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INTRODUOT LON 1

Ninestenths of tﬁe world's rioe is produced and
ocongumed in the Par EZast, A review of the trends in area,
production, and yield of rice from 1234 to 1960 shows that
the inereased production im the major rice producing countrics
of tropical Asia, more or less kept pase with population
increase, but the change in yields has been negligible,
Apparently, rice breeding had no significant impact on yields
during this period. At a symposium on the mineral pntrition
of rice plents in i964. whﬁt rioe seientists call 'plant type!
received considerable sttention from physiolozists and
breecders., The concept of the plant type had tremendous
impaot on rice breeding as it formed the baeis for evolving
hish yielding varieties of rice,

The phyaiologidal proceases involved in grain produ-
ction such as vegetative growth, forwsation of storage organs
ani grain filling also have been subjected to extensive
inveatigations. It has been founi thaf nost of the carbo=
hydrates required for £illing the graln are derived from
photosynthesis taking place after eaxr emergsencc. The lsmina
is the only esignificant organ, though under cerinin conditions
other organs like leaf sheaths, peduneles, and ears are impor=

tant contributors of photosynthatic products especially during



the grain £illing period.

Qefaliation studies condueted by Klinck and Sim
(1976) in onts indicated that the grain yield decreased
nore with leaf lamina removal at panicle emergence than
at anthesis. The perid& betwesn panicle emergence and
anthesis though only 5 days in their work, appeared to be
an important one in terms of plant response to leaf damage.
They found that yield reductions resulting from dofoliation
at panicle emergence were almost double those froam the
same treatment at the later sftage. It was pointed out
that mechanieal damage to the leaves by hail, inseets or
other agents or gevere leaf dissage inrection at the early
heading stage could have drastic effects on grain yield,

/

In rice, ap in oate, there is a short period betwesen
paniele emergence and anthesis. .A number of d;eeases and
pestns are known to canse severe leaf damaze in rice, at this
stage, Sowme of the diseases which are important in this
respeet are blast, helminthosporiose, bacterial blight,
phkeath blight, and sheath rot. The damage eaused to rice
leaves by inseot pesto like noctuid cut worms, army worms,
leaf folders, leaf rollers, and grass-hoppers is well

dooumonted,
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The present study was underiaken to find out, whether
the period between panicle emergence and anthesie in rice
is important in Veras of plant response to leaf damage, as

recorded in oata,
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Sinco Taunodafs (1959 a, 1959 b, 1960, 1962, 1964)
ﬁioneering work, in vhich he compared high and low ylelding
rice varieties, considerable attention has been paid to the
rolationship betueen wmorpholozical characters and ylelding
ability., Donald (1968) described the morphological requirce
ment for wheat ideotype. %he morphological gharacters of
leaf, culm, tiller and panicle assoclated with high yielding
potential of rice varieties had been described by Yoshida
(1972).

Understanding the physlological procescesn 1hnolved
in grain production such as vegetative growth, formation of
storage organs and 5rain £illinz helps determine the best
combination of the above throe factors and suggest the
improvements that can be made to achieve a further increase
in zrain yield under a given con&ition._ The assoclation
between the ralativé photosynthetic activity of aifferent
plant atructures and grain productivity in cereal crops,
partiocularly wheat (friticum aestivum L.) and barley
(Hordeum wulgare L,) has been the subject of many investie
gations. Zxtensive reviews on this aspeet had beon prepared
by Yoshida {1972), Austin and Jones (1974) and Phorne (1974).
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The leaf lamina is the only significent orgaen of
photosynthesis (Zeliteh, 1971), though under certain
con@itions other organs like leaf sheaths, peduncles, and
ears ars important contributors of photoaynthetic produots
espeeially during the grain £illing period. According %0
Yoshida (1972) taick leaves aze agsoclated with more oract
habits permitting higher phoﬁoayntﬁetic rate por unit arca.
Short and small leaves are assocliated with more erect hablits
and help in the even distribution of ‘leaves in a canopy.
Ereot leaves increase ?'Sun 1lit' leaf surface arca, thercby
permitting more even distribution of incidental light. The
éonfribution of leaves to grain £1lling in cereals has been
studied in great deteil and it was found that varietics
d1ffer markedly in leaf and other characters.

Teaf area duration

In physiolozical studies of the evolution of wheat
it has been shown that modern cultivated varieties have
been selected for larger leaf area and larger grain siso,
A high yielding somli dwarf wheat variety, has a high leaf
photosynthetic rate, but shows a low relative growth rate
because of low leaf arca ratio, (Bingham, 1967).
Venkateswarlu (1976) working in paddy reported thaf the
leaf detormined not only the degrec of the plant's performance
but also conditioned the level of unfilled spikelets. ‘
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Venkateawarld and Maddulety (1976) obmerved that increased
grain number in paddy could come mainly through two ways;

(L) by increased nuaabor of panicles, and‘(ii) thpouéh the
supply of nmore photéqynthates‘to the ﬁpikelétg. In any oase,
the realization is dependent on the effeotive funotional
capacity of tho lea? only.

vTh@ leaf area Quration of a crop 1s a measgure. of its
ability to produce leaf‘area on unit srea of land throughout
its 1life and hence of its whole opportunity for assimilation
(watson, 1952). As sarly as 1929, Boonstra observed that
four varietics of oats differed in the lenzth of life of
c&rresponding leaves and found some evidence of an assoclation
of lonz life with high yleld. Williams and Rijven (1965)
suzzested that the varietal differences in grain yigld are
determined by thé combined effects of duration of photo=-
synthetic activity, photosynthetic rate and potentiality
for growth of the grain itself. The amount of photosynthesis
in wheat depends f£irst on the size and duration of the
photosynthetic system and secondly on its efficiency
(Yelbank ot al. 5 1966)s Reddy and Pyare lal (1976) reported
that the leaf area duration was positively correlated with
grain yield in triticele and wheat varicties,



Photoaynthetic efficiency is found to decline with
the age of the leaf. Saeki (1959) observed that each leaf
showed a maxicunr rate of photogynthosis héfore it woa fally
expanded followed by a prOgréssive decline in Phageolus

viridiassimus and Pagophyrum esculentum. Hépkinson (1964)

found that each leaf incauouzmber showed a maximun rate of
photosyntheaia before it was fully expanded followed by a
progrossive deoline, Jewlss and Wolaedge (1967) noticed the
progressive deeline in apparont photosynthesiq wifh 1noieaa-
ing age of leaf in tall fescur and concluded that the £all
in apparent photosynthesis with leaf age was &uelto a fall
in the rate of real photosyntheals.

The reports on the influence of the age of the leaf
on transport of éasimilates are conflictinz. NMolkronosov
and Babenshehikova {1961) obaserved that the movement of
assimilates intc the conducting vessels of potato is greator
in young than in old £ally expanded leaves. Thrower (1962)
on the other hand, reported that in soybean very yopng
leaves obtain carbohydrates required for their growth from
older leaves, 'Evidence prescnted by illlthorope (1966)
showed that antil a leaf is almost mature there will be
1ittle export of carbohydrates.
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TLiaaf orientation

wWatgon and Witts (1959) found that o cultivated
variéty of sugar beet oha;@cterized by erect leaves produced -
dry matter more rapidly-thén three wild gpeclea with more
prostrate leaves and the szaller yleld of the wild planta
was attribated to less uniform distribution of light over
their leaveas. According to Monteith (1965) in sugar beet,
sugareane, Xale and subeterrancan clover with a leaf arca
index of above 5, light utilisation is better when the
leaves are ercet in comparison with leaves which aré prog=
trate, Butirose and May (1965) cumphaoised the importance
of the leaves in contribusting zssimilates to the grain of
cereals varies with light sonditions. Dunsan gt al. (1967)
predicted froﬁ methematical models that leaf angles less
than 19° might increase efficiency even more particularly
when a high TAI is present. The seni dwarf lines in rice
that had more orect flag leaves had higher grain yields,
and thig trait showed the largest direct effect on grain
yield (Chaug and Tagnmpay, 1970). Ieaf angle has been
slosely g¢orrelated with nitrogen responce in rice, barley
and wheat (YOBhiaa.ﬁ1972).

Chlorophyll contont
" According to Broughan (1960), production of dry

matter by pastuve and erop species ‘is ultimately limifed
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by the amount of chlorophyll, ilunt and Cooper (1967) found
that the differences among tenperate grassg apecies in
chlorophyll per umit leaf ares were closely asgoclated with
the rats of dry matter accunulation. Salismbury and Ross (1969)
obaserved that there is little correlation between chlercphyll
content and photosynthesis., The resulis obtained Dy Reddy
and Pyare 1al (1976) also showed poor correlation between
ehlorophyll content at differcnt stages and gralan yield in
both triticale and wheat varieties, whereas Palit (1976)
noted that irrespeetive of stases rice varieties showed high
ohlorophyll eontent per unit area of land and this was

sorrelated with thoir higher grain yield.

Geain 2i11inv pericd

Davidson {1965} ctaked that the photoéynthemia talcing
place in the leaf acca prior to ear emergence excerts a major
influence on the potential grain size and ult;mately inflaence
the grain yicld in vwheat, whereaq leaf area followying ear
gmersence would.he of major importance in grain £illing.
Tharne (1965) suzzested that after anthesis the dry ﬁatter
of the vwheat zrain was largely dorived from the products of
Gog agsinilation in the ear, the £lag leaf with its sheath
end peduncle. Welbank et al. (1966) reported that wheat
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varieties had grain yielda mearly proportional to their .
leaf area durations, primarily flaz leaf area from antheslis
rather than panicle encrgence during grain development,
Mufata (1964), Do Datis and Zarate (1970), reported that the
yield of rloe has been correlated with solar radistion from
10 to 15 days bafore Z£lowering until hervest, and it was
augzested that the grain yield is related to the amount of
photosyntheais during those periods. Yoshida gt al. (1972 b)
reportod that in paddy the grain yield and IAI at heading
are glosely correlated, According to Reddy and Pyare lal
(1976) the dry matter in vheat after heading wes better
.assogiated with grain yield than the dry aatter before
heading.

~Leaf photesynthesis

Sixty per cent of the'dry matter in the wheat grain
is derived from the photosynthesie in the flag leaf iaminae,
. gheath and peduncle and 17 per cent from the parts of shoob
below the base of the flag leaf sheath {Boonstra, 1937).
Panner and Daynard (1967) reported the great potential
-contribution‘of the nlddle lezves of a corn'canopy <o .grain
yield, According to Klinck and Sim (1976) in wheat the
Oontribuéion of the leaf immediately bslow the flap leaf to
grain £illing was mors than one third of that of the flag leaf,
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Current photosynthetic contribution was found to be the
major determinant of yield in rige, thoush the late duration
varistiocs draw comparatively aore photoaynthates from the

reperve oavbohydrates (Venkateswarlu, 1977).

The upper three leaves in riée export their aasimi-
lation produets_ta the grains during thé ripening period
(Tanaka, 1953 b). Vardlaw (1968) found that the eontribution
of the lower lea;es in r;ce in more important than that in
the other cereals, Tripathi and Purohit (1971) suggested
that the first 3«4 leavea at the top are most important in
dry metter produetion in rice, It was pointed out by
Yoshida (1972) that the second (penultimate) and thiré leaves

arc relatively important in rice.

Sinks and sources

Bonnemain (1965) pointed out that the lower leaves
act as the source of assimilates for roots, wheraam'tne
upper leaves perform this function for the shoot apex, and
leaves in an intermediate position may supply assimilates
in either or both direetions. Tupton (1966) reported that
in wheat +the translocation of carbohydrates fros the gluzes
ani flag leaf was almost entirely towards the grain whereas
the transloeation from the 2nd or the 3rd leaves wag partly
towarde the grain and partly downwards with evidence of

varietal differences. -
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oy photoaynthesis

Ear photosynthesis accounted for 34 per cent of the
grain yield in cereals (Boonstra, 1937). Archbold (1942)
cuphasised the ilmportance of photosynthesis in the ear as
a factor deteraining yield in barley. Removing awns of
barley decrcased grain weight by 10 per cent (wWatson, 1952).
Accordinz to Buttrose (1962) ear photoaynthesis in cereals
eontribated 50 per cent to grain yield, ZFhotosynthotic
activity of the imflorescencs of cereals contributes 30
- per oent or more towards grain dry weight at harvest
(Thorne and (¢illian, 1963). Jennings and Shibles (1963)
£oand.the contribution of photosynthates by splke in oats
towarda grain £illing was more than that of other plant parts
after ear emergeunce. Gontribution of ear photomynthea;s to
the grain ranzed from 10 to 49 per cent for wheat, and
26 to 76 per cent for barley, In rice and corn compared
with the leaf blades, net photosynthesis of ear and leaf
sheath was very low., The contribution of ear photosynthesis
to the grain ranged from 8 to 23 per cent for rice
(Yoshida, 1972).

Defolliation studien

To estimate the over all contribution of different

plant parts to grain produection, various téohniquas have beon
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deviged: ear and leaf shading, leaf removal, lcernel
competition, and the short or lonz tera measurement .0f Co,
exchange rato. Tpe conbination of the first two techniques
has been most extensively used beeause they are the easiost
to uee. Such estiumation, however, . is subjeet to large
voriation due to such souwrces as the amount of the stored
cardohydrate, timing of dcfolimstion treatment, and panicle
size, Thorefore, a relatively high yield for defol;atad

. plant does not neeesszarily mean that the leaves gontribute
1ittle to grain filling, On the other hand, a low yield
indicates thet photosynthesis by leaves contributes mach
to the grain yield (Yoshida, 1972).

Miller-gt al., (1943) found in eight varieties of
wheat a mean reduction in yicld of only 10.5 per cent for
complete defolfiation at the 1ligule, one week after anthesis
and 4.8 per cent yield reduction when half of every leaf was
. rcmoved. BShading and defoliation experiment Quinlan and
Sagar (1962) showed that the upper leaves, stem, and eav
Were respogﬂible for supporting 20 per cent to 90 per cent
of the grain growth in wheat, TLucas and Asana (1968) reported
that removal of tho £ifth and sixth leaves reduced the grain
yield in wheat by about 5 per cent. They found that redusction
in yield due to defoliation Qas the result of reductions in
both grain number and 1000 grain weight. Bagza and Asana (1972)
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obaerved that the exclision of the laminae of the fifth
(penultimate) and sixth (flag) leaves after anthesis on the

shoots of 3 eultivars of wheat (Triticum aestivum) depressed
the grain yicld through grain number per ears The results
obtained by Walpole and Horgan (1974) showed that éeverev
defoliations re&uced graln welght in wheat, Kliﬁok and ‘
Sim (1976) conducted leaf defoliation studies in oats and
found that yleld reductions resulting from defoliation at
panicle emergence were dlnost double those from similar

treatmonts at the later stage,

Defoliation gtudies in riee
Takeds and Marutae (1956) found thet the removal of

the seeond to fourth leaves in rice decreased the grain
yield much more than remeving the flag leaf and they also
obgerved that the eomplete defoliation at flowerinz decreased
the zrain weight to 55 per ceont. Matsushima (1957) reported
that complete defoliation in rice at flowering decrsased
the ripening poercentage to 36 per cent of the control.
According to Owen (1963) the complete defoliation in paddy
at flowering decreased the grain weight 81 to 82 per cont.
The removal of half the flag.leaf at panicle emoergence
reduced the grain yleld in paddy by 14 per cent, zgrain
number by 5 per cent, and inoreased sterility by 9 per cent
whereas eouplete removal of flag leaf reduced grain yield
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by 19 per cent, grain number by 13 per eent, and increased
sterility by 18.2 per cont (Tripathi and Parohit, 1971).
Sikder and bDas Gupta (1976) conducted defoliation studies

at panicle emorgence in paddy and found 20.9 éer cent contri-

bution from the top two leaves to grain £1illing,



MATERIALS AND METHODS
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MAZERTALS AND METHODS

The pregont study was conducted in the Division of
Ageiculturel Botany, College of Agriculture, Vellayant,
during the year 4977-73,

Ao VMATERIALS

Haterials used in the present investigation consisted

of three varieties of rice (Qryza pativa L.):

1. Jyothi, a short duration dwarf improved variety of about
105 days duration. The seeds were gupplied by the
Ingtructional Férm, College of Agrioulture, Vellayani,

2e Ptb.10, a short duration tall improved loeal varicty
of about 100 days duration. 7The seeds were obiained
£rom Central Rice Rescarch Station, Pattambi.

5. Jaya, a medium duration dwarf improved variety of about
125 days duration. The seced materinl was supplied by

the Goveinment Sged Farm, Ulloor,

B. METHODS
' Defoliation was adopted as the method for as3essing

the contribution of lcaves to grain f£illings

A split plot experimont was laid out in Randomised
Block Design with three replications and with three varieties .

and two stages as major treatments and defoliations ag minor
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treatments (Flg.I), the details of which are given bolow:
Block sige - 10,60 m x 6.9 m

Main plot sise - Sedmx tui m

Sub plot aize - 1«1 0 x 60 om

_ A pub plot consisted of 3 grose rows, each contalining
22 planta, Eaeh treatment comprised of 20 plants im the central

row, bordered on each side by an untraated guard 2ow.

Major treatmentg
Tha‘main plots comprined of six combinationa of three
varieties and two staéas of development at which defoliation

was effected, '

Varigiies
Jyothi - V,
Ptbe10 -V,
Jaya - VB

Stacon of develogmenﬁ

1. Paniecle emergence {Tip emerszence) - 3

2. Anthesis - REight Jdays after panicle
encrgence (mid anthesia) - 5

Combinations of major trestments

1. Defoliation at panicle emergence in Jyothl - V131
2« Defoliation at anthesis in Jyotni - V48,
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Defoliation at panicle emergence in Pth.10 - Vé31

Defoliation at antheois in 2tb.10 , - V5
Defoliation at panicle emergsnee in Jaya - V531
Defoliation at anthosis in Jaya - = V.85,

Minor treatments (Defoliation treatments)

D1
2
D3
D4
D5
D6
D7

8

09

Ro defoliation (D + Control)

Defoliation of flag leaf only (P)

Pefoliation of penultimate leaf only (P)
Refoliation of flag leaf and penultimate leaf (¥ + P)
defoliation of the third leaf from the top (PY)
nefo;iation of £lag leaf and the third leal (F + P')
Jefoliation of penultimate leaf and the

third leaf (P + P*) |

Defoliation of flag leaf, penultimate leaf and the
third leaf (F + P + PY)

Defoliation of all leaves (D=)

Fanctlonal leavea

Jaya had five functional leaves and Jyothi and Ptb.i0

only four functional leaves,cach at panicle emergencc. Ixcept
when completely defoliated Jaya haa'an.additionai leafl in all
treatments when compared with Jyotki and Ptb.10.

Uniform sized seecds were hand sown on 13th April i977.'

with a epacing of 20 em between rows, and 5 cm within rows at
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the rate of 3 gaeds per hole, The population was reduced
o ono plant por hole ten days after sowing. 2o ensure
uniforaity, all plants were reduced to the maln culm by care-
£ally removing new tillers, as and when they appeared, without
dawazing the main plant.

§%mnuriné, ivrigation and plant protection were adopted
accordineg to standard practicec to enguvre healthy growtﬁ of
planta,

Obsorvations

Observations on the following aspects were recorded.
1. Ieaf area of cach funetional leaf
2. Leaf angle (leaf oponesa) of cach leaf at panicle emergence
3s Chlorophyll contcent of leaves
4, Humber of £illed grains per plant
5« FKumber of unfilled grains per plant
6. 1000 grain weight in oach treatment (dry weisht)
7. Total yield per plant (dry weisht of filled grains and

‘partirlly filled grains and chaff)

1. neaf arca determination

‘A get of ten leaves in ecach category was removed Ifron
berdex'plants. Qutline of each leaf was traced on graph paper
and the actual leof arca was found out. Care was taken to avoid
folding of the leaves while handling them. The leaves were
then dried to constant weight 1nhan air ovén at 100%¢ to 105%

and dry weight of each leaf was recorded., A linecar regression
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eguation was developed for each lecaf from its actusl leaf area

‘and dry welght, to obtain the leal area.

3

Regression equation

Variety Stage of  Leaf louina
defolige :
tion
Jyothi Panicle Flag leaf ¥=20.0891x + 12.4695
emergence Penultimate leaf  y=0.104x + 12,1320
Phird leaf yu0.1089x + 1342530
Fourth leaf 3’-0.009161 + 17.1766
Anthesis Flag leaf y=0.0939x + 17,9609
Penultimate .leaf ¥=0.0966x + 16,9033
Third leaf ¥=0.0703% + 21,4142
Fourth leaf ¥2040392% + 25,5756
“Ptb.10 Panicle Flag leaf y30.1516x + 6.4966
emergence  Penultimate leaf  y=0.0766x + 19.5700
Third leaf y=0,070%8 + 22,9733
Fourth leaf ¥y=0.0669x + 28,0133
Anthesis Flag leaf y20,1008x + 24,0507
Penultimate leaf y=0,10352 + 13.6214
Third leaf y=0,0972x + 18.1277
‘ Pourth leaf y=0.08x & 2646300
Jaya . Panicle Flaz leaf ¥=0.095x + T«3100
emergence  Penultimate leaf  yw0.1037x + 12.7850
Third leaf Fa0e104x + 12,4278
Pourth leaf y20.0825x + 25.2500
Pifth leaf ¥u0e.100Tz + 22,1934
Anthesis Plag leaf ¥=0.091x + 16,4469
' Penultimate leaf ynBe101x + 19,0342
Third leaf ¥y=0.0927x + 1846565
Fourth leaf ¥=030101x +2642050
Fifth leaf ya0.0355x + 2643334
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2, ‘Heasuremsnt of leaf angle (Leaf openess)
The umethod followed by Yoshida et al. (1969) was

adopted.

Tieaf angles were measured in ten plants of each varicty,
at panicle emergency and their mean values were recorded, A.
vertical board covered with paper was placed benind the main
cula, which acted as the vertical axis. Wiﬁﬁ the 1eavéé
drooping normally from the axis, the pogitions of the tip and
collar of each leaf were marked on the paper. A line between
the two points were drawn and the angle betwéen the 1in; and
tpe vertical axis was measured with a protractor., The leaf
angle was expressed as the angle of inclination from.t@e

vertical line,

3. Dstermination of chlorophyll content
The chlorophyll content of the different leaves at

panicle emergonce and anthesis were estimated by following

the procedure adopted by Arnon (1959),

After recoxrding the fresh weight of the leaf 1 zo of
Lresh leaf tissue was taken and homogenised with 20 @l of
807 acetone, and centrifuged at 3000 ppm ror:5 minutes.’
Superpnatant was geparated and 10 ml of 907% acetone was added
to the pellet and once again centrifuged, This was fepbéted
t111 the pellet became white. ALl the supernstant was pooled
and made to a final volume of 50 ml., The Optical Density (0D)
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of the same wag read at 645 m A end 663 @2 and the
chlorophiyll eontont was caleulated ag per the formulas

Chlorophyll content (ng/al) = (0.0202 x U0, 645) +
(0.00802 x OD, 663)

fotal chlorophyll content in the different leaves wore

then arrived at,

4 Seperetion of £illed orains and chaff

The proeedure'followaa by Venkateswarla (1976) was
adopted for this purpose.

The graing were put ian sodium chloride solation havings
a speeific gravity of 1.06 and the graino whiéh submerged were
conaidered to be fully filled grains., The rest of the zrains
which floated were collected and manually separated as |
partially £i1led graing, and ehaff, The grainc among the
floating ones that touched hard to the fingor were talken as
partially filled grains and the rest as chaff, The partially
£illed grains were added to fully £illed sreins to obtain
filled grains, Filled gralns and chaff were dried in zn oven
for 48 hours at 100°C to 105°C and their dry weizhts recorded.
1000 grain weizht was found out from the total dry woisht of
£illed graing and tho number of f£illed groins.
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5 Interaction effcets
The inberaction effects in defolimtion treatments
were analysed by adopting vate's method (Kempthorne, 1952).

6. Analysis of data
The dnte obiained were tabulated and analysed.



RESULTS
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The results of this study are presented in this
chapter,
LEAR AREA

The analysis of variance table reveals thai the leaf
area aefaliatéd ditfered significantly between varieties and
ptages (Appendix I)e |

As shown in the table I A maximum functionsl leaf
area was met with in Jaya, which hed an additional funotional
leaf, when compared with Jyotki and Ptb,10, having four
funetional leaves-eaoh. Jaya had a total leaf area of 175.1
sg.cm at paniecls emergenes, and 153,74 sd.cn al anthesis.

It was followed by Ptb,10 with a leaf area of 152,86 8g.cn
at panicle emergence, and 159.09 sq.cm at anthesis and its
1eal arca was conpiderably higher then that of Jyothi which
had a leaf area of 10G.4 s3.cnm et paniole emergence and
113.87 sa.ocn at antheais. The inecrease in leaf area of
flag leaf after paniclc emergence was mors striking than
that of penultimate leaf, ILeaf area of the lower leaves
did not register notable inercases after panicle energences

Ptb.10 had the largest flag leaf and Jyothi had the spallest
flag leaf at both panicle emergence and anthesis. In all

the varieties, the arca of the different leaves progressively
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Table I A. HMean leaf area of different leaves at panicle emergence
and anthesis (in sg.onm).

Jdyothi © Ptb.10 Jaya

Leaf Panicle Anbvhoesis Panicle Anthesis Panigle Anthesis

omer= . omer= SUG -

Z6Nnee .genca | gence
Flag leaf 22425 25490 32430 238.13 25.52 3013
Penultinmate . o ' .
leaf 24.81 26490 26451 23435 33473 3506
Third leaf 29,97 3077 42432 40463 36437 33,00
Fourth leaf 29,37 30630 41,73 41,90 39.81 39,99
Fifth leaf o # 3 * 30.62 40,56
Total leal | .
area 106.40 113.87 152.86 159,09 175,10 183474

# Non functional



Table I B. Percentage reductiorn in leaZl area due to defoliatidn treatments

vy V2 7

Lead removed 81 32 gea?_gf 31 S2 gea? gf _81 52 ieag gf

1 172 12
D+ 0 0 0 0 ) o $) 0 0
? 20,91 22432 21.86 21.13 24.00 22456 14.57 16.40 15.48
P " 25.41 23462 23.51 23.89 24.12 2400 19,29 19.08 19.18
F+P 44.23 46.37  45.30  45.02 48.12 46457 33.87 35.43  34.67
P 28.17 27.02 27.59 27.59 25.54 26461 20«77 20468 20.72 .
FeP? 49.08 43.77 49.42 43,82 49.54 45.18 3535 37.08 36421
P+ 51.48 50665 51.06 5157 49.66 5061 40.06 39.76 3991
FaP+P? 72.40 73.39 T2e89  T2.T0 T3.66 7318 54.64 56416 55440
D= 100,00 100,00 100,00 100.00 100,00 100.00 100.00 100.00 100.00
C.De . 0.15 0.14 0«11 0.10 0.09 0.08

%
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Table I C. Hean leaf area (in sq.om) of two atages.

Leal Jyothi PLb.90 -Jaya
Plag leaf 24.07 3524 27.82
Penultimate leaf 25.85 37.44 34.42
Third leaf . 3037 4134 37.18
Fourth leaf . 29483 41.81 39.90
Fifth leaf ® ® 40405
Potal leaf area 110613 155,97 179.42

~ * Nonfunctional
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Table I D. HMean leaf area (in og.ca) of all varietles,

Leaf Paniecle Anthesis

amergence
Flag leaf 26,69 31440
Penultimate leaf 31.70 33444
Third leaf 30422 56.46
Fourth leaf 36497 37.39

Potal leaf arca 144,73 152423
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dcereased from the lower mogt leaf to the upper most leaf
viz., the flag leaf,

T.eaf area reduction due to defoliation

'The percentage of reduction in leaf area due to
different defcliation treatments is presented in table I B,
In all the varieties leaf arca defoliated differed oigni-
Lioantly dbetwesn {reatuenta in both stagés. The percentage
of leaf area lost on the removal of f£lag leaf, penultimate
leaf and the third leaf were 72,89 in Jyothi and 73,18 in
Ptbe10 and 55.4 in 3aya.‘ fxoision of two leaves in oombi-
nation reduced leaf area from 45.3 to 51.06 per cent in
Jyothi, from 48.12 to 49,66 per cont in Ptbe10 and 34467 '
0 39,91 per cent Lin Jays, The flag leaf removal resulted

in the least reduotion in leaf area in 8l1ll varievies,

Mean leaf area of two stages
The resulte (Table I §) show that Jaya had the maximun

fupctional leaf area with an area of 179.42 sq.cm, followed
by PEB.IO with 155,97 od.om and Jyotul 110.13 Sqecm. Among
varieties Pth,10 recorded the highest leaf area for
-individual leaves, It was followed by Jaya and Jyothi .
regpeotively- |

ean leaf area of all varieties
It 15 seen froa tabie I D that the flag leaf and the

penultimate leaf reeorded inoreases in area after panicle
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Fourth lead

Pable If. Leaf angle at panicle emergence,
Variety Ieag Angle of
inclination
Jaya, Flag leaf 3°
renultimate leaf 9o
Third leaf 11°
Fourth leaf 13°
Tifth leaf 1g°
Jyothi Flag leaf 10°
' Ponultimate leaf 2%°
Thir& loaf 17°
Fourth leaf 32°
Ptb,10 Flag lenf B4°
| Ponultimate leaf 71°
Third leaf 55°¢

63°




Table IIT, Chlorophyll content
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Varlety

Stage Leaf Chlorophyll Total
in nz per cliloro=-
an 0of frash phyll
leaf in mg

per leaf
Jaya Panicle Plag leafl - 24199 0.880
gmergenge Penultimate ,
leaf 2.1 73 1. 096
Third leaf 1.706 0927
Fourth leaf 1,454 06609
Pifth lea? 10350 04536
' Anthesis Flag leaf 2.892 1.446
Penultiaate |
leaf 2.004 1.102
Third leaf 1.562 G859
Pourth leaf 1.231 0492
Fifth leaf 1.139 0e494
dyothi Panicle Flag leaf 24050 0.854
energence Penultisate :
leaf 2.022 1.104
Third leaf 1658 1.006
Fourth leaf 1.322 0739
Anthesis Flag leaf 24350 0302
Penultimate
leaf 2.017 1.122
Yhizd leaf 1.512 0604
1.031 Qe422

Founth leaf

Table continucdeee
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Variety Stage Leaf Ghlorophyll Total
in mg per chloro=-
gm of fresh  phyll in
leaf mg per

leaf
Pthe10 Panicle Flag leaf 2,010 0854
‘ emergence Penultimate

leaf 1,920 1.104

Third leaf 1.610 1.006

Fourth leaf 1477 0.739

Anthesis Flag leaf 242580 1.0853
Penultimate

leaf 1.9038 1.149

Third leaf 14325 0.828

Fourth leaf 1317 0.724
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emergence, The growth of the flag leaf wag more marked than
that -0f the penultimate leaf,

LEAR ANGIR |

4 The average leaf anglea of various leaves at panicle
emergence are presented in table II. It reveals the vertieal
orientation of the leaves of Jays. The leaves of Ftb.10

were droobing and produced a wide angle, Jyothi possensed
areot leavoa though they made a wider angle then Jaya. The
flag leaves of Jaya aud Jyothi were more erect than their
lower leaves. In gontrast the f£lag leaf in Ptb.10 made the
largest sngle when compared with the lower leaves,

CHLOROPHYLL CORMENT

Thé ohlorophyll content per gram of fresh weight of
leaf (Table III) was found to be the highest in Jaya,
followed by Jyothi and Ptb,10, respeotively. However the
ehlorophyll content per lgar differesd between varieties and
leaves due to differences ;n leaf nreas Chlorophyll contont
in the flag leaf regiastored an inoreass after panicle
emergence. In gll the other leaves chlorophyll content was
found to decrease after panicle emergense. Flag leaf
registered the highost ohlorophyll content per grém of leaf
and the chlorophyll contents in different leaves were to&nﬁ
to vary in the followinz order, viz., flag leaf> penultimate
leaf> third leaf > fourth leaf> fifth lLeaf (Jaya only).
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Table Iv A, Peroentage reduction ir yield

Treatment | v, | Vo Vs

21 % %1 % 3 S
D 0 0 .0 .0 0 0
P 13,76 8,32 22,32  11.28 1724 9420
P 1430 9461 13,25 11,40 16461 8416
F4P 26,22 15,55  28.25 15,41 25,09 16,93
Py 9477 5494 . 6405 5426 13,00 512
F+PT 21,79 12,96 23.83 15.91 24,46  13.28
PaPY 27,03 46,95 30,01 16,7  27.52 16432
FaPaPY 35465 19,98 35,31 24,69 35,92  21.92

D 39475 22435 33,60 26457 3755 24,57

R 1.9 .81 241 240 151 4459
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THAL EIELD'(DRY WEIGHE OF GRAINS AND GHARF Psi PLAH?)
- - Yield differed sigulficantly in all the three varieties
- as & fepult of ﬂgroliation, effacted at panicle emergence as
well as at antheasis, The interaetion between variety and

atage and that between minor and major treatments were signie
ficant (Appendix IT).

Percentege reduction in yield

| Table i# A shows per cent redustion in yield in all
the varieties, on defoliation. OQomplete defoliation reduced
yiald by 39,73 per cent and 22,35 per cent in Jyothl, 3946
per cent and 26,5 per cent in Ptb.10 and 37.55 per cont. and
2457 peﬁ cent in Jaya at panicle eumergence and anthesis
reayectiﬁely. Yield reductions wore greater when the nuaber
of leavea defollated wvan mafe; one lenfL two leaves < three
leaven < cbnplete defoliation, Defoliation of flag leaflanﬂ
penultimate leaf showed ninor differcnces in effeet but these
were not siznificant, Flag leaf and penultimate loaf when
renoved alone resalied in greater and significant yield
redugtions when c¢ompared to the defoliation of the third leaf,

Veristal djifferences _

! Dhe mean yield of the two stages of dofcliation in the
different varietios is ziven in table IV B, Significant
.differences in yleld werc found to cxist among the three

varictien, Jaya giving the highest yield followed by Jyothi
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Table IV B, Yield (in gm) and pereentagze of reduction
(Average of two stages),

Treatment Jyothi Ptb.10 - Jaya

Yield gggggft Yield ﬁggugfnt Yield ﬁgguggnt

tion - tion o Jtion |

P 24681 10,66 2,206 16,79 34123 - 13432

P 24653 11,60 2,253 14482 34,153 - 12.49

F+P 24386 20049 2,073 21,80 2841 - 21415

pt 2,716 7.50 24528 4464 3,273 - 9,16

- FaP? 24491 16,99 2,125 19.84 2,918 19,01
PPt 2,353 21,59 - 2,040 23,05 24806 - 22.12

B+B+P' . 2,480 27,36 1.856 20,99 2.555 29,09

Dm 2085 3059 1,775 33.04 2,478 .22

Yield in No decfoliation (Control)
Jyothi < 3,001
Pgbe10 - 2,651
.dJaya - = 3,603

G.D. = 0.064
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Tahle IV Q. Yield (in gm) and percentage of rednetion
(Average of all varieties),

Treatuent Panicle emergence Anthesis
Yield Per cent Yield Yer cent
reduetion reduction

B 2547 17.60 2.793 .49
P 2,585 1637 2791 9456
F4P 24276 26437 2.59 16.04

- P 2782 10,00 _ 24936 4.86
™+P? 24366 235446 26656 13.93
Pyl 24222 2311 24277 16049
Fep4D? 1.988 35.69 24405 22607
De 14891 33452 2e333 24440

Yield in Yo defoliation {Zontrol)

Panicle emergence = 3,09

Antheais » 3,086

CaDs = 0074
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and Ptb.10 respectively. Increasing the number of leaves
defoliated was sccoxmpanied by a progressive decrease in
. yield., ' The difference in yield found on the removal of
three leaves when gomparcd with complete defoliation wns
signifiﬁant in the short duration varieties, hut not in Jaya.

Removal of three leaves lod to signifieantly lower yields

' -when gomparcd to the rvemoval of two leaves, Significant

diflerences 4id not oxist bétween £ing leaf removal and
penultimate leaf rcmoval., But their effect differed signi-
ficantly from that of the third leaf.

Stége of defoliation and yield -

Average yield of all the three varieties on defoliation
at panicle'emergenoa end anthesis is given in table IV 0.
Enhaneinz the sevority of defoliation resultad in progressive
redactionz in yield at both'etages. Defoliation at panicle
emergence had a more pronounced adverse effect on yield than
defoliation at anthesis. The yield reduction due to gomplete
aefoliation at paniele emsrgence was one and a half times
that recorded on defoliation et enthesis. The adverse effeot
on yield due to the va:ious defoliation treatments were in
the following order viz., complete defoliation defoliation
of two leaves > defollation of ong leaf, thc diffcrences

betwsen them being significant,
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Table IV D, Yield in gm (Average of defoliation treatments

inecluding coantrol).

Stage of defoliation

Paniocle emergence

Anthesis

Jdyothi PEb10 Jaya
2.322 2.045 2,882
26703 24291 54062

GaDe = 0,043

Pable IV B, Intoraction of defoliation treatuents on yield

(Pereentage).
Jyothi Ptb,10 Jaya.
31 82 31 32 31 32
FX? +1.40 +1.59 +6l,20 +35401 +1 6353 +0e 74
X +1.12 +1.,04 +2.27 =165 +149 +1,08
PXI‘" "1 006 "0029 “2.80 "i 050 "'0.65 "'Ou 97
FXpXpe +0.27 +0e¢39 #0003 =36 +0.,16 +04954
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Hean vield of all treatments

Table IV D provides the average yicld of all treatments
inclading control. It was found earlicr that differencoa in
yield exigted among varieties, and thet defoliation effected
at panicle emergence dnd anthesis led to reductions in yleld,
Data revcaia that yield reducticn on defollntion at panicle

anergonce was significantly higher than that at anthosls,

Interaction of defoliation treatments on yiold

Interaction effect (Table IV E) on the romoval of the
upper three leaves was pnogitive at both stages, in all the
varieties with one eoxception in Pth,10 in which it was negative
at anthesis. The interaction affect oxhibited by ponultimate
lea? together with the third leaf was negative in all the
varieties. The removal of the flag leaf with the third leaf
produced positive intoraction in all the varieties at both
stagea, except in Pib,70 in which there vas negative internction
at anthesis, Interaction effcet of £lng leaf and penuliiuats

leaf vas uniformly positive,

ROMSER OF UNFILLED GRATHS PiR PLAIR

Analyeis of variance of transfermed values (Appendix IXI)
roveals that defoliation lead to significant differcnges in
the nunber of unfilled graine produced, between stazes and
varieties.  Gtage x variety, and uajor x winor {treationt

interactions were gignificant.
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Table V A. Percentage reduction in number of £illed grains

Treatment vy ¥ 3
5 % 54 S 3 S

D+ 0 G 0 0 0 0
F 12,28 0,01 22,94  5.26  15.63  3.41

1557 117 17.94 3e22 17.87 499
P+? 22446 3,22 2794 9436 23457 10.76
P' 9.88 0001 6076 ! 3051 12.65 1084
P+P? 18,50 1.17 23.53 12457 22633 T35
PP 20.56 2.05 30000 10023 26.05 100 76
FePaD? 31044 3080 32.65 15020 33.01 13012
De 32.95 6.44 34441 15.21 | 34.24 16.23.
¢aDs 1.90 1690 435 | 1,57  1.66

185
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QUABER OF FILLED GRATHS SuR PLANT

The number of £illed grains thot developed on defo-
liaetion differed mignificantly betucen stages and varletics.
- Stage x vaviety and major x winor treatment interactions

were also oignificant {(Appendix IV).

Peracntagze reducticon in number of fillcd giralnsg

Table VA prov;&es the per eent recduction in the
nunber of £illed zrains per plant, on défoliation. Hamber
of £i1led grains woo reduced asg a result of defoliation,
the reductions being wmore pronounced when the leaf areca
removed wag greater and were in the following order, one
leaf < two leaves < three leaves < cosplete defoliation.
-@he thir& leaf showed the least influence on filled grain
nuaber. The contribution of the f£lag leaf and penultimate leaf
wore siéilar goenerally whereas their individual contributions

wora groater than that of the third leof.

Varietal differcncos

The wmean number of fiileﬁ grains at the two stages
of defolisticn is prescnted in table [V B There was no
agignificant differcnce in the number of £111ed grains between
the two short duration varieties, whereas in Jaya the
nuzmber of £illed greins was significantly higher. The nuzber
of £illed grains that formeld on eampiete defoliation
differed significantly between varietics, All the treatuents
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Table ¥ B, Number of f£illed grains and percentaze of
reduction (Average of two gteges).

Treatuent Jyothi Ptb.10 Jaya

Number  Per cent Humber Per cent Number Per gent
of rediuce of redug= of reduce
filled tion £illed tion filled +tion
grains grains grains
P ' 106 6.19 an 14.04 118 9,92
P 103 8,85 99 13,16 116 11.45
F&P 94 13.27 92 19.30 103 1755
bt 108 4442 108 526 121 7.63
F+P? 101 10.62 93 18.42 111 1527
PPt 100 11450 90 @ 21.05 106 19.08
- PeBPap? . 93 1770 86 24.56 100 23466

D= N 20435 86 24.56 97 25495

Number of filled grains in No defoliation (Control)
Jyothi - 113
Ptb.10 - 114
Jaya - 131

C.D. 2] 40099
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Table ¥V Co Nuunber of f£illed grains and psrcentagze of reduction
(Averaze of all varieties).

Treatment Panlelo smergence Anthesis

Runber of Per cont . Humber of Por cgent

£illed reduction filled reduction

grains arains
F 99 1750 115 2654
P 95 18.33 116 2e28
FeP 90 25.00 109 7463
p! 103 10.00 117 085
P+p? 94 21467 110 678

ot 59 25083 109 7463

papept . 81 . 32,50 - 106 . 10,17
D~ | 79 O BaT 103 12,7

Number of filled grains in no defoliation (Control)

ranicle eaergence = 120
Anthesiso = 118

C.D. = 30347
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were found to reduce grain nuhbar gignificantiy in all
varieties, Within the variety thoere was no asignificant
difference between grain number that formed on complete
defoliation and that on renmoval of the upper three leavos.
Differences in effeﬁt between the treatments in waioh two
leaves ware removed in coubination were not significant
exeept in Jaya in which significant differences existed
betyeen the.combinations of penultimite leaf with third leaf
and £las leaf with tihird leaf, Amonz individual leaves,
thore was no significant difference between the effeots of
flag leaf and penultimate leaf in all the varieties, The
third leaf when removed resulted in the lowest reduction in

grain number,

Stage of defolistion and grain nusber

Mean £illed grain numﬁer of all the three varieties
on defoliation at paniole emergence and anthesis is given in
tabla-ﬁv Ce

‘ It was noted that defoliation at paniele emergence
caused a marked reduotion in number of f£illed grains, when
gompared to that at anthesis. %The reduction in the number
of £1lled graina resulting from coaplete defoliation at
panicle emergense was nhearldy three times that obeerved on
defoliation at anthesis, The nunber ofiﬁfilled graing formed
on defoliation showed a tendency te decreane as the number of

leaves removed increased, There wns no significant differenee



Table V D. HNumber of f£illed grains (average of defoliation

treatments including eontrol).

Stage of defoliation Jyothi Pthe10 Jaya
Panicle emergence 91 39 107
Anthesis ' 142 105 117

G.D. - 10932
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batween the reduction in numdber of f£illed grains that
remsulted by complete defoliation and the defoliation of the
upper three leaves, at panicle emergence és woll as anthesis,
Unlike that at anthesis, the removal of two leaves at paniole
emerzenge rosalted inlaignificant differences between the
conbinations. Among different leaves the flag leaf and
penultimate were found to cause greater reductions in filled
grain number coaspared to that of the %hird leaf on defoliation.
The effeots resulting from rencval of either flag leaf or
penultimate leal were not significantly different.

Mean £illed grain number of all treatments

Table “V D profides the mean number of filled grains
- of all treatments including eontrol., It was found earlier
that defcllation at paﬁicle emeigence and anthesis led to
reductions in grain nuzbere It 1s seen from this table that
defoliation at panicle emcrgence led to a greater reduotion
in £111ed grain nusber whén eompared to that at anthesis.
Thim difference was statistically significant in all the

varieties.

1000 GRAIN WRIGHD (DRY WRISHT)
Analysis of varience (Appendix V) shows that 1000 grain
welght differed significantly betwesn stages and varieties

as a result of defoliation., The interaction between variety



Table VI Aq
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Percentagze reduction in 1000 grain weight,

Treatment L vﬁ

84 S, 8y S, 34 8,
D+ 0 0 0 0 0 0
P 3421 .54  1.64 Te21 3,19 T35
P 157 9,27  2.26 8.76  1.52 4492
FaP .58 13445 2426 10430 6434 10456
P 1.11 T.40 0440 0,62  0s99 4423
F+P! 5.84 12.70 2,72 6.71  5.80 10,02
P+Pf '9.86 16«04 5017 8499 5049 9.76_
F+P+P? 12,65 18.67 10,36 14463 10,10 15.05
D= 15,20 20.09 10,57  18.09 11.08 15.21
.0, 3041 332 3485 3086  3.28 3,28
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and stage wag significant. Major x ainor treatnent intor-

aotion was also siznifieont,.

Poreontaco reduction in 1000 grailn weight

The table VIA roveals that defoliation tends to
decrease 1000 grain weicht. Comparison of the influence of
different treatments on 1000 grain weight showed that
eouplete defoliation was the mogt ceffestive in reducing 1000
grain weight foliowed by removal of three leaves, two leaves
and single leaf rospeativelye The differsnccs betwoen thoun
were not slignificant, However, significant differences were
observed when leaf lasing removed werce markedly differcnt

from each other in areca,

Variotal differenaes

Phe mean 1000 grain weight of the two stazes of
defoliation in the three varieties is prcsented in table VId.
The roduction in 1000 grain weight due to defoliation differed
gignificantly betyeen vavieties. Jaya recorded the highest
1000 grain woeight followyed by Jyothi and Ptb.10 respectively.
In all varietics; the higheost reductlion in 1000 grain weight
was caused by complete defcliation which was followed by
the defoliation of three leaves, two leaves and one leaf
respeetively. TIlag leaf removal coused signifiecant differences

in 1000 grain weight when compared with penultlaate leaf,
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Table VI B, 1000 grain weight (in gm) and perccntage of
reduction (Average of two stages).

Treatuent Jyothi Ptbe10 | Jaya

1000  Per eent 1000 Per cent 1000  Per cent

grain reduce grain reduge grain reduc-

weight tion weight tion tion
7 24,768 6u42 22,112 442 25,818 5.27
P 25,020 5047 214998 | 4482 26,228  3.77
F+P 23.675 10,55  21.683 6.23  24:910 8,60
PY 254330 4,30 23,017 0.51 264542 2,62
F+P! 24,002 931 22,045 . 471 25,098 7492
DaP! 23,028 12,99  21.493 7.08 25,175 765
F+B+P! 22,312 15,70 204212 12,64  23.827 12.58

D= 21.788 17.63 19,321 14432 23,670 13515

1000 grain welght in Wo defoliation (coniroi)
Jyothi = 264467 ’
Ptb, 10 = 23,135
Jaya - 27.255

CeDe ™ = 06243



51

Table VI ¢, 1000 grain weight (in gm) and percentage of
reduction (Averaze of all varieties).

D= 224351

Treatment . Paniglo emergence Anthosis
1000 Per cent 1000 Por cent
grain reduoction grain reduction
weizht weight
P 24,800 2.73 234666 8.04
P 25,138 1.40 23,600 7497
Fs+P 24,087 5.53 22.759 11.59
pe 25,278 0.86 24,645 4425
F+P 24.251 4.88 23179 9496
P+ PY 234740 6.89 22728 11.T
Fa+P o+ i 22,686 11.02 21.548 16429
12.34 21.169 1777

1000 grain weight in no defoliation (Control)

Panical emergence
Anthesis

CuDe = 0,198

254496
25742
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in the improved varisties. But in the losal variety the
difference due to flag leaf or penultimate leaf removal was
not significant, The effect of the removal of the third
leaf was significantly less than that of any of the top tweo

leaves in all varieties,

Stege of defoliation and 1000 grain weight

Mean 1000 grain weight of all the three varieties in
minor treatuents at paniole emergence and anthesis is glvan
in table VIC. ' Increasing the number of leaves defoliated
led to a progressive decrease in 1000 grain weight, Defolia=
tion.af anthesis caused zreater reduction in 1000 grain
weight as compared to that at panicle emergence. The
reduction in 1000 grain weight due to complete defoliation
at antheais is one and a half times that recorded on such
defoliation at panlcle emergence, The differenae in 1000
grain weight between leaf lamina removal at panicle emerganoce
and that at anthesis was always significant in all defoliation
treatments. The effect of removal of the upper three leaves
was significantly lower than that due to complete defaliation
and it was followed by defoliation of two leaves anil one
leaf respectively. In genecral significant differences in
~efféot were not observed among the top three leaves except
that between flag leaf and penultimate leaf at panicle

emergenca,
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fable ¥I D, 1000 grain welght in gm (Averawe of defoliatlion
treatments including control).

Stage of defoliation Jyothli Ptbh.10 Jaya
Panicle emergence 24477 22.232 25848
Anthesis 23,609 21.166 244934

Cebe = 0.114
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Mean 1000 =rain weisht of all itreataents

Table VID shows the average 1000 grain weight of
all treatments including control. Defoliation at anthesis
led to a greater weduction in 1000 grain weight when coapared
to that at panlele emergence, This difference was statise-

tically significant in all the varieties,



DISCUSSION



DISCUSSION

The results of the present investigation showed
that the three varieties differed among themselves in yleld
and yield components. Jaya, the medium duration improved
variety performed better than the short duration varieties,
'with higher yield, higher number of filled grains ani 1000
grain weight, Yoshida (1972) has reported a positive
correlation between growth duration and length of period
from panicle initiation to heading. Possibly the number
of opikelets per ear in cereal erop can be increased by
increasing the lenzth of growth period for the paniele,
Cock and Yoshida (1972) pointed out that the major facior
‘responsible for yicld differences in rice is grain number,
Venkateswarlu et al. (1977) worked out the relationship
between growth duration and parameters governing productivity
with 21 rice varieties from early, medium, and late duration
groups., The study revealed that for realising higher
yields, the optimum duration was around 130 to 135 days.
It may be noted that Jaya is a medium duration variety of
125 days. |

The short duration variecties, Ptb.10-and Jyothi
showed differences in yleld. Though the grain numbers were
similar, Jyothi recorded a bettér yield as a result of



56

highor grain weight, Yoshida (1972) pointed out that grain

welight is quite a stable varietal character.

- Comparison of the leaf characters of thease varieties
brought out important diffe;ences. Jaya had higher leaf
nunber than the other two varieties, The nuamber of functional
leaves in short duration varieties was only four whereas 1ﬁ
daya it was five., Consequently Jaya had more leaf areé. A
close correlation was found between grain yield and LAI in
corn at silkinz (iik and Hanway, 1966; Okubo. and Iwata, 1963
and Tanaks gt al. 1969 a). Grain yield of rice is closely
correlated with LAT at flowering' (Yoshida gt: al. 1972 a). .
One of the reasons for the better performance of Jaya ;as
its 1larger leaf arvrea,

- Variation iq total chlorophyll per leaf and chloroﬁhyll
content per gram of leaf tissue also existed among varieties.
The highest chlorophyll content per leaf gnd chlorophyll
content per zram of leaf was met with in Jaya. Brougham
(1960) stated that the production of dry matter by pasture
and orop species 19 ultinmately limited by the amount of
chlorophyll. Reddy and Pyare lal (1976) found poor correla=
tion between chlorophyll content.at di:gerent stazes and
grain yield in both triticale and wheat varietics, Palit
et al, (1976) reported that irrespective of stages the
dwart variefies showed higher chlorophyll content in both
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leaf and shoot, which was correlated with their higher
gréin yield in rice. The higher chloerophyll content in
JB&a vas another factor which ‘dontributed to higher yield.

The study of the leaf angles in the different
varieties showed that the leaf anzles in Jaya ranged from
8% for the £lag leaf and 18° for the fifth leaf. Direot
evidence of effeot of crect leaves in inereasinz photo=
synthesis and hence yields have beoen reported for rice
(Mateoushima et al., 1964 and Tanaka gt al., 19693. Tanner
gg,gl. (1966) have shown the exfreme usefulness of leaf
angie and leef width for séleotion of high yielding varietiea,
Duncan (1967) predicted from cathematical models that leaf
angles less than 19° might inorease the efficiency of Co,
fixafion, even more particularly when a high LAI im present.
Tenaka et al. (1969 b) demonstrated by mechanical ménipulation
that a horizontally leaved canopy showed a low photosynthetioc
rate while an erect leaved ocanopy showed a high photosynthetic
rate and increased its photosynthesis with increasing LAI.
Tﬁe higher photoaynthetio activity of an erect leaved canopy
produced higher grain yield, Pendleton et al. (1968) also
showed thét the corn canopies with leaves positioned upright
by mechanical manipulation gave higher yiclds than the |
~ untreated canopy. As pointed out by Yoshida (1972) the
beneficial effsct of upright leaves result irom greafer
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illumination of the leaves. Among several leaf characters
assoclated with high yielding ability erect leaf habit seeﬁe
the most important (Yoshida, 1972). Leaf angle has been
used successfully as a selection criterion for breeding

high yielding rice varieties at IRRI (Yoshida et als, 1972 a).

Differences oxisted in the performance of the short
duration varieties, Jyothi the dwarf variety and Ptb.10 the
tall variety. Jyothi gave higher yields than Ptb.10 thoﬁgh
Pthe10 had 40 per cent more leaf area, The total chlorophyll
content per plant was also higher in Ptb,10. However the
chlorophyll econtent por gram of leaf tissue was more in
Jyothi. It appears that the photogynthetic effioiency of
Jyothi was better as the higher yields in Jyothi indicate,
Comparison of the culms of Jyothi and Jaya showed that Jyothi
had short, stiff and wpright oulm whereas Ptb.io was tall
~and lodzing. An upright culm permits greater penetration
of incident light into canopy (Tsunoda, 19647 and Tancka
et al, 1966). The leaf angles in Jyothi ranged from 10? to
32° whereas the leaf angles in Ptb,10 ranged from 55° to 84°%,
Jyothi had erect leaves permitting better illumination. The
much wider leaf angles and the droopiﬁg amture of the leaves
in Ptb10 resulted in mutual ohading.

o

In ricae-and eorn comparod with the leaf hlades net
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photosynthesis of ear and sheath is very low and sometimes
-4t is negafive (Taksda and Maruta, 19563 iatsusaima, 1957;
Tanake, 1958 aj Tanaka et al. 1971 ani Yoshida and Cock,
1974). The ears of improved rice varieties tend to bend
and are positioned below the flaz-leaf and hemce do not
shade .the leaf canopy (Yoshida, 1972), but not 50 in Ptb.10.
The higher ylelds obtained in Jyothi were due to better
illuminction of its leaves when compared with Ptb,10, whose
leaves received leés light dus to shading by other leaves

and the panicle,

DEFOLIATION SRUDIES

Reduetions in yleld and yleld components following
defoliation at panicle emergence and anthesis gave a general
picture of the relative contribution of the different leaves
to grain f£illing at these stazes. The effect of defoliation
followed similar trends in all the varieties and the reductions
in yield were in the ordsr, defoliation of all leaves >
defoliation of three leavea> defoliation of two leavesx
defoliation of one leaf.

Complete defoliation
Thouzh leaf area lost on.oomplete defoliation

differed in the three varieties the reduction in yield was

more or less similar ranging from 30459 to 33.04 per oent.
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The per cent reduction in filled @féin number and 1000 grain
vweight also were not merkedly different. Such reduciions
in yield on complete defoliation have been obgerved in

other crops ag well as in rice. In rice complete dafolia-
tion at flowering decreased the ripening percentagze to

36 per cent of tho control (iatsushima, 1957), and the

grain wolisht to 55 per cent in one exawple (Takeda and
Kavuta, 1956), and 81 per cent to 88 per cent in another
(Owen, 1963). Venkateswarlu (1976) found that removal of
all leaves at flowering resulted in only 30 per ccnt of
Zrains maturinz compared with 55 per cent in eontrol and g
reduction in grain yield of 50 per cent. These egtimations,
however, are subjeet to large variation duc to such sources
a5 the amount of stored ocarbohydrate, timlng of defoliation

treatment and panicle size,.

The rosgults indicated that sources other than leaves;
also contributed to grain £illing in rice. Apart from the
leaves, the sources that contribute to grain filling are
stored carbohydrate, and photosynthesis by plant parts
other than leaf lamina., The reported estimates of the loss
of carbohydrate from the vegetative parts are O to 40
per cent for rise depending upon the rate of nitrogen
application and growth duration (fogari et ml. 19543

Hurayams gf ale. 1955; Pakeda and Aurata, 1956; Soza and
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Nozalkd, 19575 Wada, 1969 and Yoshida and Ahn, 1963), 20
pa§ cantlfor barley (Archbold and HMukerjes, 1942), 5 fo 10
per cent to less than 50 per cent for‘wheat {Asana and
Joseph, 1964; Barnell, 193%6 and Wardlaw and Porter, 1967)
and 12 to 14»per cent for corn (Duncan and Hatfield, 1965;
and Tanaka and Ishizuka, 1969), It ia to be noted that
part of the carbohydrates thus lost from vegetative parts
might have been consumed in reepiration. Cook and Yoshida
(1972) showed that under normal field conditions the amount
: of the carbohydrate translocated from the vegetative perts
‘was equal to about 21 per cent of grain carbohydrate,

- The estimated contifbuti@n of ear photosynthesis
to the grain ranges from 8 ta'aa per gent for rice (Znmyi,
1962 and Takeda and Murate, 1956), 10 to 49 per cent for
wheat (éoonstra, 1929 and Kriedemann, 1966) and 26 to 76
per cont for barley (Watson et al, 1958 and Frey-iyssling
and Buttrose, i959). In rice and corn coupared with the
leaf blades net photosynthesis of ear and leaf sheath is
very low; soue times it is negative (Yoshida, 1972).
The contributions of reserve food, stom, panicle and leaf
0 ylcld was 14.7, 18.1, 19.7 and 47.5 per cent réspectivgly
in Jaya; and 1247, 19.7, 13.1 and 54.5 per cent respectively
in Soma (Venkateswarlu, 1976). Such great variations in
contributions to grain £1lling could be atiributed to
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differences in techniquss eaployed, varietal differences

and differences in growing conditiona (Yosnida, 1972).

Defoligtian of the top threo lenves g
Removal of the top three leaves resulted in
dragtic reduction in leaf area, the reductions in lenf
area in ehort duration varieties viz,, Ptb,10 and Jyothi
wore 114,02 8q.cm and 80.29 si.cm respestively, whereas in
Jaya it was 99.42 s.cm. The per cent meduction in leaf
area in Ptb.10 and Jyothi was 73.18 and 72,80 respeotively
whereas it was only 55.4 in dase of Jaya., The difference
in leaf area reduction was due to the fact that Jaya had
two leaves left intaet when compared with Jyothi and P£tD.10
which had only one leaf egch. Th@ contribution of the |
leaves (fourth leaf in short duration varieties and the
fourth and rifth leaf in Jeya) thus retained in the plants,
was not subspantia% in grain filling. This was evidenced
from the fact that‘their preasnce did not improve the total
yield, grain number, and 1000 grain weight by riot more than
a few per eent. . Tanalka (1958 b)'poin;ea oat that the top
three leaves are ;mpqrtant for graiq filling in rice. The
relatively azmall ?onﬁr;but;on of the fourth and fifth leaves
was due to various rea#ona. Bonnemain (1965) pointed out
that in tomato the lowér leavés act as the main source of
asgimilates for roots., Tanaka (1958 a) found that the
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lower leaves in rice sent their aspinilates to the roosts.
The progressive deeline in apparent photogyrnthesis with
increasing age of leaf may also be an important factor as
was found in tall feseue by ‘Jewlss and Woledge (1967). .
The leaf angles of the lower leaves were relatively larsge,
They were droopiné and shaded and reeeived less illumination,
The chlorophyll content of these leaves also were 1low,
Anotherrfgctor for low contribution may be the aistano§ fronm
- the paniele, Iasgtin (1969) and Palmer (1969) workinz with
corn found that the translocation of the assimilates by the
. leaves below the car sharply deereaneg, the lowar the

leaf positions,

Defoliation of two leaves in combinstions

‘The top three leaves were defoliated two at a time
in three combinations, vigs., pénultimute leaf and flag leaf,
penultimate leaf and the third leaf and flaz leaf and the
third lsaf and the relative effeets studied.

. The removal of penultimate leaf and the third leaf
togathei deoreasga leaf area by 51.06 per cent in Jyothi,
and 50,61 peﬁ cent in Ptb,10 and 39.91 per cent ;ﬁ Jaya.
Thié was Zollowed by the combination of flag leaf with third
leaf and flag leaf with penultimate leaf respectively,
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The highest reductions in yleld, filled grain
number and 1000 grain weight were caused by the romoval of
penultimate leaf and the third leaf together in all the
varieties and this reduction was related to leaf area lost,
The relative importance of the second and third leaves to
grain £illing was pointed out by Tanaka (1958 b). Yoshida
{1972) found that the photosynthotic activity of the second
and third leaves in rice wag higher than that of the flag
leaf at early stages of ripening.

The adverse effect on yield and yield compononts
on the defoliation of flag leaf and penultimate leaf was
slizhtly less though there were significant differences in
lenf areé. The smaller arca of the flag leaf was to a large
extent compensated by its higher photosynthetic efficiency
ard nearness to panigcle when ecompared with the third 1eaf.
Results obtained in the present study showed that the
econtribution of the top two leaves in the three varietieca
manged from 20.49 to 21.15 per cent. Similar resulis
were obtained by Sikder and Das Gupta (1976). They found
hy defoliation of the top two leaves in rice, that their
contribution was 20.9 per oent as en average of two

varicties,
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femoval of the flag leaf with the third leaf
reauited in the ieaat reductions in yield when compared
with the other two combinations, This indicates that the
third leaf was comparatively less importan§ than the other
two leaves in grain £illing, The low contribution of the
third lesaf is the result of its age, relative position,
lower ehlorophyll content, highor leaf angle and shading.

Defoliation of sinsle leaves
Defoliation of the third leaf

The third leaf had completed its growth at or before
panicle emcrgence and hence its area did not record any
change after panicle emergence. The top three leaves are
importent for grain £illing in rice (Tangka. 1958 ).
Yoshida (1972) observed that the photosynthetic activity
of the second and third leaves in rice was higher than that
of the £ilagz leaf at early stages of ripening.s The present-
gtudies indicated that the contribution of the third leaf
in yield and yield components was loss than that of either
flag leaf or penultimate‘ieaf though' its area was larger
“than that of £flag leaf or penultimate leaf, <This compara=-
tively low contribution might be due to low chlorophyll
content, decreaso in' photosynthetie efficiency due to
ageing, a wider leaf angle and shading, and greater
distance from the paniele when coupared with the other two

1aavesn,



Defolistion of penultimate leaf

' The area of the penultimate leaf was less than that
of the third leaf but more than that of the flag laéf. The
reductions in yield and f£illed grain number resulting from
penultimate leaf removal were found to be higher than tﬁose
caused by the defoliation of the third leaf in gll the
varieties, The influence of e¢lipping the penultimate leaf

was alse roeflected in aminor diffcerences in 10ﬁ0 orain welght,.

The penultinate leaf continued to grow even atfter
paniele emergence as shown by the higher leaf area at
anthesia, Thiz implied thatlits photosynthetic afficiency
was highs Saeki (1959) obgerved that each leaf showed &
paxioun rate of photosyntheais before it was fully expanded
foilowaﬂ by a progressive decline iﬁ Phaggolus yiridissgimus
and Pagophyrum escuientum. The factows waich econtzibuted
to the: photosynthetic efficiency of the'penultlmate leaf
ware, higher leaf area,. high ohlarbphyll eéntent, smaller
leaf angls and less sheding, its nearness to the ﬁanlele
rand its age ;n relation to the third 1eaf.

Tlag leaf defoliation:

Pho flag leaf area of dwarf varieties at anthesis
was less than that of the penultimaée lea?, Jaya having
3013 8qe.cm and Jyothi 25,9 ss.cm. The £flag leaf size of
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most improved rice varieties is relatively asmall. compared
with the second or third leaves. Possibly this results
from gompetition between developing flag leaf and paniclé
for assimilatess The mechaniam involved in the partiticning
of apsinilation braduata hetween the flaz leaf and panicle
was not understood (Yoahida et al. 1572 b)e Similarly,l

in wheat‘the ear size may be negatively correlated with
flag leaf area (Rawaon, 1970). '

The flag leaf areca and penultimate leaf area was
oimilar at anthesis in the tall variety. | Though
ﬁlfferepcea existed in the area of the flag leaf and
penuitinate leaf in the dwarf varieties, the contribution
of these leaves to grain filling appeared to be of the came
ragnitude. The flag leaf contribution to grain yicld ranged
from 10,66 per cent to 16,79 per cent. Reports of a
similar nature have been recorded by others alsce
Boenstra (1937) roported that in wheat 60 per oent of the
any'matter in the grain wes derived froa the fl;g leaf
lamnina, sheath and peduncle, 17 per cent ::oi the ports of
ghoot below the base of the f£flag leaf, ﬁawson and
HoZotra (1969) found that in wheat the rates of Co, fixatlon
by the wnole f£laz leaf were higher than the basal leaves.
Phe romoval of half the £laz leaf at panicle emergence
reduced the grain yield in rice by 14 per cent and grain.
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numnber by 15 per cent whercas complete removal of flag
leaf reduced grain yield by 19 per cent (Tripathi and
Purochit, 1971). Rama Das and Raghavendra (1974) observed
that in millets the photochemical activities of flag leaf
were conslstent with the high photosynthates contribution
to the grain f£illing process. In four arop plants (Ozyza,

Pennigetum, Sorghum, Zea) the rate of earbon fixation was

higher for the flag leaf, deercasing gradually in the

lower-leaves (Rama Das and Rajenderudu, 1977).

It ia ae@n-from the table V ¢ that the redaetion in
grain number caused by the excision of the flag leaf and
penultimate leaf are not difforent. Howevor varieties
differcd with respect to the extent of reduction in grain
number. The highest reduction of 14.04 per cent was met
with in Ptbe10., Tripathi and Purohit (1971) reported
gimilar results. They obtained a 13 per cenf reduction in

£illed grain number in paddy by defoliation of f£laz leaf.

Significant reductions im 1000 gresin weight followed
defoliation of the flaz leaf in all the variaties. Differsnces
were alaso noted between varieties. In the improved varieties,
| fhe contribution of the flaz leaf to 1000 grain wsight was
more than that of the penultimate leaf whereas in the loeal
variety, the penultimate leaf appeared to contribute more
than the flag leaf, 1In defoliation experiments with oatn,
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the presence of flaz leaf and penultimate leaf inerecased
individual grain weight (Frey, 1962). Iucas and Asanm
(1963) reported that the removal of the flag leaf and
penultimate leaf reduced both grain nusber and grain weight
in wheat. The leaf area of the flagz leal was found to be
legs than that of the penultimatec leaf. But the contrie '
bution of both these leaves to yield and yield components
appeared to be similar. The suall size of the flag leaf
was ecounpensated by better photosynthetic efficicnay due
to its ereot nature, abssnce of shade froam other leaves,
hizher chlorophyll content, ¢loseness to the paniole and

younz age when compared with the penultimate leaf,

COMPENSAT IO MECHANISBY

Iz alpait of green tissue is rcecmoved or shaded the
photoagynthetic iate of the remeining green tlssue increpses
Yoshida (1972). Austin and Jones (1974) zeported that |
compengation mechanioms exist im cereals. Table IV 2

sunnarisges the interaction of defoliaticn of leaves on yield.

Interaction of flagx leaf, nenultizmata leaf and the third leaf
on yield

It was found that the defoliation of flag leaf,

penultimate leaf and the third leaf together rosultcd in
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‘positive interactions in all varieties and stages except

in Ptb.10 at anthesis, The removal of these three leavea
affectoed the light_gnrironment of the remaining plant parts
vig,, leaf sheath;'stem and the paniele. The photosynthesis
by these structures partially compensated for the loss of
loaf area.’ Lucas and Asana (1963) 1in wheat and Rangasayi
and Vengateswarlu (1972) in finger millet had reported
~that the yield decrease dus to leaf olipping wes little as
the mobilization of stem sugars and flag leaf photosynthesia
sonmpensated for the yield losses, Venkateawarlu (1976)
observed that the yield loss depends not only on the type

of erop but on the degree of leaf olipping effectede The
eotimated contribution of eaxr photosynthesis to the grain

- ranges from 8 to 23 per cent for rice Enyi (1962), and 10
to 49 per cent for wheat Boonstra (1929) and Kriedemann
(1556). indicating that panicle contribution to yield is
greater in wheat than in rice.

The greatest efficlency of leaf in maize was attained
at ear formation where there was a rapid movement of assi-
wilates from the leaves (Yermilov, 1962), Demand for
assimilates can aleso influence the rate, velceity, and
pattern of transloqation in vheat, Wardlaw (1965) ard Rawason
and Bvans (1970) ahd prosumbaly in other plants.‘ Evans
(1972) pointed out that demand for assimilates influence
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photogynthetic rate and such feedbagk effecets on photoé'
synthesis may occur in rice as they do in wheat at about
anthosis, The dofoliation of the top three leaves led to
a greater demand for assimilates whioch stimulated the

photosynthetic rate in the remaining green parts.

Interaction of penultimate leaf and the third leaf
‘The removal of penultimate leaf and the third leaf

together resulted in negative interaction, Bonnemain (1965)
pointed out that in tomato the lower leaves act as the
main souree of assimilates for roots, whefeas the upper
leaves perform this function for the shoot apex, and leaves
in an intermediate poeition may supply assimilates in
either or both directions. JTupton (1966) found that the
translocation of sasimilates from the flzg leaf in wheat
vas entirely towards the grain whercas the translooation
from the second or the third leaves wes partly towards the
grain and partly downwards. Jvans (1972) observed that
‘when the lower leaves in whoet are shaded the flag leaf

has to support the rest of the plant, Such partitioning
of assinilates between grains and the lower portions of
the plant éppeared to be an important reason for negative
interaction, The defoliation of the second and third
leaves led to the partitioning of assimilates of the

fiag leaf between the grains and the lower portiong of the
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plant in response to their demand for assimilates.

Interaction  of flas leaf and the third leef

Here algo poeitive interaction wasz obgerved, exocept
in the case of Pth.10 at aﬁthests. Pogitive interaction
alght Sé dus to the improvement in the lizght ehﬁironéent
of the remsining plant parts, the moblilizaiion of atorage
Bugars and the enhanced photosynthesis eaused by the
higher demand for aassimilates, |

Positive interaction was evident on the removal |
of flag leaf and ponultimate leaf togéther. _The basis of
auch compensation may be found in the explanations already
given, via2,, better illumination of the remaining plant
parts, mobilization of storage sugars and higher photo=
synthetie rates in response to the demand for asoimilates,

Klinck and Sim (1976) working with spring oat
cultivara Qlintlanﬂ 60, and Garry found that the compensation
mechanisn Gae insufficient to meet grain f£illingreguiremonts.
Neverthleas, they found some evidence of compensation
effects partioularly in the oultivar Olintland 60« They
indicated that differenees may exist amonz varietieé in
‘thelr ability to compensate for lost parts. The lack of
compensation effecty shown by Ptb.10 could be a varietal

oharaater,
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IMPORZANCE OF THE PERIOD BEIYEEN PANICHE EMERGERCE AND
ANMHESIS IN GRAIN FILLING

The flag leaf and the penultimate lenf continued to
grow even after panlcle emergence. As a result the leaf
area lost on defoliation at anthesis was wore than that at
panicle emergence. zﬂét-remaval at panicle emorgencs, how=
ever, resulted in zreater reduction, in yield and tilie&
grain number vhen compared with that at anthesis. Reduction
on &191& on defoliation at panicle eunergence was one and a
half times that at antheosis, wvhereas redaction in f£illed
grain namber was nearly 3 times.

Comparable results have bsen reported by Klinck and
Sim (1976). They found that the yield reduction in cate
reSulting from defoliation at panicle emerzence was twice
‘that at anthesis. _

1000 grain weight was also reduced by defoliation.
The reduction in 1000 grain weight due to defoliation at
antheais wﬁa nearly one and a half times that resulting fronm
aafoliation at panicle emergence.

The results of the present 1nveatigation.revealed
that the period betweeon panicle emergence and anthesls is
important in grain £illinz in rice. Damage to the leaves
by inasectas or other agents or severe leaf dimease infectlon
at the early headins stage ¢ould have drastie effoats on
grain yield in rice,
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SUMMARY

befoltation was effsctod at panicle emergence and
anthesis for asgessing the ooﬁtribution of loavesg and the
importance or‘the period bétwean panicle eaergence and
anthesis to grain rilling. A sBplit plot sxperiment wae 1laid
out in Randomised Blook Design with thrce replications.

, Jaya, the mediua duration dwarf variety was superior
to the short duration varieties in yleld, grain number and
» 1000 grain weight. %ho plant oharactefa which contributed to
’hlgheé yield in Jaya were, ercot owlm, and ercet leaves permie
tting-batter illuaxination of the leaves, larger leaf area

due to a greater nambor of funotional leaves, absonce of
snaﬁiﬁg'by higher enlorophyll content and the positioning

of thé paniele below the flaz leaf. The ghort duration
varie@ies, Jyothi, a dwerf variety and ?tb.10 a tall variety
differcd in yield, The superior yield. of Jyothl was due td
highég 1000 grain weight as the grain number in these varietiss
were found to be eimtlar, Ptbe10 had deeided by more leaf
area than Jyothi, The higher yield recorded by Jyothi
inspite of its omaller leaf area might be due to iio areoﬁ
culm and leaves allowing better 1izht environment, and

the bending of the ears well bolow the flag leaf, 1Ihe low
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yield in Pt0,10 wae the result of plant characgtors like
lodging culm, drooping and mutually shading leaves, and the

ereot panicle which shaded the leaves,

Reduetions in yield and yield components following
defoliation at panicle emergence and anthesis gave a general
ploture of the relative contribution of different leaves
to grain f£illing at these stages, The reductions in yleld
and yleld components gencrally followed similar patterns
in all varieties, defoliation of all leaves > dofoliation
of three leaves - defoliation of two leaves: defoliation

of one leaf,

The results of complete defoliation indicated that
apart froa the leaves other sourccs also coniributed to
grain £1illing., These could be stored carbohydrate and
photcsynthesis by plant parts other than leaf lamina.

It was found that only the top three leaves are
important in grain £1lling in rice. The oontribﬁtion of
the third leal is smaller than any of the other two leaves.
The £laz leaf and penultimate leaf contributed almost egually
to grain £illing.

befoliation stimulated the photogynthetic activity
of tho remaining green parts. Positive intoraction resulted
on the defoliation of the top three leaves, flag leaf and
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penultimate leaf, flag loaf and third leaf. Positive
interactions are the resalt of improvemsnt in light environe
ment of remalning plant parts, enhanced photosynthetie'ratea
in response to demand for agsimilates and the mobilization
of stem suzars, Negative interaction observod on the
dofoliation of penuliimete leaf and third leaf appeared to be
caused by the partitioninz of carbohydratea betwecn gﬁains
and the rest of the plant and loss of carbohydrates on |

- gaintenance respiration,

Defollation at panicle smexrgence and ahtheaia
depressed yield ani yinsld conponents, Redustion in yield
on defoliation at panicle emergence was one and a half times
that at anthesis, wherens reduction in tt;led grain number
was nearly three times that at anthesis, 1000 grain weight
reduction on defoliation at anthesis-uns;oné and a half times
that at paniocle: emergence, These results indicated that
damage to the leavos by inseats, diseases or other agents
at the early heading staze ecould have drastic effecta on
grain yield in ricey ‘
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APPERDIX 1

Analyeis of variance
Teaf avea rcmoved

SeSe

Source ag ia 54 F

Potal. 303306,4960 161 |
Block - 0.0682 .0 2 0.,0340 Less than one
Major treatment 1325047490 5 265041490 37%26.,042%#
Stage (3) 76146270 1 761.6270 107270 142
Variety (V) 1246143385 2 6230.6690 877554901 ##
Vs - 2747836 2 13.8910 195,64 7%
E (1) 0.7110 . . 10 0.0710

Minor treatment 277092,9750 .8 . 3463646210  407489,658%¢
F 32107.8610 (I 32107,8610 3TT739541 2%
P 3863445230 1 3863445230  454523.800%*
Fx P  32.6420 - 1 32,6420 384,023%*
pr 4537243500 1 453725500  533794.705%*
Ty P 12.7050 1 12.7090 149,51 7%=
Px P 18,0760 1 18,0760 212,659%%
FgPxp - 49,1400 g 19,1400 225 41 TG##
D (=) 160395,4740 1 160305,4740  1892887,920#
Major x HMinor 13453, 7790 40 3364344 3056, 9301
E-(2) B84 0.085

96 -

#4Sienifieant at 0.01 level probabllity



APPERDIX V

Analyels of variance
1000 grain weight

Sourge

8.5, at MeSe P
Total 6989,2124 164
Blook 0.,0564 2 0.0282 less than ons
Major treatment 409.7773 5 81.9554 2295 ,6694%#
Stage ( S) 25. 4510 1 25, 4510 71 2091 39w
Variety (V) 371.5150 2 185.7575 5203291 3%%
VxS 12,8142 2 6+40T1 179.4705#%
E (1) 03574 10 040357 Lees than one
Minor treatment 227.4113 8 2344267 94,5094 ##
F 50.6351 1 50.63%1 168,167 %+
P 64,4735 1 6441735 213.1302¢#
Px?P 046175 1 0.6175 - 2,0508##
P! 3041676 1 3041676 100.1913%%
Fxbptr 0.0004 1 0.0004 Leas than one
Px P 3.6259 1 346259 12,0400%»
PxPx P 0.1554 1 01554 Leas than one
D (~) 777177 1 177777 25843700
Major x !Minor 22,7000 40 0.5675 1.8800%#
L (2) 28,9100 96 043011

#*Significant at 0.01 level probability



APPENDIX IIX

Analysis of variance (after angular transformation)
Rumber of unfilled grain

Source S¢S ar MaSe F
Total 6136.2400 161
Blook 9,8700 2 449350 144350
Major treatment 1659.5809 5 5519160 99,91 1##
Stage (S) 121843693 1 121843693 3664 T467%%
Variety (V) 369,2118 2 19446059 613350%%
VxS 7145990 2 3549995 10,8362«%
B (1) 3342210 10 33221
Minor treatment = 36343237 8 45442910 4706475354
¥ 7663500 1 76643500 79346516%#*
P 104348200 1 1043.8200 1081 ,0066%+*
FxP 85,1600 1. 8541600 88.1935+»
p* 458,6300 1 488.6300 506403760
Fxp? 0.0700 1 ~ 0.0700 ILess than one
P x P! 19,0500 1 19,0500 19.7286%#
FxPxbBt 551600 1 8541600 83,1933+
D (=) 1146.0500 1 1146.,0800 115649096+
Major x Minor 70645390 40 1746634 15.2823#»
96

B (2)

9247004

049656

se3ignificant at 0,01 level provability



APPENDIX IV

-Analysis of variance
Humber of f£illed grain

Source S5 a2 Te3e F
Total 32586031 161

Block 223,031 2 111,515 10.99%#
Major treatuent 17513.439 5- 3502637 344,393
Stage (S) 10129.3%9 1 10129.359 99743794
Variety (V) 6693,563 2 33414784 329,045«
Vs 700, 481 2 3504240 344486%*
7 (1) 101.562 10 104156

Minor ‘treatment 11450:197 8 14314375 1057, 145+
P 2773.770 1 2773770 204845794
P 3906 250 N K 3906.250 28534, 970%*
Fx? 177777 1 177771 131,297
pr 1547.111 1 1547:111 1162.5620%
Px P 17.361 1 174361 12,822%%
Px Pt 19,000 1 94000 6e646%%
FxPx o 0,027 9 04027 Less than one
D (=) 3018,852 1 2018.892 2229,610%=
Major x Hinor 3167.729 40 794193 5534 488%
E (2) 130,074 . 96 14354

#x3ignificant at 0.01 level probability



APPERDIX IX

Analysis of variance

Total yield
Source S48 af MeSs ¥
Total 3641332 161
Slock 0+1661 2 040330 16460
Major treatment 2067964 5 441592 831.84¢%
Stag@ ( S) -29 9282 1 29282 595 G4nu
Variety (V) 17.5828 2 8.7914 175828
VxS 0.2854 2 041427 284 541%
2 (1) 0.0503 10 0.,0030
Minor trestaent 1349206 8 1,7400 © 1450,00%
¥ | 343672 1 3.3672 2806, 00" #
P 44802 1 494502 375350%%
Fx?P 042146 1 0.2146 178, 33%+
By - 1.8769 1 1.8769 1564,08%+
F x P! 040336 1  0.0336 28,00%#
Ppx Pt  0.0420 1 0.0420 35400
FxPxP 040008 10,0008 Lesa than one
D (). 349053 1 349053 335441
Major x liinor 10792 40  0.0269 22441%%
E (2) 041206 9  0.0012

s#gignificant at 0,01 level probability



PLATES



Plate I. Leaf area growth after peanlcle emersense

L. Flaz leaf continued to grow after panicle
emergence and the growth was more gricleing than
that of penultimats leaf (in all the thres
varietiecn),

B, Ponultimate leaf alas gontinued to grow after
paniole emergence {(in all the three varietles)



o \Y,






Plate I, Oe. The leaf lower o the ponultimate leaf
attained maximum growth at paniecle enorgense
and there was no further growth aftcer panicle
emergonse (in all the threo varieties).

Plate II, Plant chavacters (Ten days after anthesls)

As Jyothi dwarf plant (with ercet smoll leavem,
non=lodging habit and paniole positioned below
tho flaz leaf)









"Plato IT, B. Ptb.10 tall plant (with drooping lowar loaves,
lodging hebit and £1lag leaf positioned below
the panioles) -

C. Dwarf plant, with more erect leaves; non-lodging
gagét, end panicle positioned below the flaf
S3%









Plate III, Yield and yield comonente (Reprosentative
8ample of & control piant)

Ao

B,

Paniole length (Longth of the panicle was mere
in Pib.10 followed by Jaya and Jyothi wiereas
the graing were socattered in Ptv.10, densly
packed in Jyothl and uost deansly packed in Jaya).

Sise and number of £illed grains (Representotive
cauple of a control plant).

Irn both Pth.10 and Jyothi, nuamber of £illed
grains wvere alumost similar whereas the gize of
latter was bigger than the former, Jaya was
having no grains with the largest sizo),
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ABSTRACT

The c¢ontributions of the different leaves and the
importance of the period between panicle emergence and anthesis
to grain filling in three varieties of rice were studied by
employing the defoliation technique. Jaya, a medium duration
dwarf variety recorded the highest yield and yield components.
Of the tyo short duration varieties the dwarf variety Jyothi
performed better than the tall variety Ptb.10. Increasing
the ‘severity of¥defoliation resulted in further reductions in
- yield. It was found that only the top three leaves are
important in grain filling in rice. The contribution of the
third leaf is lower than any of the other two‘leaves. Flag
leaf and penultimate leaf are of equai importance in grain
filling in rice, Defoliation stimulated the photosynthetic
activity of the remaining green parts which compensated
partially for loss of leaves, A short~period of eight days
between panicle emergence and anthesis was found to be
important in grain filling in rice. Damage to the leaves by
ingects, diseases or other agents at the early heading stage'

could have drastic effects on grain yield in rice.





