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INTRODUCTION



IRNTRODUCTION

4 nmumber of high yielding varieties
are nov under cultivation in differeamt parts
of Indla, All these varieties have many desirable
morphological characters such as; narrow,
ereet and thiek green ieavés, short, sturdy
culm and moderately large number of tillers
80 as to give them an idezl plant type. whssa
varieties also are highly nitrogen éGSponsive
and are intensitive to photoperiod.

" The old varicties which were grown in-
India so far, vere tall, leafy snd heavy tillering,
They were slso low nitrogen responsive and
ma jority of them were season bound, Under high
fertility conditions thoy grew excoessively tall
and leafy and lodged before harvest resnléing
in very low yleld.

In the breeding prdgramme for high
yielding varietics the above differences in
plant type and nitrogen responsivenese betveen
high yielding and tall varieties are now
taﬁen 1hte consideration, The diffaténea between
the high yielding end tall varieties at physioclogical
or biochemieal level however are not known, Most
of the eérxy work by J@banmse worker in this area
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wore eonfined to comparisions between high‘
yielding Japonica varicties and lovw yieiding tall
indica variocties, ihese rosults are found not

to holdigeoﬁ for most of the recently developed
high yielding vari@ties as almost all théae
verietles are pure indicas, '

Important d&fferenees betwaen high
yielding Japonica variotics and tall 1n61ea varieties
with respeet to their earbohydrete metabolism
have been reportea by Japanese workers ( Baba, 10961,
FTenaka, 1963 Yo a study vas undertaken to find out
if their exists similar differonces betwoen high
yiclding dwarf indicas enrrently under eulttvatlon
in different parts of Indis and the ol& tall varletiss.
The objective of this study were therefores

4 1) to find out the differences between
the high yielding dwerf varieties and taii varietios
with Pespect %o carbohydrate content of the various
plant parts at different growth stages as atfectad
by nitrogen mannringg |

2) to study the pattern of distribution
of carbohydrates in the forms like, reducing éugér,
non redueing sugar, total soluble sugar, starch
and total carbohydrates in various plant parts
and correlate them with carbohydrate metabolism of

the plant as a whole and
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3)veo study the correlation

between some morphological features and ecarbohydrate
metaboliasm of the plonts. |

seee
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REVIEW OF LITERAIURE

1, Carbohydrate metabolism in different organs
of the rice plant

The rice plant can be conveniently divided
into the following organs. The leaf blade, the leafsheath,
the eculm and the panicle,. '
Murayama ( 1965 } suggested the following
fune¢tions of the different organs oflthe rice plants,
The leaf blade 15 agn orgen with & high content of
protein and minerel nutrient in which photosynthesis
is vigorously ecarried out, The eulm 18 an organ that
stored temporarily the surplus product of photosynthesis.
The leafsheath stores the surplus product of '
photosynthesis in the form of starch and functions
intermediate in eharacter between those of the blade
and the cuim, The ear is tho storage organ and |
accumulates not only the photosynthates after heading,
but also earbohydrates, protein and some nutrients
such as nitrogen, phosphorous, magnesium and
sulphur, |
According to Togari et al ( 1954 ) and
Murayema gt gl ( 1965 ) tho behaviour of carbohydrate
and nitregen at successive growth stages of the
rice plant varies markedly among the organs.
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Carbohydrate metadolism in the vegetative parts
( leaf bladey leafsheath and eulm )

Togari, Okamoto and Kumura ( 195¢ ) studied the
behaviocur of stareh gralné in various organs of the rice
plant, They @baervéé that immediately after transplanting
the percentage of nitrogen in each of the plant organs were
comparatively low, much starch wag sccunulated in leafsheath
and in culm, At:the time of vigoréns tillering stage, the
percentage of Mitrogen was the highest in cach organ but
percengage of étaroﬁ wvas found to be very low., From the
period of earprimérdia formation to the beginning of
ripening, nitrogen content of each organ diminished rapidly
and stareh was accurulated in the culm and the 1eafsheéﬁh. |
About two weeks previous to heading, the panicle commenced
a rapid developmént during vhich nitrogen content of the
léaf'ﬂeereésed' 48 riponing progrossed starch content in the
eulﬁ.and the leef sheath vas reduced but increased in the
panicle,

The ecarbohydrate metabolism in the vegetative
organs of rice-plant with growth has been diseussed by
Nagad ( 1959 ), jecording to him at the earlier stages of
grovth of rice plant the chlorophyll content in lesf is
nigh, the activity of catalase is vigorous, those of invertase
and amylase which ape clesely releted to translocation of |
photogynthates age‘similﬂvly vigorous. The carbohydrate content
48 not great nor pieh in soluble fractions, Photosynthates
are tronslocoted getivitely to the groving parts end consumed
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for the developments of various plant orgens. Upon énferang
the nmext stage of growth that 1s from the period of youns
ear development to its completion which may last about
5 month, activities of amylase and invertase are seme what
guickeoned, photosynthetic aetivities may be kept high or may
be more vigorous tham in the previous period im which nitregen
accumulation has been vigorous, The carbohydrate component
rapidly increases, photosynthates are accumulated 15 the
leaves and culm and the building materials of cell wall,
cellulose.and lignin are also accumulated vigorously. Arriving
the heading and flovering stages chlorophyll concentration
decline and vigorous-catalase activities sre replaced by the
etrongér amylase and invertase activities, Carbohydrate
commonce translocatlng from the leaf to the developing panicle,
on reaching the maturity stage after flowering plant
acttvﬂtzéa are charaetarised by acocummulation of starch in the
grain, Photosynthates in the leaves, culm are transloeated
aettvely into the panicles.

Recently clé has been used by some wozkers to atudi
earbohydrato metabolism in the rice plent,

Frem the studies eonductod at IRRI ( 1964 ) followinp
conelusions have been drawn about carbon assimilation in the

rice plant.
@) 4 large portion of €% assimilated at any

.particular stage of growth is taken inte the organ developing
at that $ime.

b} The preportion of fixed COp subsoguently lest
by respirotion is quite large generally mot lese than 807,
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e} Pixed cl¢ administered at the early growth stages
is transloceted to developing organs, becomes & component of
cell wall and is not retranslocated. The amount in this category
may be about 507 of the total assillateafae the early growth
stages, 40 to 507 'during panicle development and only 107
after flowering,. '

d) Translocstion into the grain may amount only
to 27 of the'cm fixed at the ocarly growth stages, 5 to 102
Guring panicle development and 30 to 50% after flowering,

Shen ond Tanake ( 1967 ) also used c1%o, to -
gtudy earbohydrate metabolism in rico plent at difforent
grouth stages. The plants wvere exposed to cm% at
3 growth stages 1.0, 40 days after transplanting, the
booting stage and milky stage. ihey observed that carbon
assinilated at 40 days after transplsnting was distridbuted
mostly to the lower leaves, At booting stage 13¢ of clé
was found in husks and 6 to 10¢ in the drown rice at hevvest,
of the total € agsimilated 468 was retained in the plants
at maturity and 658f wes consumed by rospiration, At the milky
stage 32% of 014 accumilsted in grain, The'e&rbox) accumlated
as carbohydrate, in tho leafsheath and culm before flowering
ws s re-gllocated to the panicle aftor flowering. It was
shown that 35 to 60f of assimilated carbon was consumed

ghreugh respiration.
From the above studies using 6% and from the studies
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conducted in othor workers ( Ishizuks and Tanaka, 1952,
Murayama gt al, 1965, Takeda, 1960 ) it can be comeluded that
the earbon contents of the graim in rice plant is derived
from the photosynthetic preduets originating im the leaves
after the flovering stage. | '

Aceording to Oshima et al ( 1260 ) starch
acoumilated in the vegetative parts before flouvering serves
ag a buffer, for unseasonable condition im the early stages.

| Of all the leaves of the rice plant the top leaves
contribute most heavily to the formation of greim as |
indicated by the experiments of Pujiwara and Buzuki ( 1967 )
and Zanaka { 1958 3. |

Kasai and 4sada ( 19656 ) observed that the transloestiscn
. of photosynthetie products from the top leaf te the grain
was more active than that to lower leaves, Within 8 hours
aftor assimilation 15¢ of the 6% of the total amount fixed
was detected in grain, |

Sucrose 1s considered to be the primary product
. of photosynthesis in rice and also main form in which
carbohydrates are transloeated ( Asada gt al 1960 ).

Kasai and Asada ( 1965 ) observed that within
5 hours of clﬁ assimilation by top leaves of pice plant,
gucrose was the main form of earbohyé@rate which was present
on the route of transloecation i.,e. in the leafshesth, node

and stems
Akagwa ( 1965 j also comcluded "that 4n ceresls
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garb@hydrates are translocated in the form of sucrose which
15 the initial product of photosynthesisw, |
Tho mechanism of starch synthesis in leaves has been
investigated by a 1limited mﬁer of mvestigéteré who studied

starch synthesis in chloroplasts. |
Akagua ( 1%3 b} suggestea that m the ehlommw‘ks

of mmxy plantis an probsbly direetly Mrticlpateﬂ in starch
formation snmugh ADPG aynthesis and subseguent ﬁransglum» '

sylation reeetiens. |
Nomura gt al ( 1967 ) eomluaaa from their m&ma

of march Moaynth@aﬂ.a in chloroplasta of rice aeedlinga th@ﬁ
the 2 jor meﬁabouo pathway for UDPC utilizatioa, appear to be
synthesis of eit@aér 'suei'osé or sﬁmse phosphate, They alsoe |
‘observed a 'speci‘fic precursor role of ADPG for synthesising
chlomplést _sﬁareh ‘by fhe &BP-»glumae;star’ehaatrénsglsmowywcim
reaauon. | |

Lo carbohydrate matabonsm in the grain ¢
Carbohydrate maﬁaboum in rice gras.n at different

perdods after flovering has been studied by a number of

workorse
Ueda, Shimizu and Ota ( 1963 ) studied syntheels

of smylesc and amylopectin in the rice grains after flowering
and observed that amylopectin was formed in the graim in

the early stage of maturity. |
‘aimi ( 1956 ) studied the change in starch, sugser

and starch synthesising enzyme in rice grain at different
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stages of its development. He observed that starch increased

rapidly from 7th to 20th day and reached a maximum by 30th
day after fertilization, Sugars inereassd upte the 1S5th day
and then decressed rapidly. The ameunt of phosphorylase im
the enﬂoéperm 1&@?@93@8 rapldly te the 18th day snd
disappeared after the 30th day., The stage of starch fbrmé@ion
coineided vith the peried of gra@test phnayhorylase activity
and of reduction of inorganic phosgphorus ( whieh inhibits
‘phpsphnzylase activity ). The guantity of rice~emylase sés
very small in early stages but later increased and reached
. a meximum after the 20th dey of fertilization.
~ Dbanjo (AJQGB } studled eafbohy&rate metabolism
| in riponing and germinating riee sced and observed that
during ripening the guantity of sucrose: appeared early and
remained constant 4n the embryo while in the éndosgevm it was
high for the fipst 85 days and then leveled off. Glucose and
fructose in the endosperm disappeared within 25 days. Raffinose
pﬁesent in the embryo only was dectectable 15 days after |
flovering. ‘

‘Btudies conducted at IRRT ( 1966 ) 4in develcping
grains of IR. 8 indicated the presence of starch gramules
4n four deys old grains ( after f&qwmring )¢ These compound
starech granules were found to be loosely packed in the
peripheral eell especislly in the ventiral ares., 4s the grain
developedy dry ratter, starch and protein increased but
loveled 0ff & weeks sfter flowering. The starch gramules
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were found to be loosely packed im the peripheral eell
especlally in the ventral area. A8 the grain developed, dry
matter, starch and protein inereased but leveled off 4 wesks
after flowering. The starch granules progressively increased
in size during ripening and reached a mean gramule size of
6.3 micron in the mature caryopsis.

‘ Baun, Palmiano, Perez and Juliano ( 1970 ) determined
the levels of starch, soluble sugars and enzymes involved in
starch metabolism such asd,-amylase, famylase, phosphorylase,
Qeensyme, R-eﬁzyme and starchsynthetase in the developing
rice grain of the variety IR. 8. They observed that
phosphorylase, Qeenzymes and Reenzyme had peak aectivities

10 days after flowering whereas o and /amylases had
maximal activities 14 days after flowering, Starch synthetase

bound to starch granules increased in activities upto 21 days
after flowering, .

Kono and Ohashi ( 1970 ) investigated the
localisation and properties of polysaccharides at various stages
of seed development from flowering to the 7th days in
Japonica and indiea varioties. They observed that 3 days
after flowering amylose 1ike polysaccharides were found to be
localised in the 4nner integuments and funicles and epidermis
of the micleus, 4 large amount of polysaccharide was found

in the endosperm tissuesS.
The mechanisms of starch biosynthesis in rice

grain has been a gubject of controversy since longe
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Aceording to aimi ( 1956 ) phosphorylase is the
main stapeh synthesising enzyme in the rice plant. He obsegve@
that the stage of starch foxmatian in rice grain eoincid@@
with the perlod of greatest phosphorylase activities, The
- organie phosphorus level which inhibits phosphorylase activity
vas low, at the perlod of highest phosyhorylase activity and
the pH was G or more which was favourable for synthesis of
stareh by phosphorylase.

, Kuraswa gt 2l ( 1959 ) isolated phosphorylase from
rice seeds at the milky stage and oﬁsérved thaé the enzyme
could synthesised starch froQ g;ueasaolophbSphate without
additien of any primer.

Hamada ( 1961 ) 1solateﬁ phosphorylase frem riee
planz, and synthesised stereh with this enzyme He also
studied the seasonal changes in aecilvities of phosphorylase,
Qeenzyme and amylase in rice plant, He observed that the
starch content of all the rice varieties studied increased
parallel to phosphorylase activities. Qeonsyme activity
changed parallel to the phosphorylase activity. The amylase
getivitios were low and increased slowly during the
ripening stagee.

| Igaue and Kuraswa ( 1063 y studied the mode of
aetio# of Q-enzyme in grains of glutinous and nonglutinous
varieties. They could not find any differemce in the activity
of this enzyme ameng th@se varieties,

Leloir and his asseclates ( Lelodr and Cardini 1067,
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Leleir gt al 1989, Loloir and Goléemburg 1960 ) diseovered
' @ nev ensyme mechaniem of glycogem biosynthesis invelving
UDPG ( Uridin diphosphate glucose } and subsequentiy they
extanded their study to starch blosynthesis ( De Fekete
et al 19890, Leloir gt al 1961 ) usinz bean, sweeteorn and
‘potato enzymes and established the operation of the
mechanism. ,
UDPG + acceytor('ﬁ)n wewsy UDP + Stareh(C)y .y
| Murata gt al ( 1963 ) isolated adenosin
diphosphateglucose (ADPG) from ripening rice grains and
suggested that starch synthesis was effeected from ADPG
by an en_dyme bound to starch granules in the zi'ice grain,

_ Murata @t al ( 1964 ) (a) reported that ADPG and
UDPG could be synthesised by crude rice grain enzymes by
phosphorylation reaction. |
@1u§osedi-?04+ ATP (UZP) ﬁ ADPG(UDPG) + Pyrophosphate
and by' the reversal of ADPG (UDPG) sucrose transglucosylation
reaction, o ‘
gucrose + ADP(UDP) € ADPG (UDPG) + Fruetoge,

Murata et al ( 1964 b ) established the dominance
of ADPG path way 6ver UDPG pathway in starch bilosynthesis in
the ,m grein, They observed that 807 of glucosyl unit
' were tronsferred from ADPG to the starch molecule during
two hour incubation period but only 1/3rd of this amount was
trensferred fron UDPG during this time, It was further shown
thet the glucose transfer threugh the ADPG pathway largely
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went imtoe the amylopectin fraction while that of UDPC
transferred about equally inm the amylose and amylopeetin

fraction. |
Akagwa ( 1966 § discussed two possible mechanism

by uhieh starch could be synthesised in rice grein.
I) (Sucrose) invertase , (glucose +fructose) Hexolkinase

{ glucose -G. phosphste .
fructosesGe phnsyhate)-¥4>(glucose 1rphosphatj

¢ ADPCG @

STARCE thagchsggﬁhataseﬂ 0?

T1) (Sucrose) Sucrosa synthetase . ( ADPG or UDPG )
| ~( 4DP or UDP | | '

,( gtarch ) gfargg gxgthgtagg

 8inee sucrose is the form in which earbohydrates

are eé@nsldgafed'in rice plant, the second mechanism
lnioiving suerose-stareﬁ eonversion is important,

o Taneka, Asada, Kasai ( 1967 ) studied sucrose
st@rch convaersion 4n rtee grain and coneludeﬁ that stareh was
mainly synthesised directly from suerose through ADP-glucose

OP ﬁ@?-gl\!@@ﬁ@ .

3, Corbohydrate metabolism as related to(nitrogen
" pogponsiveness of riece varietless

Most of the sarlier studies with respeect to
metabolian of the rice plont as related to its nitrogen
gesponsiveness were carried out by Japanese workers. Thmy
mainly studied carbohydrate or nitrogen metabolism of high

nitrogen responsive Jjaponica varieties aé compared to *
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low.nitrogea rosponsive indiea varietiés, since high
ﬁitrogeﬂ'rQSponsive indica varietios vere not avaﬁlable
until the development of varieties like Tiel and TR.S.

Takehashi, Ivata and Baba ( 1959 ) compared
Sbvarieties differing in their nitrogen response and observed
that in low nitrogen réaponsive varietios there was a higher
rate of nitrogen absorption im the early growth-stasges,
which resulted in vigorous grewih and less accumulétion\of
earbohydrate in leaf sheath and culms, | |

Yamada ( 1959 ) compared some Japoniea and
indies varietloes and concluded that the imdica varieties
were able ©o produce more dry matter thon japoniea varieties,
Hovwever the Japenica varietiés w@r@ able to utilise 50
of ﬁcﬁal dary mattér in grein prodﬁetiaﬁ whoreas the indica
varioctios utilised less thanléé% of total dry matter for
the same purpose. They deseribed following physiological
causes for the low rate of distributicn of dry matter %o
grains, Nitrogen absorption is posslbly high but in the
proc@ss of nitrogen assimilatlon, 1arge guantity of the
phpﬁo.synﬁhetio product sueh 28 glucose is eonsumea.
Glucose is utilised to produce collewall substanee such
a8 cellulose, h@micellulosa ete. The result 4is that
ghere 18 luxurient growth of vegetative orpans and @epressiﬁn
in accumulotion of starch before heading as well as low
produétiom of starch after heading, |

Baba ( 196} ) compared four differemt varletics
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differing in their nitrogen response and observed that low
nitrogen responsive varieties absorb much more nitrogen
at the early grovth stages end rmake greater growth and
leaf area development in the high responsive varietics,
Most of the photosynthetic produect 1s utilised to form
cell-membrene substances ( cellulose and lignin ), Leaving
only a small portion of carbohydrate to be stored in the
smaller degree of lowering of grain/strav ratio by heavy
papuring in high responsive varieties that the accumulation
of carbohydrate and the translocation of 4t to the panicle
-might be greater with high responsive Qarietlaa. In lov
nitrogen responsive varieties he ebserved greatar decrease
in starch content of léaf sheath 4 stem under heavy

application of nitrogen,
Bredero ( 1965 ) studied the nitrogen response

mechanism of indica variety 30«79 and arrived at similar
conclusion as Baba with respeet te lower carbohydrate
storage in indica varieties st earlier growth stages.

Tanaka ( 1965 ) compared a japonica variety Tinaned
with en indica variety Peta and obsorved that Tinaned had
nigher carbohydrate content than Pota at the earlier growth
gtages, However at flowering Tinone3 had low carbohydrate
eontent than the other varicties, The carbohydrate content
at the early stages of growth of Peta wes lower in the rainy
sesson than in the dry season and that at the flowering stages
was far higher in fhe formor than in the latter. The fluctuation
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iﬁ the earbohyérate content in the "Peta® in the dry season .
during growth was simllar to that of Tinane3, The higher
carbohydrate content Tinane3 at earlier growth stages
indicated that this varlety could store a part ofAthe
assimilated emnergy as starch instead of using it for
nitrogen uptake and expansion of plant size, 4 lowsr
carbohydrate content at the flowering stage of the varlety
indicated that a large proporticon of staréh that
accunulated in the grain during ripening was the assimilsted
product after flovwering. |

Murata ( 1968 ) diseussed two possibilities for
‘the lower accumulation of starch in low nitrogen responsive
varieties, (1) Lov responsive varleties are inforior in
thelr eapacity to produce esrbohydrate or (1i) although
they are not inforior in carbohydrate production they consume
more carbohydrate in the growth of plaat perts other than
. eafs theirby decrossing the amount of sisrch to be stored,

He however concluded from his earlier studies ( Osada én@ :
purata 1962 a, 1962 b ) that the first one wese largely
regponsible for difforences in nitrogen response.

The carbohydrate metabolism of a h&gh\niireg@n
rosponsive indica variety IR.8 as compared to some low
nitrogen responsive indica varieties has boen recently studied
at IRRT ( 1967 ). Hoavy application of nitrogen lovered
the total sugar and starch content imn the leaf sheath +

culm of the low nitrogen responsive verieties to s greater
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degroe than IR.8. The varietal aifferencé in carbohydrate
accumulation as affected by nitrogen application was more
marked in stareh than in total sugar. A elose relationship
wa sv obsei'ved bewaen the sterch eontent of the plsnt at a
high nitrogen level and plant type. I¢ »was concldded
that a high nitrogen level could be used as a biochemical
parameter for the high ni:irogen responsiveness of rice
varieties, The above study also indieated that in
improved varietics such as IR By more than 807 of the
grain starch comes from 'photoayntheeis after flowering,'

LD L2
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& potculture experiment was eonducited with two
high yielding varieties. IR.8 and Jaya and two tall
varieties PiB. 10 and B38. 2 during rabl season of
1970«71, The experimehtal' detalls are given belew:
MATERIALGS: '
Soil s gotl used in the exporiment was a surface
so0il (0673 and gge colloeted on Sth Jamuary, 1970 from a |
cultivatod field/village Bharatipur under Pipili Block
of puri District, The village is situated in the deltaic
aliuvial region of Orissa. The soil was air dried, powdered
and passed through a 2 mm, sleve, A‘bbut one kg. of soil
vas kopt separanely for the physical and chomical analysis,
Result of the soil analysis are presented in Tableel.

Tableel
Physieal and chemical analysis of sell

1. Mechanical amalysis @

&+ Coarse sand vee 45,74
be Fine sand cee 32,50 § 7628
c. 841t see 12 ¢
d. Clay see 9,76%
41, Textural class ess Sandy loam
141, Total Nitrogen ese 0,088 ¢
4v, Available K,0 see 220 kg/ha, |
Ve Available PO ese 35,5 ppm 8 71 kg/ha,
vie organic carbon seo 0,90 ¢
vit, pB | see 4,78

viid. CJEL. ves 2.M8/me/l100 gn solls
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Seeds s
The seeds of the high yielding and tall varieties
wore colleete@ from the Department of Botany of the Collcge.
Seedlings wore reised in glazed pots im the green house.
25 days eld Seedl&ngs were used for transplanting.
The varietal characters as available from the

Department of Botany about the four varietics used in this

study are presented in Tablee?,

Tablee2
gome of the varietal characters of rlice varletiecs.

o

vars,etw Parentege aturuy @plont QPaniele1000 { Remarks
: 8 ; theight flength graln J

3 5 T e

_

Jaya TN 1 2 141 145 130 81.6 22.0 2644 Succptible
' ggibg:t@riai
eht long
and boiﬂ
. ' gwin.

IR 8 Pets x 160 138 %;6 22.0 3743 «d0e
Deegeowoogen - '

PEB.,10 Selection 145 130 108 18,10 23.480 Tall stout
from plant resie
Thavalkannon ‘staant to
- baeterial

blight,

BBs.2 gZeleetion 140 135 10 20,2 24 .32 Deop rooted
from - erop
local ~ droupght .
varietios - rosistant.

\




Fortilizsers i
Ritrogon 3 |

Chemieally pure urea ( B,D.H., ) was used as the
~mi%rogéndus fertiliser. Nitrogen was applied to the pots
at three levels, |

a) 30 kg W/hectare,

b) 60 kg N/hectere,

e) 120 kg K/heectars.
phosphorous and Potash g

Phosphorous in the form of Kﬂépqﬁ wvas applied to
ell the pots at the rate of 80 kg of Pp0Og/hectare, Potastie
fertiliser was not epplied to any pot, axeépt that it
reoceived from Kﬁépqﬁ along with pP.( about 33 kg KgO/ha
2, DFTAILS OF POF CULTIURE EXPERIMENE

6lazed pots having 10 ke, eapoclity were clesned
properly and the holes were ciosed by rubber eorks to avoléd
leaking,. 8 kg of soil vere talken in each pot, Fertilisers
were applied to each pot as @ basal dose in the form of
aqueous solution, 25 day old seedlingts four in number were
transplented in each individual pot, After 80 days twe
gecdlings were uprooted and buyried in the same pot.

The ususl eultural practices vere adopted throughout
the experiment, No éestieides were used, In the case of insset
attacks insects were hand picked and killed.

3, EXPERIMENIAL DESIGN o
Experiment wos laid out in a completely randomiged
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design, wﬂ.&ﬁ two replications. Bach repiﬂ.cation consisted
of 12 trecatments 1,0, 4 varieties at 3 levels of nitrogen.
in each treatment there were 5 pots. One pot was removed
auring each of the 5 stages of sempling.
Other experiméntal details are glven below,

VYaricties

Vi ve  Jaya
VQ .o IR. 8
Va oo PiB., 10
Va .o BBS. 2
Nitrogen « 3 levels, .
Y o 30 kg of N/heetare,
.ﬂg .o 60 kg of N/hectare,
Vg oo 120 kg of N/hectare,

Numbor of répueauons e 2,
gampling stages se 9o
4o SAMPLING TECHNIQUE
| samples were taken during the following stages
of grouth,
1. Vegotative stepe .. 30 days after tronsplanting,
2, Booting stage ve 3«4 days betore flovering.,
8. Barly milky stage .. 7 days after flowering.
4. ¥18 milky stage . 18 days after flowering.
8+ Mature stage oe Harvesting stage.
For tho vegetative stage the sampling was done on
the ssme date, for all the varieties. However,from the booting



g 23 g
stage onwards, sempling was done in different dates for
different varieties, as the four varieties came to these
stages ot different time. The sempling time from bootimg
stage onwards was £ixed by external appesrances of the

plants,
In each sampling day both the plants of a

pot were romoved from above the Soll surface with €he help
of @ sharp knife, - |

The sampled parts were teken to the laboratory
whore the base of the plants weéé washed properly by the
help of distilled water, after washing, the excess vater
was wiped out gently by the help of a filter paper. The
following plent partaywere sampled for study, | |

| 1, Leaf ¢ Leaf blades only. |

2, Stem § The entire plant excluding the leaf

blades and panicles,

3. Grain 3 Rice seeds with husks.

The separated plant parts were weighed quiekly
and then cut into emall pieces. A weighed amount of the
parts vas immersed in hot boiling alcohol which was taken
in a conical flask. Every effbrt was taken to reduce to &
minimum the time taken from the removel of the plants
¢rom the pots to putting the plant parts im the hot alcohol,

The mouth of the flasks were closed by the help
of polythene pleces and they were stored in a rofrigerator.,
4 poption of the plant paris was velghed simultaneonsly into

A
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a moisture box for determination of moisture,

CHEMICAL ESTIMATIONS 3

JPotal carbohydrate
The different plant parts which were teken for

the detérmination of moisture were powdered and passed

through 80 mesh sieve, 200 mg of powdered plant samples

vere taken in a pyrex tube and 5 ml of 0,7 (N) HCl was

added to 1t, The tube was covered looaelé by a glass stoper

and placed in a bolling water bath for 2) hours, The

contents of the tube were then cooled neutralised with

§ (N) NaOH and filtered. To the filtrate one ml of

saturated neutral solution of lead acetate was added,

The solution wés again filtered into a beaker containing

sodium oxalate., 4 white ppt was formed in the besker, 4

few more drops of sodium oxelate solution was added to see

that lead was completely preeipitated. The ppt. was

filtered and the clear filtrate was made up to s volume of

05 ml. Reducing sugar vas estimated in this solution by |

the Shaffer « Somogyi method as deseribed in 4,0.4.,C. ( 1965 ),

ghaffer ~ Gomogyl's method g | |
& ml of the aliquot was taken in a pyrex tube

and to it 5 ml of Shaffer - Somogyl carbonate, 50 reagent

wos added, The tube was covered loosely by a glass atoper

and placed in a boiling water bath carefully without any

agitation, The tube was kept in bolling water for 15 minmute,

The tube was remeved carefully without agitation to a wire

basket and 4t vas placed in running wetor for 4 miautes.
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The glass stoper was removed earefully and 2 ml of 4
( EI = Ky Cg0;) Todlde = oxalate solution and 3 ml of
2(1) ﬁéaqﬁ vas added carefully to tﬁa tube, The tube
was placed in ecold water bath for § mimites and mixed
thoroughly so that all Cu,0 was dissolved. The contents
of the tube was titrated with 0,008 (1) aaaséqa
( Sodiumthiosulphate solution) using sterch as an iadieator,
Blank titrations were done in Guplicate with sach set of
estimation where 6 ml of distilled water ves clarified
with lead acetate and lead was precipitated vith sodium o
~ oxalate. Finally all the stepo of Shaffer . Somogyl's
‘method were gone through and the resulting selution was
titrated ageinst 0,005 (V) sodium thiosulfate, The |
difference betwsen the blank value ond the sample value

was used to calculate the amount of redueing sugar from
a standard curve.

Standard eurve for reducing sugars 3
‘4 mamber of stendard solutions were prepared with

AeRe grade dextroses 411 the solutions were clarified
with laadacetat@'and then lead was precipited with seddum
oxalate as deseribed before., The final volume of the
 polutions were adjusted se that they gave concentrations
of 0,2 Bg ewewew 1,8 mg of dextrose for 5 ml of the

golution,
5 nil of gach of the standaré solutions were

. taken in soparate pyrox tubes. 8 ml of distilled water was
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taken 1nitwa of the pyrex tubes. To each tube Shaffer e
Somogyl carbomate 50 reagent was adsed and the procedure
deseribed before was followed, The differenees between the
blank and the titragtion value of the different standard
selutions were ploted asgainst coneentration of reducing
suger in § ml of the solutions. The amount of redueing
sugar present in the plant extracts was estimated using
the above standerd curve, |
Aleohol soluble carbohydrate 3

The sample éhtch were kept in 80F aleohol
were homogenised in a waring blender for 2 minutes and
then filtered through two layers of muslia using a filter
pump, The residues left on the muslin wes transferred to
the blender and homogenised for the seocond time with 80F
aleohol, The homogenate was filtered through the same
muslin used before, with suction, The combined filtrate
from both the filtrations wes taken in a 250 ml
volumetric flask and made upto the volume with 80%
aleohol, The volumetric flask wes stored in a refrigerator.

o6 m) of clear aleoholic extract were evaporated

in a "flash evapopator® to drive off the aleohol, The alcohol
free emtracts were used for the estimation of redueing,
non redueing, en total soluble sugars.

Estimation of reducing sugs?® 1§
The alcehol free extract was taken in @ besker

and placed im bolling water bath for 3 minutes. Then 1t was



s 27 3
cooled clarified with moutral lead acetato and made free
of legad with sodiumeozalate as described under éstimatﬁon
of total carbohydratas. Redueing sugar was deteormined by the
Shaffer = Sonopyits micro mothod using the standerd curve
prepared unﬁéw the ostimatien of total earbohydrate,
Bstimation of tetal seluble sugay '

10 m) of the clarified solution prepered for the
estimaiion of reducing supars were tokem &n & 100 ml bealer
and te-4%t 6 ml of 8 (N) FC1l vas added, The beaker was
covered by a wateh glass, and plac@d on a bo&ling wvateyr
beth at 60%C for 10 mimutes, The beaker was stirred
éeeaszonally. The Deaker waes cooled to room temperature
and neutralised with 5§ (N} RaOH using bromocrescl green
s an indicator, The acid colour of the indicator vas
adjusted by using 2 (m Hp80,+ The volume was made upto
28 ml, 5 ml of this golution was used to determine redueing
gugay by the method followed in total carbohydrate
estimation,
stenderd curve for non redueing suger 'a

4 separate siendard curve wes used for estirstion
of nen pedueing sugar. Standerd aalutioné of suerose
(A eRegB.D.H,) vere hydrelysed in the similar way as the
samples, neutrallised and reducing sugar in the hydrolysates
wore determined exactly in the same way et deseribed for
cotsl carbohydrate, 4 standard eurve wes drawvn with ol of
sodium thiosulphste in Xeaxis and concentration ef reducing
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sugar in 5 ml of tie hydrolysate in the Yeaxis,
Bstimation of mon redueing sugars §
. Nom refuelng sugar was calculated by
substracting reducing suger from total soluble sugar,
Hon redueing sugar S Total soluble sugér » pefucing sugar,.

sene
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RESULTS AND DISCUSSION

The results described in the following pages are
ﬁom a potculﬁ_ure experiment, which was eonducted during rabi
season of 1971, The orop growth was normal and the climatic
condition was not different from other years. Total
carbohydrate, soluble carbohydrates, reducing and non redueing
sugars were determined in the various plant parts at |
different growth stages, 4 number'of grovth characters of
" the four rice varieties used in this study were 8lso
observed, 45 described before ( page 20 ) the four rice
varietﬁ.és {ncluded two high ylelding varieties IR. 8 and Jayas
and tvo tall varicties, PIB, 10 and BBS, 2, The nitrogen
;levels at wvhich they were grown were 30, 60 and 120 kg

N/hectare, : |
pffect of mitrogen memuring on some growth eharacters i

The grovth characters studied at 38 Nitrosen levels
and st different growth stages were as followss

1, Welght of leaves.

2, Weight of Stem,

3. Leaf/stem ratio,

4, Welght of straw,

5, 1000 grain welght, 1000 kernel welght and

gram/i:aml ratio,

LEAP WEIGHE ,
The oven dry velght of loaves expressed as gm/pot

( two plants ) are given in table « 3,
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Tablee3 a.
Welght of leaves ( g/pot ) at vegetative stage ( 30 days
after transplanting )

%&3{_9%@9 ¢ N © ©Fp § BRa { Varietal mean
ariety 0 ¢ L) v .
JaYA 1,85 © 2,80 8,90 2.88
IR, 8 1.85 : 2.75 3.30 ‘2,80
PTB, 10 245 3,05 3,85 3,12
BBS‘ 2 3035 3.15 4080 ) 3.%
Nitrogen moan?.15 - 294 3,93
Tablee3 b,
Welght of the leaf ( g/paﬁ) at boctleaf stage
g%g ¢ N 0 W, ¢ Ng 0 Vartietal mean
ariety ¢ 0 - 0 0
JAYA 3,76 4,80 5.86 4,80
IR, 8 2,90 4,90 6.50 4,77
PIB, 10 1.7 = 2,88 3470 2,67
BBg, 2 - 1,90 3,10 8.73 3.86
Nitrogen mean 2,67 Q.84 | 8 é '
Table«3 ¢,
Wedght of leaves (g/pot) at early milky stape

- o - bt v - ——

P = g n ] i} § Variotal mean
Velely 4 ™ § ™ § o gt -
JAYA 2,74 340 6.32 4415
IR, 8 3.28 5.67 8490 85.28
i, 10 1.65 2,68 4429 2.86
BBB. 2 2,67 3,89 4. | 387

Hitrogen mean .88  8.89 —




g 31

2able«3 | Qe
Weight of leaves (g/pot) at mid milky stage

¢ 8 N P Fe 6 Wa 0 Varietal mean
faipzes ) M} P2} Tal

JAYAR 332 4,19 5.92 448
IR, 8 3480 54287 7.51 5463
Pis. 10 1448 2438 3,64 248
BBS. 2 4407 2,87 743¢ 4479
Nitrogen mean ' 3.16  3.60 6,10 |
' ?3bloe3 6,
Wolght of leaves (g/pot) at harbesting stage
0 0 R ] . § N, 0 varietal mean

ariety y  § 24 2
JAaYa 4,60 6 48 8.54 8.54
IR, 8 . 4430 €42 11,7 749
PEB,. 10 2400 2,99 443 3,88
BBS, 2 2,82 3,87 5476 4016
Nitrogen mean 3443 4,54 7.62
[ - lu R i NI i

It 43 ebservod from the Tablee3ase that weight of
leaves of the two high ylelding varloties and two tall varisties
at the vegetative stage ( 30 days after trsnsplanting ) were
not much different from one another. However the differences
between high ylelding variety and the tall varleties beceme
increasingly avident with the growth of the plant (Pigel @4)e
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with the increase in P application the leef weights of
the high yielding varieties increased considerably as
compared to the tall varietics. The mazimum differénaas
betueen the tall varieties and the high ylelding varieties
wag observed at horvest. It was also observed from (Fig.l a )
that at ml and Wﬁ levels the 1leaf weight of the tall varietiocs
docreased from vegetaotive stage to booting stage,-whers as
there was an ineresse in high ylelding V&rietias.«ﬂt.né
levols the docrease in leaf welght from vegetative to
booﬁiag'atagg was observed for PLB. 10 but not for BBG. 2,
The leaf welght of high ylelding varieties hovever incressod
considerably from vegetative to booting stage. Bffect of
nitrogen menuring on increase in lear‘dvy veight of
varioties differing in their nitrogen response has beeg
studied by Baba (1961) and Tenaka (1964), Both of them
observed that the low nitroasen response varicties have more
ieaves at early growth | stages, whexi there is increase in
nitrogau<ménnring; It is observed from (Tablee3a) that st
the vegetstive stage the leaf welight of the tail:ﬁarteties
vere more then the high ylelding varieties, at Ny and W,
levels, but the di;ffex'eneeé were not "very much at LY level,
the meximum difference in leaf welght was however obaarved
ot harvest ( Pable.a ). The observotion of the Japanese
worker were based mainly on comparison between Japonice
and indics varieties, wvhereas 81l the four verietiec used
in the study were indica varieties, It has already been
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established that the high ylelding dwarf varieties IR. 8
' and Jaya absorbed more nitrogen at the vegetative stage
than the tall varfeties ( IRRZ 1966 )( Nayek 1970 }.
The above observations are contrary to the findings
of Baba ( 1961 ) and Tanoka ( 196 y.
sTEM WEIGOME ¢ | .
The dry welght of the stems of the four
varieties at diffe_ren% growth stages are given in Tableedetee,
éable-& Qe

Weight of stem (g/pot) at veﬁtative stage ( 30 days
after trensplanting :

P —— ’ —

@ Wy @ Bg 8 varietsl mean
i 6 . '
2,77 3,72 2,88 |
. 1,98 3,72 303?
4427 4,61 - 3487
3&5 3,81 354
Nitrogen mean 2,i3 8.1 4.2 |
, ' fablesd b, -
Wolght of atem (g/pot} at bootlear aﬁage.
8 R, B 'E § varietal meen
§ 3 3 gy " ] | |
JAYA 8,78 - 9,80 . 131410 9,.23
IR. 8 8470 8,78 12.76 0,07
B, 10 8,57 5,80 B85 8,07

BBS. 2 4,00 541

7.1

5481

D96

Witrogen mesn 5,01 744
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Table«d ¢,
Weight of stem (g/pot) at early milky stage.
> ®, ¢ R W § varietal mean
P 1 R 8 Ty Y |
662 G430 13,77 8 .66
6,78 10.18 13,87 10,16
PiB, 10 4637 7.21 18,62 9440
BBS, 2 5486 7443 10,98 7495
Witrogen mesn 6.7 7.7 13,71 -
7 gablesd 6.
. Welght of stem (g/pot) at mid mim stago. _
mitro ~ ¥, 9 W, t w, B ¢ Varietal mean -
| %aﬁe’éy” 3 oy 2§ 3 A
Java 8479 9,01 1147 8.76
IR. 8 748 9,01 - 1438 10,28
BBS. 2 - 0,15 11,88 = 1244 11408
 Mitrogen mean . 6,57 0,36 12,28 |
Tab
might of atem. (gmt) at uam-ny (mrvest) |
o Ha g _133 g Vauetax mean
G).QQ ‘111'56 70?4
IR, B 8.92 941 . 10.30 B34
PIB, 10 8430 7486 B4 548 ,
BBS, 2 8414 6.7 © 7499 6,98
‘ , e : . X AR N _ " ans N
- Ritrogen mean 5,85 748 B.70
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It &5 observed grom Table 4 a8 well as |

{ Fige)l b.) that the welghts of stems of the tan varieties
were more then the high ylelding verieties at the
vegetaﬁ ve stage, for all the levels of nitrogen manuring.
at aubsequent grw‘th stages the wetgh%s of stems of the
high ylelding vapleties were frequently more than the
tall varieties ( Tableed, Figel b.). Though it is known
that tall varieties have longer stems and hence glve
ihcreassd stem dry weight, the lm'ger nurber of tulers
produced by the high ylelding varieties gometimes
contribute to a higher stem dry we!ght of the high
yielding dwarf varxeties.
LEAF/STEM RATIO 3

 Leaf/stem ratio of the four varieties .are
given in tableeS,

T&th 8

Leaf/btem éat&e at vegetative stago ¢ 30 days
after transplanung }

3 oy g By g ¥y gvanem. neen
JAYA 0.8 1.0 1,08 1,01
:a;,s - 1:.30 1440 1.02 K3
PIB, 10 0,89 0,7 0.89 0.81

BRS, 2 0.99 0491 0.87 ‘0492

¥itrogen mean 1,00 101 0,94
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Tablees b,
Leaf/sten ratio at bootleaf stage.
0 ® 8 ®H, @& N, {Vvarietal mesn
I I
J8YA 0.55  0.49 .53 0456
IR. 8 0,81 0.56 0,51 0.53
PIB, 10 0 .49 0M4 0442 0458
BBS, 2 047 0.87 .80 @061
. me—
Hitrogon mean 060 0,51 0.58
TableoeS c; -
fLeaf/stem ratio at early milky stage.

£ ‘ r, @ [ N 0 variotal mean
ario 8 1 2 g 3
JAYA 042 0,54 06 0A7
IR, 8 0.48 0.66 0,51 6.5
PiB, 10 038 0,36 CAS 0.0
BBS. 2 048 0,52 0441 0A7
Nitrogon mean 044 0449 046
Tabloes d, |
Leaf/stem ratio at mid milky stage.

!@1 8 Ng g Ns g Varie tal mean

0,87 046  0.52 0452

9551 0.568 0.52 0,54

0427 030 034 0.34

04  0.25 0.8 0443
fitregen mean 047 0«0 0449

L MRKEEIC I ST

o
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Tabla«8 @,
Loaf/stem ratio at Maturity (Harvest).

giem%gg ¢ Nl ¢ g 0 Na § varietal mean
Variety ¢ § ) § o

AR

Java 0.24 1.08 0.7 0.87
IR, 8 0481 0468 1.14 £.88
PIB, 10 0.38 0.39 049 042
BBS, 2 0446 0457 0.72 0,58
Nitrogen mesn @.@2_ 0.67 0,77

It 1is observed from the Table«b (Fige2 &.)

that the leaf/stem ratie Qf all the varietlies decrecsed from
vegotetive to booting stage. At the post flovering growth
atages the leaf/stem ratﬂ.oa of the high ylelding varleties
inecreased considerably at all nitrogen levels. The leaf/sten
ratio of tall varicties during post flowering stagec did
not improve at N‘_ lovel, A4t Hz and ma levels though there
was inerease in lea;/stem» patios of tasll varieties the
values vere generally iower then the high ylelding
varieties. The ratio of photosynthetic to ponephotosynthetiec
organ (P/N ratlo) vhich 48 similar to leaf/stem ratio ‘
was determined at IRRI (19G7) for two rice varioties IR. 8
and pete at the vegetative stage ( 40 days after transplanting )
and 8t flowering. It was observed et IRRI that the PAN

. patios vere higher at the vegetative stoge but became
jower after internode elongation, However IR. 8 maintatned
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the favouradle P/ ratio even after internode elongation
but that of “potav beeamé unfavourable, Theso observations
are similar to the obgervations deseribed above with
respeet to the leaf/stem ratio of IR. 8 and Jaya,
as compared to PZB, 10 and BBS, 2.
STRAW WEYGERZ o

The straw (leef -+ stem) weight of the fouy

varictios in difforent growth stsges are given in the
Table-8 as well as in Fig. 2(b).

Tabloe6 a,
Weighe of straw (g/pot) at vegetative stage(30 days after
tmnspmung)
£ 7, & ©®, 0§ T, 0§ Varietal mean
ol LI |
Javya 8,94 54,57 7.62 5,71
IR, 8 8,27 _ 4.7 7.2 5017
B, 10 5410 7,92 8AS8 6499
BBS, 2 4,72 6,60 9,01 .78
FNitrogen meah 4,28 6.05 8.15 | | |
TablaeS b, ’
might of straw( g/pet) at bdooting stage,
_ ¥, varietal mean |
B TEEEREEY
JaYA 16-53 14,60 16 45 13,86
IR, 8 8,60 13,66 19,28 13.84
PIB. 10 5430 8,35 12,88 8,78
BBS8,. 2 65,90 8.8 12,84 9,08

mtmm man” 7488 11.28 15430
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TabloeS C.
Welght of straw (g/pot) at early milky stage.

L

0 _ B, @ B ] B, { Variotal mean
garie% 8 19 2 g 33

JAYA 5426 9,70 20,08 13,01
IR, 8 - 10,063 15,83 2047 15 44
PIB, 10 ' 6,402 9,29 16,92 10.7%
BBS, 2 8421 11,33 15,39 11,84

L

fitrogen mean 8,38 11,54 14 47

- AT

Tablest d,
Wolght of straw(g/pot) at mid milky stage,.

DRSPS o B —

W % Ny 8 % g Hg gw:@tm mesn

JAYA 9.2 13,20 17.39 13.24
IR, 8 11,26 14,27 21.90 15,81
PiB, 10 65.34 10,18 - 1446 9.98
BBS, 2 1322 17,13 19,7 16.72

" o

Nitrogen mean 9,73 1360 18,38

|

Tabh «G @, '
Wolght of straw (g/pot) at mtﬂruy (Hamst). |

——

%:-gg-ége ! 13 u, A 8Veueta1mean

— ]

JAYA 10,08 12,70 20,10 14.28
IR. 8 2493 15083 17,57 1444
" PiB, 10 7«30 10,88 13.38 1041

BBS, 2 8497 10,12 13,7 10,24

Hitrogen mean 9,08 12,30 = 16,20
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It 45 observed from these tables that the
nitrogan.ménuring increased the straw weight o: 8ll the
varieties substantially. At the vegetative stage ( 30 days
after trangplanting ) the straw welght of the tall
varieties were more than the high ylelding varieties at
all the levels of nitrogen mamuring, At subsequent growth
gtages the straw welights of high ylelding varioties were
f£roguently more than the tall varicties, At harvesting stége
the straw velghts of the high ylelding varietiocs were
uniforaly higher than the tall varieties at all the levels
of n&tmgen manuring. | |

The abeve rssults can not hewover be compared
with the general observation ( IRRI 1965, AICRIP 1968 ) that
thore 18 decrease in straw weights of tall varietles with
the‘increase in niiropen manuring. These results ere ‘mainly
baseﬂ on field studies vhore the tall varieties lodged at
" higher levels of tntmgan. However in the present

{nvestigation the plants groun in the pots were given
adegquate supporis, so that they did not lodge even in the

highest level of nitrogen manuring. This probably regulted
4n the incréase in atraw'wegghts of @he tall v@§1eties
with the increags in nitrogen mamuring.
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Tablee7

Table 7 a.
Thousand grain weight (g)

IR

1420 .

troman 0§ ®, ¢ N, § = Yarietal mean
st ) 1 2 g 3 i |
JAYA 25 426 25,91 26 49 25,88
IR, B8 84475 24,99 26 433 25,38
PiB. 10 18,04 20,12 20.2% 19 A6
BBS. 2 £4 .38 26,81 26,430 25 (49
Nitrogen mah 23.11 24,21 24,84 B
Feteost SE( E, OD( 0 005)
VYerioty Ll 0222 0,683
~ Nitrogen L ' 0,193 0,594
Interaction NS 0,386
s+ gignificant at 1 € level, —
Table 7 b, |
Thousand kernel weight (g)
1«1 ¢ Ng 8 Na 8 Yarietal moan
JaYa 21,90 23,19 2242 22.48
IR, 8 21,93 22,08 23,27 2243
PEB, 10 14,28 16 42 . 18,20 18,28
BB8, 2 20,01 21,50 21.99 2117
Fitrogen mesn 19,61 20,78 2147 |
Table 7 c.
Crain/kernel ratio
i g Eg i ﬁa ;.Varie&a). mm
JAYA 1.18 1,12 1,18 1.15
IR, 8B 1,18 1,13 1,13 1,13
b, 10 1,97 1.2 1,11 1,20
BB, 2 1421 1,19

1.18
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Thousand graln woighta, Thousand kernel weight and
Grain/kernel ratio,
The 1000 grain weights, 1000 kernel weight
and grain/kernel ratios of the four varieties at harvest

are given in cable 7 ab and Ce
It 415 observed from Tableavb that the varzetal

difference in 1000 grain welghts was statistically
significant, mtroagen manur'!.ng mcreaéed tiz 1000 grain
weights of all the varieties, significsntly. The increase
in 1000 grain welght with nitrogen manuring in ease of
dwéxf verietics has been observed 1n a ‘number of exXperiments
condueted by AICRIP ( 1968.G9 ), These experiments also
indfcated that 1000 grain woight in tall varieties 1s not
affeeiea by nitrogén mamuring, In the present experiment
1000 grain weight of tall vanetzea appearea to inerease
'wtth the inerease 1n nttrogen manuring. A5 mentioned before
the tall varieties were given adequate support in the pots,
so that they did not lodge, This might have improved the
tronsloecation of carbohydrate to grains resulting tn'
inérease in grain veight. In lodged Pl&ntls the process of
translocation 1s seriously hampered.

| The 1000 kernel welght ( Tablee7 b ) of the
four var&atiea slaa increased with the increase an nitrogen
panuring and appears to follow the same trend as 1000
grain welght. The grain/kernel ratio of the 3 varieties
(Zable«? C) IR4By Jaya and BBS. 2 did not change very much
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with the imcresse in nitrogen manuring. In case of FiB, 10
there was however a contimnous decrease in grein/kernel
ratie with the imersase in nitrogen ponuring. Inereased
nitrogeﬁ appliecation appears to increase its kernel welght
more than the grain weight. '

BEffect of nityrogen mamiring on the carbohydrate content
of the leaves at various growth atagea ')

REDUCING SUGARS
The re&ueﬂ.ng sugar content of tho leaves
‘exprossad as id on oven dry weight are given in table 8 aea,
Tablee8 a,

aeauciag augar' in leaf ( © ) at vegetative sﬁage ( 30 days
after transplanting §°

PR - ——: o ———

!

- Bitroge R i Na - Varietal mean
Vs § ™ § "2 o QT -
Java 0.7 1.13 1.85 1,24
IR, 8 0,7 1,08 1464 143
PIB, 10 062 0:93 1,13 0489
BBS, 2 0,80 1.15 1,82 1485
Fitrogon mean 0,72 1,06 1,61
 Petest  SE(m)  CD(0405)
. Variety NS 00117 o=
Nitrogen - » 0,118 0,963

Interaction NS 0,203  ww

'+ gignificant at 5% level,



s 4% 3

| Tablees b,
Redueing sugar in leaf ( 4 ) at booting stage,

W :_3 | W:. | g igj Ny gvarietél mean

a%a 1,87 1.27  1.67 147
IR. 8 1,01 1,32 1,74 1,38
PiB. 10 1.67 1.27 1.7 1,81
BBS, 2 ' 1,01 1.33 1.84 1,39
Fitrogen mean 1,89 .29 1,71
_. Fetest = SE(m)  CD(D,05)
Vertety NS 0,090
gitrogeon . * 0.,078 0,220
Interaetion N8 0,167 - |
. Table«8 ¢, ‘ :
Reducing sugar in leaf ( $ 3 at early milky e&age.
8 NB g Na 8 Varfe _»al mean
0,52 0,56 0,57
0,77 Chaé 0,71 .
0.88 1.08 0.92
0.69 0,85 0.68
Bitzogan mean 0,72 0,71 0.7 o
Petest 8B(m) CD(0.,035)
variety NS 0,108 -
Nitrogen : N8 0,091 -

Interaction ne 0.284 -
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Tablee8 4, -
Redueing sugar in leaf ( . § ) at mid milky stage.

Ritrocen § H. § N. § N § Varietal mean

Varlety & X § 2 ¢ 30

Java 0488 0.7 0,72 0,60

IR. 8 043  0.64 0.56 0.56

PIB, 10 101 0,73 0.75 0483

BBS. 2 071 071 0,97 0.7

ﬂitrQQO‘n mea'n @.62 O.?O_ 0.75 '
| ‘Petest - SE(m)  CD(0.08)

Variety ' " 0,040 0,123

Witrogen | e 0.028 0,086

Interaction . 0,068 0,178

Table«8 o, '
aednemg sugar in leaf (. % ) at maturity (Harvest).
N, § N, @ N, ¢vVarletal peen

Wr oty 3 S 2 3 3 3

aum 0,19 0.23 0.20  0.20

IR, 8 0,20 0,20 0416 0.22

B, 10 0.38 042 0.37 0439

BB8. 2 0.32 045 0428 0,36

Nitrogen mean 0,27 0438 0.26

Petest  SE(m) CD(0.05)
Variety Ll 0,026 0.080
Nitrogen * 0,022 0,067

Interaction us 0,014 -

S
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It 15 observed frem the above tagbles that the
varietal differences in the reducing sugar eontent of the
leaves were not significant et the vegetative stage, hcotiﬁg
stage and early milky stage but became significant at |
mid milhky stagé and at hérvest. The. high ylelding varieties
Jaya and IR. 8 were found to have lower quantities
of redueing supays, in their leavés at 14 dayé after
flowering and at harvest as compared to the tall varieties -
Fr3. 10 and BBS. 2. '

Bffect of nitrogen mauuriag on redueing sugay
content of leaves was found to be sipnificant at all the
growth stages except at early milky stage., There was in
general a inercase in reducing sugar eéntenﬁ of the loaves
of all the four verietios with the incresse in nitrogen
mapuring particularly in preeflovwering stages. In the
post flowering stages a reduetion in reducing sugar
content of the leaves of all the varieties, with inerease
in nitrogen zanuring was.fr@quentlyrobsérve&.,variety'
nitrogen interaction was found not be significant in any
of the growth stages éxcppt at mid milky stage. At this
stage the high yielding varietics were found to have
significently lower reducing sugere in thelr leaves,
parﬂicnlﬂrly at lover nitrogen level as compered te tall
varieties, |

The reducing sugar content of tho leaves of all
the four varietiocs at 3 nitrogen levels (except Jaya
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at Hq 1sve; ) vere found te increase from vegotative stage
to booting stage (Fige33 ), The amount of increage was
found to be higher at lower nitrogen lovels than at higher
nitrogen levols, From booting to early milky stage,
thoere was a sharp decline in the reducing sugsr content
of the leeves of the four varieties irrospeetive of
nitrogen leveis. This decline was found to be larger for
the high yiolding varieties than the tall varieties at
N, lavels. From eerly milky stage to mid milky stage
gsome of the varieties showed a slight increase in the
reducing sugar content of the leaves at certain nitrogen
levels, Hovever from midemillky stame to harvest there was

8 ateaéy decfease in reducing sugar content of the leaves
of all tho four variocties, At harvest the high ylelding

varicties had lower reducing sugar content 4in their leaves
thon the tell varieties at all the nitrogen levelsy
the d1£ferencos being more conspiouous at lower nitrogen

level,

The exact role of reducing sugay in the leaves
of rice plant 45 not known. However glucose which constitutes
the major part of reducing sugars is obtained from
photosynthesls as well as from the bresk down of
polysaccharides during the respiratory process, It has been
mentioned esriler thet sccording to many workers ( Asada '
gt gl 1960 ) sucrose 1s the primary product of photosynthesis
as woll as the main form in which earbohydrates ave
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translocated in rice plant. It has also been suggested
( Akagwa 1965 )that sucrose rather than glucose serves
as a subgtrate for the onzsymatic synthesis of starch.
Thms presenee of glucose in the leaves of rice plﬁmt is
probably due to the respiratery bresk down of higher
polysaecharides. It has been observed (by Baba 1961 ) that
there i3 an increase in respiration with inerease 4in
nitrogen monuring, Thus the significantly higher quantitics
of reducing sugsrs found in the geur varieties at highor
nitrogen levels ( Table«8d and Tablee8¢ ) wore probably
of respiratory origin, besides the usual source éf o
photosynthesis which is also vigorous at the esrlier
growth\stages and increcses with increase in nitrogen
manuring. Tho inerecase in reducing éugars from vegetative
to boottng stage 1s probabxy due to an incrcase in the
aetlvities of amylase end invertase at the boetang gtage
as indicated by Nagat ( 1969 ), The decline in redueing
sugars from booting to 7 doys after flovering and fimally
‘upto harvest (Fige38) 13 Gue to the translocatiion of
carbohydrates from leaves to the grains as well as due to
utaxgaation of reducing sugars for the synthesis of cell

wall matorials ( Nagal 1959 Yo

NG SUGARS & |

Non redueing supgars in leaves oxpressed as
€ of oven dry veight sre given in table 9,

HON REDU
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Table«9 a,
Non reducing sugmay in leaf (%) at vegetative stage
( 3@ daye after tronsplanting )

tro 9 My @ Na @ Na @§ Voriotal mean
%aristy 0 1 0 . [ 3 0 ,
JAYA’ 13,09 15,83 12,29 - 13,74
IR, 8 14 40 17.08 15.08 18,61
FiB. 10 13,66 1741 20,96 18.01
BBS, 2 34,50 12,88 11,09 12,82

Nitrogen mean 13,91 15,80 14,85

Petost 88(m) CD(0.,05)
Variety NS 1,302 ——
Mitrogen : KNS 1,108 oo
Interaction B3 2.208 -
| Tableed b,
Non reducing suger in leaf (%) at booting stage,
t n R 6 =B ¢ W, § Varietal mean
sl Y 7 g 83 :
Ja¥a 12,95 11,85 12,36 12,38
IR. 8 - 11,76 1042 311,83 11,33
PiB. 10 11,88 - XA 13,28 19,04
BB8, 2 18,52 18,76 14,61 17.29
Hitrogen mean 13,68 13.88 13.01

' Petest  8B(m) CD(0«03)
Variety KS 3,832 -

Nitrognen K8 1,980 -

Interaction ne 1671 -
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Tableed €,
Non reeueing suger in leaf ( £ ) at early muky stagea

gmrggeg m N variotal mean
ariecy g 8 g g 3 g
Ja¥a 7e26  7.69 - 5498 6497
IR, 8 8440 8.1 6.21 7467
FiB, 10 10,01 9,31 Be7® 9437
BB8, 2 " 749 8449 5,90 7444
Nitvogen mean £,28 8 30 6,70
| Patest  §E(m)  CD{0.05)
Varioty *¢ 0,408  1.251
Witrogen , , . . 04341 1,051
Intoraction ‘ N8 0,703 -
. T&blﬂ-@ d. :
Non reducmg eugar 1n leaf ( % ) at mid mmy stage.
tyo s . ) Varietal mean
garieéy 8 Ve 3 3 3 ‘
TA¥E | 5408 BAT 5408 5439
IR, 8  8AD . 4,75 8.36 5463
PIB, 10 11,86 - 11,89 12,50 11,98
BB&, 2 7.61 8.18 9432 B 437
| Nitrogon mean 7,82 7,67 8,08
,. ‘ Fetost SE(m) = ©CD(0.0S)
Variety e 0.300 0,024
mﬁagen b+ 04269 -

Interaction : NS . 0,819 oo
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FTablee? e,
Fon redueing sugar in leaf { € ) at maturity (Harvest), -

.

%%gﬁm; g " 8 Ny 18 P’ag Yarietal mesn

o w———— - e

L7 73 090 0,88 149 1409
IR, 8 135 1,99 0486 1,40
PIB, 10 3,62  3.63 3,09 3.39
BBS, 2 3297 4.2 2.5¢ 3467
Nitrogen mesn 243  2.65 2,08

Bt R ——

Fetost  8E(m)  CD(0.05)

Varioty | o 04203  0.903
RWitrogen . N8 . 0286 -
Interaction N8 . 04502 -

1t is observed frem the above tables that
the varietal difforence in non reducing sugar content of
the loaves was not significant at the preeflowering
é%agea, but 'signuicant at the post flowering stages of
mlina. Both the high ylelding variety had significantly
lover non reducing sugars in their leaves at mwid milky
gtage ond hagvest, ' |

pffoct .ot nitrogen mamuring on non redueing

suger content of the leaves was not significant at any of
the stage of sampling except at early milky stage, Interaction
of nitrogen with the variety was not eignificont in any
of the growth stages, o
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It is pbserved from Bige3 (D} that from Soot&ng
stage onwards thore was a steady and shar$ decline of |
non redueing sugars in the leaves of the high ylelding
varietiss up to harvest, In case of the twh tall varieties
there was a decline in non reducing sugars in the‘lea§es
from booting to early milky stage, but there was a
tendency to increase after this stage upto mid milky
stage, This tendency became more pronounced with the
inecrease in the nitrogen manuring, Prom mid milky atage
up to harvest, there was again a decline in non reducing
sugars in the leaves of the tall varieties. |

The non redueing sugars in rice plant mainly
comprise of sucrose, The function of sucrose has already
ﬁoan discussed. It 1s the primsry product of photosynthesis,
the form in which carbohydrates are translocated and may
gserve as 8 substrate for starch bio-synthesis,

The sharp decline in the non reducing sugar
content of the leaves of all the varicties from booting
stage onwards wns'due to trenslocation of suerose from the
leaves to the grains,

The slight increase in non reducing sugar content
of thé leaves of the tall varieties from early milky to
mid milky stage vhich become more prominent with the increasq
4n nitrogen manuring can be explained from a& consideration
of supply and demend relationship, The tall varieties which
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produced less number of grains probably had a lewer demand
of carbohydrates than their .leaves could supply. This
yesulted in a temperary increased in non redueing sugars
in the leaves of these vericties. Dus to higher number of
grains proeduced by the high yielding varioties there was
was a steady decline in non reducing supars in the
lesves of these verieties in the post flowering steges.
TOTAL SOLUBLE SUGARS s ( Redueing +Non reducing )

The total soluble sugar content in the leaves
of four verietics at 3 mitrogon level are given im the

~ table 10 awe,
‘ Table«l0 a,

Fotal carbohydrate im leaf (%) at vogetative stage(30 days
after transplanting )

.t" | ) v, § B, 0 i QVartetaimean'
Tortety 8 1 g 29 2 3

Java 13,88 16,96 14,15 14,98
IR, 8 15,156 18,17 15,89 16,67
P18, 10 16,20 18,35  17.00 16,58
BBS, 2 16,30 14,03 13,03 14,12
_Fitrogen mean 14.66 16,88  15.% |

Table«10 b,
Total earbohydrate in leaf ( € st b@@ting stagas

3 .Nl g ﬂg | g By g Variotal mean
NSRRI N
: 14,02 13,17 IBQN wqﬂ
IR, 8 , 12,77 11,7 33,58 12468
PEB, 10 1245 16,78 14,96 14.39
BB8, 2 19,53 17,11 15&8 17.71

Fitrogen mean 14.69 1443 M. | |
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Tableel0 ¢,

Total earbehydrate in leaf ( § ) at early milky stage.

g Ny g Rg g Ng e Varietal meat;
788  B8.21 - 6.58 7454
IR 8 .33 8,98 6,66 8432
PIB, 19 10,82 10,19 2.87 | 10,29
BBS. 2 8448 9,419 6.75‘ : 8.13
Nitrogen mesn 9,12 9,14 745
| Tabloeld 4 |
fotal carbobydrate in 1eaf (%) at mid milky stage.
?Efﬂgﬁ& -8 B, @0 ) SR R, ¢ v‘arietal mean
ariety L) 14 2 9 3 4 ,
. G —— - ——
JAY4A 6 400 8.20 §5.83 6401
IR. 8 G2 5,39 5490 6407
FIB, 10 12,82 12,63 13,26 12,80
B3S, 2 842 8,89 10,38 9,28
Hitrogon mean 8.5¢ 8.28 8,84 '
. ¥ NI o
| Qableom O
%tal carbohydrate in leaf (¥) at matur&ty (Harvest).
AR . v -
’ ) H, @ B, 8 N, Varictal mn
gaiﬁeévm § 1 g 2 3 8
- JAYA 19 1 1469 1.38
IR, 8 1,66 2.29 1,02 1,62
PiB, 10 3,90 4408 341 a,m
BBS. 2 429 487 328 4,03
Nitrogen mean 2,73 2.78 234
=R T & - ik AT .
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The posults also are ploted in fipure 4, It
is observed frem figuro 4 thst the change in total golublo
gugars in the lesves of four varietlés at different
growth stages followed almost the same pattern as the
non reducing sugars. This 1s due t0 the fact that
the ¥ of non reducing sugsr was much higher than the ¢
redueing sugérs. , |

It is obgerved from the table ( 8,9 and 10) as
well as from figure (3a, 3b and 4 ) that at mid milky
stage and at harvest the roducing sugar, non reducing
'sugarjaaﬁtctal e#tuble sugsr content of the leaves of
.tne high yielding'varietleslwar@ significantly lover than
.the 3511 varietiecs at all the aitrogén'levelé. This ean
be eﬂézaaned fvom:a eonsideéation of:the grain/strav ratio
of those varieties, It 15 now conclusively knoun that the
nigh ylelding varictios have higher grain/straw ratio than
' the tall varieties, In other words a lower weight of
| &egetative tissues supply the nutrient requirement of a
higher weight of grains in the high ylelding varistiee.
Prom mid milky stage to maturity vwhen the grain fi;ling
takes plasce the 1a?ger‘waig§t of the;graina of high yielding
variesiés drav a greater guantity of soluble sugars from
the leaves and in the process deplete the leaves with
pespect to soluble sugers, This howevor, does not teke place
4n tall varietiecs where a highor wg}gh& of vegetative
tissues supply the autrient requivement of a lewer weight

of graing,
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POTAYL. CARBOHYDRAZE ( Starch -+ soluble sugar ), starch g
| The total carbohydratc and starch content of
the leaves of the four varieties were determined only at
8 growm stages 1.0, vegetmive' stage, booting stage and
early milky stage. The results are presented in ‘Iables-lla-»e
‘for total carbolw&éata and Tablese12aeC for gtarch,

Tableell a,

Total carbohydrate in leaf ( £ ) at vegetative stage
. { 30 days after transplanting ) _

9 ® 4§ ¥ 0§ N, 0§ variesal mean
¢ 2 9 2 9 3 §
68,87 69,77  T8.I1 72,38
IR, 8 70,62 81,28 75,28 . 75,73
PIB, 10 61,12 7146 8047 71,02
BBS' 3 69149 75.32 71!87 71.39

Nitrogen moan 67.52 73,73 76448

- Petost  GE(m)  CD(0.05)
Variety B8 217 e
‘Mitrogen e 1,887 881
Interaction | N8 3,7 | -

e T e -~ —
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Table«ll b,
Zotal cazbem:rate in leoaf (%) et beoting ataga. :

s e

g ”1 s | mg g ﬁ!a g %rﬁetal mean

62,84 7362 64,59 67,02
IR, @ 67.81 68,96 7241 - 69,08
PIB. 10 72,50 69,87 75,99 72,79
BBS, 2 61,27 59449 61,68 69 48

- Fitreogen mean se.w 66,98 €817
- Futost  SE(m)  CD(0.05)
Variety | e 2402 740
Hitrogen ns - 8,078 -
Interaction | W8 4,187  ew
Tableell Co

. @otal carbohydrate in leaf (%) at early mﬂky atage.

e n " -~ —— . "

Lo mx‘ g N, § N, 3 Varieta; mean
J¥a 578 72,60 688 72.81
IR, 8 7281 5,80 V0,71 - 72,87

PiBe 10 . .66,50 . 7,80 . 688,78 70.08

BBS, 2 %.es 70,63 69,80 7148
_M‘tmg@n mean 72.9& 73490 68489

Fetost  SB(m)  CD(0405)

vartety N6 . 14580 e
nitrogen oe 1,821  4.070

Interaction ns 2346 -
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| Tableel? 3.
Total starch im loaf (¥ ) at vogetative stage
( 30 days aftor transplant

—_— annd MIBACEIVNGS:

g ﬁl g Wg g Ha gVari.e@al meag

58,03 52,26 64,16 83,81 |
85 &7 63 46 61,08 80.07
- 46,483 83,12 63 37 84 44
54,39 88.18 88,84 §7.14 |
- . onis
Nitrogen mean 62,93 56.80 61.86 ‘
Tabloel?2 bi
Total starch in leaf ( Z ) at booting stage.
' ogen @ W ¢ m 6 K. Variotal mean
e | Mo e | s
' - e et
JaYa 48,81 €0.50 80464 53,32
IR, 8 55,03 86.21 88433 86 38
PEB, 10 60,04 84,12 61,038 88,39
BBSe. 2 41,73 40438 48,70 43 .60

Nitrogen meen sx.ao 52,66 56-8@

RN

i - DR R

Tablo«12 00.
Fotal starch in leaf ( £ ) at early milky stage.

L NONNSEREND N

3 i § B ¢ J 0 varietal mean
Wr ¥ 1 M § " ] 3

- M e

JATA 67.90 64,37 61.73 64,467

IR. 8 87497 66,68 64,04 62,89
PiB. 10 88,68 66,72 66,90 59,76
BBSe 2 66,09 61,94 ¢ 63,02 <

Nitrogen mean G31,491 64,77 68142

SRS 5 - S

!
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The results also ape presentea in the form of
graphs in figuro & and G, It 1s observed from Table 1ledee
that varletal difforence in total carbohydraté content
of leaves wos sisnificant at booting stage. Effeet of
nitrogen manuring was significant at vegetative stage and
early milky stage. Interaction was not significant in
any of the 8‘gr@wth stagos studied, At booeidg gtage
BB8. 2 had sipgnificantly lower total carbehydrate in

leaves then the other 3 varieties.
It 15 obgerved from the figuro & thet at By

1evel there was ¢ deerease in total .earbohydrate contents
- of ehe leaves of the tvwo high yielding varietics from
vegetative to booting staga. This 19 probably due to
redlatribution of leaf carbohydrates to other npnoproﬁuetzva
plant parts. From beoting to early milky stage there
was an increase in total carbehydraote oonteﬁt of the
leaves of both the high ylelding varieties,. Booting
ng eaily pllky stege &s the perlod of inteomse carbohydrate
metabelium.'Tha photéaynthetzc activity of the leaves
during thté»perioﬁ is veré high ( Fagal 1989 )e 4 large
part of the photosynthates produced during this period is
stored in the leaves as well as other plant parts although
considereble amounts of soluble sugars translocate to the
developing penicles. ‘

At EQ and Ng levels the two high ylelding
varietios behaved differently. In case of Jaya the total
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carbohydrate content increased from vegetative to bootiqg‘
stago and then decreased slightly from booting to
early milky stage, At mé'level, there was however, a
decrease in total carbohydrate content of leaves of Jaye
from vegotative to booting stase and then an increase
to eerly milky stages. IRe 8 behaved similarly at N1 and

level but at Ky level there was & continuous deerease
fromn vegetative to early milky stage,

Carbohydrate blosynthesis in leaves are

conditioned by two factors., (1) The capaeity to
produce (source) and the capaeity to utilise (stnk). From
‘vegetative'to booting stage carbohydrates are produced in
the leaves by way of photosynthesis and ave ut1lised
by tho'giewing tissues like stems and leesves for synthesis
of new cell wall materiels and for respiration. Tius
the increase or deeresse in carbohydrate contemt of the
1eaves‘ia'gaveraed by the photosynthetie prbduetion of
carbohydrates and their consumption by-way of synthesis
of coll wall materiels and by respiration. The increase
4n carbohydrate contents of the leaves of Jaya from
vegetative to booting stage at Ny level is probably due
to increased photosynthetic activity of thts’varlaty from
| vegeeatzva to booting stage coupled with a lower rate of
tranelocation of the phoﬁosynthatas to other tissues, The
' subgequent decline in leaf carbohydrate from booting
to early milky stage is due te a gQ@@ter rate of
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translocation of the photosynthates. 8imilarly the
continuous decline in leaf carbohydrate from booting to
~ early milky stage in IR, 8 at Hq lovel vas probably
due to a greater rate of tramnslocation of photosynthates

to the developing panicles.
' In case of tall varieties, FIB. 10 behaved

agxfarently from BEBS. 2 at N, and Ny lovels, At ml level
thero was an increase in carbohydrate gontent of the
loaves of PIB. 10 from Yegetative to booting stage .anﬂ
then & sharp deeline to carly milky stage, This was
exactly oposite of BBS. 2. This peculiar bohaviour of
pIB. 10 can be explained in a eimilar way with that of
Jaya at Ny level asssuming @ higher rate of photosynthetic
production coupled with a lower rate of utilisation ef
photosynthates, At Ny level there wes a continmuous
decroase of leaf carbohydrate in PIB, 10 from vegetative
to early milky stage. This is probadbly due to similar
_peason as explained for IR, 8,

STARCH ,
The change in starch content of the leaves(Fig.6)

of the four varieties at the 38 nitrogen levels were similay
to that of total carbohydrates except that there was a
slight increase in the stavch content of Jaya and from
booting to early milky stage at N, level and that of

IR, 8 at Ny level ( instead of a decreage as observed in
cage of total carbohydrates )., This indlcates that these
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varieties had higher stored carbohydrates in the leaves
at early milky stage similar to that. observed for the
other varicties,
2OPAL CARBORYDRATES IN STEM o

&oml earbohydrates in the stems of four
varieties were determined only at 3 growth stages such as
vegetative swge,' booting stage and eérly inilky stage.
?he results are presented in Teblee13-ad, |

‘ra‘bleola a,

Total carbohy&rate in stem (%) at vegmauve stage
( 30 days aftor transplanting )

v

%g.atrg%gn‘ 3 Ny s | ﬁa 8 L gwrieeal mesn

Java 69,75 73,81 53,93 65,83
IR. 8 58,00 62,75 68,09 62495
B, 10 67,62 67,90 63,21  68.%
3BS, 2 63,78 60,31 67,36 66,81

——

mﬁrogen mean 64,79 Ge.;% ' 63,14

N : -

Petost . EB(m) CD(0,08)

Variety s 2+446 -
Witrogen : NS 24156 -
tnteraction | NS 4,27 -
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Tablee13 b,

~ Total carbohydrate in stem ( ¥ ) at booting stage.

?t?g@n B ¢ ¥ 0 B, § varietal mean
arie y g 1 ° 3 ° 3 0
JaYs 7240 67.06 73 49 70.98
IR« 8 78.21  66.28 82,31 75427
PIBs 10 66,96 70.286 7343 70,21
BBSe 2 76,71 73,15  73.15 T4 434
m.trogeh mean 78,87 €8 .93 75 .60

Petost sB(my}  C€D(0,05)
variety of:3 2,541 -
Fitrogen §s 2,201 o
Interaction ns 44401 -

—

. Fableesld

Total carbohydrete in stem (%)

at early mtiky stage.

g LA 8 ¥, g ,'ma 8Vari,e al mean
IavA 69.87  70.06 71,05 70,86
IR, 8 69,50 73,08 69,90 70,82
FiBs 10 7,94 77,12 7643 76,18
BBEB. 2 %gﬁ@ 69,07 68,18 89,22 '
Nitrogen mean 70,98 72,85 71.86

Petest  BE(m)  CD(0.05)

veriety N8 2.286 -
Nitrogen s 1.98 -—
Interaction ne 3,961 -

-
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It 15 observed from the above tables thot
the varletal difference in total carbohydrato contenmt
of the stems @? the four verieties we s n&t significant
at any of the growth stages studled, Bffect of nitrogen
mapuring as well a5 intersction wore alse not sipnificont
in aﬁy of the grau?h at@ges.:rhe abové observations
ore in contrast to Japanese vopkers, who ohservaé that
the low nitrogen responsive variety accumlated less
céxhohydrat@ in the stem ( culm +leafsheath ) under
conditions of heavy manuring as comparqd to.the'high
nitregen responsive variety ( Yamads, 1959, B@b@’.iQSIg
IRRY o 1967 ). Tanaka ( 1965 ) however, observed that
the differences between high nitroger responsive and lov
nitrogen responsive varietievaecame evident only in
rainy season (khorif) end not in the dry season (rabi).
Since the pot culture experiment wss conSucted during
tho rabi season the difference in the carbohydrate content
in -the stem of tho variotles were not probabdly .

ovident.

ract of nitrogen mapuring on capbohydrate content of
?gga;rain at variocus growth stages ‘

REDUCING SUGARS 8
The redueing sugars contents of grain . .

of famr varietics at 3 nitregen levels ave given in

table 4.
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Tablepléa S
Redueing suger in grain (% y at early milky stage.

4tremon § Nl 3 % 0 Na § Varietal mean
Va rieéy ¢ ¢ 6 ¢

JATA 1,83 1,98 1.21 1,33
IR. 8 1,87 1.37 .12 1,46
PIBe 18 228 1,52 1,10 1,62
BBSs 2 1,46 1,26 1,68 | 148
Rictrogen mean 1,78 1,36 127

Petost SE(m) CD(0.05)

Variety A il 0.072 -
Nitrogen . | L 0,063 0,221
Intoraction L LI - 0,126 0,388

Tabie«-lé be _
Redueing suge? in grain (£) at mid milky stage.

- S

{ Ly ‘ 4 B0 ¥, § Verietal mean
gar%etya 8 1 % 2 3 .

‘
ey I

Ja¥a 0,84 0.96 0.7 0459
IR. 8 1,08 084 0.87 0,01
PIB. 10 1.36 142 1,680 148
BBE, 2 1,05 0.93 1,07 1,02
fitrogen mean 1,00 1.03 1,08 "

. Petost SE(m) CD(0.05)
Variety ' L 0,040 0,123
fidtrogen ) 1] 0,034 -

Interaction ns 0060 -
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' Tablepld €.
Redueing sugay in greim (¥) at maturity (Narvest).

¢ Nl (] Na 4 Rs ¢ varietal mean

¢ $ ¢ ¢
TAYA 0,27 0.8 0416 0.20
IR, 8 034 . 0.8 0.21 0424
PIB, 10 041 0,37 0.32 0.36
BBS. 2 0«38 033 , 0.15 0,28
Ritrogen moan 038 0.26 0.21
Petest 8B(m) CD(0,08)

variety o 0.014 0,043 -
Nitrogen se 0.012 0.043
Interaction . 0,024 0.073

It is observed from the Iableeld Sec that the
varietal differcnce in redueing sugar content of graing
was significent at mid milky stage and harvest, Both
the high ylelding varietles contained less reducing sugar
4n the grains than the tall varieties, Bffect of nitrogen
manuping on reducing sugar content of grain was significant
at the esrly milky stage and at harvest, In both the stages
pityogen menuring wes found to decrease reducing guga?
content of the grains, Interaction vas significant at
esrly milky stage end et harvest,

As discussed earlier the major fraction of
reducing sugar is glucese which can be utilised for the
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synthesis of stareh by the ADPC pathway. 4 good part of
it is also lest by way of rospiration so that ondugh
energy 18 liberated t@ drive the syntheéic yoactiens, )
Synthotic reactions dominate during the graiﬁ fiiliﬂg
stage. It hes been observed by many vorkers ( Nomure gt sl
1967 ¥ that uith‘the increcase in nitrosen ﬂanuridg
protein content and sometimes starch eontent of riee
varieties increese. This indicated that nitrogen
menvring accelerate the synthetic resctions and censequently 
yospiratory loss of glucose. The decrease in redueing |
sugar eontent with the increase in nitrogen ménuring at
eorly milky stage and at harvest of all the vardeties
was partly due to réspiratory loss of glucose and partly
due to'utilisatioh of glucose for storch synthesis.
The lower reducing sugar conteat of the high yieldigg
varietios as compared to tall varietiecs wos probably
éue to both the above reasons as the high yielding
varieties cofitained significantly more starch than the

tall varietios at harvest,
The ehange in redueing suger content of grains

with the advance of grain f1lling has been ploted in
figure #(a). It is obgerved that from early milky
gtage up to harvest, there was a progressive decline in
pedueing sugar of the grains of all the varieties at

digferent nitrogen levels except FIB. 10 st N, level. at
pdd milky stage PIB. 10 contained iore reducing sugers
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in its grain at E\Ig and Na 1@1:@1 as eoﬁpafed to othor
varietiesy, BB8. 2 also contained more refueing sugar
in 1te grain at N, level then the high ylelding varicties.
This 4s probably due to some slowing dowm effeet of
nitrogen manuring or synthetic reaetions in tall

verieties. In fact it can De observed from tablesiBs,13«
that the total c¢arbohydrate econtent of the tall varieties
deercased with the inerease in nitrogen menuring whereas
gor high ylelding varieties there was a tendeney to
incroass.

_ HOW REDUCING SUGARS ¢
The non reducing sugars content of the grain

of th@ four varicties are given in the Table 15asc.

Tableelb a,
Non redueing sugars in grein (%) at early milky stage.
' N 0 B, § BN, 0 Varietal mean |
satfegy g n 1o 2 9 3» 0
JaYa 6466 6436 7.00 6470
IR, B . 6426 4,29 549 5,38
PEB, 10 9436 747 773 8.18
BBG, 2 12,60 4,83 5.22 748
Fitrogen moan 8,72 8.62 6,38
| | Fetosgt SB(m)  OD(0.05)
Vaylety L 0447 1,377
Nitrogzen o 0.387 1,192
Interaction o8 04748 2,418
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Tablo«13 b
Non redueling sugar in gré&n (%Y at mid milky stage,

¢ Nx ' Na g Na g Varietal mean

¢ 0
JAYA 432 4457 5,08 4,66
IR, 8 5,92 8438 344 4490
PiBe. 10 4,19 3.01 4489 4,03
BBSs 2 4,26 6,68 4,12 . 4.98
Nitrogen meah 4487 4,488 «é;%

. . Petest  SB(m)  CD(0.05)
varioty e 0,382 04989

Hitrogen o N8 0321 -
Interaction e 0,852 2,00
Tablo«l5 ¢,

Non redueing sugay in groin (%) at mmﬂty (Harvest).

-

W 3 2“1 g f"‘e : TAN'a 8Vauet§1man

JaYs 1462 0.80 1439 1.97
IR. 8. 150 1.12 1,48 1,36
PiBes 20 2427 2,17 2489 244
BBS. 2 | 140 131 0,98 1.22
Nitrogen meam 1,70 1,32 1.67

Fetest SE(m) CD(0.08)
variety "o 0.116 0.357
fitrogen Ll 04100 0.308
fnteraction , N8 0.201 we

S AL AR Ea R e ‘W . ‘ < : ]
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It is observed from the above tablas that the

varietal difference in the n@dgre@ucang sugary contont of
the graeim is signifiecant at all the stages of sampling,
At the early milky stags the high yielding varieties contained
lass non redueing suger in thely grein as compared to the
tall varieties., Differences were not so prominant at
the subsequent growth stages. Effect of nltrogen manuring
was significant at the early milky stage and at harvest,
In general the non reducing suger eontent of the grains
docreased with the inerease in nitrogeon menuring. Interaction
was eignificant in the early milky and the mid milky |
stages. |

pecrease in non reducing sugar content of
grain with the increase in nitrogon monuring was probably
due to'a greater utilisation of suerose for starch
synthesis st higher nitrogen levels, It is however
aifficult to conclude anything from the varietal
difference in non reducing sugar content of the grains,

The change non reducing sugar content of the
grains during the process of grain ripening 15 given in
" PegeT(D)e It 18 observed from this figure that there was
a continuoud decrease in non reducing sugar content of
the grains from the early milky stage to harvest for all
the varieties at N, and Ny levels. it N, level, a slight
gnerease in non redueing sugar content of the grains at
nid milky stage was obscrved for IR, 8 and BBS. 2. This
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inecrease however was not statistieally significant fer
IRe 8 but slgnificans for BBS. 2¢ It 15 hovever difficult
to explain the peculiar behaviour of BBS. 2 at,mg lovel.
BBS. 2 mainly 1s a kharif variety gnﬁ at times behaves
peculiarly in »abi season particulerly if tempersture
is lov.
TOTAL O&REORYDRAQB AND STARCH ¢

Tetal carbohydrate and starch content of the
grains of the four varietics wore determined eamly at
2 stages 1.e. carly milky stage and at harvest. The resuies
are pa@éentea‘in the table«16 aed,

Table«16 a,
‘Eotal carbohydrate in grain (7) at early milky stage.

8 inl g xeg gl,ma sv:arietal;;

————

Ja¥a G3.78 76,09 73,64 71,64
IR, 8 | 67,72 78,71 65,94 69,12
PIB. 10 72,78 A4 68,00 73 d

BBS. 2 72.12 67,08 71.12 70411

Pitrogen meen | 69,85 73,68 69,70

AN

Fetost SBE(m) CD(0.05)

Variety : Fs 1,788 w—
Mitrogen ' Hs 1,543 ———
Interaction ' N8 3.,078 o

REROCINFR " W
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Table«l6 b,
T@t@l carbohydratoe wograin(%) at Maturity(Hervest)

e RS- PRI

MW ) LI B PO Ny § Varietel mean
variety  § ol B ] 0

- ¥ -~

JAXA 79,78 84,12 86 46 03 448
IR, B 88,99 88,59 86 26 87,01
PiBe 10 8299 72412 69 .80 T4 487
BB8. 2 81 .87 65,99 68 .36 71,96

Nitrogen mean B8B2.,88 77,69 77.62

Petest  SE(Z)  CD(0.05)

Variety o % 0.848 2.61

Mtregan . Ll 0,733 2.26

Interacuon | . 1,469 - 4488
Tablee«lS c.

, atereh eontent m grain () at carly mnky stagees

W g ﬂ N,i ; 38 Ny Qvguetalmmn

Javs’ 58,58 66,97 65,33 63,83
IR, 8 69.62 68,04 59430 62,32
PIB. 10 61,11 7044 59,28 63,60
BBS. 2 58,05 61,1 64,29 61.15

Hitrogen mean 59,34 66 64 62,04
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@ablewlﬁ dg
8tareh content 4n grain (%) ot maturity (Harvest},

é Ry N By ] Hq g varietal mesn

¢ ¢ 8
Java 77.88  83.13  £4,90 81,87
IR, 8 84.18 87,20 86,13  ©5.86
PTBo.10 80,31 69,62 66,29 72,04
BES. 2 .70 68,20 67,28 70,45

- ; - " - a i ! -

Fitrogen mean 80,54 76,06 76,14

Petest  SE(m)  CD(0.03)

Vertoty - 0,967 2,98
Hitrogen = | b 0.84 - 2.568
Interaction L - 167 | 6,16

It is observed from the abeve tables that
varietal aitferanee, offect of nitrogen mamuring as well as
interaction were not significant for tetal carbohydrate
in the graing at the early milky stege but vere highly
gignificant ot harvest, The data for starchwere identical
to that of totsl oarbohydratea at hamats.

It 45 observed from tho Tablesl6 that ﬁhe total
earbohydrate and starch contains of the tall varieties
decrecsed significently with the inoréage in nmitrogen
panuringe In cage of bigh ylelding varieties there was an
{nerease in carbohydrvate content of the graims with the
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increase in nitregen mamuring, The starch content of
the greins of Jaya at 3}3 level‘ vasg aigniﬁeamly Mg@w
than the stareh content at Ny level,

‘ Karim, Cheudhury and Islam ( 1267 ) observed a
decrease in stareh content of aman rice (lov nitregen
responsive) vhon nitregen manuring was increased from
40 o 120 1b per acre, It appears that increase in
| nitrogen mamuring hag g depressing effect on carbohydrate
asecumulation in the grains of low nitrogen responsive
varietios. This might be due to 2 greater decrease in
pmtosyntheaﬂ,a/ yespiration ratio (P/R) of the mw
nitrogen responsive varietles with the incresse in
‘ nitrogon manuring as eompared to high nitrogen responsive
vapiety ( Baba 1961 ). The higher P/R ratio of the high
nitrogen responsive varieties probably help them to
maeintain a m@er levels of carbohydrate in thelr grains
aven under heavy application nitrogenous fertilisers.

Ll 2 1
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SUMMARY OND CONCLUSION

A potculture exzperiment wes eondueted during
the rabl season of 1970«71 with four rice varieties IR. 8,
Jaya, PiB. 10 and BBS. 2 at 3 nitrogen levels ( 30,80,
120 kg/ha.). The different plants parts like, leaf blado,
stom and grains vere analysed for total earbohydrate,
soluble carbohydrate, stareh, reducing sugsr and
nonr redueing su@ai at five grewth stages, Besides the
chendcol anslysis a mumber of growth characters such as
leaf, stem end strev weights, leaf/stem ratio, thousand
grain weight, thousand kernel veights and grain/kernel

patio were Getermined.
It wes obaerved fron the above study that

the high yielding ( Jaya, IR. 8 } varleties had considerably
larper welghts of leaves at Barvest as compayed to the

tall verieties (PiB. 10, Bﬁs.'ﬁ). The differences iz the
Jeaf wolghts of high ylelding and tall varietles were

not much at the vegetative stage irrespective of nitrogen
panuring. This observation went against the observations

of Japsncse workers ( Baba 1961, Tenaka 1964 ) who
obgerved more lecvaes in low nitrogen responsive varieties
ot earlier growth stages under conditions of heavy nitrogen
applﬁ@wﬁi@n, Thig was due to the fact that the tall
varietics absorbed more nitrogen at tho vogetative stape
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than the high yielding japonica varieties, Jaya and IR. 8
however have been found to aﬁsorb more nitregen at
the vegetative stage than the tall varieties (Rayak, 1@70 Yo

The stem and strow weight of the high ylelding
varicties wore found te be frequently more tham the tall
varietios particularly at higher levels of nitrogen
menuring. $his was probably due to the larger number of
tillers produced by the high yielding vericties at
highor levels of nitrogen manuring.

The leaf/stem ratio which is an approximate
measuré of the relative proportions of photosynthetic
orgens to that of monsphotosynthetic organs was found to be
higher for high ylelding varieties particularly in the
'poét flowertng stages, This vas eonsidered important as a
larger photosynthetic apperatus in the post flovering
aﬁ@g@s would ensure adeguate sﬁpply of photosynthates to
the developing greins.

The thousand grein weipghts and thousana k@pﬂ@l
veights of high yielding as well as tall varieties vere
found to inerease significantly with the increase in nitrogen
ﬁénnrang. The grein/kernel ratio of the two high ylelding
varieties IR, 8 and Jaya and one of the tall varieties
§BS. 2 614 not change with the increase in nitrogen mamuringe.
gn coce of PiB. 10 there was however a decresse in
grain/kernel ratio with the incresce in nétrogen

manuyings
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Varieéal differences in reducing suger content
of the loaves were mot faund to be significant in the
preflovering stages. In the poat flowerins stages
particulariy at mid milky stapge and at hapvest the
hisgh yielding varieties were found te contain signifieantly
lower quantitics of Pedueing susars inm their leaves than
the tall varietles., The non redueing sugar and tStal
goluble sugars in the leaves of the high yielding
varieties also vere foumnd to be significantly lower tham
the tall varlieties at mid milky stage and aé'harVQat.
The above oboervations could be explained by taking inte
consideration the higher grein/straw ratio of the high
 ylelding varieties. Due to the higher grain/strav ratio
a lowor welght of vegetative tissuss supply the mutrient
 pequirement of s higher weight of the grains in the
high ylelding varietics, From the mid milky stage te
maturity vhen the grain fill&ng,takea place the larger
weights of the grains of high ylelding varieties draw
greater quantity of soluble sugers from the leaves and
" 4n this process deplete the lcaves with respect to soluble
sugars. This however does not teke place in tall vorieties
vhere @ highor velght of vegetative tlosues supply the
nutrient requirement of a lower welght of graing.

Total carbohydrate and gtarch conteat of the
jeaves were determined only at vegetatlve stage, booting
stage end early milky stage, Since varietal differences were
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not signifiecant in these stég@q any definite conslusion
vith é@gard fo the differenées between the 51@& yielding
and tall varieties were not drawn, Varietal differemcs in
total earbohydrate contonts of stem of the f@ﬁr varietiocs
wvore also mot significant at vegetative stage, booting
stage and at eerly milky stage., Some Japanese workers
( YamaﬁaIIQSQ, Beba 1981 ) observed a lower cabbohydrate
content in the stem of the tall varieties as compared
te high yi@lﬁing varioties at highor nitrogen lavels,
Howaver, aceording to Tanaka ( 1965 ) those differences
could not be observed during rabl sesson proLably Que
to lov temperaturo, |

2he greins of the four rlce varioties were
analysed at eerly milky stage, mid milky stage and at
napvest. Significant differences in the carbohydrete eontent
of the grains of the high yielding end tall varieties
were obseived at harvest, The high ylelding varieties
were found to contain significantly lower smounts of
redueing éu@mrs but higher amounts of total carbohydrates
and sterch in thelr grains than the tall verietles at
napvest  With the incresse in nitregen mamuring the
reducing suger content of the grains of the high yielding
v@viétia@ deeroased et harvest. There was howevey an
ineresse in the total ecarbohydrate end starch comtent of
the graind of the high yielding varieties with the
4neresce in nitvogen msnuring, The effect of nitrogen
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manu®ing om the reducing sugar, total earbohydrate and
stareh content 6f the gsmiés of the tall varieties
was exactly opposite to that of the high ylslding
varietios. At higher lovels of mitrogen manuPing there wes
an ineresse im redueing sugar cbntens and a8 signifieanﬁ
deerease in the total corbohydrate and stareh content of the
grains of the tall varieties,
' ,’ , The above observations eould be explainee'by
taking inte eonsideration the favourable leaf/stem ratio and
P/R ( Photosynthesls/Respiration) ratie of the high yielding
varieties at highor nitrogen leaves. a larger photosynthetie
apparatus coupled with a higher rate of photosynthesis
at higher nitrogen levels supplied adequate quantities“
of photosynthates to the grains of the high yieiding
. yerietics %o increecse the total csrbohydrate and starch
content of the grains. In caese of tall varieties
the photesynthates produced by a lover weight of leaves
were wasted to supply the :espiratery demands of a
larger weight of nonphotosynthetic orgens (atemé )
and could not translocate im sufficient guantities
to the grainms, resulting in lower carbohydrate centent

of the grains.
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To sum up
4, a higher leaf/ stem ratio in the

post flowering growth stages,

11, a significantly lower amount of
reducing sugar, non reducing sugar and total soluble

sugars in the leaves at harvest,

411, an increase in total carbohydrate
and starch content of the grains with the incresse 4n

nitrogen manuring

| night be used as some of the
1mporténx morphological and blochemical parameters
to judge the high nltrogen responsivencss of a variety.
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ZABLE = 1a

LEAR (g/fpot) AT DIPTLRYIT STAGES OF GROWTH,
(on oven ey baois).

3620 B.60 6420 5.50 6.7 5489 570 6.t 7.80 9.29
180 1,90 3.00 230 293 3.8 %20 386 28 6,95
oila 2,60 2,90 B0 FMO  6.62  B,73 7.90 B62 6,36 6.8
LN 340 .20 7400 600 735  6k5  1M0 7.3 1298 0.95

iy, 2430 2,60 1,80 170 5% 176 252 1,51 2,00 2,01
Valiy 3.20 2.90 2,70 2.40 2,66 2,51 3469  2.29 2,58 3440
33 320 3.50 BM0 300 b0k bS5 506 3.60 %00 b8y
¥,y 2,59 2,20 2,20 160 2,05  3.29 5,06 3.09 2,90 @ 2.75
LR 3400 3430 3.20 3400  3.8% 3,98 5.63  5.32 3491 3.8
05 2,30 L0 . 600 5406 B 803 745 7.2 bB2 0 6.70

®



YRIORT OF STEM (2/pot) AT DIFFEEENT STAGES OF GROWTH
{on ovon dry basis)e

Lments ?‘mﬁ-m stase Boobing sbage Darly milky stoge lMidnilk stage Maturity(harvest)

B R R B R B R B R R

e

Vi 160 239 99 M07  6.69  6.36  63%  5.25 651 b0
LA 2406 3M8 10,50 9410 - 2A7  Ge13  B.56  9H7 730 Sete
Y, 2,75 Be69 12,80 9M0 13462 13.93 11469  11.26  11.52 11460
VoH, M0 A5 657  WaB3 6a3F 7815 8483 6429 559 5406
Vo, "1.59 2,33 8463 8490  13.20  7.12 10,62  7.38 9499 8.5
V8, Be02 3843 W28 11.3% 16,30 10.8%  15.6F 13413 1043 7.0
Vi, 2463 2.85 3416 3499 W05 Be69 3475 ha03 637 he23
AN Ha23 L3630 - 531 7.7 725 8463 696 7.0 703
L 5«58 3.6 11,09 6469 135 171 11,78 9.8 8.27 9e62
%, 54 2,97 187 %36 . 3465 W71 6438 11428 7.02 ¢ 6.6 Su65
%% 300 391 6466 Wa16 7,80 707 1171 1160 9,06 b2
%E 5.22  BAO 902 521 11,27 10,90 B0 11,85 A 7.3




LABLE=3,

HEIGHT OF STRAW (g/pot) AT DIFFERERT &PAGES OF GROWTH.
(on oven dry baais)g

T A R it .

ZTreataoents Vemat&va stage Booking s%e Egrly ;m*;tage mamm stage Ha;urity(hawestm
I D T T, S . . . T .
AR 340 LAY 1349 7.57 9.3 9.9 9,56 8,68 11,87 B2
VR, O BS6 6.58 1570 13.50 11409 | 8432 12,63 13.78 1140 12,01
Vi, 5495 9420 19,00 14,90 20,38 19,78 17,39 17,40 19,32 20,89
V., 3:20 3435 9.57 7.63 928 10.79 12,83  9.69 9.85  10.01
Vo,  Ba19 523 13.03 T30 19,82 11,85 16.5% 12,00 1635  15.32
VR . 742 . 7463 2128 7.2 2365 17.20 e 20,26 2B.31 11,93
‘?33* : .93 545 _ L.96 50’69 5499 6585 | 5615' ' 509?’ | 827 6&@* ’
Vg, 743 7421 9400 771 983 9.76 1105 9.25 10,28 10.83
V1, 9,78  7.1h 1582 9469 17,58 16.26 1547 134k 12,27 tebo
W5, 5.37 327 656 5425 6.76 9467 16.3% 10,11 95 B0
- BBy 6,00  7.21 9486 7416 11,61 11,05 17.3% 16,92 1297  8.26
R 9.52 Ba50 1542 10,27 i5.31 0 1548 2049 19407 13.56 13.9%




P AR LY,

1000 grain weight in gm, 1000 Rermel weight in gm. OCrain/Kernel weight

. By Bg . By | 2y By K

IR

s - 25465 24,82 22,49 21.32 1ok 1017
T, . 2580 26,03 23402 B 112 1492
Vil 26M3 26,56 3 2251 1.8 1418
v, o aj0 25.01 2246 = 2140 1409 1e97
Vol o 2.8 a5 21,81 2235 1048 1,08

(XN : | 26.05. 26,62 23.21 B faaz L
LA X . | . 175  18,5% 46 13499 121 133
W, T . 1h68. 20,56 164,00 16.89 .23 | 122
vy, e 20406 20,42 180 18,00 1069 1.3

LT A3 Db 20,00 20002 f.22 a2
L% .- 25.36 26426 21.15 2186 120 o 1420
%, H, ' . 26402 26.58 22,3% 216 1e16 1423




o

REDUCING SUGAR (8 of dry weight) I LEAF AT DIFFERENT STACES
o (5 of ey vegt) 2y e oYV ¢

Treatments YVegetacive stage Booting stege Rarly milky otage lddmilk stage laturity(harvest)

V8,

V%
v
V231
V24

¥

vy

%y
%
Tiylty

i

0.9% -

0.31

Ry ] By ?ﬂ R Ry By By B, By By _
0.75 .73 109 1.06 0.5% 073 0a38  0u3%  0l.16 0.3
0,80 1H7 146 - 109 0,53 - 0.51 05 - 0470 0425 028
156 225 1.88 - 1,27 0.59  0u5% 0.78 0,76 0,18 0.23
0.72 - 0,77 0.89 1,03 - OMt - 185 0437 0.50 0422 0418
1402 - 1405 1H8 0 117 - O3 - 1.11 0459 0477 - 0423 0437
153 © 175 179 0 169 - 0N . Ot 0.53 059 0.7 0,15
0.69 0456 1415 - 100 - 0,75 - 0437 0496 1405 - 0M43 0,33
097 © 0490 1435 1420 - 0,83 - 0493 0465 0,82 . 042 0043
To12 © Tofhe . 1462 © 181 - 1406 - 131 1475 0475 - 046 0429
.98« 0.62 1,01 - 1.01 - 053 - 052 0,60 0.82 0.2 040

1416 - te1% 140 - 1,17 - 0475 0 0.8 0,77  0.66 043 0.3 -
140 ° 225 219 ° 1455 0.3  0.88 1,00 0426
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NON REDUCLIG SUGAR (f of Gry welght) IN IEAP AP DIFITRUNT STAGES
‘ GROYTH. .

Trest ‘:: Vegetative staze Booting

Booting sta Barly milly stage Midmilk stage mwmt;.gr(hmes@
By ® B ®B ®H R B KB B I

V5, 150 11415 19,85 606 B8N0 6409 6,06  5.23 0466 Ttk

Vol 18,78 12488 1579 7.91 691 88 6,25 b0 109 0.67
v,8, 16.93 7466 15,96 8.77  Shb 6452  5.89 .23 189  1.13

- VA, 16457  12.2% 13.63 9,89 740 - 980  7N3 555 3% 136
LA 1709 17,08 12,76 8406  7.92  BM1  bBO W70 2.8kt
Vo8, 1508 1503 15.96 8.1t 5.75 6468  5.67  5.01 q.% 0.89
VyBy T 492 1201 12,76 10,000 1047 9.55 11.86 11,27 3,08 3.%.
V¥, 16.77 12,06 13.98 15.00 8,43 10419 11,67 12.12 W23 3.0k
N BA3 2350 1.95 115 8.83 8475 12.52 1249  3.21 Aa.%
TR, .55 U5 13.66 23039 8481 7407 757 7.86  3.35 W60
%gﬁ 11,05 11272 21.30 - 16,20  Be13 . 8,85 8.88 7.48 321 5403
LA 98 7.20 %61 W62 6.6 5.96 9,01 9.63 231 3.58

W i IS



€04
e
oh%L
102§
g6%4
€o%e

895t
4o%%
g6t

59%%

L%

%L

ot2g

%%%ﬁgﬂgﬁm

% &Xp 3o g ) audng 2
o - Wﬂﬂ«ﬂ

Eata
ita

buba




" 1ABDRE- 1,

TOTAL SOLUBLE S8TGARS {f of dry welsht) IN LEAY AT DIFFHRENT
 STAGES OF GROWIH.

Teeatnonts ‘g%etative stg_g__e B@tiﬁg staze Early miliy stoce  Hidmilk stage Haturity {harvest

. B B R Ry By, B B R B,
7,0, 15,79 11,88 20,5 7.12 8.9  6.82  6M  5.57 072 .67
v, 8, 19,58 19,35 17,235 9,00 7% 8,99  7.00 SN0 13k 0488
Vylly 1839 9.91 17.85 10,04 6,03 7.06 6.67 .99 203 136
v,4, 1729 13.01 e.62 10,92 781 1085 780 G.05  1.56 T
V8, 18,11 19,13 Te2h  9.26 B35 952 5.31  SM7 3.07 151
H, 16.61 1678 17.35 980 6,23 7.09 620  5.60 101 1.0
Tl 1561 12,97 13491 11,00 .22 T0M2 12,82 12433 32550 WW29°
Vul, 17.7% 18096 15,33 16,29 9426 1.2 12,32 12.9% ‘lt.és 347
v 5, 9.55 Wb 16.57 13.35 9489 936 13.27 324 367 3.05
. W8 1553 15,07 .67 B0 93 7.59 8.7 8.68 359 5.0
%0, 521 12,86 16,85 17.37 888 9.50  9.65 . Bub' 3.8 . 551
w5 1661  9M6 16.80 16417  7H7 6.0 10,06 10.75 257  3.89
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