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regulates sex expression rather than their absolute
quantities
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Response of soybeans to varying planting patterns’

Raesumen. Sg investigd ia respuesta de la soya sembrada
bajo un sistema lineal, rectangular v trianguiar, El rendimien-
ta de semilla {kg/ha) fue de 1839, 1959 vy 1762 para los pa-
trones lineal, rectangular y triangular, respectivamente,

Las :elaciones entre el rendimiento de semilla en el talloy
en las ramas fuerort 104, 1.13 vy 1,17 para los tres patrones
de siembra, indicando que los tatles fueron més importantes
en la determinacion del rendimisnto para las ramas Sin em-
hargo, |a relacian ngmero de vainas/m?® en los tatios v en las
ramas fue inferior a la unidad v oscilé entre 0.97 y 0,98, El
tamafio de las semitlas para la relacién talloframa varid entre
1.0 v 11, indicando que las semilias provenientes del tallo
eran mayores gue las producidas en las ramas. La relacion en-
tre el {ndice de rea folisr {LAD v ef peso especifico de la ho-
ia (SLW) en e! talioframa fue mayor que la unidad, ocurrien-
do &l inverso parala relacion area foliar {LAR) v el 4rea aspe-
clfica da la hoja (SLA).

1 Contribution from Crop Production Department, Bunda
College of Agriculture
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Numerous studies have been made on the effects
of planting patterns on yield of several crops. Gener-
ally narrow rows, square and narrow rectangular
planting patierns have resulted in inereased seed
yields due to more efficient light utilization (&, 8,9,
12, 14), less erosion and higher water infiltration rate
(4) and weed supression (5, 11}).

Recently, the concept of plant types (ideotypes)
as a means of increasing grain legume yields have be-
gun to receive some attention. The construction of
the ideotypes has been based on mostly morphologi-
cal characteristics such as the number of branches/
plant, stem diameter, number and size of leaves, inflo-
rescence/ plant, pods/plant, growth habit and seed size
(1, 7). One of the morphological characteristics that
could conceivably influence seed yield is the number
of branches/plant. Apart from the results of Lehman
and Lambert (3), very little information is available
on the relative importance of branches in yield
determination, especially at varying planting patterns.

The experiment reported here was to evaluate the
relative importance of branches in yield determina-
tion and also to determine whether planting pattern
has any effect on the role of branches in seed yields.

Materials and methods

The experiment was conducted at Bunda College
of Agriculture Farm (33°4 § and 14°1 1 E, altitude
1 118 m) Soybean seeds (Giycine max L. (Merill}),
cultivar Geduld, inoculated with RhAizobium japani-
cum strain 63, were planted on }7th December,
1975, Each treatment which was replicated three
times consisted of three gross ridges each 14 m long
and 91 cm apart. All plots received 16.5 kg/ha of P
and 735 kg/ha of K before planting and the fertilizer
was banded. The sources of P and K were single
superphosphate and muriate of potash, respectively.
Three planting patterns were used. These were (i)
single row per ridge at 5 cm between plants (linear);
(i) two rows per ridge with 10 cm between plants
with seeds sown in opposite planting holes (rectangu-
far) and (iif} two rows per ridge with 10 cm between
plants and seeds sown in alternate planting holes
{triangular). Dry matter distribution and accumuia-
tion were determined 2t three stages of growth and
development from 091 m? (1 m from the middle
ridge). Leaf ares index (LAIl) was determined using
leaf area and leaf-weight relationship from discs
obtained with a cork borer (10). Specific leaf weight
(SLA) was leaf area (dm?)/leaf tissue (g); leaf area
ratio (LAR) was leaf area (dm? /total plant DM above
ground and specific leal” weight (SLW) was DM leaf
tissue (mg)/leaf area (cm?). Dry matter distribution,
LAI, SLA, LAR and SIW were determined for

branches and stems separately. Canopy height was the
average “height” (including foliage tips) of the plants
on 14 m ridge, while the canopy width was a measure
of the spread of the plants from the center of the
ridge to one edge of the ridge, an index of the rate at
which plants close up the inter-row spacing Pod
clearance was the height of the plant from the transi-
tion zone to the tip of the first pod, while plant
height which was determined at harvest maturity was
the distance from the transition zone to the tip of the
growing point. The transition zone was the constric-
ed part of the stem-root section.

Yield and yield components were determined at
harvest maturity from 4 m of the middle ridge Seed
size (g/100 seeds) was the weight of 10 whole clean
seeds multiplied by 10 This was done because some
of the treatments, when separated into pod frequen-
cy, had fewer than 100 seeds each. Lodging score was
determined at harvest maturity on a one to five scale:
I = upright; 5 = prostrate (12).

Results and discussion
Yield

Planting pattern had no significant effect on seed
yield (Table 1). However, rectangular planting pattern
yielded 6.1 and 10.1 percent higher than linear and
triangular planting patterns, respectively. From the
practical point of view, the yield increase of rectangu-
lar over linear and triangular planting patterns is im-
portant since it js easier to make planting holes by
hand at the former than the two latter planting pat-
terns, Data for yvield and yield components for stems
and branches were determined separately to evaluate
their relative importance in yield contribution as sug-
gested by Lehman and Lambert (3). Yield differences
between stems and branches were significant and
yields for stem/branch ratios were 1.04, 1.13 and
1.17 for linear, rectangular and triangular planting
patterns, respectively, iIndicating that stems were
more important in yield determination than branches
at all planting patterns. Leliman and Lambert {3)
reported that the importance of branch in yield
determination varied with spacing, cultivar and loca-
tion, but had no effect on the overall seed yield. The
results of the present study would suggest that plant-
ing pattern should be considered when choosing an
ideotype since spatial arrangement would influence
the relative importance of branches, one of the
important agronomic characteristics of an ideotype,
since a large number of fruiting branches can increase
potential sink sites and hence yield.

After harvest, pods from stems and branches were
separated into empty-, one-, two-, three- and four-

Turrialba Vol. 33, No. 4, 1983, pp. 432-440



TURRIALBA: VOI.. 33, NUM. 4, TRIMESTRE OCTUBRE-DICIEMBRE 1983

434

- - - - - FArA - - 8'1¢ - - A - FA'S

- €581 6L8 EL6 £98 08¢t £8P £08 Lib 3333 L81 I8 96T UER
LT 9L T 18 66 Tes (343 6Ly 651 g6t 1213 181 St 901 mniueLL
e1'T 656 1 126 8t0 ¥88 16€ £6v 688 hEY 05y 981 16 $6 leingueioay
$0°% 6EB T £06 9¢6 £88 SGv iy 19L 61% 443 g6l gL L1 JEJUTE
onel urayjed

YOUBIQ/UIR1S E10], SaYIUTIG walg mIoL SatouTIg walg 0L sayaueiyg walg EI10L SoyIURIg wag

FIRA El0} pURIS papeas-2amE ], poapaas-0m papass-au(y aunueld
‘surepied Surruerd 90Ny 18 sueaqAGS JO SAYIURIQ PUT SUIS)S WOIf 5pod papass-aaly) pue om3 ‘-aue Jo (ey/89) PISIA "1 SI9EL



COMUNICACIONES 435

seed frequencies; but the three- and the four-seeded
pods were pooled and classified as three-seeded
because the four-seeded pods did not occur in all
replicates and treatments. Yields from one-, two- and
three-seeded pods were 187, 803 and 863 kg/ha,
respectively. Stems produced significantly higher
yields of one- and three- seeded pods than branches.
The yield differences between stems and branches for
two-seeded pods were significant in favour of the fat-
ter.

Yield components

Dats for yield components are presented in Table
2. The number of seeded pods/m® from linear, rec-
tanpular and triangular planting patterns were 449 3,
451.6 and 428.7, respectively; and two-seeded pods
occurred more frequently than any other. There were
no significant differences between stems and branches
in the number of empty- and three-seeded pods; while
stems produced significantly higher one-seeded pods
than branches. The reverse was true for two-seeded
pods Planting pattern had no significant effect on
pod length. Branches produced 9.8 percent significan-
tly more two-seeded pods than stems. Seed sizes
{g/100 seeds) were 19.6, 18.2 and 18.1 for the linear,
rectangular and triangular planting patterns, respec-
tively. Seed sizes for stem/branch ratios were com-
parable for all planting patterns and ranged from 1.0
to 1.1, indicating that seed sizes of stems were gen-
erally larger than those of branches.

Growth analysis

The results of LAI, LAR, SLW and SLA deter-
mined at three stapes of growth and development are
presented in Table 3. Planting pattern had no signifi-
cant effect on LAIL; however, LAl differences be-
tween stems and branches were significant at the first
and third sampling dates. The correlation between
LA and yield from stems were 0.23, -048 and 0.50
at the first, second and third sampling dates com-
pared to the correlation between LAl and yield of
branches of 0.44, -0.66 and -049 for the respective
sampling periods. Planting pattern had no significant
effect on L.AR; but were cousistently higher in
branches than in stems although the differences were
not sipnificant. The higher LAR for branches was at-
tributed to higher DM in stems than a higher leaf area
in branches For instance, leaf area and total DM of
stems and leaves on stems were 7 780 8 cm? and 39 2
g, respectively, compared to 13312 cm® and 3.7 g
for leaf area DM of branches and leaves on branches
at the first sampling date; indicating that stems had
5 8 times greafer leaf area and 106 times higher DM
than branches. Branches had significantly higher SLA
at the second and at the third sampling periods and
notf at the first; indicanting that leaves from branches

had thinner cross-sections and probably higher
midribs and veins

Planting pattern had significant effect on petiols
and leaflet weight only at the second sampling date
{Table 4). However, the stem DM of petioles and
leaflets were significantly higher than those of bran-
ches. Stems produced significantly higher DM than
petioles {Table 5)

Other agronomic characteristics

Data for other apronomic characteristics are pre-
sented in Tables 6 and 7 Plant height, canopy height
and canopy width were relatively unaffected by
planting pattern; and at full flowering the distance be-
tween ridges had been covered by foliage with the
rectangular and (rignpular planting patterns covering
the inter-ridge spacing (furrow) four to five days
earlier than the linear planting pattern (Table 6)
While erosion and weeds were not problems at the ex-
perimental site, rapid ground cover could be an ad-
vantage in soil and water conservation {4} and in
weed control {2},

The difference between planting patterns for mini-
mum number of pods/node, plant height and the
distance between the transition zone and the first
branch were significant (Table 7) but the other para-
meters were not The correlation between the number
of nodes and yield was negative {r = 0 40) while that
between branches and yield was only 0.30. Weber,
Shibles and Byth (i2) reported that branching in
soybean was not a critical factor in maximum seed
production since treatments with the lowest branch-
ing frequency had the highest yield. However, in-
crease in branch frequency could be an advantage
provided majority of the branches bear pods and the
stem is sturdy enough to bear the load of extrz pods.

Summary

The response of soybeans to varying planting pat-
terns, linear, rectangular and triangular, was investi-
gated. Seed yields (kgfha) were 1839, 1959 and 1762
for linear, rectangular and triangular planting pat-
terns, respectively

Seed yields for stem/branch ratios were I 04, 1.13
and 1.17 for the three respective planting patterns, in-
dicating that stems were more important in vield
determination than branches. However, the ratio of
number of pods/m® for stem/branch were generally
less than one and ranged from 0.97 to 0 98. But seed
sizes for stem/branch ratios ranged from 10 to 1.1,
indicating that stem produced larger seeds than

Turriatba Vol, 33, No. 4, 1983, pp. 432-440



VOL. 33, NUM. 4, TRIMESTRE OCTUBRE--DICIEMBRE 1983

TURRIALBA

436

= (AR - - sL'g - - 940 - - 9L'0 - 48

- 6LT ¥81 - 881 76l - LT 8’81 - - - UBIl
81 81 8L 6L L'LT et €81 LY T'6T - - - Tendueniy
8T 178t £'81 R ¥'81 ¥el v 651 881 - - - Teindue)oay
£'87 LT 61 10T £0T 66t §gc g6l Lie - - - Jeaury

spass (O 1/2 ‘ozis paag
- s0a - - 0r'é - - 610 - - 10 - ERCR
L'y 9t L'y [ 2 4 Uy 6t 0y L'E L't 3 8t uBIN
L'y 9% L'¥ 12 4 Sy {4 0y 'y 8'€E Lt $'e 0y renSuBi],
L't L'y (A4 b4 9y 't (14 (84 9t L'E 9¢ L'g repnfueldoyg
8F Ly gy £y &'t 't 't [ 9t 8t ¢ &'t Tesuty
w9 *yigua] pod
- L - - o - - L - - 80 - =q8
181 ¥OL 9'08 oLet £ L'c8 0's6 [Ara 4 Ay el 8'9 99 Ue3ly
¥ OeT 0L 208 §igt TL0T1 ¥ o8 806 T'8e IS 91 L 68 Iemsueiry
SLYT 0¥9 £'e8 990z $ETL 116 A gos $'Lp L'01 'L 9'¢ mnfueloey
£esT TLL £8L Lel FIlT FeR 896 {'BE '8¢ et 8'S el Teautry
W/pog
uBBi/itio],  sauouslg HEIN UTaW/IEICY,  SSHOURIG wWag uBep/{tlo],  SauouElg wag uzay/[EI0f  seouely waig suzaned
POPRIS-IITE ], popass-0M ], popass-au(Q Ardwiy
uondimsep pod Burpunlg
- ApIRIEW 153ATEY 38 Surapied Suntueld ooR[l 18 SIYDUTIG PUE SWSIS Woaj spod Papass-saly pue -oml -aua *fadusa 3o o215 poes pus ipBua) pod fwfSpog T 9lqEL



COMUNICACIONES 437

Table 3, LAIL LAR, SLW and SLA of stems and branches at three planting patterns at three stages of growth and development.

Days from planting

Planting
45 39 73

patierns Stem Branches Total Stem Branches Total Stem Branches Total
LAY

Linear G.85 0.4t 126 137 0.89 2.26 1 83 093 278

Rectangular .99 23 1232 147 094 241 2.50 164 4 14

Friangular .89 015 104 1.54 1 45 299 213 145 358

Mean 091 0.2 117 1.46 1409 255 215 1.34 149

SE= - 010 - - 015 - - 0.25 -
LAR

Einear 1.99 364 6.12 173 386 5.59 1.44 160 304

Rectangular 2.06 387 593 139 2.86 415 £.22 188 3.10

Triangular 1.93 6.22 8.15 1.28 351 479 114 189 3.10

Mean 1.99 4 58 - 146 341 - 126 179 -

SEx - 096 - - 0.24 - - 0.10 -
SLw

Linear 2.74 1.82 4.56 305 345 6.50 3133 2.27 580

Rectangular 283 227 5.10 141 I 81 322 311 227 538

Triangular 286 193 479 110 158 168 335 2.09 544

Mean 281 200 - 185 228 - 223 231 -

SE % - 028 - = 0.20 - - 0.13 -
SLA

Linear 367 450 817 3.26 6.80 10.06 297 4.00 697

Rectangular 357 335 692 287 520 8.07 387 4.40 7.57

Trianguiar 353 405 758 243 603 8.96 3.03 4.70 773

Mean 3.59 196 1359 302 601 9.03 3.05 436 -

SEzx - 140 - - G.44 - - 0i6 -

Turrialba Vol. 33, No. 4, 1983, pp. 432-440
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Iable 4. DM {g/m?} of plant parts from stems and branches of soybeans at three planting patterns at three stages of growth and

development,
Planting Days from planting
45 59 73

patierns Stem Branch Total Stem Branch Total Stem Branch Total
Petioles

Linear 4.8 G4 52 122 31 153 06 8.0 28.6

Rectangular 5.8 o7 6.3 15.1 48 1%.9 30.4 13.9 443

Trianguiar 53 Gs 58 18.1 6.4 24.5 26 .4 10.7 37.1

Mean 53 03 - 15.1 4.7 - 258 10.8 -

SEzx - 058 - - 0.85 - - 270 -
Leaflets

Linear 23 4 26 60 418 125 543 383 23.7 824

Rectanguiar 298 35 333 508 170 67.8 77.8 373 1153

Triangular 243 27 270 531 22.9 76.0 712 303 1015

Mean 258 29 - 485 174 - 69.2 304 -

SE+ - 1.95 - - 2.18 - - 648 -

Table 5. Dry matter (DM) (g/m?) of stems and branches at three planting patterns and three stages of growth and development.

Days from planting

Planting 45 59 73

patterns Stem Branch Total Stem Branch Total Stem Branch Total
Linear 149 1.0 159 26.6 64 33.0 386 139 52.5
Rectangular 16 4 16 180 192 83 £77 785 19.1 376
Friangular 158 1G 16 .8 501 109 610 72.2 16.4 88.6
Mean 157 12 - 386 86 - 631 16 4 -

SE« 150 - - - 222 - - 640 -
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Table 6.  Plant height (cm}, canopy height {(cm) and canopy width (cmt) of saybean at three planting patterns at three stages of growth

and development,

Pays from planting

Planting 45

59 73
patterns Plant Canopy Canopy Plant Canopy Canopy Plant Canopy Canopy
height height widih height height width height height width
over
Linear 08 640 150 382 4317 297 529 576 45 cm
over
Rectangular 224 23.0 223 g9 393 327 48 8 600 45 cm
over
Trizngular 207 124 4.7 40.7 4190 300 51.7 54.4 45 cm
Mean i1 8 23.2 173 - - 308 o - -
S
SExt 13 35 19 3.0 26 26 38 16 -

Table 7. No of pods/node, nodes/plant, branches/plant, todging and other sgronomic characteristics of soybean at three planting

patierns.

. No. pods/node No. No. Lodging Plant Distanee from Pod clearance

Planting . . . .
Mi M nodes/ branches/ score reight transition zone  (distance (cm) from
patterns n. Max . L
plant plant {cm) to first branch transition zone to
(cm) first pod)

Linear 11 29 146 4.1 1.2 625 141 152
Rectangular 12 3.0 144 42 1.5 527 121 12.9
Triangalar ] 27 154 37 1.4 578 13.5 14 6
Mean 12 28 14.8 40 13 576 132 42
SE=z 003 0.26 033 022 0.07 £.39 0.30 .59

branches. LAl and SLW for stem/branch ratios were
generally higher than unity while the reverse was true
for LAR and SLA.

December 3, 1981,
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