 10. 'l'nere was q_uadratic response of 

~-uptake in all the stages of crop growth as the 

levels of nitrogen increased beyond 40 kg Nlha 

both in main ana ratoon crop. 

'['he water use ef.dciency is greater l7. 7) in 

irrigation treatmen"\; 12 lp.l.ant indicator) that that '/' 
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of the treatment 11 (50 per cent ASl'l) which was ,only ; 

7.3. Tnus it clear.l.y indicated the usefulness of 

sunflower as inaicator p.Lant for scheClu.ling irrigation 

to sorghum crop for greater water use eT!iciency. 

'I'he advantage in the adoption of the 

irrigation method using su.nflower as plant inClicator 

is clearly seen with a saving in water consumption 

OI' 18.'{ per cen"\; in the main crop and 5.4 per cent 

in the case of ratoon crop of first year \1978) and 

12.6 per cent and 11.6 per cent during second year 

{ 1 979) as compared to that of irrigat ion at 50 per cent 

ASM. There is a saving in the water consumption of 

109.4 rom and b3.0 rom in the main crop of 1978 and 19'/'::1 --.-........ -
respect ively. 



The inflUence of irrigation on plant height 

was clearly seen oy the increase in plant height in 

the irrigated treatments 11 and 12 over the rainfed 

treatment .1. 0 ' 'rhe Tainfed crop in treatment 10 

su~1"ered in the early stages after sowing ~or want 

of rains. 

There was no significant difference in plant 

height between 80 kg ~/ha and 120 kg ~/ha levels of 

nitrogen applied in Doth main snd ratoon crops. 

lrrigat ion at? 0 per cent ASJ'J \ It) and 

irrigati on as per plant indic at or \I2) significantly 

produced more leaf area index than the rainf.ed 

treatoent .1.0 ' 

'l'here was no significant di..:1"erence in LAI 

between different levels of nitrogen at different 

stages 01" growth. 

Irrigation at 50 per cent ASlii \It) and 

irrigation as per plant indicator (I2 ) recorded 

significantly greater dry matter production than the 

rainfed treatment (1
0

) in uoth main and ratoon crops. 

Dry matter production increased in all the stages 

with increase in AS"!. :I.'here was not any significant 
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difference in dry matter production between the two 

irrigation treatments 11 (50 per cent AS1'!) and 12 

(L'lant indic at or) • 

'J'here was a__:_~e to nitrogen 

appLication upto 40 kg Nlha and beyond that, a quadratic 

response wasnoted at all the stases of crop growth in 

the case of main crop While in ratoon crop, the 

quadratic reSDonse was seen oeyond SU kg ~/na at 
--~ -

30th day a:~owing and at harves"t stage. 

The intluence of irrigation on earhead Length 

COULd be clearly seen oy the significant reduction of 

~fhe leng"th of earn~~d";:n-'the'-rainfed treatluen 

'.there was no significant diIference in Length of 

earheads oetween the two irrigation treatment s 11 

V)O per cen<; ASl'l) and 12 (plant inaicatorl. 

'rhe length of earheaC1 was greater in nitrogen 

appL:Led PLot s than no nitrogen plot. 

There was significa.nt influence of irrigation 

on the Weight of earhead. But there was not milch 

difference in we'·.ght of earhead oetween the two 

irrigation treatment s 11 and L2 • :I'here was 

substantial reduction in weight of earheads in the 

ratoon crop compared to the main crop. 
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The weight of earhead was greater in nitrogen 

app.lied plots than the no nitrocen p.lots. 

'ehe grain weight per earhead was significantly 

greater in Doth the irrigation treatments 11 (50 per 

cent ASh) and I ,"plant inClicator) as comnared to the 2 • 

rainfed treatment 1 0 , The grain weight per earhead 

was greater :In the main crop than that of the ratoon 

crop. 

'['here WaS st eady increase in th e grain weight 

per earhead as nitrogen .leve.l increased upto 80 Kg ~/ha 

and there after the weight decreased. 

There was no significant difference in thousand 

grain weicht under different irrication treatment s, 

as well as under different levels of nitrogen. The 

thousanCl grain weight of the main crop was greater 

at the corresponding .leve.ls of nitro!Cen than that of 

the ratoon crop. 

ln both main and racoon crops, the grain 

yields obtained in the two irrigation treatments 11 and 
I 

12 were similar indicating the irrigation given as per! 

plant indicator is suffiCient. The irrigated crop 

yielded higher than rainfed crop. Further the resU.lts 

,1 ! ~ ) 

" , /, 
d 
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revealed that the two levels viz. 40 and 80 kg Nina 

were on par in respect of grain and straw yi~ld 

indicating that 40 kg ~/ha is sufficient for sorghum 

under COimbatore condition. .J.t was also tound that 

aPP.J.iCatloll of nitroGen without aoequate moisture is 

not remunerative. 

Summarising the reSULts it could be concluded 

that a well oistributed rainfall ranging from 480 to iJ'" 
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b50 mm WiLL tle slhticient tor statlilising the yie.J.d of F'-;, 
rainf ed sorghum crop. 'i'he water requirement is 

ij,reater during the main sown sorghum crop than the 

ratoon crop. 

There is advantage in scheduling irrigation 

wi th suntJ. ower a s plan, indic at or wi th a saVing of 

1~.7 per cent in the main crop of sorbhum and J.4 

per cen, in the ratoon crop in water consumption 

without at'tec,ing ,he yield. i'ne water use e.lt'iciency 

is greater In s:;heduling irrigation with sunflower 

as pJ.ant indicator than irrie;ation at 50 per cent AS"'. 
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APPENDICES 



.A:P1' END IX I 

l"leteorologica.l. data during crop season 

(1978 - 79) 
- - - - - - - - - - - - - - - - - - - - - - - - - -Stand- l'lonth l'lean Mean j,'J.ean Rain- Rainy 
ard and 'l'emperature rela- Sun- fall days 
week date DC tive shine lmmJ 
numoer i~la:x:i- l~lini- humi- hours 

mum mum dity 
1. 2. 3. 4. ':l. b. '7. 8. 

- - - - - - - - - - - - - -
36 Sep. 3-9 31.7 21.0 

.--;;-~-.. -- 72 b.4 Hl.9 2 

37 10 - 16 )1.2 21.1 71 4.8 2.4-

38 17 - 2'5 33.2 2U.5 bO 7.7 u.4 

39 24 - 30 32.6 21.b 7') 8.1 3.1 

40 Uct. 1-7 31.b 19.2 60 9.5 3.8 

41 8 - 14 30.9 21.0 70 8.6 21.5 3 

42 15 - 21 ;'1.2 21.b 80 ,).8 94.) 4 

4-5 22 - 28 2:1.1 21.3 80 { .0 4-4.2 3 

44 29 - 4 29.0 21.9 82 4.0 38.3 4 

45 .lIIov.5-11 27. '( 21.::> 84 4.9 115.7 3 

46 12 - 18 27.3 19.:.> 71 1 J.4- 2.7 

4-7 19 - 25 2'{ .4- 17. ~ 09 '7.e 18.8 

48 26 - 2 28.3 19.8 71 8.1 1.8 

49 Dec. 3-9 28.2 19.9 '78 ').9 3.4-

50 10 - 16 28.2 20.'7 '75 4-.2 ti.4 

51 1'7 - 23 29.') 19.tl- 09 6.5 

52 24- - 31 2tl.5 20.1 83 2.7 39.1 3 

contd •• 



Contd •• 

- - - - - - - - -
1 • 2. 

') . 4. ':>. 6. 7. 8. 

- - - - - - - - - - - - -
Jan. 1-7 29.1 1 1.7 68 9.9 

2 tl - 14 29.3 n.3 09 8.7 

3 1':> - 21 '50.1 18.8 69 8.7 

4 22 - 28 30.4 19.2 b7 9.2 

5 29 - 4 32.3 n .8 65 9.6 

6 Feb.':>-ll 32.2 18.1 b3 ':l.4 1.b 

'7 12 - 18 30.5 20.7 '{2 b.O 35.8 

8 19 - 25 30.2 21.3 78 b.2 50.1 2 

9 2b - 4 30.1 20.2 73 '{ .9 34.4 

10 Mar.5-11 :53.4 20.9 69 7.9 10.9 

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



APPENDIX II 

Meteorological data during crop season 

1.1979-80) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Stand- l'lonth l'lean l'lean l~J.ean Rain No. of 
ard and 'l'emperature rela- sun- raIl rainy 
week date 

uc tive shine lm!ll) days 
No. l'J.aXi-" l'lini- hlUlli- hours 

mum mum dity 
1 • 2. 3. 4. J. b. 'I. tl. 

-------- - - - -
41 Uct.B - 14 30.9 22.3 94 6.7 46.2 2 

42 15 - 21 31.2 20.5 87 10.2 3.4 

43 22 - 28 29.2 21.; 93 4.1 8tl.) 4-

44 29 - 4 29.0 21.1J 95 b.b ?b.4 ., 
4J l~OV .5 - 11 2'(.7 21.3 94 ".2 21.7 3 

46 12 - 18 27.; 21.2 96 2. '/ 283.0 5 

47 19 - 2~ 27.4 21.1 94 2.7 293.b 4-

48 2b - 2 2tl.3 21.0 94 b.1J 15.2 

49 Dec.3 - 9 2i:l.2 21J.? 93 b .'( 0.7 

50 10- 1b 28.2 20.8 91 J.2 :;. 1 

,1 17 - 23 29.J 1'::1 .1 91 tl.9 

,)2 24 j1 2d.5 17.2 90 d.':I 0.4 

Jan.1 '( 2,::!.4 10.b tl5 10.3 

2 8 14 30. 0 15.7 tl8 1(J.O 

'j 15 21 29 1 17.4 B5 10.0 

4- 22 28 )O.u 14.'7 tl5 10.8 

5 2':1 - 4 jO.d 17 .1 81 8.'::! 

0 .i!'eb.5 - 11 31.5 17 .8 d8 ':1.0 9.4 

7 12 - 1i:l 32.0 10.8 85 10.0 

8 19 - 25 33. 0 lb.5 81 11.2 



Contd •• 

- - - - - - - - - - - - - - - - -
1 • 2. 3. 4. '). b. '( . 8. 

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

9 26 - 4 )4.7 lb.) 85 10.6 

10 l'lar.')-11 )4.9 1::i .J 85 'J.U 5.9 

11 12 - 18 )2. ) 19.9 86 9.d 19.1) 2 

12 1':! - 25 34.9 11.2 '(5 11.1 

13 2b - 1 )4. ~. 21.9 71:3 9.2 

14 Apr.2-8 .?4.) 23.6 (( 7.U ,.3 
15 ':! - 1:,> .?, • { 2).1 1:34 10.4 

16 16 - 22 34.8 2'5.2 76 'f.7 16.9 2 

17 23 - 29 34.8 22.5 t:>8 7.2 b3.9 4 

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




	00001.tif
	00002.tif
	00003.tif
	00004.tif
	00005.tif
	00006.tif
	00007.tif
	00008.tif
	00009.tif
	00010.tif
	00011.tif
	00012.tif
	00013.tif
	00014.tif
	00015.tif
	00016.tif
	00017.tif
	00018.tif
	00019.tif
	00020.tif
	00021.tif
	00022.tif
	00023.tif
	00024.tif
	00025.tif
	00026.tif
	00027.tif
	00028.tif
	00029.tif
	00030.tif
	00031.tif
	00032.tif
	00033.tif
	00034.tif
	00035.tif
	00036.tif
	00037.tif
	00038.tif
	00039.tif
	00040.tif
	00041.tif
	00042.tif
	00043.tif
	00044.tif
	00045.tif
	00046.tif
	00047.tif
	00048.tif
	00049.tif
	00050.tif
	00051.tif
	00052.tif
	00053.tif
	00054.tif
	00055.tif
	00056.tif
	00057.tif
	00058.tif
	00059.tif
	00060.tif
	00061.tif
	00062.tif
	00063.tif
	00064.tif
	00065.tif
	00066.tif
	00067.tif
	00068.tif
	00069.tif
	00070.tif
	00071.tif
	00072.tif
	00073.tif
	00074.tif
	00075.tif
	00076.tif
	00077.tif
	00078.tif
	00079.tif
	00080.tif
	00081.tif
	00082.tif
	00083.tif
	00084.tif
	00085.tif
	00086.tif
	00087.tif
	00088.tif
	00089.tif
	00090.tif
	00091.tif
	00092.tif
	00093.tif
	00094.tif
	00095.tif
	00096.tif
	00097.tif
	00098.tif
	00099.tif
	00100.tif
	00101.tif
	00102.tif
	00103.tif
	00104.tif
	00105.tif
	00106.tif
	00107.tif
	00108.tif
	00109.tif
	00110.tif
	00111.tif
	00112.tif
	00113.tif
	00114.tif
	00115.tif
	00116.tif
	00117.tif
	00118.tif
	00119.tif
	00120.tif
	00121.tif
	00122.tif
	00123.tif
	00124.tif
	00125.tif
	00126.tif
	00127.tif
	00128.tif
	00129.tif
	00130.tif
	00131.tif
	00132.tif
	00133.tif
	00134.tif
	00135.tif
	00136.tif
	00137.tif
	00138.tif
	00139.tif
	00140.tif
	00141.tif
	00142.tif
	00143.tif
	00144.tif
	00145.tif
	00146.tif
	00147.tif
	00148.tif
	00149.tif
	00150.tif
	00151.tif
	00152.tif
	00153.tif
	00154.tif
	00155.tif
	00156.tif
	00157.tif
	00158.tif
	00159.tif
	00160.tif
	00161.tif
	00162.tif
	00163.tif
	00164.tif
	00165.tif
	00166.tif
	00167.tif
	00168.tif
	00169.tif
	00170.tif
	00171.tif
	00172.tif
	00173.tif
	00174.tif
	00175.tif



