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INTRODUCTION



Hine^tenths of the world's rioe is produced and 
consumed in the Par East, A review of the trends in area, 
production, and yield of rice from 1934 to 1960 shows that 
the increased production in the major rioe producing countries 
of tropical Asia, more or less leapt paoo with population 
increase, bat 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 nutrition 
of rioe plants in 1964, what rioe scientists call 'plant type' 
received considerable attention from physiologists and 
brooders. (fhe concept of the plant type had tremendous 
impact on rice breeding as it farmed the basis for evolving 
high yielding varieties of rioe.

She physiological processes involved in grain produ­
ction such as vegetative growth, formation of storage organs 
and grain filling also have been subjected to extensive 
investigations. It has been found that moot of the carbo­
hydrates required for filling the grain are derived from 
photosynthesis talcing place after ear emergence. The lamina 
is the only significant organ, though under certain conditions 
other organs lilce leaf sheaths, peduncles, and ears are impor­
tant contributors of photosynthatic products especially during



the grain filling period.

Defoliation studies conducted tor Klinote and Sim 
(1976) In oats indicated that the grain yield decreased 
snore with loaf lamina removal at panicle emergence than 
at anthesis. The period between 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 defoliation 
at panicle emergence were almost double those from the 
same treatment at the later stage. . It was pointed out 
that mechanical damage to the leaves by hail, insects or 
other agents cap severe leaf disease Infection at the early 
heading stage could have drastic effects on grain yield.

>

In rice, as in oats, there is a short period between 
panicle ©mergenoe and anthesis. A number of diseases and 
pests are known to cause severe leaf damage in rice, at this 
stage. Some of the diseases which are important in this 
respect are blast, helmiothosporiose, bacterial blight, 
sheath blight, and sheath rot. The damage caused to rice 
leaves by insect pests like nootuid cut worms, army worms, 
leaf folders, leaf rollers, and grass-hoppers is well 
documented.



The present study was undertaken to find out# whether 
the period between paniele emergence and anthesis in rice 
is important in terms of plant response to leaf damage, as 
recorded in oata#



REVIEW OF LITERATURE
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Sine© 2sanoda*e ^1959 a*. 1959 b, 1960* 1962, 1964) 
pioneering work* in which he compared high and low yielding 
rice varieties, considerable attention has been paid to the 
relationship between morphological characters and yielding 
ability* Donald (1968) described the morphological require­
ment for wheat ideotyp®. 3Jhe morphological characters of 
leaf* culm* tiller and panicle associated with high yielding 
potential of rice varieties had been described by foshida 
(1972).

Understanding the physiological processes involved 
in grain production such as vegetative growth* formation of 
storage organs and grain filling helps determine the best 
combination of the above throe factors and suggest the 
improvements that can be made to achieve a further increase 
in grain yield under a given condition. She aeaociation 
between the relative photosynthetio activity of different 
plant structures and grain productivity in cereal crops* 
particularly wheat (H?ritlcum aeativum l».) and barley 
(Hordeum vulnare L.) has been the subject of many investi­
gations. Extensive reviews on this aspect had been prepared 
by foshida (1972), Austin and Jones (1974) sad fi!horne (1974).



The leaf lamina is the only significant organ of 
photosynthesis (Zolitoh, 1971)# though under certain 
conditions other organs like leaf sheaths, peduncles, and 
ears are important contributors of phot©synthetic produots 
especially during the grain filling period. According to 
Yosbida (1972.) thick leaves are associated with more erect 
habits permitting higher photosynthetic rate per unit area. 
Short and small leaves are associated with more erect habits 
and help in the even distribution of leaves in a canopy.
Erect leaves increase ♦Sun lit* leaf surface area, thereby 
permitting more even distribution of incidental light. The 
contribution of leaves to grain filling in cereals has been 
studied in great detail and it was found that varieties 
differ markedly in leaf and other characters.

Saaf area duration
In physiological studies of the evolution Of wheat 

it has been shown that modern cultivated varieties have 
been selected for larger leaf area and larger grain aise.
A high yielding semi dwarf wheat variety, has a high leaf 
photosynthetic rate* but shows a low relative growth rate 
because of low leaf area ratio, (Bingham, 1967)#
Venkateswarlu (1976) working in paddy reported that the 
leaf determined not only the degree of the plant's performance 
but also conditioned the level of unfilled spikelets.



Venkatosworlu and Maddulety (1976) observed that increased
grain number in paddy could come mainly through two ways;* '
(i) by increased number of panicles, and (ii) through the 
supply of more photosynthates to the bpikelets* In any case, 
the realisation is dependent on the effective functional 
capacity of the leaf only*

The leaf area duration of a crop is a measure of its 
ability to produce leaf area on unit area of land throughout 
its life and hence of its whole opportunity for assimilation 
(Watson, 1952)* As early as 1929, Boonstra observed that 
four varieties of oats differed in the length of life of 
corresponding leaves and found some evidence of an association 
of long life with high yield* Williams and Ri^ven (1965) 
suggested that the varietal differences in grain yield are 
determined by the combined effects of duration of photo­
synthetic activity, photoeynthetic rate and potentiality 
for growth of the grain itself* The amount of photosynthesis

& z

in wheat depends first on the size and duration of the 
photosynthetic system and secondly on its efficiency 
(Weloank et al* , 1966)* Reddy and Pyare lal (1976) reported 
that the leaf area duration was positively correlated with 
grain yield in triticala and wheat varieties*



Paotosynthetic efficiency is found to decline with 
the ago of the leaf. Saeki (1959) observed that each leaf 
showed a maximum rat© of photosynthesis before it was fully 
expanded followed by a progressive decline in Phaseolus 
vlriaiaslsnuB and l^agophvrua esoulentura. Hopkinsoa (1964) 
found that each leaf it&aodumber showed a maximum rate of 
photosynthesis before it was fully expanded followed by a 
progressive decline. Jewiss and Woledge (1967) noticed the 
progressive decline in apparent photosynthesis with increas­
ing age of leaf in tall feeeur and concluded that the fall 
in apparent photosynthesis with leaf age was due to a fall 
in the rate of real photosynthesis*

She reports on the influence of the age of the leaf 
on transport of assimilates are conflicting. Holer ono g o v  

and Babeaahehikova (1961) observed that the movement of 
assimilates into the conducting vessels of potato is greater 
in young than in old fully expanded leaves. Thrower (1962) 
on the other hand, reported that in soybean very yogng 
leaves obtain carbohydrates required for their growth from 
older leaves* Bvidence presented by Hilthorope (1966) 
showed that until a leaf is almost mature there will be 
little export of carbohydrates.



Leaf orientation
W&toon and Witts (1939) found that a cultivated 

variety of sugar beet characterized by erect leaves produced 
dry natter more rapidly than three wild species with more 
prostrate leaves and the smaller yield of the wild plants 
was attributed to less uniform distribution of light over 
their leaves* According to Moatelth (1965) in sugar beet, 
sugarcane, Kale and subterranean clover with a leaf, area 
index of above 5, light utilisation is better when the 
leaves are erect in comparison with leaves which are pros-* 
trate* Buttrose and Hay (1965) emphasised the importance 
of the leaves in contributing assimilates to the grain of 
cereals varies with light conditions* Duncan et al» (1967) 
predicted from mathematical models that leaf angles less 
than 19° might increase efficiency even more particularly 
when a high M I  is present* She semi dwarf lines in rice 
that had more erect flag leaves had higher grain yields, 
and this trait showed the largest direct effect on grain 
yield (Chang and Sagampay, 1970)* Leaf angle has been 
closely correlated with nitrogen response in rice, barley 
and wheat (Yoshida, 1972)*
Chlorophyll content

According to Brougham (1960), production of dry 
matter by pasture and crop species is ultimately limited



by the amount of chlorophyll* Hunt and Cooper (1967) found 
that the differences ataong temperate grass species in 
chlorophyll per unit leaf area were closely associated with 
the rate of dry matter accumulation* Salisbury and Rose (1969) 
observed that there is little correlation between chlorophyll 
content and photosynthesis. She results obtained by Reddy 
and 3?yaro lal (1976) also showed poor correlation between 
chlorophyll content at different stages and grain yield in 
both triticale and wheat varieties, whereas i?aiit (19 76) 
noted that irrespective of stages rice varieties showed high 
chlorophyll content per unit area of land and this was 
correlated with their higher grain yield*

Davidson (1965) stated that the photosynthesis taking 
place in the leaf area prior to ear emergence exoerts a major 
influence on the potential grain size and ultimately influence 
the grain yield in wheat, whereas leaf area following ear 
emergence would be of major importance in grain filling*
Thorne (1965) suggested that after anthesis the dry matter 
of the wheat grain was largely derived from the products of 
COg assimilation in the ear, the flag leaf with its sheath 
and peduncle, tfelbank et al. (1966) reported that wheat



varieties had grain yields nearly proportional to their / 
leaf area durations, primarily flag leaf area from anthesis 
rather than panicle emergence during grain development*
Marata (1964), fie fiatta and Zarate (1970), reported that the 
yield of rioe has been correlated with solar radiation from 
10 to 13 days before flowering until harvest, and it was 
suggested that the grain yield is related to the amount of 
photosynthesis during these periods* Yoshida et al« (1972 b) 
reported that in paddy the grain yield and M I  at heading 
are closely correlated* According to Reddy and Pyare lal 
(1976) the dry matter in wheat after heading was better 
associated with grain yield than the dry matter before 
heading.

iLeaf photosynthesis
Sixty per oent of the dry matter in the wheat grain 

is derived from the photosynthesis in the flag leaf laminae, 
sheath and peduncle and 17 per cent from the parts of shoot 
below the base of the flag leaf sheath (Boonstra, 1937)#
Sanner and fiaynard (196?) reported the great potential 
■ contribution of the middle leaves of a corn canopy to -grain 
yield. According to KXinck and 31a (1976) in wheat the 
contribution of the leaf immediately below the flag leaf to 
grain filling was more than one third of that of the flag leaf*



Currant photogynthetic contribution was found to be the 
taâ or determinant of yield in rice* though the late duration 
varieties draw comparatively more photosynthates from the 
reserve carbohydrates (Vefikateswarlu* 1977)*

The upper three leaves in rice export their assimi­
lation products to the grains during the ripening period 
(Tanaka, 1958 b)* tfardlaw (1963) found that the contribution

'i

of the lower leaves in rice 1b more important than that in 
the other cereals* Tripat hi and Pur oh it (1971) suggested 
that the first 3-4 leaves at the top are most important in 
dry matter production in rice* It was pointed out by 
Yoshlda (1972) that the second (penultimate) and third leaves 
are relatively Important in rice*
Sinks and sources

Bonnemain (1965) pointed out that the lower leaves 
act as the source of assimilates for roots* whereas the 
upper leaves perform this function for the shoot apex* and 
leaves in an intermediate position may supply assimilates 
in either or both directions* Iiupton (1966) reported that 
in wheat the translocation of carbohydrates from the glumes 
and flag leaf was almost entirely towards the grain whereas 
the translocation from the 2nd or the 3rd leaves was partly 
towards the grain and partly downwards with evidence of 
varietal differences*



i£ag photosynthesis
Ear photosynthesis accounted for 34 per cent of the 

grain yield in cereals (Boonstra, 193?)# Archbold (1942) 
emphasised the importance of photosynthesis in the ear as 
a factor SetGraining yield in barley. Removing awns of 
barley decreased grain weight by 10 per cent (Watson, 1952), 
According to Buttrose (1962) ear photosynthesis in cereals 
contributed 50 per cent to grain yield, Photosynthotic 
activity of the inflorescence of cereals contributes 30 
per cent or more towards grain dry weight at harvest 
(Shorn© and Gillian, 1963), Jennings and Shiblos (1969) 
found the contribution of photosynthates by spike in oats 
towards grain filling was more than that of other plant parts 
after ear emergence, Contribution of ear photosynthesis to 
the grain ranged 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, She contribution of ear photosynthesis 
to the grain ranged from 8 to 23 per cent for rice 
(Yoshida, 1972).
Defoliation studies

To estimate the over all contribution of different 
plant parts to grain production, various techniques have been



devised! ear and leaf shading, leaf removal, kernel 
competition, and the short or long term measurement of ClOg 
exchange rate* The combination of the first two techniques 
has been most extensively used because they are the easiest 
to use* Such estimation, however, , is subject to large 
variation due to such sources as the amount of the stored 
carbohydrate, timing of defoliation treatment, and panicle 
also* Therefore, a relatively high yield for defoliated 
plant does not necessarily mean that th© leaves contribute 
little to grain filling* On th© other hand, a low yield 
indicates that photosynthesis by leaves contributes much 
to th© grain yield (Yoshida, 1972)*

Hiller et al. (1943) found la eight varieties of 
wheat a mean reduction in yield of only 10*5 per cent for 
complete defoliation at the ligule, one week after anthesis 
and 4*9 per cent yield reduction when half of every leaf was 
removed* Shading and defoliation experiment Quinlan and 
Sagar (1962) showed that the upper leaves, stem, and ear 
were responsible for supporting 30 per cent to 90 per cent 
of the grain growth In wheat* Lucas and Asana (1963) reported 
that removal of the fifth and sixth leaves reduced the grain 
yield in wheat by about 5 per cent. They found that reduction 
in yield due to defoliation was the result of reductions in 
both grain number and 1000 grain weight* Bagga and Asana (1972)



observed that the excision of the laminae of the fifth 
(penultimate) and sixth (flag) leaves after anthesis on the 
shoots of 3 calt1vara of wheat (griticua aestivum) depressed 
the grain yield through grain number per ear* She results 
obtained by Walpole and Morgan (1974) showed that severe 
defoliations reduced grain weight In wheat* Klinck and 
Sim (1976) conducted leaf defoliation studies in oats and 
found that yield reductions resulting from defoliation at 
panicle emergence were almost double those from similar 
treatments at the later stage.
Defoliation studies in rice

2akeda and tfhruta (1956) found that the removal of 
the second to fourth leaves’ in rice decreased the grain 
yield much more than removing the flag leaf and they also 
observed that the complete defoliation at flowering decreased 
the grain weight to 55 per cent* Jlatsushima (1957) reported 
that complete defoliation in rice at flowering decreased 
the ripening percentage to 56 per cent of the control* 
According to Owen (1963) the complete defoliation in paddy 
at flowering decreased the grain weight 31 to 38 per cent*
5?he removal of half the flag. leaf at panicle emergence 
reduced the grain yield in paddy by 14 per cent* grain 
number by 5 per cent, and increased sterility by 9 per cent 
whereas complete removal of flag leaf reduced grain yield



by 19 per cent, grain number by 13 per cent, and inoreased 
sterility by 18.2 per cent (i’ripathi and Purohit, 1971). 
Silcder and Das Gupta (1976) conducted defoliation studios 
at panicle emergence in paddy and found 20.9 per cent contri­
bution from the top two leaves to grain filling*



MATERIALS AND METHODS



MATERIALS AND METHODS

She present study was conducted in the Division of 
Agricultural Botany, College of Agriculture, Velleyanl, 
during the year 1977-78•
A. MATERIALS

Materials used in the present investigation consisted 
of. three varieties of rice (Qrvaa sativa J#.):
1* Jyothi, a short duration dwarf improved variety of about 

105 days duration. The seeds were supplied by the 
Instructional Far a, College of Agriculture, Vellayani.

2. Ptb.lO* a short duration tall improved local variety 
of about 100 days duration. The seeds were obtained 
from Central nice Research Station* Fattambi.

3. Jay a, a medium duration dwarf improved variety of about 
125 days duration. The seed material was supplied by 
the Government Seed Farm, EJlloor.

B. METHODS
Defoliation was adopted as the method for assessing 

the contribution of leaves to grain filling;
A split plot experiment was laid out in Random!sod 

Block Design with three replications and with three varieties 
and two stages as major treatments and defoliations as minor
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treatments (Pig, I), the details of which are given belows

Bloote sise - 1 0 .6 as x 6*9 m
Haln plot sise - 5*4 a x 1*1 a
Sub plot sise - 1.1 ta x 6o ea

A sab plot consisted of 3 gross rows, each containing 
22 plants. Each treatment comprised of 20 plants in the central 
row, bordered on each side by an untreated guard row.

The main plots comprised of six combinations of three 
varieties and two stages of development at which defoliation
was effected.

Varieties
Jyothi

-  vi
Ptb,10

-  V2
Jay a

-  ?3
Stages of development

1. Panicle emergence (Sip emergence) - 3 -1
2. Anthesis - Eight days after panicle 

emergence (mid anthesis) - Sg
Combinations of major treatments
1, Defoliation at panicle emergence in Jyothi <• ŷ ŝ
2. Defoliation at anthesis in Jyothi » y.s„1 d



3* Defoliation at panicle emergence in ?t-b«10 - VgŜ
4. Defoliation at anthesis in Ptb.10 - VgSg
5* Defoliation at panicle emergence in Jaya -
6* Defoliation at anthesis in Jays -

Minor treatments (Defoliation treatments)
D1 - Ho defoliation (D + Control)
D2 - Defoliation of flag leaf only (P)
D3 - Defoliation of penultimate leaf only (?)
D4 - Defoliation of flag leaf and penultimate leaf (i? * p)
B5 - Defoliation of the third leaf from th© top (?')
D6 «* Defoliation of flag leaf and th© third leaf (P + P*)
D? - Defoliation of penultimate leaf and the

third leaf (P + P»)
B3 - Defoliation of flag leaf, penultimate leaf and the

third leaf (P + P + P*)
339 - Defoliation of all leaves (B-)
Functional leaves

1
Jaya had five functional leaves and Jyothi and Pfcb*10 

only four functional leaves^each at panicle emergence* Except 
when completely defoliated Jaya had an additional leaf in all 
treatments when compared with Jyothi and Ptb,1Q.

Uniform aimed seeds were hand sown on 13th April 1977,
with a spacing of 20 cm between rows, and 5 cm within rows at



the rate of 3 seeds per hole, She population m s  reduced 
to ono plant per hole tea days after sowing* So ensure 
uniformity, all plants were reduced to the main culm by care­
fully removing new tillers, as and when they appeared, without 
damaging the main plant.

Manuring, irrigation and plant protection were adopted 
according to standard practices to ensure healthy growth of 
plants.
Observations

Observations on the following aspects were recorded.
1. Leaf area of each functional leaf
2. Loaf angle (leaf oponess) of oaeh leaf at panicle emergence 
3 0 Chlorophyll content of leaves
4* Humber of filled grains per plant
5. Humber of unfilled grains per plant
6, 1000 grain weight in oach treatment (dry weight)
7 ® EotaX yield per plant (dry weight of filled grains and 

' partially filled grains and chaff)

1. Leaf area determination
A set of ten leaves in each category was removed from 

border plants. Outline of each leaf was traced on graph paper 
and the actual leaf area was found out. Caro was taken to avoid 
folding of the leaves while handling them. tChe leaves were 
then dried to constant weight in an air oven at 100°0 to 105°C
and dry weight of each leaf was recorded, A linear regression



equation waa developed for each leaf from its actual leaf area
r

and dry weighty to obtain the leaf area*

Variety Stage of 
defolia­tion

Leaf lamina Regression equation

Jyothi

Ptb*10

Jaya

Panicle
©mergence

Anthesis

Panicle
emergence

Anthesis

Panicle
emergence

Anthesis

Flag leaf 
Penultimate leaf 
Third leaf 
Fourth leaf 
Flag leaf 
Penultimate leaf 
Third leaf 
Fourth leaf 
Flag leaf 
Penultimate leaf 
Third leaf 
Fourth leaf 
Flag leaf 
Penultimate leaf 
Third leaf 
Fourth leaf 
Flag leaf 
Penultimate leaf 
Third leaf 
Fourth leaf 
Fifth leaf 
Flag leaf 
Penultimate leaf 
Third leaf 
Fourth leaf 
Fifth leaf

yo0.QS9tx + 12*4695 
y*0.lG4x + 12*1520 
y»0*1039x + 13*2530 
y«0«0*916x + 17*1766 
y-0.0939x + 17*9600 
yaO.Q966x + 16*9033 
y«O*O703x + 21*4142
y«0«0392x + 25.5756 
y*0*1516x + 6*4966 
y*0.0766x + 19*5700 
y«0*0705x + 22.9733 
y*0.0669x + 28.0133 
y*»0*1008x + 24.0507 
y«0.1035X + 19*6214 
y«0,0972x + 18.1277 
y»Q*09x + 26.6300 
y*G*095x + 7,3100 
y»0*lG37x * 12.7350 
ya0*104x + 12*4278 
y«0.0325x + 25*2500 
y«0.lG07x + 22.1984 
ya0.091x + 16*4469 
y«0.101x + 19.0342 
y«0.0927x + 18.6565 
y»0*0.10lx +26.2050 
y«0*0355x + 26.3834



2. Measurement of leaf angle (Leaf openess)
She method followed by Yoshida at al, (1969) was 

adopted#
Leaf angles were measured in ten plants of each variety, 

at panicle emergency and their mean values were recorded. A 
vertical board covered with paper was placed behind the main 
culm, which acted as the vertical axis# With the leaves 
drooping normally from the axis, the positions of the tip and
collar of each leaf were marked on the paper'. A line between

?

the two points were drawn and the angle between the line and 
the vertical axis was measured with a protractor# 2he leaf 
angle was expressed as the angle of inclination from the

i

vertical line,
3, Determination of chlorophyll content

. *

The chlorophyll content of the different leaves at 
panicle emergence and anthesis were estimated by following 
the procedure adopted by Arnon (1959),

After recording the fresh weight of the leaf 1 gsa of 
fresh leaf tissue was taken and homogenised with 20 ml of 
80$ acetone, and centrifuged at 3000 ppm for 5 minutes# 
Supernatant was separated and 10 ml of 30$ acetone was added 
to the peUet and once again centrifuged# This wae repeated

• i ! '*
till the pellet became white# All the supernatant was pooled 
and made to a final volume of 50 ml. The Optical Density (OD)



of the same v/as read at 645 nya and 663 ayu and the 
ohloropbyll content w s  calculated as per the formula;

Chlorophyll content (og/al) =» (0*0202 x 0i), 645) +
(0,00302 x 01). 663)

‘Dotal chlorophyll content in the different leaves) v;ere 
then arrived at*

4* Separation of filled grains and chaff
She procedure followed by Venkateswarlu (1976) was 

adopted for thia purpose*
She grains were put in sodium chloride solution having 

a specific gravity of 1 ,0 6 and the grains which submerged were 
considered to be fully filled grains* Dhe rest of the grains 
which floated were collected and manually separated as 
partially filled grains, and chaff* l*he grains among the 
floating ones that touched hard to the finger were taken as 
partially filled grains and the rest as ohaff* rihe partially 
filled grains were added to fully filled grains to obtain 
filled grains, Pilled grains and chaff were dried in an oven 
for 43 hours at 100°C to 105°C and their dry weights recorded* 
1000 grain weight was found out from the total dry weight of 
filled grains and tho number of filled grains*



1 1nteraction effects

The interaction effects in defoliation treatments 
were analysed by adopting Yate?s method (Kempthome, 1952). 
6* Analysis of data

The data obtained were tabulated and analysed.



RESULTS



She results of thla study are presented in this 
chapter•
LM B  AREA

She analysis of variance table reveals that the leaf 
area defoliated differed significantly between varieties and 
stages (Appendix I)*

As shown in the table I A maximum functional leaf
area was met with in Jaya» which had an additional functional
leaf# when compared with Jyothi and Pfcb*10# having four
functional leaves each. Jaya had a total leaf area of 175*1
fitj*cm at panicle emergence# and 183*74 sq,*cm at anthesis*
It was followed by Ptb.10 with a leaf area of 152*86 sq.cm
at panicle emergence# and 159*09 sq.cm at anthesis and its
leaf area was considerably higher than that of Jyothi which
had a leaf area of 106.4 sq.cm at panicle emergence and
113.87 sq.cm at anthesis* She increase in leaf area of
flag leaf after paniolo emergence was more striking than
that of penultimate leaf. Leaf area of the lower leaves
did not register notable increases after panicle emergence*
ltb*10 had the largest flag leaf and Jyothi had the smallest 
flag leaf at both panicle emergence and anthesis* In all
the varieties# the area of the different leaves progressively



Table I A. Hean leaf area of different leaves at panicle emergence 
and anthesis (in sq.cm).

Jyothi Pfcb.10 Jaya
I»eaf Panicle Anthesis Panicle .Anthesis Panicle Anthesis

emer­
gence

omer- 
,gence

emer­
gence

Flag leaf 22.25 25.90 32.30 38.13 25.52 30,13
Penultimate
leaf 24.81 26.90 36,51 33.38 33.73 35.06
Third leaf 29.97 30.77 42.32 40.63 36.37 33.00
Fourth leaf 29.37 30.30 41.73 41.30 39.31 39.99
Fifth leaf # ■# ■* 39.62 40.56
Total leaf 
area 106.40 113.87 152.86 159.09 175.10 183.74

* Non functional



lead removed S1
V1

S2 Mean of 
S1 5: S2 3t S2 Mean ofS1 & Sg

...» ,-r-̂ 

S1
3
S2 Mean of 

S1 * 32
1+ 0 0 0 0 0 0 0 0 0
P 20.91 22.32 21.36 21.13 24.00 22.56 14.57 16.40 15.43
? 23.41 23.62 23.51 23.39 24.12 24.00 19.29 19.03 19.13
F+P 44.23 46.37 45.30 45.02 43.12 46.57 33.87 35.43 34.67
P* 28.17 27.02 27.59 27.59 25.54 26.61 20.77 20.68 20.72

49.03 49.77 49.42 43.32 49.54 49.13 35.35 37.03 36.21
P+P* 51.43 50.65 51.06 51.57 49.66 50.61 40.06 39.76 39.91
F+P+P* 72.40 73.39 72.39 72.70 73.66 73.13 54.64 56.16 55.40
D- 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

C.D. 0.15 0.14 0.11 0.10 0.09 0.09

to
Oi



Cable I c* Kean leaf area (in so*om) of two stages.

Iieaf Jyothi Pfcb.10 ■Jaya

Flag leaf 24.07 35.24 27.8*
Penultimate leaf 25.35 37.44 34.42
Chird leaf 30.37 41.34 37.18
Fourth leaf , 29.33 41.81. 39.90
Fifth loaf * * 40.09
Cotal leaf area ,110.13 155.97 179.42

* Nonfunctional

l



Sable I D* Mean leaf area (in sq.cm) of all varieties*

Loaf Panicle Anthesla
emergence

Flag leaf 26.69 31.40
Penultimate leaf 31.70 33.44
Ihird leaf 36.22 36.46

Fourth leaf 36.97 37.39
Sotal leaf area 144.73 152.23



decreased from the lower most leaf to th© upper most leaf
, i

vis., the flag leaf.
Leaf area reduction due to defoliation

i'he percentage of redaction in leaf area due to 
different defoliation treatments is presented in table X B.
In all the varieties leaf area defoliated differed signi­
ficantly betweon treatmenta in both stages. She percentage 
of leaf area lost on the removal of flag leaf, penultimate 
leaf and th© third leaf were 72.39 in Jyothi and 73*13 in 
Ptb.10 and 55.4 in Jaya. Broioion of two leaves in combi­
nation reduced leaf area from 45.3 to 51*05 per cent in 
Jyothi, from 43.12 to 49.66 per oont in Pfcb.10 and 34*67 
to 39,91 par cent in Jaya. $he flag leaf removal resulted 
in the least reduction in leaf area In all varieties.

„ t i

Mean leaf area of two stages
She results ('.Table X Q) show that Jaya had the maximum 

functional leaf area with an area of 179*42 sq.cm, followed
t . 1

by Ptb.to with 155.97 sq.cm and Jyothi 110.13 sq.cm. Among 
varieties Ptb.lO recorded th© highest leaf area for 
individual leaves. It was followed by Jaya and Jyothi 
respectively*
Mean leaf area of all varieties

It is seen from table I B that thp flag leaf and the 
penultimate leaf recorded increases in area after panicle



Sable It; Leaf angle at paniale emergence*

Variety Leaf

Jay a

Jyothi

ft M o

Flag leaf 
Penultimate leaf 
Third leaf 
Fourth leaf 
Fifth leaf

Flag leaf 
Penult isjate leaf 
Third leaf 
Fourth leaf

Flag leaf 
Penultimate leaf 
Third leaf 
Fourth leaf

Angle of 
inclination

8°
9°

11 °

13°
18°
10°
21°
17°
32°

84° 
yj o
55°
68°



Sable in, Chlorophyll content

Variety Stage Leaf Chlorophyll
in tag per 
gia of fresh 
leaf

Total
cbloro-
P^yll
in mg 
per leaf

Jaya Panicle Flag leaf * 2.199 0.880
emergence Penultimate

leaf 2.173 1.096
Third leaf 1 .7 6 6 0.927
Fourth leaf 1 *434 0.609
Fifth leaf 1.330 0.536

/
Anthesis Flag leaf 2.892 1 .446

Penultimate
leaf 2.004 1 .1 0 2
Third leaf 1.562 0.839
Fourth leaf 1.231 0.492
Fifth leaf 1.139 0.434

Jyothi Panicle Flag leaf 2.050 0.354
emergence Penultimate :

leaf 2.022 1.104
Third leaf 1.658 1.006
Fourth leaf 1.322 0*739

Anthesis Flag leaf 2.350 0.902
Penultimate
leaf 2.017 1 .1 2 2
Third leaf 1.512 0.604
Fourth leaf 1.031 0*422

Table continued*••



Sable III continued

Variety Stage Leaf

Ptb.10 Panicle
emergence

Anthesis

Flag leaf
Penultimate
leaf
Third leaf 
Fourth leaf

Flag leaf
Penultimate
leaf
Third leaf 
Fourth leaf

Chlorophyll
in tag per 
gia of fresh 
leaf

2*010

1.920
1.610
1.477

2.230

1.908
1.325
1.317

Sotal 
chloro­
phyll in 
mg per 
leaf

0*854

.1 . 104 
1.006 
0.739

1.033

1.149
0.828
0.724



emergence* She growth, of th© flag leaf was more marked than 
that of the penultimate leaf*

h m s AiTsxffl
3?he average leaf angles of various leaves at panicle 

emergence are presented in table II. It reveals the vertical 
orientation of.the leaves of Jaya* She leaves of Ptb.10 
were drooping and produced a wide angle* Jyothi possessed 
©root leaves though they made a wider angle than Jaya* She 
flag leaves of Jaya and Jyothi were more erect than their 
lower leaves. In contrast the flag leaf in Ptb.10 made the 
largest angle when compared with the lower leaves.

OHLOROPHYLL QOBgSKB?

Sfhe chlorophyll content per gram of fresh weight of 
leaf ('Pablo III) was found to be the highest in Jaya, 
followed by Jyothi and Ptb.10, respectively. However the 
chlorophyll content per loaf differed between varieties and 
leaves due to differences in leaf area. Ohlorophyll content 
in the flag leaf registered an increase after panicle 
emergence. In all the other leaves ohlorophyll oontent was 
found to decrease after panicle emergence* Flag leaf 
registered the highest ohlorophyll content per gram of leaf 
and the chlorophyll contents in different leaves were found 
to vary in the following order, vis., flag lea£> penultimate 
Xeaf> third leaf > fourth leaf> fifth leaf (Jaya only).



C a b l e  I V  A *  P e r c e n t a g e  r e d u c t i o n  i n  y i e l d

C r e a t r a e n t *1 v2 .... V3

S1 b p s1 S2 S1

D+ 0 0 0 0 0 : 0

p 15.76 8.32 22.32 11.29 17.24 9.20
P 14.50 9.. 61 13.25 1,1.40 16.61 8.16
P + P 26.22 15.53 23,25 : 15.41 25.09 16.93
W 9,77 5.94 . 6.05 .3.26 13.00 5,12
P + P f : 2 1.79 12,96 .23.83 1,5.91 24* 46 13.23
P + P * 27.03 16.95 .30.01 1,6.17 2 7.6 2 16.32

P + P + . P * 35.65 19.93 35.31 24.69 35.92 21.92
D - 39.73 22.35 33.60 26,57 37.55 24*57

0 . 1 ) , 1.90 1.81 2 . 1 1 2 .1 0 1.51 1.59



EQCAS YIELD (DRY W2IGHE OF GRA IBS AM) OilAFF PBR PLAIfl!)
Yield differed significantly in all the three varieties 

as a result of defoliation, effected at panicle emergence as 
well as at anthesis. Th© interaction between variety and 
stage and that between minor and major treatments were signi­
ficant (Appendix II).
Percentage reduction in yield

Table XT A shows per cent reduction in yield in all 
the varieties, on defoliation. Complete defoliation reduced 
yield by 39.73 per cent and 22.35 per cent in Jyothi, 39.6 
per cent and 26.5 per cent in Ptb.10 and 37*55 per cent and 
24.57 per cant in Jaya at panicle emergence'and anthesis 
respectively, field reductions were greater whan the number 
of leaves defoliated was more* ona leaf 4 two leaves <  three 
leaves <  complete defoliation. Defoliation of flag leaf and 
penultimate leaf showed minor differences in affect but these 
war© not significant. Flag leaf and penultimate leaf when 
removed alone resulted in greater and significant yield 
reductions whan compared to the defoliation of the third leaf*

Varietal differences
- The mean yield of the two stages of defoliation in th© 

different varieties is given in table IV B, Significant 
differences in yield were found to exist among the three 
varieties, Jaya giving the highest yield followed by Jyothi



Treatment Jyothi Ptb.10 Jaya
Yield Peroentreduc­

tion
Yield Per cent reduc­

tion
Yield Per cent 

reduo- t tion
P 2.681 10.66 2.206 16.79 3.123 13.32
P 2.653 11.60 2.253 14.92 3.153 12.49
F+P 2.336 20.49 2.073 21.30 2.341 21.15
P* 2.776 7.50 2.528 4.64 3.273 9.16
F+P* 2.491 16.99 2.125 19.34 2.913 19.01
P+P* 2.353 21.59 2.040 23.05 2.806 22.12
P+P+P* , 2.180 27.36 1.856 29.99i 2.555 29.09

2.033 30.59 1.775 33.04 2.473 31.22

Yield in Ho defoliation (Control) 
Jyothi - 3.00t
Pfcb.10 - 2.651
Jaya - 3.603

C.D. q 0.064



Sreattnent Panicle emergence Anthesis
•Yield Per cent reduction

Yield Per cent 
reduction

p 2.547 17.60 2.793 9.49
V 2*535 16.37 2.791 9.56
F+P 2.27 6 26.37 2.591 16.04
P» 2 .78 2 1 0 .0 0 2.936 4.96
F+P* 2.366 23.46 2.656 13.93
P+P* 2.222 23.11 2.577 16.49
P+P+P* 1.933 35.69 2.405 22.07
D* 1.391 33.82 2.333 24. 40

YleXd in No defoliation (0 on.tr ol)
Panicle emergence a 3.091
Anthoais m 3.036

C.D. as 0.074



and Pfcb.10 respectively* Increasing the number of leaves 
defoliated was accompanied by a progressive decrease, in 
yield* She difference in yield found on the removal of 
three leaves when compared with complete defoliation was 
significant in the short duration varieties, but not in Jaya, 
Removal of three leaves led to significantly lower yields 
'•when compared to the removal of two leaves* significant 
differences did not exist between flog leaf removal and ©

penultimate leaf removal* 3ut their effect differed signi­
ficantly from that of the third leaf*

Sta^e of defoliation and yield "
Average yield of all the three varieties on defoliation 

at panicle emergence and anthesis is given in table IV 0* 
Enhancing the severity of defoliation resulted in progressive 
reductions in yield at both stages. Defoliation at panicle 
emergence had a more pronounced adverse effect on yield than 
defoliation at anthesis* The yield reduction due to complete 
defoliation at panicle emergence was one and a half times 
that recorded on defoliation at anthesis* The adverse effect 
on yield duo to the various defoliation treatments were in 
the following order viz*, complete defoliation>  defoliation 
of two leaves > defoliation of one. leaf, the differences 
between them being significant*



Sable IV D. Yield in gm (Average of defoliation treatments 
including control).

Stage of defoliation Jyothi Ptb.1 0 Jaya

Panicle emergence 2.322 2.045 2. 832
Anthesis 2.703 2.291 3.062

G.B. = 0.045■

Sable IV S. 
(Percentage)

Interaction of defoliation treatments on yield

Jyothi . Ptb.1 0 g 
!

t
li!j

S1 * 31 s 2 3 1 S2

FX? ■*•1.40 +1.59 +6 .;20 +3.01 +1.33 +0.74
FXP* +1 .1 2 +1.04 +2.27 -1.65 +1.43 +1.03
HP* -1 .0 6 -0.29 -2.80 -1.50 -0.65 -0.97
FXPXP* +0.27 +0.39 +0.03 -0.36 +0.16 +0.54



Mean yield of all treatments

Table IV D provides the average yield of all treatments 
including control* It was found earlier that differences in 
yield existed among varieties, and that defoliation effected 
at panicle emergence and anthesis led to reductions in yield* 
Data reveals that yield reduction on defoliation at paniole 
emergence was significantly higher than that at anthesis*

Interaction of defoliation treatments on yield■mm Tin nnfcn u m ***— mamm w*w»»3n>i m ŵ anum <,n»mi> mu wiui
Interaction effect (Sable IV B) on the removal of th© 

upper three leaves was positive at both stages, in all the 
varieties with on© exception in Ptb.1 0 in which it was negative 
at anthesis. Th© interaction effect exhibited by penultimate 
leaf together with the third leaf m o  negative in all the 
varieties. The removal of the flag leaf with the third leaf 
produced positive interaction in all th© varieties at both 
stages, except in Ptb.1 0 in which there m s  negative interaction 
at anthesis. Interaction effect of flag leaf and penultimate 
leaf was uniformly positive,

I3UH9BR Off OHFXLSED gRAIfJS PBR PLA2S

Analysis of variance of transformed values (Appendix III) 
reveals that defoliation load to significant differences in 
the number of unfilled grains produced, between stages and 
varieties* . Stage x variety, and major x minor treatment 
interactions wore significant.



Sable V A* Percentage reduction In number of filled grains

Sreatraent V1 V2 V3
S1 32 S1 S2 31 32

35+ 0 0 0 0 0 0
P 12*28 0*01 22.94 5.26 15.63 3.41
P 15.57 1.17 17.94 3.22 17.07 4.99
P+P 22.46 3.22 27.94 9.36 23.57 10.76
P« 9.08 0.01 6.76 3.51 12.65 1.84
F+P» 18,56 1.17 23.53 12.57 22.33 7.35
P+P» 20.36 2.05 30.00 10.23 26.05 10,76
P+P+P» 31.44 3.80 32.65 15,20 33.01 13.12
D- 32.93 6.44 34.41 15.21 , 34.24 16.28

0 .1). 1.90 1.85 1.90 1.85 1.57 1.66



UUMiJUft OF ffHfiBD GRAIHS Pi3R .PLA-T'S(gâ <̂»ngt̂ŵ»|ii»<twnniwnw r |n Ml «gn̂ »< >| ■)!■ i I U bi «
The number of filled grains that developed on defo­

liation differed significantly between stages'and varieties* 
Stage x variety and major x minor treatment Interactions 
were also significant (Appendix IV),

Percentage reduction in number of filled grains

Table V"A provides the per cent reduction in the 
number of filled grains per plant, on defoliation, Humber 
of filled grains was reduced as a result of defoliation, 
the reductions being more pronounced when the leaf area 
removed was greater and were in the following order, one 
leaf< two leaves <  three leaves <  complete defoliation.
She third leaf showed the least influence on filled ,grain 
number. She contribution of the flag leaf and penultimate leaf 
were similar generally whereas their individual contributions 
wore greater than that of the third loaf.

She mean number of filled grains at the two stages 
of defoliation is presented in table :1V 3, There was no 
significant difference in the number of filled grains between 
the two short duration varieties, whereas in Jaya the 
number of filled grains was significantly higher. The number 
of filled grains that formed on complete defoliation 
differed significantly between varieties* All the treatments



fJ?ablG V 3. Humber of filled grains and percentage of 
redaction (Average of two stages)*

(Treatment Jyothi Ptb.10 Jaya
Number
of
filled
grains

Per cent 
reduc­
tion

Humber
of
filled
grains

Per cent 
reduc­
tion

Humber
of
filled
grains

Per cent 
reduc­
tion

F 106 6*19 93 14.04 118 9.92
? 103 8.85 99 13.16 116 11.45
F+P 98 13.27 92 19.30 108 17.55
P* 108 4.42 108 5.26 121 7.63
P+P* 101 10 .6 2 93 18.42 111 15.27
P+P' 100 11.50 90 . 21.05 106 19.03
F+P+P* 93 17.70 86 24.56 100 23.66
D- 91 20.35 86 24.56 97 25.95

Humber of filled grains in Ho defoliation (Control) 
Jyothi - 113
Ptb.10 - 114
Jaya - 131

0 »D« a 4*099



treatment Paniclo ©mergence Anthesis
Humber of Per cent . Number of Per oent
filled reduotion filled reduction
grains grains

F 99 17*50 115 .2.54
P 93 18*33 116 2.23
]?+P 90 25.00 109 7.63
P* 103 10 .0 0 117 0.85
P+P* 94 21*67 110 6.79
p+p t 39 25*33 109 7.63
P+P+P* * 31 32.50 * 106 10.17
D- 79 34.17 103 12.71

Humber of filled grains la no defoliation (Control)

Panicle emergence » 120
Anthesis « 11Q

C.D. o 3.347



wer© found to reduce grain number significantly in all 
varieties* Within the variety there was no significant 
difference between grain number that farmed on complete 
defoliation and that on removal of the upper three leaves# 
Differences in effect between the treatments in which two 
leaves were removed in combination were not significant 
except in Jaya in which significant differences existed 
between the.combinations of penultimate leaf with third leaf 
and flag leaf with third leaf* Among individual leaves# 
there was no significant difference between the effects of 
flag leaf and penultimate leaf in all the varieties* 3?he 
third leaf when removed resulted in the lowest reduction in 
grain number*
Stage of defoliation and grain number

Kean filled grain number of all the three varieties 
on defoliation at panicle emergence and anthesis is given in 
table £7 0*

It was noted that defoliation at panicle emergence 
caused a marked reduction in number of filled grains# when 
compared to that at anthesis* $he reduction in the number 
Of filled grains resulting from complete defoliation at 
panicle emergence was nearly three times that observed on 
defoliation at anthesis* $he number of Vjfilled grains formed 
on defoliation showed a tendency to decrease as the number of 
leaves removed increased* Shore was no significant difference



4ti

Sable V D* Number of filled grains (average of defoliation 
treatments including control)*

Stage of defoliation Jyothi Ptb*10 Jaya

Panicle emergens© 91 39' 107

Anthesis 112 105 117

0..D* 1.932



between th© reduction in number of filled grains that 
resulted by complete defoliation and the defoliation, of the 
upper three leaves, at panicle emergence as well as antheels* 
Unlike that at anthesis, th© removal of two leaves at panicle 
emergence resulted in significant differences between the 
combinations. Among different leaves the flag leaf and
penultimate were found to cause greater reductions in filled

\

grain number compared to that of the third leaf on defoliation. 
She effects resulting from removal of either flag leaf or 
penultimate leaf were not significantly different.
Mean filled grain number of all treatments

Table 0 provides the mean number of filled grains 
> of all treatments including control. It was found earlier 
that defoliation at panicle emergence and anthesis led to 
reductions in grain number. It is aeon from this table that 
defoliation at panicle emergence led to a greater reduction 
in filled grain number when compared to that at anthesis.
This difference was statistically significant in all the 
varieties.
1000 QUA IN' tf SISKS? (PHY WBIOHT)

Analysis of variance (Appendix V) shows that 1000 grain 
weight differed significantly between stages and varieties 
as a result of defoliation. The interaction between variety



Table VX A. Percentage redaction In 1000 grain weight.
0

Treatment *1 *2 73
S1 S2 si S2 S1 S2

D+ 0 0 0 0 0 0
F 3.21 9.54 1.64 7.21 3.19 7*35
P 1.57 9.27 2.26 8.76 1.52 4.92
F+P 7.53 13.45 2.26 10.30 6.34 10.86
P» 1.11 7.40 0.40 0.62 0.99 4.23
F+P» 5.34 12.70 2.72 6.71 5.80 10.02
P*P»' 9.86 16.04 5.17 8*99 5.49 9.76
F+P+P* 12.65 18.67 10.26 14.63 10.10 15.05
I?- 15.20 20.09 10.57 13.09 11.08 15.21

O.D. 3.41 3.32 3.85 3.86 3. 28 3.28



a n d  s t a g e  w a s  s i g n i f i c a n t .  M a j o r  x  m i n o r  t r e a t m e n t  i n t e r ­

a c t i o n  w a s  a l s o  s i g n i f i c a n t .

P e r c e n t a g e  r e d a c t i o n  i n  1 0 0 0  g r a i n  w e i g h t

T h e  t a b l e  V I A  r e v e a l s  t h a t  d e f o l i a t i o n  t e n d s  t o  

d e c r e a s e  1 0 0 0  g r a i n  w e i g h t .  C o m p a r i s o n  o f  t h e  i n f l u e n c e  o f  

d i f f e r e n t  t r e a t m e n t s  o n  1 0 0 0  g r a i n  w e i g h t  s h o w e d  t h a t  

c o m p l e t e  d e f o l i a t i o n  w a s  t h e  m o s t  e f f e c t i v e  i n  r e d u c i n g  1 0 0 0  

g r a i n  w e i g h t  f o l l o w e d  b y  r e m o v a l  o f  t h r e e  l e a v e s ,  t w o  l e a v e s  

a n d  s i n g l e  l e a f  r e s p e c t i v e l y .  T h e  d i f f e r e n c e s  b e t w e e n  t h o r n  

w e r e  n o t  s i g n i f i c a n t .  H o w e v e r ,  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  

o b s e r v e d  w h e n  l e a f  l a m i n a  r e m o v e d  w e r e  m a r k e d l y  d i f f e r e n t  

f r o m  e a c h  o t h e r  i n  a r e a .

V a r i e t a l  d i f f e r e n c e s

T h e  m e a n  1 0 0 0  g r a i n  w e i g h t  o f  t h e  t w o  s t a g e s  o f  

d e f o l i a t i o n  i n  t h e  t h r e e  v a r i e t i e s  i s  p r e s e n t e d  i n  t a b l e  V I J .  

T h e  r e d u c t i o n  i n  1 0 0 0  g r a i n  w e i g h t  d u e  t o  d e f o l i a t i o n  d i f f e r e d  

s i g n i f i c a n t l y  b e t w e e n  v a r i e t i e s .  J a y a  r e c o r d e d  t h e  h i g h e s t  

1 0 0 0  g r a i n  w e i g h t  f o l l o w e d  b y  J y o t h i  a n d  P t b . 1 0  r e s p e c t i v e l y *

I n  a l l  v a r i e t i e s *  t h e  h i g h e s t  r e d u c t i o n  i n  1 0 0 0  g r a i n  w e i g h t  

w a s  c a u s e d  b y  c o m p l e t e  d e f o l i a t i o n  w h i c h  w a s  f o l l o x t f e d  b y  

t h e  d e f o l i a t i o n  o f  t h r e e  l e a v e s ,  t w o  l e a v e s  a n d  o n e  l e a f  

r e s p e c t i v e l y .  F l a g  l e a f  r e m o v a l  c a u s e d  s i g n i f i c a n t  d i f f e r e n c e s  

i n  1 0 0 0  g r a i n  w e i g h t  w h e n  c o m p a r e d  w i t h  p e n u l t i t a a t e  l e a f ,



Table VI B. 1000 grain weight (in ga) and percentage of 
reduction (Average of two stages).

Treatment Jyothi Ptb.10 Jaya
1000grain
weight

Per cent 
reduc­tion

1000grain
weight

Per cent 
reduc­
tion

1000
grain

Per cei 
reduc­tion

F 24#768 6.42 22.112 4.42 25.318 5.27
P 25.020 5.47 21.993 4.32 26.223 3.77
F+P 23.675 10.55 21.693 6.23 24.910 3.60
P» 25.330 4.30 23.017 0.51 26.542 2.62
F+P* 24.002 9.31 22.045 4.71 25.093 7.92
P+P» 23.023 12.99 21.499 7.03 25.175 7.63
F+f+P* 22.312 15.70 20.212 12.64 23.327 12.53
J3«> 21.793 17.63 19.321 14.32 23.670 13.15

1000 grain weight In Ho defoliation (Control)
'i ■,

Jyothi - 26.467
Ptb.10 - 23.155
Jaya - 27.255

O.D. ■ 0.243



Table VI 0* 1000 grain weight (in gm) and percentage of 
reduction, (Average of all varieties)*

Treatment Panielo emergence Anthesls
1000grain
weight

Per cent 
redaction

1000grain
weight

Per cent 
reduction

P 24.800 2*73 23.66(5 8.04
P 25*139 1.40 23.690 7.97
P ♦ P 24*037 5.53 22.759 11.59
P* 25*273 0.86 24.643 4.25
P + P* 24*251 4*38 23.179 9.96
p + P« 23*740 6.89 22.728 11.71
P + P ♦ P* 22.686 . 11.02 21.543 16.29
P- 22.351 12.34 21.169 17.77

1000 grain weight in no defoliation (Control) 
Panical emergence m 25*496
Antheais a 25*742

0*B* *, 0*193



In the Inproved varieties. But in the local 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 two 
leaves in all varieties.

Stage of defoliation and 1000 grain weight

Mean 1000 grain weight of all the three varieties in 
minor treatments at panicle emergence and anthesis is given 
in table VIC. Increasing the number of leaves defoliated 
led to a progressive decrease in 1000 grain weight. Defolia­
tion at anthesis oaused greater reduction in 1000 grain 
weight as compared to that at panicle emergence. The 
reduction in 1000 grain weight due to complete defoliation 
at anthesis is one and a half times that recorded on suoh 
defoliation at panlole emergence. The difference in 1000 
grain weight between leaf laraina removal at panicle emergence 
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 defoliation 
and it was followed by defoliation of two leaves and one 
leaf respectively. In general significant differences in 
effect were not observed among the top three leaves except 
that between flag leaf and penultimate leaf at panicle 
emergence.



S a b l e  V I  D .  1 0 0 0  g r a i n  w e i g h t  i n  g a  ( A v e r a g e  o f  d e f o l i a t i o n  

t r e a t m e n t s  i n c l u d i n g  c o n t r o l ) *

S t a g e  o f  d e f o l i a t i o n J y o t h i  . P t b . 1 0 J a y a

P a n i c l e  e m e r g e n c e 2 4 . 4 7 7 2 2 . 2 3 2 2 5 . 3 4 3

A n t h e s i s 2 3 . 6 0 9 2 1 . 1 6 6 2 4 . 9 3 4

Q . D .  a  0 . 1 1 4



M e a n  1 0 0 0  s t r a i n  w e i g h t  o f  a l l  t r e a t m e n t s

T a b l e  V I D  s h o w s  t h e  a v e r a g e  1 0 0 0  g r a i n  w e i g h t  o f  

a l l  t r e a t m e n t s  i n c l u d i n g  c o n t r o l *  D e f o l i a t i o n  a t  a n t h e s i s  

l e d  t o  a  g r e a t e r  r e d u c t i o n  i n  1 0 0 0  g r a i n  w e i g h t  v / h e n  c o m p a r e d  

t o  t h a t  a t  p a n i c l e  e m e r g e n c e *  T h i s  d i f f e r e n c e  w a s  s t a t i s ­

t i c a l l y  s i g n i f i c a n t  i n  a l l  t h e  v a r i e t i e s *



DISCUSSION



DXSOUSSIOH

The results of the present Investigation showed 
that the three varieties differed among themselves in yield 
and yield components* Jaya, the medium duration improved 
variety performed better than the short duration varieties, 
with higher yield, higher number of filled grains and 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 spikelets per ear in cereal crop can be increased by 
increasing the length of growth period for the panicle*
Cock and Yoshida (1972) pointed out that the major factor 
responsible for yield 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 133 days.
It may be noted that Jay a is a medium duration variety of 
125 days*

The short duration varieties, Ptb,10 and Jyothi 
showed differences in yield* Though the grain numbers were 
similar, Jyothi recorded a better yield as a result of



higher grain weight* Yoshida (1972) pointed out that grain 
weight is quite a stable varietal character*

Comparison of the leaf characters of these varieties 
brought out important differences* Jaya had higher leaf 
number than the other two varieties* The number of functional 
leaves in short duration varieties was only four whereas in 
Jaya it was five* Consequently Jaya had more leaf area* A 
close correlation m s  found between grain yield and M I  in 
corn at silking (Elk and Hanway, 1966; Qkubo. and Iwata, 1963 
and Tanaka et al, 1969 a)* Grain yield of rice is closely 
correlated with M I  at flowering' (Yoahida etz al* 1972 a)* . 
One of the reasons for ths better performance of Jaya was 
its larger leaf area*

Variation in total chlorophyll per leaf and chlorophyll 
content per gram of leaf tissue also existed among varieties* 
The highest chlorophyll content per leaf and chlorophyll 
content per gram of leaf was met with in Jaya* Brougham
(1960) stated that the production of dry matter by pasture

*

and crop species is ultimately limited by the amount of 
chlorophyll* Reddy and Pyare lal (1976) found poor correla­
tion between chlorophyll content at different stages and 
grain yield in both tritioale and wheat varieties* Palit 
et al, (1976) reported that irrespective of stages the 
dwarf varieties showed higher chlorophyll content in both



leaf and shoot, which was correlated with their higher
grain yield in rice* The higher chlorophyll content in

»

Jay a was another factor which contributed to higher yield.
The study of the leaf angles in the different 

varieties showed that the leaf angles in Jaya ranged from 
8° for the flag leaf and 18° for the fifth leaf. Direct 
evidence of effeot of erect leaves in increasing photo­
synthesis and henee yields have been reported for rice 
(I'Satsushiaa et al,, 1964 and Tanatea et al., 1969$. Tanner 
et al. (1966) have shown the extreme usefulness of leaf 
angle and leaf width for selection of high yielding varieties. 
Duncan (196?) predicted from mathematical models that leaf 
angles less than 19° might increase the efficiency of <Jo2 
fixation, even more particularly when a high LAI is present. 
Tana lea et al, (1969 b) demonstrated by mechanical manipulation 
that a horizontally leaved canopy showed a low photoaynthetio 
rate while an erect leaved canopy showed a high photosynthetic 
rate and increased its photosynthesis with increasing LAI.
The higher photoaynthetio activity of an erect leaved canopy 
produced higher grain yield. Pendleton et al. (1968) also 
showed that the corn canopies with leaves positioned upright 
by mechanical manipulation gave higher yields than the 
untreated canopy. As pointed out by Yoshida (1972) the 
beneficial effect of upright leaveb result from greater



Illumination of the leaves# Among several leaf characters 
associated with high yielding ability erect leaf habit seems 
the most important (Yoshida,.1972)# leaf angle has been 
used successfully as a selection criterion for brooding 
high yielding rice varieties at IRRI (Yoahida et al,* 1972 a)#

Differences existed in the performance of the short 
duration varieties* Jyothi the dwarf variety and Ptb#1Q the 
tall variety# Jyothi gave higher yields than Ptb.10 though 
Ptb*10 had 40 per cent more leaf area# She total chlorophyll 
content per plant was also higher in Ptb.10. However the 
chlorophyll content per grata of leaf tissue was more in 
Jyothi. It appears that the phot©synthetic efficiency 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 upright culm whereas Ptb,10 was tall 
and lodging. An upright culm permits greater penetration 
of incident light into canopy (Tsunada* 1964) and Tanaka 
et al* 1966). The leaf angles in Jyothi ranged from 10° to 
32° whereas the leaf angles In Ptb.10 ranged from 55° to 04°. 
Jyothi had erect leaves permitting better illumination. The 
much wider loaf angles and the drooping nature of the leaves 
in Ptb.10 resulted in mutual shading#

o
In rioe-and corn compared with the leaf blades net



photosynthesis of ear and sheath is very low and sometimes 
it is negative (Takeda and friar ut a, 1956; î atsuahima, 1957; 
Tanaka, 1959 a; Tanaka et al. 1971 and Yoshida and Cock,
1971)* The ears of improved rice varieties tend to bend 
and are positioned below the flag-Xeaf and hence do not 
shade the leaf canopy (Yoshida, 1972), but not so in Ptb.10.
The higher yields obtained in Jyothi were due to better 
illumination of its leaves when compared with Ptb.10, whose 
leaves received lees light due to shading by other leaves 
and the panicle.

DEFOLIATION STUDIES

Reductions in yield and yield components following 
defoliation at panicle emergence and anthesis gave a general 
picture of the relative contribution of the different leaves 
to grain filling at these stages. The effect of defoliation 
followed similar trends in all the varieties and the reductions 
in yield were in the order, defoliation of all leaves > 
defoliation of three leaves> defoliation of two leaves> 
defoliation of one leaf.
Complete defoliation

Though leaf area lost on oomplote defoliation 
differed in the three varieties the reduction in yield was 
more or less similar ranging from 30.59 to 33.04 per oent.



T h e  p a r  c e n t  r e d u c t i o n  i n  f i l l e d  g r a i n  n u m b e r  a n d  1 0 0 0  g r a i n  

w e i g h t  a l s o  w e r e  n o t  m a r k e d l y  d i f f e r e n t .  S u c h  r e d u c t i o n s  ' 

i n  y i e l d  o n  c o m p l e t e  d e f o l i a t i o n  h a v e  b e e n  o b s e r v e d  i n  

o t h e r  c r a p e  a s  v * e l l  a s  i n  r i c e .  I n  r i c e  c o m p l e t e  d e f o l i a ­

t i o n  a t  f l o w e r i n g  d e c r e a s e d  t h e  r i p e n i n g  p e r c e n t a g e  t o  

%  p e r  o a n t  o f  t h e  c o n t r o l  ( M a t s u s h i m a *  1 9 5 7 ) ,  a n d  t h e  

g r a i n  w e i g h t  t o  5 5  p e r  c e n t  i n  o n e  e x a m p l e  ( T a l s e d a  a n d  < 

t t a r u t a ,  1 9 5 6 ) ,  a n d  8 1  p e r  c e n t  t o  8 3  p e r  c e n t  i n  a n o t h e r  

( O w e n ,  1 9 6 8 ) .  V e n k a t e s w a r l u  ( 1 9 7 6 )  f o u n d  t h a t  r e m o v a l  o f  

a l l  l e a v e s  a t  f l o w e r i n g  r e s u l t e d  i n  o n l y  3 0  p e r  c e n t  o f  

g r a i n s  m a t u r i n g  c o m p a r e d  w i t h  5 5  p e r  c e n t  i n  c o n t r o l  a n d  a  

r e d a c t i o n  i n  g r a i n  y i e l d  o f  5 0  p e r  c e n t * '  T h e s e  e s t i m a t i o n s ,  

h o w e v e r ,  a r e  s u b j e c t  t o  l a r g e  v a r i a t i o n  d u e  t o  s u c h  s o u r c e s  

a s  t h e  a m o u n t  o f  s t o r e d  c a r b o h y d r a t e ,  t i m i n g  o f  d e f o l i a t i o n  

t r e a t m e n t  a n d  p a n i c l e  s i z e .

T h e  r e s u l t s  i n d i c a t e d  t h a t  s o u r c e s  o t h e r  t h a n  l e a v e s ,  

a l s o  c o n t r i b u t e d  t o  g r a i n  f i l l i n g  i n  r i c e .  A p a r t  f r o m  t h e  

l e a v e s ,  t h e  s o u r c e s  t h a t  c o n t r i b u t e  t o  g r a i n  f i l l i n g  a r e  

s t o r e d  c a r b o h y d r a t e ,  a n d  p h o t o s y n t h e s i s  b y  p l a n t  p a r t s  

o t h e r  t h a n  l e a f  l a m i n a .  T h e  r e p o r t e d  e s t i m a t e s  o f  t h e  l o s s  

o f  c a r b o h y d r a t e  f r o m  t h e  v e g e t a t i v e  p a r t s  a r e  0  t o  4 0  

p e r  c e n t  f o r  r i c e  d e p e n d i n g  u p o n  t h e  r a t e  o f  n i t r o g e n  

a p p l i c a t i o n  a n d  g r o w t h  d u r a t i o n  ( T o g a r l  e t  a l .  1 9 5 4 ;

M u r a y a m a  e t  a l ,  1 9 5 5 ;  T a k e d a  a n d  M u r a t a ,  1 9 5 6 ;  S o g a  a n d



ETosaki, 1957$ Wada, 1969 and Yoahida and Ann, 1963), 20 
per cent for barley (Archbold and Mateer̂ ee, 1942), 5 to 10 
per cent to leas than 50 per cent for wheat (Asana and 
Joseph, 19645 Barnell, 1956 and Wardlaw and Porter, 1967) 
and 12 to 14 per cent for oorn (Duncan and Hatfield, 1965; 
and -Tanaka and Ishisuka, 1969). It is to be noted that 
part of the carbohydrates thus lost from vegetative parts 
might have been consumed in respiration* Cook and Yoshida 
(1972) showed that under normal field conditions the amount 

1 of the carbohydrate translocated from the vegetative parts 
was equal to about 21 pea? cent of grain carbohydrate*

The estimated contribution of ear photosynthesis
i

to the grain ranges from 3 to 25 per cent for rice (Bnyi, 
1962 and Takeda and Murata, 1956), 10 to 49 per sent for 
wheat (Boonstra, 1929 and Kriederaann, 1966) and 26 to 76 
per cent for barley (Watson et al, 1953 and Proy-Wyssling 
and Buttress, 1959)* In rice and corn compared with the 
leaf blades net photosynthesis of ear and leaf sheath is 
Very low; some times it is negative (Yoshida, 1972)*
The contributions of reserve food, stem, panicle and leaf 
to yield was 14*7, 13.1, 19.7 and 47.5 per cent respectively 
in Jayaj and 12.7, 19*7, 13*1 and 54*5 per cent respectively 
in Sona (Verikateswarlu, 1976). Such great variations in 
contributions to grain filling could be attributed to



differences in techniques employed, varietal differenoea 
and differences In growing conditions (Yoohida* 1972)*

Defoliation of the top three leaves' ’ ' 5
Removal of the top three leaves resulted in , , 

drastic reduction in leaf area, the reductions in leaf 
area in short duration varieties vis*, Ptb#10 and Jyothi 
were 114,02 sq#cm and 80,29 sq.cna respectively, whereas in 
Jaya it was 99*42 sq.cm. The per cent reduction in leaf 
area in Pfcb.10 and Jyothi was 73*18 and 72,89 respectively 
whereas it was only 55*4 in case of Jaya, The difference 
in leaf area reduction was due to the fact that Jaya had
two leaves left intact when compared with Jyothi and Ptb.10

>

which had only on© leaf each* The contribution of the
\ i

leaves (fourth leaf in short duration varieties and the 
fourth and fifth loaf in Jaya) thus retained in the plants, 
was not substantial In grain filling. This was evidenced

! u

from the fact that their presence did not improve the total 
yield, grain number, and 1000 grain weight by not more than

T

a few par cent, Tanaka (1953 b) pointed out that the top
t »

three leaves are important for grain filling in rice. The
r  e .  -  1 ■,

relatively small contribution of the fourth and fifth leaves
7 8 ? ’

was due to various reasons# Bonnemain (1965) pointed out 
that in tomato the lower leaves act as the main source of 
assimilates for roots# Tanaka (1958 a) found that the



lower leaves in rice sent their assimilates to the roots*
The progressive decline in apparent photosynthesis with 
increasing age of leaf may also be an important factor as 
was found in tall fescue by Jew!sa and Woledge (1967),
I1 he leaf angles of the lower leaves were relatively large. 
They were drooping and shaded and received less illumination, 
The chlorophyll content of these leaves also were low. 
Another factor for low contribution may be the distance from

f

the panicle, Shat in (1969) and Palmer (1969) working with 
corn found that the translooation of the assimilates by the 
leaves below the ear sharply decreases, the lower the 
leaf positions,

defoliation of two leaves in combinations
1 *

The top three leaves’ were defoliated two at a time 
in three combinations, via,, penultimate leaf and flag leaf,, 
penultimate leaf and the third leaf and flag leaf and the 
third leaf and the relative effects studied.

The removal of penultimate leaf and the third leaf
, » 1

together decreased leaf area by 51,06 per cent in Jyothi, 
and 50,61 per cent in Ptb,10 and 39.91 per cent in Jay a. 
This was followed by the combination of flag leaf with third 
leaf and flag leaf with penultimate leaf respectively.



The highest reductions In yield, filled grain 
number and 1000 grain weight were caused by the removal 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 filling was pointed oat by Tanaka (1953 b), i’oohida 
(1972) found that the photosynthetic activity of the second 
and third leaves in rice was higher than that of the flag 
leaf at early stages of ripening*

She adverse effect on yield and yield components 
on the defoliation of flag leaf and penultimate leaf was 
slightly less though there were significant differences in 
leaf area* The smaller area of the flag leaf was to a large 
extent compensated by its higher photosyathetic efficiency 
and nearness to panicle when compared with the third leaf* 
Results obtained in the present study showed that the 
contribution of th© top two leaves in the three varieties 
ravaged from 20*49 to 21*15 per cent* Similar results 
were obtained by Slkder and Das Gupta (1976)* They found 
by defoliation of the top two leaves in rice* that their 
contribution m s  20*9 per oent as an average of two 
varieties*



Removal of the flag leaf with the third leaf 
resulted in the least reductions in yield when compared 
with the other two combinations* 1‘his indicates that the 
third leaf was comparatively less important than the other 
two leaves in grain filling*. She low contribution of the 
third leaf is the result of its age, relative position, 
lower chlorophyll content, higher leaf angle and shading*

Defoliation of single leaves 
Defoliation of the third leaf

i

She third leaf had completed its growth at or before 
panicle emergence and hence it® area did not record any 
change after panicle emergence* She top three leaves are 
important for grain filling in rio© (Sanatsa, 1959 )*
SToshida (1972) observed that the photosynthotio activity 
of the second and third leaves in ride was higher than that 
of the flag leaf at early stages of ripening* She present 
studies indicated that the contribution of the third leaf 
in yield and yield components was loss than that of either 
flag leaf or penultimate'leaf though’its area was larger 
than that of flag leaf or penultimate leaf* Shis compara­
tively low contribution might be due to low chlorophyll 
content, decrease in' photossynthetie efficiency due to 
ageing, a wider leaf angle and shading, and greater 
distance from the panicle when compared with the other two 
leaves.



Defoliation of penultimate leaf
fhe area of the penultimate leaf was less than that 

of the third leaf bat more than that of the flag leaf. The 
reductions in yield and filled grain number resulting from 
penultimate loaf removal were found to be higher than those 
caused by the defoliation of the third leaf in all the 
varieties. The influence of clipping the penultimate leaf 
was also reflected in minor differences in 1000 grain weight.

She penultimate leaf continued to grow even after 
panicle emergence as shown by the higher leaf area at 
anthesis. This implied that its photoaynthetio efficiency 
was high. Saeki (1959) observed that each leaf showed a 
maximum rate of photosynthesis before It vas fully expanded 
followed by a progressive decline in Phaseolus viridiBsiaus 
and Pagoohvrusa esculentum. The factors which contributed 
to the photosynthetic efficiency of the penultimate leaf 
were, higher leaf area, high chlorophyll content, smaller
leaf angle and less shading, its nearness to the panicle

\

and its age in relation to the third leaf.
Flag leaf defoliation

The flag leaf area of dwarf varieties at anthesis
s

was less than that of the penultimate leaf, Jaya having 
30.15 sq.cm and Jyothi 25.9 sq.cm* The flag leaf aise of



most improved rioe varieties is relatively small compared 
with the second or third leaves. Possibly this results 
from competition between developing flag leaf and paniole 
for assimilates. The mechanism involved in the partitioning 
of assimilation products between the flag leaf and panicle 
was not understood (Yoshida et al. 1972 b). Similarly, 
in wheat the ear siae may be negatively correlated with 
flag leaf area (Rawaon, 1970).

The flag leaf area and penultimate leaf area was 
similar at anthesis in the tall variety. Though 
differences existed in the area of the flag leaf and 
penultimate leaf in the dwarf varieties, the contribution 
of these leaves to grain filling appeared to be of the same 
magnitude* Th© flag loaf contribution to grain yield ranged 
from 10.66 per cent to 16.79 per cent. Reports of a 
similar nature have been recorded by others also.
Boonstra (1937) reported that in wheat 60 per oent of the 
dry matter in the grain was derived from the flag leaf 
lamina, sheath and peduncle, 17 per cent from the parts of 
shoot below the base of the flag leaf. Rawson and 
Hofstra (1969) found that in wheat the rates of Co2 fixation 
by the whole flag leaf waro higher than the basal leaves.
The removal of half the flag leaf at panicle emergence 
reduced the grain yield in rice by 14 per cent and grain



n u m b e r  b y  1 5  p e r  c e n t  w h e r e a s  c o m p l e t e  r e m o v a l  o f  f l a g  

l e a f  r e d u c e d  g r a i n  y i e l d  b y  1 3  p e r  c e n t  ( T r i p a t h i  a n d  

P u r o h i t ,  1 9 7 1 ) •  R a m a  P a s  a n d  R a g h a v e n d r a  ( 1 9 7 4 )  o b s e r v e d  

t h a t  i n  m i l l e t s  t h e  p h o t o c h e m i c a l  a c t i v i t i e s  o f  f l a g  l e a f  

w e r e  c o n s i s t e n t  w i t h  t h e  h i g h  p h o t  o e y n t h a t e  c o n t r i b u t i o n  

t o  t h e  g r a i n  f i l l i n g  p r o c e s s *  I n  f o u r  o r  o p  p l a n t s  ( Q g y g a .  

P e n n t s e f c u m *  S o r g h u m .  S e a )  t h e  r a t e  o f  c a r b o n  f i x a t i o n  m s  

h i g h e r  f o r  t h e  f l a g  l e a f ,  d e c r e a s i n g  g r a d u a l l y  i n  t h e  

l o w e r - l e a v e s  ( R a m a  M s  a n d  R a j e n d e r u d u ,  1 9 7 7 ) *

I t  i 3  a e o n  f r o m  t h e  t a b l e  V  o  t h a t  t h e  r e d u c t i o n  i n  

g r a i n  n u m b e r  c a u s e d  b y  t h e  e x c i s i o n  o f  t h e  f l a g  l e a f  a n d  

p e n u l t i m a t e  l e a f  a r e  n o t  d i f f e r e n t *  H o w e v e r  v a r i e t i e s  

d i f f e r e d  w i t h  r e s p e c t  t o  t h e  e x t e n t  o f  r e d u c t i o n  i n  g r a i n  

n u m b e r *  T h e  h i g h e s t  r e d u c t i o n  o f  1 4 * 0 4  p e r  c e n t  m s  m e t  

w i t h  i n  P t b . 1 0 *  T r i p a t h i  a n d  P u r o h i t  ( 1 9 7 1 )  r e p o r t e d  

s i m i l a r  r e s u l t s *  T h e y  o b t a i n e d  a  1 3  p e r  c e n t  r e d u c t i o n  i n  

f i l l e d  g r a i n  n u m b e r  i n  p a d d y  b y  d e f o l i a t i o n  o f  f l a g  l e a f .

S i g n i f i c a n t  r e d u c t i o n s  i n  1 0 0 0  g r a i n  w e i g h t  f o l l o w e d  

d e f o l i a t i o n  o f  t h e  f l a g  l e a f  i n  a l l  t h e  v a r i e t i e s *  D i f f e r e n c e s  

w e r e  a l s o  n o t e d  b e t w e e n  v a r i e t i e s .  I n  t h e  i m p r o v e d  v a r i e t i e s ,  

t h e  c o n t r i b u t i o n  o f  t h e  f l a g  l e a f  t o  1 0 0 0  g r a i n  w e i g h t  w a s  

m o r e  t h a n  t h a t  o f  t h e  p e n u l t i m a t e  l e a f  w h e r e a s  i n  t h e  l o c a l  

v a r i e t y ,  t h e  p e n u l t i m a t e  l e a f  a p p e a r e d  t o  c o n t r i b u t e  m o r e  

t h a n  t h e  f l a g  l e a f .  I n  d e f o l i a t i o n  e x p e r i m e n t s  w i t h  o a t o ,



t h e  p r e s e n c e  o f  f l a g  l e a f  a n d  p e n u l t i m a t e  l e a f  i n c r e a s e d  

i n d i v i d u a l  g r a i n  w e i g h t  ( P r e y , '  1 9 6 2 ) .  L u c a s  a n d .  A s a n a

( 1 9 6 S )  r e p o r t e d  t h a t  t h e  r e m o v a l  o f  t h e  f l a g  l e a f  a n d  

p e n u l t i m a t e  l e a f  r e d u c e d  b o t h  g r a i n  n u m b e r  e n d  g r a i n  w e i g h t  

i n  w h e a t .  T h e  l e a f  a r e a  o f  t h e  f l a g  l e a f  w a s  f o u n d  t o  b e  

l e s s  t h a n  t h a t  o f  t h e  p e n u l t i m a t e  l e a f *  B u t  t h e  c o n t r i ­

b u t i o n  o f  b o t h  t h e s e  l e a v e s  t o  y i e l d  a n d  y i e l d  c o m p o n e n t s  

a p p e a r e d  t o  b e  s i m i l a r ,  . T h e  s m a l l  a i s e  o f  t h e  f l a g  l e a f  

w a s  c o m p e n s a t e d  b y  b e t t e r  p h o t o s y n t h e t i o  e f f i c i e n c y  d u e  

t o  i t s  e r e c t  n a t u r e ,  a b s e n c e  o f  s h a d e  f r o m  o t h e r  l e a v e s ,  

h i g h e r  c h l o r o p h y l l  c o n t e n t ,  c l o s e n e s s  t o  t h e  p a n i c l e  a n d  

y o u n g  a g o  w h e n  c o m p a r e d  w i t h  t h e  p e n u l t i m a t e  l e a f *

CO^BNSASIOII KBCHANISM ,

I f  a  p a r t  o f  g r e e n  t i s s u e  i s  r e m o v e d  o r  s h a d e d  t h e  

p h o t o s y n t h e t i c  r a t e  o f  t h e  r e m a i n i n g  g r e e n  t i s s u e  i n c r e a s e s  

Y o s h i d a  ( 1 9 7 2 ) *  A u s t i n  a n d  J o n e s  ( 1 9 7 4 )  r e p o r t e d  t h a t  

c o m p e n s a t i o n  m e c h a n i s m s  e x i s t  i n  c e r e a l s ,  T a b l e  I V  B  

s u m m a r i s e s  t h e  i n t e r a c t i o n  o f  d e f o l i a t i o n  o f  l e a v e s  o n  y i e l d *

I n t e r a c t i o n  o f  flag l e a f ,  penultimate l e a f  a n d  t h e  t h i r d  l e a f

      —   ------

I t  w a s  f o u n d  t h a t  t h e  d e f o l i a t i o n  o f  f l a g  l e a f ,  

p e n u l t i m a t e  l e a f  a n d  t h e  t h i r d  l e a f  t o g e t h e r  r e s u l t e d  i n



positive interactions in all varieties and stages except 
in Ptb«10 at anthesis* $h® removal of these three leaves 
affected the light environment of the remaining plant parts 
vis*, leaf sheath, stem and the panicle* The photosynthesis 
by these structures partially compensated for the loss of 
leaf area* Zjucas and Aeana (1963) in wheat and Rangasayi 
and Ver&ateswarlu (1972) in finger millet had reported 
that th® yield decrease due to leaf clipping was little as 
the mobilisation of stem sugars and flag leaf photosynthesis 
compensated for th® yield losses* Tenkateowarlu (1976) 
observed that the yield loss depends not only on the type 
of crop but on the degree of leaf clipping effeoted* 2he 
estimated contribution of ear photosynthesis to the grain 
ranges from 9 to 23 per cent for rice Bay! (1962), and 10 
to 49 per cent for wheat Boonstra (1929) and Kriedeasann
(1966), indicating that panicle contribution to yield is 
greater in wheat than in rice*

The greatest efficiency of leaf in maize was attained 
at ear formation where there was a rapid movement of assi­
milates from the leaves (Yermilov, 1962)* Demand for 
assimilates oan also influence the rate, velocity, and 
pattern of translocation in wheat, 1/ardlaw (1965) and Rawson 
and Evans (1970) and presuabaly in other plants* Evans 
(1972) pointed out that demand for assimilates influence



p h o t o s y n t h e t i c  r a t e  a n d  s u c h  f e e d b a c k  e f f e c t s  o n  p h o t o ­

s y n t h e s i s  m a y  o c c u r  i n  r i c e  a s  t h e y  d o  i n  w h e a t  a t  a b o u t  

a n t h e s i s *  T h e  d e f o l i a t i o n  o f  t h e  t o p  t h r e e  l e a v e s  l e d  t o  

a  g r e a t e r  d e m a n d  f o r  a s s i m i l a t e s  w h i c h  s t i m u l a t e d  t h e  

p h o t o s y n t h e t i c  r a t e  i n  t h e  r e m a i n i n g  g r e e n  p a r t s *

e

I n t e r a c t i o n  o f  p e n u l t i m a t e  l e a f  a n d  t h e  t h i r d  l e a f

T h e  r e m o v a l  o f  p e n u l t i m a t e  l e a f  a n d  t h e  t h i r d  l e a f  

t o g e t h e r  r e s u l t e d  i n  n e g a t i v e  i n t e r a c t i o n *  B o n n e m a i n  ( 1 9 6 5 )  

p o i n t e d  o u t  t h a t  i n  t o m a t o  t h e  l o w e r  l e a v e s  a c t  a s  t h e  

m a i n  s o u r c e  o f  a s s i m i l a t e s  f o r  r o o t s ,  w h e r e a s  t h e  u p p e r  

l e a v e s  p e r f o r m  t h i s  f u n c t i o n  f o r  t h e  s h o o t  a p e x ,  a n d  l e a v e s  

i n  a n  i n t e r m e d i a t e  p o s i t i o n  m a y  s u p p l y  a s s i m i l a t e s  i n  

e i t h e r  o r  b o t h  d i r e c t i o n s *  J j u p t o n  ( 1 9 6 6 )  f o u n d  t h a t  t h e  

t r a n s l o o a t i o n  o f  a s s i m i l a t e s  f r o m  t h e ;  f l a g :  l e a f  i n  w h e a t  

w a s  e n t i r e l y  t o w a r d s  t h e  g r a i n  w h e r e a s  t h e  t r a n s l o o a t i o n  

f r o m  t h e  s e c o n d  o r  t h e  t h i r d  l e a v e s  w a s  p a r t l y  t o w a r d s  t h e  

g r a i n  a n d  p a r t l y  d o w n w a r d s *  E v a n s  ( 1 9 7 2 )  o b s e r v e d  t h a t  

w h e n  t h e  l o w e r  l e a v e s  i n  w h e a t  a r e  s h a d e d  t h e  f l a g  l e a f  

h a s  t o  s u p p o r t  t h e  r e s t  o f  t h e  p l a n t *  S u c h  partitioning 
o f  a s s i t a i l a t e s  b e t w e e n  g r a i n s  a n d  t h o  l o w e r  p o r t i o n s  o f  

t h e  p l a n t  a p p e a r e d  t o  b e  a n  i m p o r t a n t  r e a s o n  f o r  n e g a t i v e  

i n t e r a c t i o n *  T h e  d e f o l i a t i o n  o f  t h e  s e c o n d  a n d  t h i r d  

l e a v e s  l e d  t o  t h e  p a r t i t i o n i n g  o f  a s s i m i l a t e s  o f  t h e  

f l a g  l e a f  b e t w e e n  t h e  g r a i n s  a n d  t h e  l o w e r  p o r t i o n s  o f  t h e



plant in response to their demand for assimilates,

Interaction of flan loaf and the third W f

Here also positive interaction wag observed, except 
in the case of J?tb. 10 at anthesis* Positive interaction 
(night be due to the improvement in the light environment 
of the remaining plant parts, the mobilisation of storage 
sugars and the enhanced photosynthesis caused by the 
higher demand for assimilates*

Interaction of flag leaf and penultimate leaf

Positive interaction was evident on the removal 
of flag leaf and penultimate leaf together* She basis of 
such compensation may be found in the explanations already 
given, via., better illumination of the remaining plant 
parts, mobilization of storage sugars and higher photo- 
synthetic rates in response to the demand for assimilates*

Xlinok and Sim (1976) working with spring oat 
cultivars Olintland 60, and Garry found that the compensation 
mechanism was insufficient to meet grain filling requirementa. 
Heverthless, they found some evidence of compensation 
effects particularly in the oultivar Olintland 60* $hey 
indicated that differences may exist among varieties in 
their ability to compensate for lost parts* She lack of 
compensation effect!.; shown by Ptb*10 could be a varietal 
character.



IflPOR3?AKOB 0? THE PERIOD BSglfBSBf PANIOL13 fiMBRflBHCCB A HP 
AUgHBSIS IH QRAIK Pl&LlHa

The flag leaf and the penultimate leaf continued to 
grow even after panicle emergence* As a result the leaf 
area lost on defoliation at anthesis was acre than that at 
panicle emergence« Saaf removal at panicle emergence, how­
ever, resulted in greater reduction, in yield and filled 
grain number when compared with that at anthesis* Reduction 
on yield on defoliation at panicle emergence was one and a 
half times that at anthesis, whereas reduction in filled 
grain number was nearly 3 times*

Comparable results have been reported by Klinck and 
Sim (1976). They found that th© yield, redact ion in oats 
resulting from defoliation at panicle emergence was twice 
that at anthesis*

1000 grain weight was also reduced by defoliation*
The reduction in 1000 grain weight due to defoliation at 
anthesis was nearly one and a half times that resulting from 
defoliation at panicle emergence.

The results of the present investigation revealed 
that the period between panicle emergence and anthesis is 
important in grain filling in rice* Damage to the leaves 
by lnseots or ether agents or severe leaf disease infection 
at the early heading stage could have drastic effects on 
grain yield in rice*



SUMMARY



SIMM4RY

Defoliation was effected at panicle emergence and 
anthesls for assessing the contribution of leaves and the 
importance of the period between panicle emergence and
anthesls to grain filling* A split plot experiment was laid

\
out in Randomised Block Design with three replications*

Jay a, the medium duration dwarf variety was superior/
to the short duration varieties in yield, grain number and 
1000 grain weight* She plant characters which contributed to 
higher yield in Jaya w e r e ,  erect culm, and erect leaves permi­
tting better illumination of the leaves, larger leaf area 
duo to a greater number of functional leaves, absence of 
shading by higher chlorophyll content and the positioning 
of the panicle below the flag leaf* The short duration 
varieties, Jyothi, a dwarf variety and Ptb.10 a tall variety 
differed in yield* The superior yield, of Jyothi was due to 
higher 1000 grain weight no the grain number in these varieties 
were found to be similar* Ptb*10 ted decided by more leaf 
area than Jyothi* The higher yield recorded by Jyothi 
inspite of its smaller leaf area might be due to its erect 
Culm and leaves allowing better light environment, and 
the bending of the ears well below the flag leaf* The low



yield in Ptb.10 was the result of plant characters like 
lodging culm, drooping and mutually shading leaves, and the 
Greet panicle which shaded the leaved*

Reductions in yield and yield components following 
defoliation at panicle emergence and anthesis gave a general 
picture of the relative contribution of different leaves 
to grain filling at these stages* The reductions in yield 
and yield components generally followed similar patterns 
in all varieties, defoliation of all leaves> defoliation 
of three leaves defoliation of two leaves> defoliation 
of one leaf*

The results of complete defoliation indicated that 
apart froa the leaves other sources also contributed to 
grain filling* These could be stored carbohydrate and 
photosynthesis by plant parts other than leaf lamina*

It was found that only the top three leaves are 
important in grain filling in rice* The contribution of 
the third leaf is smaller than any of the other two leaves* 
The flag leaf and penultimate leaf contributed almost equally 
to grain, filling.

Defoliation stimulated the photoaynthetic activity 
of the remaining green parts* Positive interaction resulted 
on the defoliation of the top three leaves, flag leaf and



penultimate leaf, flag leaf and third leaf. Positive 
interactions are the result of improvement in light environ* 
ment of remaining plant ports, enhanced photosynthetio rates 
in response to demand for assimilates and the mobilisation 
of stem sugars, Negative interaction observed on the 
defoliation of penultimate loaf and third leaf appeared to bs 
caused by the partitioning of carbohydrates between grains 
and the rest of the plant and loss of carbohydrates on 
maintenance respiration,

Defoliation at panicle emergence and antheoio 
depressed yield and yield components. Reduction in yield 
on defoliation at panicle emergence was one and a half times 
that at anthesls, whereas reduction in filled grain number 
was nearly three times that at anthesls, 1000 grain weight 
reduction on defoliation at anthesls was one and a half times 
that at panicle1 emergence, Theae results indicated that 
damage to the leaves by insects, diseases or other agents 
at the early heading stage could have drastic effects on 
grain yield in rice.

>
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APPENDICES



Analysis of variance 
Leaf area removed

Source s.s. df M.S. F

Eotal 303306.4960 161
Block 0.0632 2 0.0340 Loss than one
Major treatment 13250*7490 5 2650.1490 37326.042**
Stage (3) 761.6270 1 761.6270 10727.14**
Variety (V) 12461*3395 ■, 2 6230*6690i 87755.901**
V £ S , 27*7336 2 13.3910 195.647**
B (1) 0.7110 10 0.0710
Minor treatment 277092.9750 ■ 3 - 34636.6210 407439.653**
$ 32107.8610 32107.8610 377739.541**
P 33634.5230 1 33634*5230 454523.800**
F x P 32.6420 32.6420 334.023**
P» 45372*5500 1 45372.55QO 533794.705**
F x :p* : 12*7090 12.7090 149.517**
P x P* 13.0760 1 13.0760 212.658**
F x P x P* 19.1400 ■ 19.1400 225.176**
D (-) 160395.4740 1 160395.4740 1892837.929**
?&jor x Minor 13453.7790 40 336.344 3956.938**
B (2) 8.24 96 0.035
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Analysis of variance 
1000 grain weight

Sour00 s.s. df M.S. P

Total 639.2124 161
Block 0.0564 2 0.0232 Less than one
Major treatment 409.7773 5 31.9554 2295.6694**
Stage (S) 25.4510 1 25.4510 712.9131**
Variety (V) 371*5150 2 185.7575 5203.2913**
V x S 12.0142 2 6.4071 179.4705**
B 0) 0*3574 10 0.0357 Less than one
Minor treatment 227.4113 3 23.4267 94.5094**
P 50.6351 1 50.6351 163.1671**
P 64.$735 1 64*1735 213.1302**
! x P 0.6175 0.6175 2.0503**
P» 30.1676 1 30.1676 100.1913**
F X P» 0.0004 1 0.0004 Less than one
P x P* 3.6259 1 3.6259 12.0400**
F x.p.x p» 0.1554 1 0.1554 Less than one
3 <-) 77.7777 1 77.7777 259.3700**
Major x Minor 22.7000 40 0.5675 1.8300**
E (2) 23.9100 96 0.3011



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

Source S. S. df M.S. F

Total 6136.2400 161
Slock 9.8700 2 4.9350 1.4950
Major treatment 1659.5809 5 331.9160 99.911**
Stage (S) 1218.3693 1 1213.3693 366,7467**
Variety (V) 369.2118 2 194.6059 61.5350**
V x S 71.9990 2 35.9995 10.8362**
B (1) 33.2210 10 3.3221
Minor treatment 3634.3287 8 454.2910 470.4753**
2 766.3500 1 766.3500 793.6516**
P 1043.8200 1 1043.8200 1091.0066**
F x P 85.1600 1 85.1600, 83.1939**
P* 483*6300 1 498.6300 506.0376**
F X P* 0*0700 1 0.0700 AOas than one
P i ? ' 19.0500 1 19*0500 19.7286**
P x P i P ' ' 85.1600 1 85.1600 89.1938**
D (-) 1146.0300 1 1146.0900 1196.9096**
itajor x Minor 706.5390 40 17.6634 13.2823**
B (2) 92.7004 96 0.9656 1



APPENDIX IV
Analysis of variance 
Number of filled grain

Source S* S. ■ df M.S. F

Total 32586.031 161
Block 223.031 2 111.515 10.99**
Major treatment 17513.433 5 3502.697 344.399
Stage (S) 10129.399 1 10129.389 997.379**
Variety (V) 6693.563 2 3341.734 329.045**
V x S 700.481 2 350.240 34.496**
s  (1) 101.562 10 10.156
Minor treatment 11450.197 8 1431.375 1057.145**
F 2773.770 1 2773.770 2043.579**
P 3906.250 1 3906.250 2834.970**
F x P 177.777 1 177.777 131.297**
p i 1547.111 1 1547.111 1162.562**
P x P » ! 17.361 1 17.361 12.322**
P X  P* ■9.000 1 9.000 6,646**
F x P x P* ' 0.027 1 0.027 leas than oi
D ( - ) 3018.892 1 3018.392 2229.610**
Major x Minor 3167.729 40 79.193 53.433**
E  ( 2 ) 130.074 96 1.354



Analysis of variance 
Total yield

Source S. S. df M.S. F

Total 36,1332 161
Block 0.1661 2 0.0330 16*60
Major treatment 20.7964 5 4.1592 331.84**
Stag© (S) '2.9282 1 2.9232 535.64**
Variety (V) 17.5823 2 8.7914 1753.28**
V X s 0.2Q54 2 0.1427 23.54**'
E CD 0.0503 10 0.0050
Miner' treatment 13.9206 8 1,7400 1450.00**
F 3.3672 1 3.3672 2806.00**
.P 4.4302 1 4*4302 3733.50**
P j P 0.2146 1 0.2146 178.33**
P' , 1.3769 1 1.8769 1564.03**
F x P.* 0.0336 1 0.0336 28.00**
P x P ' 0.0420 1 0.0420 35.00
F at P. x P1 0.0003 1 ‘ 0,0003 L©3S than
B (-). 3.9053 1 ' 3.9053 3254.41**
Major, x Minor 1.0792 40 0.0269 22.41**
E (2) 0.1206 96 0.0012



PLATES



A* Plag leaf continued to grow after panicleemergence and the growth was more sriclcing than 
that of penultimate leaf (in all the three varieties)*

3, Penultimate leaf also continued to grow after 
panicle emergence (In all the three varieties)
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Plate X. 0* She leaf lower to the penultimate leafattained maximum growth at panicle emergence 
and there was no further growth after panicle emergence (in all the three varieties)*

Plate II. Plant characters (Son days after ant heals)
A* Jyothi dwarf plant (with erect email leave»t 

non-lodging habit and panicle positioned below 
tho flog loaf)
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B. Ptb.10 tall plant (with drooping lower leaves, 
lodging habit and flag leaf positioned below the paniolo)

0. Dwarf plant, with more erect leaves, non-lodging habit, and panicle positioned below the flaf leaf.







Yield and yield components (Representative sample of a oontr<S" plant)’
Panicle length (Length of the panicle waa more in Ptb.10 followed by Joys and Jyothi i&ereas 
the grains were scattered in Ptb.10, densly 
packed in Jyothi and most densly packed in Jaya).

Sise and number of filled grains (Representative sample of a control plant)*
In both Ptb.10 and Jyothi, number of filled 

grains were alaoat similar whereas the eiso of latter was bigger than the former, Jaya m s  
having no grains with the largest siso).
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The contributions 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 two short duration varieties the dwarf variety Jyothi

i

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 equal 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 
insects, diseases or other agents at the early heading stage 
could have drastic effects on grain yield in rice.




