THE POSSIBILITIES OF AN INDIRECT ESTIMATION
OF PADDY YIELD FROM AUXILIARY
PLANT CHARACTERS

By J. ML SEN GUPTA
Indian Stalistical Institute

SUMMARY. The importance of obtaining sa cstimation of padiy yiekd, oven though very
approximato, on tho basia of somo suitablo suxiliary charactors woll in advance of tho actual harvest,
cannot be over-omphasised bocsuso fnal and revisod cutimates could then bo obtained subsquontly
by carrying out actusl erop-culting experimonts.

Of tho sovoral phyaical charactors of 8 paddy plant oxamined hero, tho helght of & plant ie
found to posscss a fair degroo of corrclation with yiold, but other factors like woathor conditions
asd incidonco of peste and animals rauy nfluenco th yield to » considerable oxicat, It, tharsfom,
scems that, fn addition to objoative on ivo grounds
of the condition of planta ia thoir respoctive stagos of dovelopmeat may prove helpful,

1. INTRODUOTION

11, Objects. A number of crop-cutting experiments on wintor paddy
wore conducted at Giridih (Bihar) in Docember 1052. One of tho objects was to
ovolve a tochniquo for an carly prediction of the yiold rate of paddy by a quick
(and cheaper) survey of ono or more concomitant variates related to yield without
recourso to actual crop-cutéing work. Ono great advantago of such a scheme, is
that tho onumeration work involves very littlo time and thereforo tho sizo of sample
could be made considorably large. The final cstimates could thon be built up at a
subscquent stago when tho plants wero maturo, by taking a smaller number of samplo
cuts. With this objoct, the variabilitica of a number of physical charaotors of the
paddy plant and thoir correlations with tho corresponding yiold rates have been
worked. out from this oxporimontal material. It may bo noted horo that for tho
winter varioty of paddy in this arca, normal sowing ia over by tho end of July and
harvosting {s comploted by the ond of Novomber oxtending somotimes up to tho first
week of Docombor. To bo of any valuo for purposes of planning and control of the
food suppliocs, it js casontial that the forceasts, however rough, should bo avoilablo
woll in advance,

1.2. Experimantul procedure. The sample points woro located unistago
over o compnct patch of paddy land (comprising a number of small fiolds) cultivated
under tho Institute's dircet managemont. At overy point, tho following plant
characters woro cnumerated :

(i) numbor of plants, (ii) number of tillors, (iii) longth of specified tillors
along with tho longth of cars and tho numbor of earlets in thom, and finally,
(iv) numbor of paddy grains in ono spocifiod carlot from each of theso tillors,
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Theso wero obsorvod for all plants contained within each of the two
concentrie circles of radii 6” and 12°, Tho data was collocted in tho form of five
indopondent samples of equal size and within each, ovory slternato samplo unit or
circlo was enumerated twico over, §.0., duplicated by two independent partics. Around
tho samo points as centres circular cuts of 4’ radius (with a concontrie sub-cut of
12° radius in samplo 1 and of 2’ radius in samples 2-5) woro ultimately taken and
the weights of groen and dry paddy wore recorded. Tho concentrio circular cuts
woro taken by a spocial instrument dovised by the Imatitute, which consists of a
vertical sorow and a horizontal arm with tolescoped tubes of varying longth. Tho
vertical acrow is drivon into the ground, whilo tho horizontal arm is rotated around
and all plants covered in the swoop are harvested.

1.3, Tho onumeration was dono by a bM.ch of 12 investigators who were
assigned groups of samplo units allocated at Tho investigat, ted
up all tho plants and tillors within a sample enclosure of 6 and 12' radius. Tho
bunch of tillers sprouting from the same point on tho ground where one or moro
seedlings wero initially planted was defined as constituting a plant. In counting
the number of plants contained within s circlo, border plants, major section of which
{at- ground lovel) foll insido the circlo wero also included, and all tillers bolonging
to thom woro counted. The measurement of height was confined to the tallest and
tho ehortest tillor of each individual plants. This moasurement was takon as tho
total longth botwoen the tip of tho tillor and tho ground when the tiller was hold
fully strotched. Height of the tallest tiller represonted tho overall plant height.
From cach of these two tillers in a plant, length of the wholo ear was monsured and
tho total number of earlets (i.e. minute branchings emerging from tho ear) and the
number of paddy grains in tho fop-most earlot were counted up.

L4, Harvesting was dono for two concentrio circles of radius 127 and 4
in samplo 1 and for 2’ and 4’ circles in samples 2-5. Thus, tho physical charactors
relating to the 6° and 127 circlo could each bo correlated with yicld obtained from
12° circlo and 4’ circlo in samplo 1, and from 2 eirclo and 4’ circlo in samples 2-5.
In tho courso of this oxporiment, it was found that tho measuromont of hoight and
tho counting of plants and tillers take up & good deal of timo and Identification of
individual planta bocomes extremely difficult for circles with a radius of moro than 2°,

1.5. A small experiment was also carried out in order to study tho changes
in yield rato at progressive stages of maturity. Harvesting of eamplo cuts was started
8 fortnight boforo tho normal dato of harvesting and tho samo was continuod for
threo wecks. Tho study waa confincd to two solected paddy plots, random cuts
of radius 4’ being taken in a numbor of sub-samples ropresonting different peviods
of time at equal intervala. The results were expeeted to indicato firstly as to how
much ahoad of normal maturity, gross weight of paddy graing bocomes steady.
Secondly, it would give an idea about tho extont of losses in dolaying tho harvest
boyond the normal date.
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2, RESULTS OF TIlE EXPERIMENT
2.1, Mean and variability of certain aucriliary characters. Tablo 1 gives tho
mean and coeflicient of variation of a number of suxiliary charactora in concentrio
cireles of radii 6° and 12°, based on tho total material. Thoe samo computed for
cach of tho five anmples soparately has been given in Table A.l in tho Appendix,
TABLE 1. MEAN AND COEFFICIENTS OF VARIATION FOR A NUMBER OF AUXILIARY

CITARACTERS OF THE PADDY PLANT BASED ON SAMPLE UNITS IN TIIE §HATE OF
CONCENTRIC CIRCLES OF RADII 6* ANXD 12 (a=m238)

swrilary charactors mean coelicient of varintion
6%circls  I2°circlo  6'circle 12" clrelo
1) ) Q) ) (3}

7, number of plantafeq. ft. 2.54 2.25 .8 3.2
x;  number of ‘gross' tillors/eq. ft. 20.30 17.73 56.1 2.6
7,  numbor of grain bearing tillorsfsq. fi. 18.73 16.37 50.3 n.2
z,  mean boight of plaat in inchos 33.78 35.00 28.9 19.8
75 moon longth of ear in Inchos 7.00 7.98 25.0 12
x¢  number of ‘gross’ tillors por plant 8.07 8.2 .2 s
2y numbor of earlots por tillers 7.80 7.96 2.7 12,7
z¢  numbeor of gmins por eorlot 10.07 8.23 30.7 17.8
2,  number of graina por aq. ft. 917.06 816.48 2.1 4.2
710 number of carlots por sq. i 115.09 100.44 6.5 9.2
Z11 runping inches of plant holght 87.00 8.10 8. 3.4
23 running inches of tiller height 502,20 508.87 61.0 a0
215 yleld (tolas) in one plant noarost to contro 0.08 0.00 4.0 .0

2.1,1, Tho numbeor of tillers (z,) given in this tablo represent all tillers
conatituting a plant, somo of which may not bear paddy grains. In the presont
sample, 02.3% of total tillors, as observed in the circles of 12° radius, wero found to bo
feuitful onos, .0., bearing grains. It may bo noted hero that the fato of an individual
tillor, as to whothor it would ultimately develop into a grain bearing ono or not,
may bo known at a vory late stage only after tho flowering stagea aro over. Tho
total (gross) number of tillers inclusive of the grainless ones may thercforo be con-
sidored to Lo moro relovant for purposes of prediction.

2.1.2. Tho variates z, —z;, ropresont tho obsorved averagea of thess charactors
in respoct of tho individual samplo units of radius 6° or 127 based on tho fow readings
taken from oach. For instanco, tho total numbor of grains por eq. ft. in a eirclo of
radius ¢’ plot wans computed as

X

=1 2nr

L WOEA+g.e)
SO
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whore

0, = numbor of grains in tho top most earlot in tho tallost tillor with By
earlets in tho i-th plant;

¢ = number of grains in the top most carlet in tho shorteat tiller with &
earlots in the i-th plant;

{; = total tillors in the §-th plant;

P = total plants in the circlo of radius ¢ ft.

Similarly, tho running longth of tiller heighta (varinte z,,) was computed
for each individusl sample unit as

£ Wb
- 2
whero
;= hoight of the tallest tiller in the i-th plant in fi.;
A, = height of the shortest tillor in tho i-th plant in fi.

»
Running longth of plant height in a circle was computed as ?H,, height
of the tallest tiller in & plant being considered as the effectivo plant hoight.

2.1.3. The fall in the cocfficients of variation, when the size of tho Mmph
cut [s increased 8o far as the auxiliary plant charactors are d, is consid
83 will be scen from columns (4) and (5) of Toble 1. These coeflicients are usually
small in circles of 12° radius, except for tho cstimated number of grains por 2q. {t.
which has been obtained as 46.2%. Variability in the total yicld of the ‘contral’
plant is of eourso still higher being 74.0%. It may be noted hero that tho plots
under investigation, although in a compact aroa, roprosont a highly varicd cultivation
in respect of varictics, manuring, apacing and tho modes of cultivation. The area
had changing slopoa and many of tho plots were undor terraced cultivation.

2.1.4. Tablo 2 will show how far the counting and monsuroment of these
h wero i and depondablo. A comparison between tho two differont
obsorvations first and sccond returncd by two differont onumorators, has. been mado
and tho menn differences and tho valucs of atudent’s ¢ have beon worked out. As
already montioned, every altornato samplo unit was to bo re-enumerated by another
worker by a fresh allocation of the work. In actual practice, moro than 50% (132
out of 238) was re-enumorated and tho wholo matorial, not strictly a *‘sub-samplo”
on this account, has beon analysed and tho results given in Table 2. Tt will be
scon that estimates A and B are vory oloso and that excopt for one character, namoly,
tho estimated number of grains por earlot (z4) nono of tho diffcrences comes out as
significant. Tho significant but & emall differonco in character z, may have been
duo to considorablo trampling during tho first onumoration by batch A resulting
in losa of grains, wlich is roflected in tho sccond onumoration by B batch.
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TADLE 2. CONPARISON BETWEEN TIE TWO ESTIMATES OBTAINED FROM A DUPLI.
CATED S8URVEY OF IDENTICAL SAMPLE UNITS IN THE SIIAPE OF CIRCLES

OF RADIUS 127 (n=132)

menn difference (A—D)
auzlliary chameter hu;n-vvy :m(ll:;uwy meoan+a.0. student's d
{1} ) ) ) )
2, number of plants 2.23 2.21 .01 %.01 0.58
2 numbor of ‘grom’ tillors 18.07 1707 0.10%.09 1.8
¢ moan hoight of plant in inohes 85.41 35.43 -02+.11 -0.20
7, moon longth of ear in inchos 7.95 1.02 0304 o.M
2, number of carlote por tillor 831 8.25 0840 1.00
2;  numbor of grains per eatlot 10.64 10.42 .221.07 3,20°

*aignifieant at 19 Jovol.

2.2, Correlation of the different plant characters with final yield. Corrclation
coefficionts of the final yicld of green paddy obtained from cuts of 12” and 4’ radius
with a number of variates bascd on tho physical characters observed in circles of
radius 6° and 12° have been given in Tablo 3. Theso were also computed for each

samplo scparately and tho results are given in Table A.3 in the Appendix.

TABLE 3. CORRELATION COEFFICIENTS OF (PADDY) Y1ELD IN CIRCLES OF RADIVS
12° (nm406) AND & (n=233) WITH THE AUXILIARY PLANT CHARACTERS AND

INDEPENDENT VARIATES, BASED ON TilE CONCENTRIC CIRCLES OF
RADIUS 6° AXD 12*

suxiliary plant charactors
eriv ‘1‘3 h S indopendent

correlation coclicient of

yiold in 12° circloa
{,) with isopen.
dent varistes {r()

¥1=18.2 mde.facro

i
yym2ld md-lmv
oV, (ys)=mi3.3%

yield In 4* circlos
wilh indepcn.
¢ varisles (£)

In 6% circle  in 12° elrclo in 6 circlo  in 12° circle
) ) 4] o) (8)
x, number of plants/s. ft. 2 .363 010 —.129
7y numbor of ‘groas’ Lillers .28 8 270 .235
7, mcan height of plant in inehos KT 504 512 .708
2, moan length of ear in inches K 814 .209 .631
Z¢  number of *groms" tillers por plant —.019 Al .336 450
Iy number of oarlota per tillor 438 541 302 1589
%) number of graina por earlot 3460 a3 .18 .34l
7y number of geainsjag. fu. 847 181 651 n3
g nwmber of oarlotafuy. Mt 608 .008 i .88
x1y  running inchea of plant height 467 804 831 .302
£z running inches of tillor holght 428 420 489 883
2y yickd {tolas) in ons plont nearcet lo contre —_ N - 811
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2.2.1. Yrom Tablo 3, it will bo scon that the correlation of yioll rato with
the number of plants as also with tho numbor of tillers is rather small. A correlation
coefficiont of 0.708 has beon obtained between yicld rato and tho mean height of paddy
planta. Table A4 in the Appendix gives the two way frequoncy distribution of
the samo cuts between yiold rates and tho corresponding plant heights. The correla-
tion coeflicient botween avorago plants height and tho overall yicld-rato (based on &
complete harvest of oach plot) relating to tho 40 individual plots that constituto
our total “ficld”, has again como out as 0.677. This indicates tho presoncos of con-
siderablo corrclation even at the lovel of “field” wnits.

223, It may bo noted howover, that the corcolation with mean plant height
a3 obtained hero, may have beon merely a lacal featuro, that applics to an arca where
sowing is dono by transplantation. In other localitics with broadenst sowing, or
with other varictics of paddy, mean height of plants may assumo quite different
levols. The area to bo pled has therefore to bo adequately stratified to toko

advantago of this corrclation.

223, As oxpocted, tho corrclation coefficients of yicld in circles with a
given radius, are ususlly higher with tho physical measurements relating to the 12°
circles than with tho same of 6° circles. From the practical point of view it is cssential
that the enumeration of tho physical characters is confined to the smallest unis, from
considorations of cost as also of accuracy in field enumeration. The correlation is
liable to becomo less however if this unit is vory much smaller in size than tho anmple
cut itself.

2.2.4, Among the derived characters, correlation of yicld is highest with the
number of graing per 8q. ft. (a8 computed from the number of paddy grains in tho
top-most earlot of tho tallest and of tho smallest tiller of cach individual plant in the
circle) which is found to be considerablo. +This is however of o doubtful practical value,
in as much aa tho prediction is likely to bo roquired at a time, when most of tho tillers
will not shoot out their ear in full, At o timo much before the normal harvesting
timo, specinlly beforo the flowering atages, it is tho number of plants, height attained
by tho plants and the number of tillors emerging, that will have to bo observed and
prediction formulao could make use of these characters alone.

2.25. Corrolation of tho paddy weight obtained from omo singlo plant
situated nearest to the loeated samplo point with the yield obtained by harvesting
a circle of 4’ radius ia also fairly high being 0.5611. But this is a character which wo
can enumcrato only after tho crop is maturo. Novortholess, this suggests that
harvesting of one or two plants enly and counting up tho plants contained within
tho circlo may oconomise tho crop cutting operations. A random sclection of a
fow individual plants from within a samplo enclosuro, would howover prosont a lot
of practical diflicultios.
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AN INDIRECT ESTIMATION OF PADDY YIELD
2.06. It would bo worthwhile to ntudy also the multiplo corrolation co-

Gciont tlmt oxist hot the moro effecti ters with yield. Tho corrola-
tion coofficients of yield in cuts of 4’ radius with physical characters in 12° cuts
in various binations havo been obtained as given in Tablo 4.

TADLE ¢ MULTIPLE CORRELATION COEFFICIENTS OF YIELD IN 4’ CIRCLE WITH
PHYSICAL CITARACTERS RELATING TO 12° CIRCLE

corrolation
coofficiont P0. of
indopendent variatea (rom circloa of 12° ralius z\ldy. -llh vnrhﬂon
o o
varialca (x) a
) ) 3)
1. moan hoight of plant (x;} 108 5.1
2. moan boight of plant (xy) and numbor of *grom® 1illors (xy) 12 5.7
1. mosn number of earkota per tillor (ry) .68 TR
2. moen numbor of earlela por tillor (x;) and number of *grom’ Gillers {x,) L2 a.z
3. rocan number of *gross’ tillors (r,), earlota por tiller (xy) and gralna por
oarlot (z4) 13 50.9

Tt will bo scen that the highest correlation of 0.708 is obtained from a singlo character,

namely tho moan height of planta. The gain in having multiple correlation with

one or two additional characters is negligible aa will bo evident from tho respective

porcontages of variances duo to regression given in Column (3). Cocflicients of mutual
Iation for soven indopond haracters have been given in Tablo 8.

TABLE 5. COEFFICTENTS OF MUTUAL CORRELATION BETWEEN DIFFERENT PLANT
CHARACTERS AS DERIVED FROM 12 CIRCLES (n=238)

plaat charactors
P‘?ﬁ‘:;m“ﬂ Ll L] n xy x Ty L3
{1 &) 9 O] (8) (6) (7 (8)
) numbor of planta -_— 508 —.215 —.305 —.418 —. 302 —.20)
2 numbor of ‘grom’ tillors 598 —_ 2 —.059 A1 —.003 —.18)
#, moan hoight of pland —.218 21 - .123 607 .810 .38
r; moan longth of oar —.338 —.040 123 —_ 380 J708 838
2y numbor of‘grome’ tillors por plant  —.418 411,607  .360 — 433 048
#y  numbor of sariotas por tillor -—-.202 —.003 810 2708 ¥ — 7
¥y number of gming por sarlot —.208 —.181 338 538 043 Rty —
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2.3. Correlution of the different plant characlers tcith atraw yield, Tt was
oxpeeted that the yicld of dry straw show a higher correlation with cortain plant
characters like height and the number of plants or titlers, than in thoe caso of paddy
yield. Correlation cocflicients with four difforent characters havo boon worked out
on all tho fivo samples taken together, and tho results aro shown in Tablo 8. The
highest corrclation has Leen obtained as 0.745 with mean height of plants. Correlation
with tho running length of tillers is also fuicly high being 0.053 while tho samo with
numbor of plants and number of tillers is quite small.

TABLE 8. CORRELATION COEFFICIENTS BETWEEN YU(ELD OF §TRAW
IN CIRCLEY OF ¢ RADIUS AND CERTAIN PLANT CHARACTERS
IN CIRCLES OF 12" RADIUS

mean yield of strawm 31,18 mds. por acro
coofficient of variation= 61.5%

correlution
plant charsetors with yield of stenw coofiiciont
{rm230)
1) )

2 oumber of planta —.o19
EN oumber of ‘groms’ tillors 47
2, moon height of plant RIS
Z11  running inchos of tillor height .853

2.4, Cost of cnumerating the physical characters. A study of tho timo spent
in enumernting the different charactora has not howover been attenipted in theso
experiments. It is obvious that to Lo of any practical use, such characters as aro
easy to enumerato and highly correlated with yield will have to be solected and utilised.
Further experiments aro obviously necossary in order to ascertain tho relative merits
of cach charactor in predicting the yield rate, when cost and correlation aro both
taken into account.

2.4.1. Apart from tho question of relative costs, tho importanco of obtaining
8 prediction of outturn, oven though very approximate, nced not bo over-cmphasised.
It should bo quite useful if auch provisional forecasts could bo arrived at on the basis
of somo suitablo auxilinry characters, well in advanco of tho actun) harvest. Final
and rovised estimates could then bo obtained subsoquently by cnrrying out actual
crop cutting experiments.  Thero is ono distinct ndvantage in this two-phaso proceduro.
Tn taking physical mensuroments alono, the time of arriving at tho spot at tho right
momont is not so critical a8 in actual crop cutting and for this purposo sceuring
tho cultivator’s permission is Lardly necessary,
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2.5. Progressive estimales of yield rate by successive dates of harvesting.
As already discussed, two plots wero chosen for this study and samples of 20 culs
woro taken at intervala of 3 days, starting from a dato 10 days ahead of the normal
harvesting timo. The material is however much too meagro for drawing general
conclusions and it is unfortunato that tho experiment could not be started sufficiently
early 80 na to obtain tho yiold estimates for paddy in its very immaturo stages. It
may be noted horo that for purposcs of estimating tho oxpected yield, it does not
matter, if the kernol has not duly formed and not yet in the ediblo stage. As our
catimate of the yicld rate refera to the final weight of paddy grains, it would suffica
if tho apparent weight of paddy eapsules, irrespective of the quality of its inner
contonta at the timo of obscrvation, assumed a stable relation with the final yield.

2.5.1. Tablo 7 gives the rates of moan yield with their standard errors
in the successive ‘time’ samples in each of the two plots. It may bo noticed that
tho yicld rate had not reached its maximum until tho 23rd of November. According
to the local cultivators, the period 21st to 25th of Noveber was tho most appro-
priate timo of harvesting. Tt appears therefors that the cultivator's judgoment is
fairly good and thst the yield rato subscquently goes on falling, due to pilfernge,
shedding of grains or destruction by birds and animals. The experiment was con-
tinued upto ono full month beyond the normal dato of harvesting when the yield
rato was found to go down very rapidly.

TABLE 7. PROGRESSIVE ESTIMATES OF YIELD RATE BASED ON SUB-BAMPLES
ON 2 CUT8 OF 4’ RADIUS TAKEN AT INTERVALS OF § DAYS
FROM TWO PADDY PLOTS (1952)

duto of barvest meen yicld e pindox of ol (2
plot no. 20 plot no. 21 poolod aeon 23.11.62
(] @ 3 (O] 6)
Novembor 13 PRI 6.514.40 562434 7.5
18 5.88 4+ .48 6.57+. 4 6.224.4 5.1
2 7.02¢.27 7.504.63 7.31+. 34 100.0
o 547131 7.541 .07 6.504 .43 88.0
Docembor 3 5.754.80 6.004.00 5.884.43 80.4
8 5.231.63 4.89% .57 5.004% .41 6.2
13 5.044.09 1,564 .43 4.804.97 6.7
16 440431 2.004.38 3.054.%0 9.9
19 1.13+.22 0.431+.10 0.794£.18 10.8
22 0.16+.00 0.244 .0t 0,204 .04 2.7
201
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2.5.2. The objoct of this oxporimont waa to ascertain tho range, i.e., the
number of days beforo and after the normal dato of harvesting within which.the
yield would remain for all practical purposcs stationary. Tho wider this range, tho
greator would bo the Iatitude for sampling operations, and for advance crop cutting

g} on the p crop. Tho presont exporimonts havo however been
quite inadoquato for achioving this object.

3. CoxcLusioxns

3.1. Of tho soveral physical characters of a paddy plant examined here,
the height of plant is found to posscss a fair degreo of correlation with yiold. It
socms however that an efficient production of paddy yicld from a physieal measure-
ment of tho plant characters is difficult of achievement. Other factora like the weather
conditions, incidenco of pests and animals, influenco the yield to such an extent,
that prodictions on the basis of physical charactersalone may deviato widely from
tho real yield. Thus it secms, that in addition to such objective micasurements,
onumerations on somewhat subjective g ls of tho dition of plants in their

pective stages of development, may prove to bo helpful. If such observations
aro continued from year to year, a serics of data will eventually bo thrown up, from
which the relations botween actual yield and these subjective enumerations may bo
studied and resulta utilised for provisional forecasts. The possibilities for tho predic-
tion of final yicld from crop-cutting experiments on immaturo paddy, two or threo
wecks ahead of full maturity, should be oxplored further.




AN INDIRECT ESTIMATION OF PADDY YIELD
Appendix
TADLE A.l. MEAN AND COEFFICIENTS OF VARIATION OF A NUMBER OF PHYSICAL

CHARACTERS OF PADDY PLANT DASED ON S8AMPLE UNITS IN THE SUAPE OF
CONCEXTRIC CIRCLES OF RADII & AND 12° (TOTAL n=238]

(i) samplo unite of 6 circle

suxiliary plunt charsctor samplo | sample £ samplo 8 samplo 4 samplo 5 totat

nadd n=id nmil =il Amid Aa238

) [t &) )] ) ) m

moan veluos
1. number of plantsfaq. ft. 235 249 2.8 205 233 284
2. number of 'grom® tillore/sq. 1, 19.89 22,01 22,07 19.84 19.23 20.3
3. number of grain bearing tillors/sq. ft. 1741 2040 19.67 17.60 18.M4 1873
4. mean height of plants in inchos 35.30 33.96 3350 344 M4 T8
S. moan length of ear in inchos 7.7 1.6 12 1.8 1.0 1.60
8. mmean number of gross® tillers per plant 8.97 8.9 7.7 7.00 8.84 8.07
7. mean numbor of sarlots por tiller 810 810 7.8 7.21 8.01 7.8
8. moaa numbor of grains per eartot 1041 10.18 1026 9.14 10.33 10,07
6. number of grainsfaq. ft. 814.34 1074.40 $08.60 818.00 873.18 D17.60
10 oumber of earlotajaq. f1. 100.27 131.61 121.26 103.11 110.38 115.09
1. running inches of plant boight §2.03 88.67 08.32 $8.72 80.00 87.66
12, running inches of tillor holght 855.77 070.77 642.50 §9.00 539.85 592.20
13 yicld (tolas) in one plant nearost to contro 0.60 0.75 0.69 0.47 0.7 0.60
coeficlonts of varistion

1. number of plantafaq. ft. 46.8 IR} 52A 53.0 43.8 48.8
2. sumbor of 'gros’ tillorsjeq. ft. 48.8 563 80.8 8l.1 0.7 501
3. nurmbor of grain boaring tillors/aq. fi. 817 §7.2 648 024 520 889
4. mean height of planta in inchea 19.0 320 203 357 252 2.9
8. mean length of car in inchos 158 7.0 2.1 327 2.7 230
¢. mean numbor of *gross' titler par plant 37.2 540 8.8  47.0 {0.8 48.2
7. mean number of carlots pot tillor 214 L1 N7 368 2T 207
8. moan numbor of grains por earlet 200 30.0 2.2 35 305 307
9. number of gralnsfeq. . 61.6 707 09.7 80.3 633 721
10 numbor of sarlotafsq. ft. 55.5 659 B35 T4 000 L8
1. running inchos of plant height 46.6  50.7 37.0 8.4 45.5 48]
12 sunning inchoa of tillor hoight 6.1 708 61.2 722 6.7 410
13, yiold (tolus) in ono plant nsarest o centro 5.6 500 945 6.9 7T 740
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‘TABLE A.2. MEAN AND COEFFICIENTS OF VARIATION FOR A NUMBER OF PHYSICAL
CHARACTERS OF TIIE PADDY PLANT BASED ON SAMPLE UNITS IN TIIE SMAPE
OF CONCENTRIC CIRCLES OF RADII 6° AND 12° (TOTAL n=238)

(i) samplo unita of 12* circlo

auxiliary plant charactor -‘:-!»:.:1 1 "::"4'3! .:mpl;a m:,;;u :\l-nﬂal ”l:hI

) (2} [©) (0] (&) (O} (1)

moan valuos
1. numbor of plante sq. ft. 218 22 247 218 £21 225
2. numbor of grous tillor faq. 2. 17.60 17,06 18.64 16.70 17.8¢ 17.73
3. numbor of grain bearing tillorjsq. fr. 18.08 10.04 1710 1524 16.8¢ 10.37
4. mean hoight of planta In inchea 35.30 35.12 235.45 34.30 3517 35.09
8. mean length of ear in Inches 7.0  8.01 811 7.88 7.03 7.08
8. mean numbor of 'gross® tillor por plant 830 847 7.1  7.88 8.9 8.21
7. mean number of earlet por tillor 7.08  7.00 8.05 7.8 7.03 7.98
8. mean nuraber of grains por earlot 818 831 832 8.0 8.20 8.2
9. number of grainafsq. ft. 707.92 §70.30 £90.06 718.97 810.00 815.48
10. number of earictsfeq, ft. 96.20 104.88 108.92 90.64 101.02 100.4&
1), running inches of plant height 77.15  76.73  80.89 4.4 7579 78.10
12, running inches of tiller height 510.60 514.76 5§50.70 401.36 505.80 508.87
13, yield (tolas) in ono plaat nearcst to contro 0.60 0.5 0.6 0.47 0.76 0.68
eoollicionts of varintion

1. number of plants/eq. 0. 2.0 2056 340 287 3 N
2. number of *gross’ tillorfaq. f1. s 30.7 323 378 0.8 326
3. number of graina bearing tillorfsq. f. 33.4 329 3.7 .1 28 M2
4. moan height of plant in inchoa 18.2 2.2 18.2 206 204 198
5. mean longth of ear in inchea 10.8 148 1L3 128 124 121
6. moan numbor of {grase) titlors per plant 28.0 378 3.0 0.4 2.7 3.5
7. moan number of corlots per tiller n1t M 19 138 123 127
8. mean number of gmins por earlot 1.1 100 127 196 18.0 17.8
9. number of grminajuq. R 4.2 8.3 431 W8 .5 58
10, numbor of enrlots/eq. fi- 38.5 424 370 30.2 32 3.2
1. runaing inches of plant height 326 87.1 350 27.0 3.8 I
12, running inches of tillor hoight 43.2 5.3 04 354 383 L0
13. ylol (tolas) in ono plant noarcat Lo contro §4.6 ©56.0 045 680 II.T T.0
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AN INDIRECT ESTIMATION OF PADDY YIELD

TABLE A.3. CORRELATION COEFFICIENTS OF YIELD IN CIRCLES OF RADIL 2* AND
4 WITHI THE CORRESPONDING AUXILIARY PLANT CHARACTENS TREATED
AS INDEFENDENT VARIATES OBTAINED FROM CONCENTRIC CIRCLES
OF RADII 8° AND )2* (TOTAL nm=238)

correlntion coofliciunts of tho auxiliary charsctor with
icld mto based on

suxiliary plant characlors as 1* elrelo 4 cirelo (¥4) In

intlependent vuriotes (x;) (Y in
Tm‘;h samplo 1 pample 2 sumplo 3 snmplo & sample & total
only

nl
Nuil n=i8 nai) nedd n=dd nmil n=28

() (2 (] () (8) (8) (Y] (8)

(i) indepondent variatea for 6” circlo

x1  numbor of plantalsq. ft, 242 1202 130 1668 ,089 187 018
z; pumber of ‘gross’ tilorv/eq. fb. 283 306 .31 .20 .24 211 270
2y moan hoight of plint in inches 440 876 081 400 228 .81 512

¥, mean longth of ear in inchos’ 376 522 .28 116 310 .200
000 .43 482 167 40 3%
82

492 873 301 207 1Y

24 numbor of *gross® tillers por plant
a3 number of earlots por tillor

2y numbor of grolna per carlet JI59 M54 257 .M3 L1200 .21 168
x4 numbor of grainsfeq. N 64T 600 .07L 435 582  .488 851
739 number of carlots jsq. ft. 600 520 .636 .59  .651 .48l .M
1 running inches of plant height 07T 470 4T .m2 302 a3 .
14 running inchos of tlor helght 478 510 020 .33 620 420 480

2;3 yiold (tolna) in ono plant nearost to
eentro .82 347 403 831 637 54 .81

(i) indopondent variatcs for 127 circla

2, nuraber of planisjeq. ft- L9035 .138 )54 —.800 —.200 —.272 —.123
23 numbor of tillerafeq. ft. 418200 B4 37 L1603 .23
2, mean hoight of planta in lnches .64 070 .830 752 .821  .758  .768
x4 moan Jongth of var in inches M 50 .70 622 .02 .86 .63
zo numbor of {illers por plant M L0800 .404 588 032 430 450
@y number of oarlota por tiller B 7Y 621 582 070 388 .80
x, numbor of grains por earlot 237 102 386 318 263 483 341
@y numbor of grainafeq. fi. 81 .060 .820 .71 .720 607 .71
210 numbor of carlota/sq, ft. 608 560 .873  .633 .0 408 048
%11 running inches of plant hoight 804 486 505 .070  .20S  .108  .302
13 Tunning inchea of illor height 430 826 772 631 615 {53 883

2y yicld (tolax) in ono plant noareat to
contre 882 347 403 .631 L0575t .l
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TADLE A4, TWO WAY FREQUEXNCY DISTRIBUTION OF CUTS DY MEAN ITEIONT OF
PLANTY IN I’ (x) CIRCLE AND YIELD IN TOLAS PER CUT OF 4’ RADIUS (y)

‘mean helght of plunt (inclea) in clrclo of 1” radiue

yield in tolna totnd
poroutofd 19 21 23 £5 27 =D 31 33 35 37 30 4l 43 45 47 49 Bl B3 B85
redius 20— 25— 24 20 26~ 30— 32- 34~ 30- 38 40- 42- 44~ 46- 4B~ 5O- 82~ Bi- 50
n () () () (8) (8) (7) (8) (0) (20) (21) (12) (13) (14) (1B) (1) (17) (18) {19) {20) {21)
171180 1 11 3
181—170 ] 1
151160 1 1 1 2 221 111
N1—150 1 11 1 4
131~ 140 1 2 11 ]
121—1%0 1 2 11 2 11 10
11—-120 1 2 11 [
101-110 ¢ 21 31 11 13
91100 [N TS B S S 18
81— 90 46 4 5 2 1 £
71— 80 1 21010 9 6 21 1 ]
61— 10 13 0 9 31 11 %0
51— 60 23 9 7 2 4 21 30
41— 80 342 11 3 2 3 2 1
31— 4o 2 ‘s T 12
271~ 30 t 1 ] 1 ¢
1n— 20 11 11 7
1— 10 -
total 2 101 M 233835 30 2510 8 5 7 2 71 6 8 2

b g

Paper wriltsn : Aareh, 1959.
Paper received : June, 1964.
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