Effects of Row Width and Plant Spacing Within Row on Yield

‘and its Components in Sweet Sorghum (Sorghum vulgare Pers)
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ABSTRACT

i ‘Experiments on sweet sorghum(sorgo)with differ-
ént population per unit area- were corducted from
1066 to 1968 for the first time in Korea.

By ' increasirg plant population stalk we'ght,

-refinable sugar ard seed ws'rht per plot were
increascd, but stalk weight per plant, brix percen-
. tage,sugar content, stem diameter ard 1,000 seed
~weight were decreased. Plant height, maturity ard
lodgirg were rot .affected by the trea ments.

;... The- result. obtained has suggested that the effects
of plart spacing within row on the characteristics
of plant growth ard on yields. were greater than
those of row width.

-.. Negative correlations existed between sugar content
‘ard.sugar yield, and seed weight per plant and seed
yield. The optimal plant population inthis study
ranged from 16,700 to 22,200 plants per 10a, row
width of 6Qcm and ‘ plant spacing in row of 15 to

Z0cm resulted in the ‘highest sugar and seed.
' INTRODUCTION

. Sweet: sorghum(Sorglum vulgare Pers) was intro-

duced to. Korea - zbout 40 years- ago. No trials
were made on sWweet sorghum cs s ivgar e¢rop, until
2 sweet_sorghum improvement prog.am .was begun

in 1965,

iR

Experiments on sugar beet were att¢mpted from
1957, However, the beet sugar indusivy in Korea
couldn"t be developed because of geographical - limi-
tatio:s snd some soclal reasons. The natioral demand
for sugar is totally depending on impo:rtation from
othier countries.

Sweet sorghum that is widely adaptable and which
can be grown with other crops by in‘er-cropping
suggests the possibility of meeting of par: of the
demmand for the domestic sugar industry by small
scale refineries. To dovelop 8 sweel sorghum sugar
industry the introdu:.ion of varieties, brecdirg of
new varieties and trials concerred with seedirg time,
fertilizers, ecology, plant density and cultivation
practices are needed.

Reasozable cultural practices are importance for high
vields pe: unit avea, al'hough continued selection of
better varieties is also important. Plant density can
not be changed after planting,w hile other cultivation
practices like fertilization canbe controlled. Ajin
other crops,optimal combinatior. of plant population,
row width and plant spacing should be investigated
high yield and good quality.

Triale on plant density were attempted to solve
asbove mentioned problems from1966 to 1968.

LITERATURE REVIEW

* Very few experiments on row spacing and plant
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population of fwent sarghum have been corducted
‘for-the purpose of improving sivup,sugar and forage
p?odﬁ(:tion(5’6’7’11’14). -
Frosdheed et al.(2) reporred that wider -epacing
resulted in higher brix. Susrose a~d puity weve
slightly highes bu: thoese had no statistical sigaific-
ance. But stalk and sirup yie'ds d:cressed as spacing
increased with” the early-maturing sweet so-ghum
variety Rex. However, results with the full-season
variety, Hodo, indicate that  extractiox- a~d sicup
per ton of stalk weight increased with a decrease in
stard density. Brix, sucrose, pu:ity,‘ an@ sirup per
acre were not affected by epacings. But he desevibed
that Tracy and Sart vavieties had a small s:aristically
significant influence on the brix, whils yields declined
when plarts were tpaced wider rega-dlest*of maturity.
Recults of most investigation(1-3:8:9511513)6f row

-spzcing ard 'p]ant'populati’on' to be problem in grain

:s0tghum  have :hown that urder © corditiors of
‘aburdapt molsture supply, highest yields were

cobgirid from rarcow tow tpacings (10 to 20 inch)

whercas under limited moisiure supply, wider row
spacirg(40 irch) wan preferable.
i Stickle: and Leuda(1!)found that 78,000 plants
:pér acre gave a highier yield than 52,000 plant - per
acre, and 2 grester ard a significance of plant
:populat-iori X rew spdcing’ interaction occurred. Soil
“temperatuve, light ir‘eriity at the soil su-face, ard
water-loss {from ths vo!l -twface daceazed as row
width (40-,24- 20~,16-, 10-inches)decreased. Porter
-et- al.¢9repovied tha: plarting rates which gave
average plant population of 61,000, 108,000
card 152,000 ‘hed little influence on grain yie'd
of irrigatio~ g ain sorghum in Texas.

Karchi, Zvi and Rudich: Y¢4’ird'cated that optimal

K population urder drylard “corditions ranged bo'wean

20,009 a~d 72,000 plants por acre and 1090 to 600cm?

perp'an: in1 m rows.

" RoY.nson et al. €10 ‘described that a licer tvend
fo: ircrased yield occurred as row rarrowed from
40 to 10 inches. Two of the compozents of yield-
paricles per acre and seeds per panic'e texded to
ircrewe witli ihs narrow row spacings, wheseas the
third corpo-en - sced weigh ~temdd to lecreas: ard

vield of grain at 6-and 12-inckes vow spacing did not

differ,but  pa-~icles from 6-inh spacing wera
highar in mo'sture than thoss fram 12-inch spacing.
Steikler a~d Weardent!2>stated that grain yield were
remmarkably cors'ant across stand dernsities because of
intercompensat‘ons amorg irdividual components of

yiel'gi‘,.,_-ﬁ
MATERIALS AND METHODS -

Experiments were carried out onclay loam sail
of the Crops Experimert Station located at Suwon
from 1966 to 1968.

The sweet sorghum variety, ‘‘Wkite collier (HC

6028 I1-4)"", was planted in pockats 01 May 15. Five

. seed; weve duopped together in a hill by hand. After

emergeice, the seedlings were thinned out to leave
two plants per hill. And braiches des‘rdldped from
the lower parts of main stem were remi:‘v;-d.’

The experiment was laid out in asplit plot design

with four replicatiors. Each replication corsisted

-of four main plots of row widthe (40, 50, 60 and

.70cm)end fou: sub-plots of plant spacirgs within row

(15,20,30 ard 40cm). Ard plat size was 3to 3.5 x 6

meters. Fertilizers applied were compost of 800ky per
‘10a axd 8: 6: 8kg per 10a of N, P;05 and K;O,

-respeciively.

All courts and measurements were taken from

30 plarts in the m'ddle row of ecach plot to
tes: the effects of the plart dersity ard théir cor-

relatiors. The growth measurements w:re taken

‘monthly ard individually.

Brix was determined with a Hand Sugar Refrac-
tometer a-d readings obtained were adjusted at 20°C.

Sugar a~alyses, such as sucsose content, sugar

- content, refirable sugar and purity were determined

by the Smith’s method with a polariscope.

RESULTS

Data for yields,yield components and plant
population for each treatment are summarized.

s shown in Tahle 1, the growth ani yield of
sweet so-ghum were greatly affected by the plant
population per uiit area varied with row wid'h and
plent spacing within row

Stem diameter brix perce itage, sucrose content and
1,009 sced weigh: weve decreased with increased
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+plant populatiors per unit area. Geed weight per plant were decreased. Thero was ne

On the contrary, stalk weight, refinable sugar and significant effect of plant population wi plant
seed weight per 10a were ircreased with increasing height.

" plant density, while stalk weight, refinable sugar and

i ;I"él:)]é 1. Effects of row width and plant spacing within row on yields and yield components.(1966—i968)

Treatment per plant

4 - plan  vla- S_tc;.m-l,OOO 1L *Brix Sugar &}ds of lﬁa_
5?1 pla- :ﬁﬁﬂf"ﬁéi- Ig::__ seed  seed Stalk Seed E;agli; per ~ purity Stalk Sced Ecii.
fh i;;:é 11)8: ght er Wt. L Wt. sugar Oemt content We. W S:ga‘:
- o mm g § & g g % % kg kg kg
40 15 83,300 250 15.2 11.37 638 105 2.44 9.60 17.69 14.61 86.55 3,511 8l.4 320
20 25,000 246 15.8 11.61 645 138 3.26 11.88 17.40 14.33 86.30 3,358 81.6 292

30 16,700 255 16.2 11.93° 661 184 3.63 16.26 17.62 14.54 86.93 3,066 60.5 271

40 12,500 252 17.2 11.78 667 223 6.28 20.80 18.06 15.12 88.02 2,793 78.5 260

50 - 15 26,700 251 15.9 12.15 65! 135 3.40 11.10°°16.88 13.80 85.86 3,613 90.8 296
20 20,000 247 16.3 11.40 647 . 163 4.2¢4 14.30 17.68 14.65 86.94 3,313 84,8 294

30 18,300 248 16.8 11.84 666 214 5.00 20.40 17.89 15.16 89.42 2,825 66.7 269

40 10,000 249 17.5 12.15 617 253 7.24 > 23.50 17.90 ‘14.99 88.61 2,527 72.4. 235

60 15 22,200 253 16.2 11.17 ‘671 150 4.87 14.58 1.55 14.61 87.46 3,623 108.2 328
20 16,700 250 16.5 11.73 658 197 5.55 18.54 18.20 15.22 88.08 3,281 92.5 . 309

30 11,100 246 17.3 12.25 632 230 6.62 21.06 17.83 14.87 87.91 2,558 73.5 234

40 8,300 242 17.5 12.76 630 260 7.98 24.60 18.40 15.44 88.63 2,168 66.5 205

70 15 19,000 246 16.2 12.12 659 182 4.85 15.42 17.35 14.04 85.35 3,427 92.5 287
20 14,300 248 16.8 11.85 661 209 5.38 . 18.97 17.83 14.69 86.50 3,020 76.8 274

30 9,500 246 17.4 12.56 667 252 5.45 23.31 17.68 14.88 88.84 2,399 51.9 222

40 7,100 247 18.6 12.41 664 311 6.49 28.70 18.02 14.99 88.07 2,218 46.2 205

Mean 249 16.7 11.94 652 201 5.17 18.31 17.75 14.75 &7.48 2,981 76.6 269

row width, 24524327 in 40cm plant spacing within
the same plant spacing.

Growth competition with different row width and

plant spacing within row are given in Fig. 1-A ard

1-B. The variation of plant height in each row In stem diameter, the greatest variation(17.44:1.2)

. iy . o among intrarow plant spacing in 70cm rowv within
width within the same plant spacing within row was g P pacing 70 :

R 1. row width was greater than the greatest one (17.94
greater than one of each plant spacing within row. .

0.7)among row width in 40cm intrarow plant spacing

iati i t ix n- cq s .
However, variation of stem diameter, brix perce within the ssme plant spacing.

tage, sucrose content, stalk weight and refinable And in Fig. 1-B, the variation of refirable sugar,

sugar in each plant spacing within the same row

width was greater than those in row width within

the same plant spacing.

Especially, as shown in Fig.1~A the greatest

variation of stalk wecight among intrarow plant

spacings, 280214677, in 60cm row within the same

‘row width was biger than the greatest one among

233428, in 40cm intrarow plant spacing is greatest
among intrarow plant spacing, but ‘the variation
within the same row width, 266462 in €0cm row
was greater than the former.

Results mentioed above clearly indicate that the
greater environmental variation affecting the yield
and growth was obtained by intrarow plant spacing
than by row width.

"< 1RR .-
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Tablz 2. Correlation coefficiznts beiween the various

Results of ANOVA for stalk weigh's sugguestthat
this experiment bas been carried out -under the
zelatively uniform soil fertility because of non-sig-
mificant difference among replicat'ons over the
experimental period from 1966 to 1968.

However, there were highly significant difference
{1% level) in 1966 and 1967, and 5% of significant
difference in 1968 between row widths.

Plant spacing within row was Highly significant

(1% level) in all of 3-years; and interaction of row
width X plant spacing - witliin row was significant
at the level 5% only in 1967.

Highly significant difference of refirable gsugar
among row width was obtained only in 1966.
Among plant spacings, however, a highly significant
difference was recognized in alliof 3,years. And row
width x plant spacing interaction was only signi-

-ficant at the leval of 59 in'1967.

“The analysis of vatiance fot these .systhetic .data
of the 3 year period results indicate that there was no
significant difference among 1eplications. But there

were significant differences dmong years, row

widths, plant spading within fows¥ear x plant spacings

with in,row interactions(1-%level), -and .among year

x ,row .width irteractions (5%level).

In oher words, these results suggest that sweet
so-ghum growing is greatly deperdent on the
weather conditions ard the effect of
spacirg .on yield is greater than ‘that-of ow width.

\Correlation between the various -plant .populations

intrarow

and yields or yield components for the 3-year period
plant populations ard yield components. (1965-1968)

Plant populations

Yield components

1866 1967 1968 Mean
Plant height -0.2338 0.2231 0.3897 -0.3593
Stem diameter —0. 8448k —~0.8705%% —0.7634% —4.9323%.
Brix —0.6054% —0.5108% —0.1920 —0. 6458
Sucrose content —0. 5346% ~0.4324 —0.4768 — 04647 1¥%
Sugar content —0.5315% —0.4759 —0.4776 —0. 67074
Purity —0.5303% —0.3496 —0.-6072% —0. 71614+
1,000 seed ‘Wt. —0..6798%k —0.4329 —0.2757 (. 6879k
-Stalk Wt/plant —0. 65474 —0.9128¥k —0.9581%+ —0.96294.
Stalk Wt/plot ' 0. 9761k 0. 8379+ 0.6019% 9. 8931k
Refirable suga:/plant —0.9515%* —0.9019%%* 0. 939k —0.959 4%k
Refinable sugar/plot 0.9735%% 0. 79274k 0.10933 0. 8500
Seed Wi/plant —0.3518 ~(.85854k —0. 85024k ~—0:8799
Seed Wt/plot 0.5173 0. 5502k 0.2031 0.6352%%

% Significant at 5 percent *#8ignificant 1 pevcent



ate summarized in Table 2. St_e,nr}z; diametor (r=—
0.9223%%) , brix (r="=0. 6458%%), suc;ose' conte ,t(r=
—0.6171%), sugar content(r==—0.6707%), purity
(r=—0.7161%k), 1,000 sced weight(r=—0.6879%*),
stolk weight/plant (r=—0.9629%+), refinable sugar
(r==--0.9594%¥) and seed weigh*/plant (r=—0.8799
*¥)were inversely proportioral to the plant population
‘levels, respectively. Therefore, the characteristics
affecting sugar quality were negatively correlated,
directly and indirectly, with- plant populations. In
other words, factors de¢reased with increasing plant
population. ' ’ '

On the other hard, stalk weight per plot, refinable
sugar per plot ard seed weight per plot were positi-
vely correlated(r=0.8391%*, 0.8569% and 0.6352%%)
with plant populetion levels, irdicating that these 3
factors were increased with increasing_pla.v.t popula-
tion, But plant height was not affected by the rumber
of plant population. »

The valucs of characters affecting on quality and
vield per plant were decreased with increasing popula-
while yield per plot increased with

tion, were

ircreasir.g plant population.

Correlation values of interactions between yield
componrents are shown in Table 3,

Plant heighe : plaat height was not corrclated with

each characteristics except purity.

Stem diameter : Stem diameier was

positively
correlated with brix (r=0.5982%), sucrose content
(r=0.6026%), sugar content (r=0.6210%%)and purity

(r=0.6744%%), but was negatively coirelated with

~ Btalk weigh' (r=-+-0.8934), refinable sugar (r=—0;
£819%%) ard plant populatio~(r=—0.93234%), ...

Briz:Brix was positively correldted with sucross
content, sugar content andpurity at 1% level, ‘but
negatively corelated with stelk weight, refineble
sugar and plant pqg;u;latiog, and it wes. highly
deperdirg on plant population;

Sucrose content : Sucrosa content showed positive
co:.:,el_frac‘i,o.:x with sugar q«)}ntent {r==0.9991%%). dnd

- purity -(r=:0.6671%*). But it was negatively corml:a;
ted with stalk weight (r=—0.6955%), rcfinable
sugar (r=-0.5001%) a~d plant population (r:==—0.
6471%%),

Sugar content : Like sucrose.content, sugar.content
was positively correlated with purity (r=0.4987%),
while it was negatively .Correlated with stalk weight
(r=—0.7811%%), refirable sugar (r=—0.5134% ard
plant population (r=—0.6207%%), -

Purity: Purity was regatively corselated with stalk

" we'ght (r=-—0.5509%), rcfinable sugar(r=-0.5633%)

.a & plant -population (r=--0.7161%%)

S:alk weighs: Stalk weight ‘was positively corve-
lated with refinable sugar .(z==0.9667%) a-~d plant
population (r==0.8931%%),

Refinable sugar also was positively correlated with

plant-population (r=0.8569%%) .

in Table 3

co-tent, sugar content,

Data indicate : - that - brix, "sucrose
purity -and  stem::'d’améter
which can increase sugar yields -and. its quality, were
incressed with .decreasing stalk - weight, ' refinable

sugar plant. population.

Table 3. Correlation values b.tween yie'd a:d its comppaients of sweet sorghum # white coliier #-¢1966-1968

Stem ; Sucrose  Sugar . Stalk . Refinably  Plawt®

diams'er Brix centent  conteat P;“my weight sugar . population
Plant height —0.3704 —0.2820 —0.2487 —0.2520 —0.5548%* 0. 4912 0.5316% ~ 0.3593
Stem diameter 0.5982% - 0.G026%  0.6210%F—0. 6744 —0.9034%%—0.8319%% —(.9323kk"

Brix

Sucrose content’
Sugar content
Purity

Stalk weight

Refinable sugar

0.9606%*  0.9606% 0.7049%% —0.4046 - —0.490) 0. 6433%k

0.9991%k  0.6671%F: —0.6955%—(0. 5001% — (. 67Tk

0,4987% . —0.78F1%6—0, 51344 0. 67078

—0.5503% —0.5783% —0. 7161k -
096674 0. 8931

9. 8569%. "

*§8ignificant at 5 percent

#Significart at 1 percent
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Corroation between 'secd yield comfm!".ex;i.t\;', yié’ids
per urit area erd per plant were in Fig.2-B..
1,000. seed weight(r=—0.6879%%),

" per plant(r=-—0.9529%¢) ard seed wwght per’ pTant

stalk “weight

. (r——.0.8799’f*)w«,re ducreased with ircreasing plant
- population pe- unit area excépt-seed weight (r=0.63
52%k)
" On-the othe: hand, individual stalk weight (r=0.
. 7238%%) ard' seed weight “per plant (r=0.6163%%)
except séed weight per plant(r=—0.6589%F)ircreased
1,000 seed weight. '
Accordirgly,. individual seed weight (r==0.8664%%)
was also increased, but secd weight per plot (r=—
0.6956%k) .was -decreased with increasing stalk weight
per ‘plant. -
Most of tliem- were- highly correlated with each
oth.r,

DISCUSSION
Effects of plant density on” sweet sorghum yield
ard its characteristics were irvestiga‘ed and compared

with rusults of other ‘workers.

. Yield per plant: With ircreasing plart populatlon,

per plant. stalk weight, refirable sugar,stem diameter V

ard s.cd weight . .were terded to decrease. Plant
density, however, had no effect on plant height.
Yield per plot: Stalk weight,refinable sugar and
seed wci‘gl_x't..per jf)lot" 'we.'e increased : with: increasing
plant population. Data on the similar experiment was
zlse reported by Robinson et al¢102, | v
They described that

panicles per area and seed per panicles-increascd with

two _comporents of yield,
Farrow’spzcings whereas the third compdhents, -seed
wexgh‘ decwased v

Sugar content and qualzty Effects of plant densify

on sugar content and quality were

remarkable. As plant population increased, brix,

sucrose content, sugar content and puvity decreased,
and regatively carrelated with plant population (1%
level). Broadhead: et »al.‘?l?als‘.o obtaired the same

results rLas“wider spaéir.g resulted in higher buix, suc-
vose ard jurity were slightly higher.Bu: stalk and
sirup~ yields decreastd as spacing increased’’.
Interrelationiship amomg yield components:
characteristics rclated  with

Correlations among

- refirable sugar showed

lplot, ref1rab1e sugar y1e1d ar d plant populano*

urexpectedly.

" sugar yield were presented in Fxg 2- A

As plant hexght ircr-ased, purity desreased and

“slight ircrease. Amorg other

6 cha;acterlstlcs, howew’;r, no d'fferesce was found.

As in the works of Lyors‘ﬁ’hard Broec‘l-ead et
al, 2 , stem diometer had »ngfu:aptly positive corve-
lation W1th brix, succose content, sugar content and
pur1ty, h"vmg regatm_ correlation stalk weight per

Plant populatlo'l showed hlghly sigpificant positive
sorrelations with stalk weight per plot, ard refmab]e
sugar yield. per plot.

Howiv.r, -8 highly r.éga,tive

correlation was found with stem diamcter and sugac

content.

© . re0.621006 -

Btallk . Sugar
weight/plot 7-0.8919%  sontent
m-e 3100 r--9.6707'°

3 PLANT .
' popuu.mou t
§
1]
1
§ 7e0.96670 ,._0 gsegms . . r==0.5001%,
i |
L . i
;\t efineble :L
~ Pt s 2~ sugm/plot <
3! 19
C.:' 1000 3.
t.: /;eed weizN 2
!
1 ' '
| re-0.6589%¢ . 1e0,72380% §
1. . 1
[ R
N «=0.6956%% :
r--0.6879> re0.6163¢
beed Lo ’ Stalk
weight/plot weight/plent
.32 r2-0.9639%
PLART
POPULATION
ra=0.3364 Fee0B799%e r=0.8664%¢
Seed
rig. 2+8/ weight/plang’

F: . 2- -A: I..Lerre.atwnshxp a’no"gc)mporer\ts ot .
stem d iameter, stalk weight, sugar corent and
refirable sugar, Fig.2—B :1,000 seed welght,

seed weight per piant,seed weight pev plot and

stalk we.ght per plant of sweut sovghum.
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Stalk wo'ght per plot x &rem “ciiarnet'er and sugar
contert were in regative corre!at'i;);': 2.d ihe same
tendencies were obtaired amuerg sugar yield, stem
diameter ard sugar content. Co:relations between stalk
weight per plot x sugar yield a~d stem diameter
X sugsr content were positive.

Interrelationchips(Fig. 2-B)among seed wcight per
plot and 1,000 secd weight, seed weight per plot, and
stalk weight per plot weve negstive. Siced weight per
plant, stalk weight per plant and 1,000sced weight
decredsed with ircreasing plart population, on the
other hard, sced w.'ght per plot was increased by
increasing plort population. These results were in
partial coincidence with those of Karchi et al. and
Stickler et sl.

Competition between row width and plant

spacing: High plant rl)opulati‘o.n' (wide gi)acing)
produced high yield. Move effect on yield was
obtaired by plant spacing than vow width.

Plant spacing of 15cm gererally .resulted in h'gh
stalk yield regardiess of rvow width. Ard rhe
highest stalk yicld of 3,678kg/1()a~was produced by
row swidth of 50cm and plant spécirg of 15cm,
Refinable
highest in row width of 60cm ard plant spacing
15¢m,

Row width of 60cm and plant spacing 15—20cm,
therefore, seems to be the most effective. Then the

sugar yield per 10a, howcve:, was

optimal population will range from 16,700 to 22,200
plants pur 10a.
The same tendencies wer observed in works of

al,¢11,12> Porter et al.¢®> and

Stickler et
Broadhead et 61.(2).
Simple factors such as year, row width ard plant

spacing within row gave great effects on refinable
sugar yield per 10a.For high yield reasonable combi-
nation of above mentioned factors is required. Of all
factors plant spacing is suggested to be the most
decision factor.

SUMMARY

This experiment-was la:d out in a split plot design
with fourreplications. Each repilicati(_m corv isted of
four main plots of row widths(40,50,60 ard 70cm)on
four sub—plots of plant spacing within row (15,20, 30

and 40¢cm) on swcet sorghum (sorgo). And it was

¢arried out . frem 1966 fo 1968 to investigate “the
effects of plant desity oo yield, sugar accumu’ation
ard yie'd compore-ts. Results ave summsvized as
foilows:

1. Freth weight, stalk we'ght, head weight and
stem diometer wee derversed by increasing the- plant
population per area. But plast Beight, ma‘urity and
lodging Wecve rot significantly . affected. Accord-
ingly, growth and yield components were sffected
more geatly by plant spacing than by row width,

2, Sweet sorghum is relatively sensitive to plant
dersity. lts correlations with year, rvow wid K and
plant spacing were h'ghly  significant (19 level).
And its interaction with oher faciors were also
sigrificant(1—5% level).

3. Stalk weight, refirable puga: a~d seed weight
per 10: were increased by. ircreasing plart population.
But the irversion was recogrized inyaid per plazt.

4. Brix, puriiy and sucrose coatent which con'vol
sugar co~te.t and quality weve.tended to decrease with
ircressicg plant pcpulation. . '

5. Wide plant spacing ard .ircreasing stem diame“er
were declsion factors #hich resulted in high -biix,
sucrose content, sugar contert .atd purity. ~But -the
most veaso~ab’e combiratio~ of various factors havi-r;g
positive or regative cowrelaiion with yicld is assumed
to be row widh of 60cm, plant spacing.of 15—20cn
and plant population of .16,700—22,200: plants per
10a.
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