Effect of staking on yvield and quality of indeterminate

beans”
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COMPENDIOQ

Fiijoler trepadoies (Phaseolus vulgaris LY se rembraron en lomos de swico
de 91 e en tres camipaiias para comparar lor efectos de estacado vertical y horizontal,
y ne estdacado, sobre el rendimiento en semilla y la calidad de la semilla de los frijoler
Los readimientos en grane, rewnidos fodas las campaiias, para los wmétodos de no
estacado, y estacada vertical y hovisontal fuevenm 1178, 2069 ¥ 2061 kg/ha, rerpectiva-
mente, lo que indica qne los métodor de eitacado vertical y hovizonial tnvieron resnl-
tados comparables Fue s [icil que los tallos heparan en estacas rugosas que en
lisas. El estacado también piodujo ganos de mejor calidad debido a que las vainas
estnvieron wds alejadas del wwelo, lo que dio lugw a gue menos vainas estuvieran en

contacto con la tierra

Intioduction

portant food crop in Malawi where the types
grown are mostly the indeterminate (climbing)
ones and are used as dry beans although the leaves ate
sometimes plucked before pod set and used as green
vegetable. The indeterminate types are generally grown
as intercrop with maize where the maize provides
support for the bean Bean yields from such a mixed
cropping system arc usually Iow presumably because of
low plant population of the bean crop, 24,000- 36,000
plants/ha, in the mixture (4), poor planting pattern
(3), shading of the beans by the associated crop (2),
and competition for factors of production (1}. The low
bean yields in the mixed cropping system would suggest
that the genetic potential of the existing cuitivars is
not exploited maximally. One method of exploiting
these cultivars fully could be by planting them as a
pure crop while substituting stakes for the maize crop
The objective of this trial, was therefore, to com-
pare the effects of staking methods on the seed yield
and seed quality of indeterminate beans

- i"HE common bean, Phaseolus vnlgaris L., is an im-
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Materials and methods
1971772 experiments

Two indeterminate bean cultivars, one dry bean (cv.
33G) and one canning bean (cv 1200), were planted
on 20th December, 1971, at Bunda College Farm
(altitude 1,118 m, 33° 46" § and 14° 11" E) on sandy
clay loam roil The soil analysis date wese: pH 6 5;
total nitrogen 0 16; available phosphorus 58 g
exchangeable potassium 0.70 meq/ 100 g soil; exchange-
able calcium 6 6 meq/100 g soil; exchangeable magae-
sium 234 meq/L00 g soil; C/N ratio, 10.7; and CEC,
113 Three staking methods were compared. These
were 1) no stanking where bean plants were left pros-
trate on the ridge but with vines trained within plants
on ecach other on the ridge 2) vertical staking, by
using reeds 1.7 m tall which were spaced 300 c¢m
apart with each reed (ctake) providing suppost for 2
plants and 3) horizontal staking, these were reeds
T-m tall spaced 1 m apart and 4-m reeds were ted to
the vertical stakes at 05 m apart to form four tiers.
Compound B fertilizer (4-7.8-12 5; N-P-K) which also
containc 90% S and 019 B was applied to all plots
before planting. The design was a split plot with culti-
vars s the main plot and staking method as the sub-
plots Each treatment which was replicated 10 times
consisted of 3 ridges 91 ¢m apart and 4 m long The
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distance between piants within ridges was 15 cm. Pests
were controlled by spraying with rogor (dimethoate).
Yield and other agronomic parameters were determined
from 4 m of the middle ridge Seed yield was the
weight of ail seeds obtained on 3 9 mm circular screen
All seeds tetained on 39 mm circufar scieen were
divided into two groups namely: saleable and unsaie-
able The unsaleable seeds were beans which were shri-
velled and/or discoloured as a result of infection by
fungal and bacterial pathogens in or an the teed coat
as well as by contact with water or the soil. Pods/m?
was calculated using sceded pods. Pod length was the
average length of ten pods per treatment and the
wmbss of seeds per pod was determined from the ten
pods

1972/73 experinent

During the 1972/73 growing season, cultivars 336
and 1200 were also grown at Bunda College Farm on
1st December, 1972, on a candy c¢lay soil The :oil
analysis results were pH, 60; total nitrogen 099
available phosphorus, 40 pg; exchangeable potassium
116 meq/100 g soil; exchangeable caicium 8 80 meq/
100 g soil; exchangeable magnesium 2 70 meq/100 g
soil; C/N ratio, 10.4; and CEC, 1524 The staking
methods were essentially the same as the 1971/72 ex-
periment except that sticks with fairly rough surface,
weze used for staking instead of reeds This was be-
cause teeds were too smooth for eaty training of bean
vines The sticks ured for the vertical and those vertical
sticks used for the horizontal support were 2.0 and
12 m long, respectively, instead of 17 and 1.2 m long
as in the previous year The design was a split plot with
cultivars a3 the main plot and staking methods as the
sub-plot. Compound L (8 0-6 3-8 3; N-P-K) fertilizer
which also contaings 906 S and 0.1% B was applied
at the rate of 400 kg/ha Bach treatment, which was
replicated 8 times, consisted of 4 ridges 91 cm apast
and 4 m long and the distance between plants within
ridgea was 150 cm which gave a plant population of
73,260 plants/ha Yicld and other agronomic characte-
ristics were determined as for the 1971/72 experiment
However, pods wete divided into seeded and non-

seeded {empty)

1973/74 expeiinient

Caltivar 1200 was planted at Bunda College on
5th January, 1973, on a sandy clay loam soil The soil
analy is data were: pH, 63; total nitrogen, 0159%;
available phosphorus, 132 pg; exchangeable potassium
0.70 meq/100 g soil; exchangeable calcium, 6.8 meq/
100 g soil; exchangeable magnesium, 071 meq/100 g
soil; C/N ratio, 14 0; and CEC, 103

Four staking methods were compared The first onc
wis no staking in which plants were left prostrate on
the ground and the vines were not trained within the
ridge The last three of these were essentially the rame
as for the 1971/72 and 1972/73 experiments The de-
sign was a randomized block and each treatment, which

was eplicated five times, consisied of three ridges each
10 m fong. Ridges were 91 am apart and the distance
between plants on the ridge was 15 cm produciog
a plant population of 73,260 plants/ha  Each treat-
ment received 400 kg/ha of compound L (80-6.5-8.3;
N-P-K) festilizer before planting Yield and yield com-
ponents were determined from 10 m of the middle ridge
and only yield of saleable seeds was determined Pods
were separated into pod frequency from ¢ (empty),
to 9-seeded pods/m* Seed/pod ratio was the weight
of salesble sced expressed as a percentage of saleable
seeds plus shell weight

Resulis

1971/72 Season

Yield and yield componenty

Stanking increased seed (saleable) yield significan-
tly at P = 0.05 (Table 1). For instance, the vertical and
horizontal methods of staking yielded 46 1 and 38 29,
respectively, over the control (no staking) However,
there was no sigaificant difference between the vertical
and the horizontal methods of staking Cultivar 336
vielded consistently higher (6.494) than 1200; but the
difference was not significant The yield of cv. 1200
was lower than expected. This might have been due to
an attack of bean fly, Agimyza {Melanogionryza)
phaseoli Cop which caused the stem of such tender
plants to break during training

Staking improved seed quality significantly (P=0.05)
with vertical and Lotizontal staking methods producing
63.4 and 68.9%h, respectively, higher quality seed than
the control. Staking also increased the number of
pods/m® with the vertical and the horizontal staking
methods producing 223 and 19.3% more pods/m?,
respectively, than the unstaked treatment Neither
seeds/pod nor pod length was significantly affected by
staking method.

1972/73 Searon

Yield and yield conponents

As in the 1971/72 season, ctaking increased seed
{saleable) yield significantly (P = 0.03) with control,
vertical and horizontal staking methods (pooled over
cultivars) producing 1,296, 1,784 and 1,968 kg/ha,
tespectively (Table 2) The yield difference between
vertical and unstaked; and horizontal and unstaked plants
weze 37 7 and 51 8%, respectively. However, the weights
of unsaleable seeds, pooled over cultivars, were 139,
18 and 34 kg/ha, re:pectively, indicating that vertical
and horizontal ttaking methods produced 86.8 and
75 69 higher quality seed than the unstaked plants
Vertical and herizoatzl staking methods produced 6.5
and 10.0% more seeded pods/m® than the plants that
were left prostrate on the ridge The number of empty



EDJE AND MUGHOGHO: EFFECT OF STAKING ON INDETERMINATED BEANS

5

Table 1 —Yield and yield components of two bean cultivars at three staking methods (1971/72)

Yield (kg/ha ceeded e Pod
Cultivar Staking Methuod Serded, Seeds/ length
‘ Sale- Unsale. pods/m? pod ?cm)
able able
336 No staking 1.560 9t |BERH 62 105
Vertical staking 2,310 23 1800 64 107
Horizontal staking 2.090 19 1370 64 108
Mean 1.990 16 161.7 03 107
1200 Mo staking 1,150 83 2346 59 50
Vertical staking 2,000 32 3120 56 53
Horizontal staking 2,070 a5 2950 58 83
Mean 1,470 50 813 56 gz
SE = 187 12 147 013 0t
Means: No staking 1,505 87 1910 59 93
Vertical staking 2,200 30 246 0 60 25
Horizontal staking 2080 a7 2280 61 96
SE = 132 v 104 ¢+ 09 0407
Table 2 —VYicld and yield components of two bean cul tivars at three staking methods (1972/73).
Yield {ke/hay Pods/m* Pad
Caltivar Staking Method I 9};;}(;/ icngt)ix
Sale- Unsale- ot " . tem
ahle able Seedud Fmpty
336 No staking 1,239 W51 161 3 67 o0 2
Vertical staking 1,052 25 150 1 1 59 104
Horizontal staking 2,000 54 68z 1o G2 09
Mean 1,763 o1 169 9 96 60 15
1200 No staking 1,356 76 7308 140 51 83
Vertical staking 1,618 13 2156 i57 51 78
Horizontal staking 1,837 i8 2677 131 56 a3
Mean 1,605 36 2400 i19 53 g1
SE L 05 47 H 1-i 01 20
Mean; No staking 1,206 139 198 1 10 56 93
Vertical staking 1,785 8 213 ¢ 134 55 91
Horizontal staking 1,068 31 2180 131 59 96
SE = 15 35 74 10 0 08 ¢14
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pods/m* also followed the same pattern of response as
that of the seeded pods/m® As in the previous year
staking method had no significant effect on the number
af seeds/pod and pod length

1973/74 Season
Seed Yield

Seed yield (kg/ha) increased significantly (P=005)
with staling methods and vertical method of staking,
which had the highest yield (2,223 kg/ha}, produced
143% more than the control (no staking and no vite
training) Yield (g/plant) aiso increased significantly
(P=005) with staking method with the vertical and
horizontal staking methods yielding 503 and 45 6%
more g/plant, respectively, than the control {Tabie 3)

Contponents of yield

The effects of staking method on pod characteristics
are presented in Table 4 Plants trained on stakes pro-
duced more pods/m?* than unstaked plants with vertical
and horizontal methods of sapport producing 58.7 and
34.09 mote pods/m?, respectively, than control The
number of pods/m¢* for no staking and no vine train-
ing and no staking but vine training more comparable
Pods with six ceeds occurred more frequently with uns-
taked plants while seven-seeded pods occurted mare
frequently with staked plants Staking increa wed pod
length with vertical and horizontal staking methods
producing 174 and 44.9% longer pods, respectively,
than the control

Generally, pods with six or seven seeds had a higher
yield contribution to total yield than others Six-seeded
pods produced 2639 of the total seed yicld of uns-
taked plants while pods with seven seeds had 3529
of the total yield of staked plants The shelling percen-
tage (seed/pod ratio X 100) increased with additicnal
seeds/pod with the one- and the nine-seeded pods hav-
ing 499 and 79 4 shelling percentage, respectively

Diccussion
Yield and yield camponents

The ceed yields, pooled over thrge years for unstaked,
vertical and horizontal staking were 1,178, 2,069 and
2,061 kg/ha, respectively, thereby indicating that stak-
ing, cither vertical or horizontal methods increased,
seed yield when compared with the control treat-
ment However, vertical and horizontal staking methods
had comparable results. The increase in yield with stak-
ing could be attributed to, among other factors, better
exposure of leaves to solar radiation, and of more vi-
gorus growth and development of the staked than the
unstaked plants. The staked plants which grew much
tailer might have had more area for pod set as com-
pared to the unstaked plants which were much shorter
and the concentration of pods on a relatively, smaller
area might have increased competition for “sink™ site

Consequently, there were fewes pods/plant and pe:
m* for the unstaked than the staked plants. For ins-
tance, the number of seeded pods/m*, pooled over the
three yeass ,were 169.2, 231 4 and 221 6 for unstaked,
vertical and horizontal staking, respectively, and the
correlation coefficient between seeded pods/m® and sale-
able yield was 0673 (2 X 100 = 45.3) indicating
that 45 3% of the variation in seed yield could be
accounted for by difference in pods/m?

It was easier to train vines on stakes with rough
than on stakes with smooth surfaces and In vertical
than in horizontal supports. In vertical method of stak-
ing, once the stakes weze set in position and the vines
trained carly in the season before they coiled, vine
training was not a problem and needed little or no at-
tention thereafter because the vines were able to “train”
themselves on the stakes. However, with the horizontal
staking, much attention and care were needed to ensure
that the vines were trained along the appropriate tier
and with least damage Delay in vine iraining meant
unwinding the vines from the tier and training them on
the upper one which resulted in stem breakage.

Despite these limitations, the results showed that
with care, comparable results could be obtained from
both methods. This would suggest that a camallholder
who has no difficuity in obtaining stakes would use the
vertical methods However, in areas where stakes are
scarce, the horizontal method would be preferred. Here
the farmer could use a few strong vertical stakes with
dried maize or sorghum stalks forming the horizontal
tiers

Staked plants produced higher quality seeds than
unstaked plants The increase in seed quality with stak-
ing was mainly due to higher pod clearance above the
ground and less denser canopy which made the miceo-
climate around the staked plants less humid. Consequen-
tly, there were fewer peds resting on the damp soil
thereby teducing the number of pods and seeds dis-
coloured by microbial growth,

Table 3.-—Yicld of one bean cultivar at four staking
methods (1973/74).

Yield

Staking Method Increase Encrease

kg /ha {%%) over iz/plant %0) over

C(]ﬂtl(l; C(“!trOl

No staking and
no vine train-
ing (control) 916 . 211 —
No staking but
vine training 993 8 228 8
Vertical staking 2,223 13 503 138
Horizontal
staking 2,136 134 43 6 116
Dfean 1,567 — 330 —
SE & 182 — 40 —
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Table 4.-—Number of pods/m*, pod length, percentage yield contribution of seeded pods and thelling percentage

of a bean cultivar at four staking methods.

Pud description {pumber of seeds/pud)
Staking Method
1} 1 2 3 -J b] 6 7 8 9 Total Mean
Pods/m?
No staking and no svine training 151 [ 143 206 262 | 279 2| 160 12 — 11572 s
No staking but vine training 153 7t 16 220 269 [ 255 285 | 196 it — 11613 —
Vertical staking 142 59 | 101 36| 200 [ 5352 505 1 600 ] 151 01 2495 e
Horizontal staking 19 6 69 | 121 198 | 264 | 380 489 § 564 | 101 0.1 {2383 e
Mean 162 (31 128 244§ 259 317 39.2 380 6.9 0.1 —
Pod length (cm)
No staking and no vine training 66 6.6 63 69 76 78 g1 87 9.1 — 75
No staking but vine training 62 67 6 4 70 72 76 §2 82 9.0 . — 7.4
Vertical training 63 70 72 76 8:0 4. 86 o0 93 e} — 81
Herizontal training 69 73 i 7 83 8.2 85 88 97 9.7 99 1 — 83
Mean [B] 69 G9 7.8 81 R 89 .3 woe i — —
“wield contribution (92} by cach pod characteristic
No staking and no vine training — 09 38 S0 159 | 226 268 | 194 16 — — e
No staking but vine training — 09 4.0 20| 168 | 256 261§ 182 1 o e —
Vertical training - 0.f 16 40 78 1.6 256 | 359 100 01 — s
Horizontal training — 03 1.9 18 84 | 162 67 | 3 70 01 e —_
Mean — 06 28 67 122 193 263 270 50 01 - e
Shelling percentage (Seed/pod) ratio X 100

No staking and no vine training — 489 | 618 G6t9 | 712 [ 759 770 1 782 | 793 — =697
No staking but vine training - 503 [ 657 692 1 742 | 765 780 1 783 [ 185 — - | 713
Vertical training o 497 | 623 690 [ 721 | 75 739 767 | 774 810 - 707
Horizontal training s 508 649 G89 | 725 | 75¢ 766 1 778 | 77.8 777 = 713
Mean - 499 03.7 673 | 733 754 76 4 778 7853 794 b —

Swmnrary

Indeterminate beana (Phaseolus valgaris L) were
grown on 9l-cm ridges in three seasons to compare
the effects of no staking, vertical and horizental staking
on the seed yield and ceed quality of beans The seed
vields, paoled over years, for no staking, vertical and
horizontal staking methods were 1,178, 2,060 and
2,061 kp/ha, respectively, indicating that both vertical
and horizontal methods of staking had comparabie
results. It was easier to train vines on rougher than on
smoother stakes and on vertical than on herizontal
stakes

Staking also produced higher quality seeds because
of higher pod clearance above the ground which resulted
in fewer pods resting on the ground with staked than
with unstaked plants
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Resena de Libros

EHRLICH, PAUL R, EHRLICH, ANNE, H y HOL-
DREN, JOHN P Ecoscience: population, resources,
environment San Francisco, W H  Freeman, 1977,
1051 p

Esta edicidn considerablemente revisada de la obra
del mismo titule (pero sin la palabra Ecosciente), es
posiblemente en ln actualidad el mejor y mds completo
libro sobre la interrelacién entre poblacidn, recurses,
energia y el medio ambiente,

Aunque son blen conocidos los puntos de vista dei
autor principal sobre el impacto devastador del aumen-
to acelerado de poblacidon sobre recursos y sobre Ia
deterioracion del ambiente, el libro estd escrito en forma
moderadn, con un esfuerzo real de ofrecer un punto
de vista tan objetivo come posible, presentando a veces
los diferentes enfoques que existen sobre un mismo
tema.

FI libro se ha dividido en diferentes secciones, todas
con un planteamiento eminentemente ecolédgico del sis-
tema “plancta tierra” y sus numerosos subsistemas So-
bre todo se ofrecen datos, graficos, y aumerosisimas
tablas; en fin, una amplia informacidn de base, com-
plementada por una admirable cantidad de referencias
e indices de materias y de autores citados (varios miles)

En un libro de esta envergadura con un campe tan
amplio de “interacciones” es dificil apuntar fallas sin
caer en opiniones subjetivas. Una impresion general es
que a base es demasiade norteamericana y que las ine-
vitables generalizaciones para los teopicos en general
ne toman suficientemente en cuenta las regiones de
mediana elevacion donde en muchos paises se encuen-
tra concentrada la mayor parte de la poblacién y donde
se encuentran a menudo las zonas mds productivas para
agricultura. Hay una gran diferencia entre trdpicos de
altura y de bajura y ésto no se destaca suficientemente

Los capitufos sobre los futuros prospectos de la
produccién de alimentos, la discusion sobre revelucion
verde y sus limitaciones, el actual y future uso de ener-
gia, la distupcion de sistemas ecolbgicos (iacluyendo
las contaminaciones) son pasticelarmente sobrios y de-
berin ser material de estudio para todes los que se
interesan en estos temas, Es inescapable la conclusién
de que el futuro de planeta tierra estd en setio peligro.

Se trata pues de un libro que no sdlo es excelente
como referencia, sino también pricticamente una enci-
clopedia de la ecologia moderna Como es posible abaz-
car tanto y en forma relativamente tan concisa, no es
ficilmente explicable y los antores metecen nuestia
gratitud por acopiar, siatetizar, analizar y correlacionas
la abundante v dispersa informacién dispoanible

GERARDO BUDOWSKI

CENTRO AGRONOMICO TROPICAL DE
INVESTIGACION Y ENSENANZA (CAIE)
TURRIALBA, COSTA RICA

BLASCO LAMENCA, MARIO y SALINAS BARRE.
TO, LUIS, eds Reunidn Técnica Regional sobre
Transferencia de Tecnologia Agricola a los Produc-
tores, Masacay, Venczucla, 26-30 mayo 1973 Lima,
IICA Zona Andina, 1977, 231 p (Informes de
Confesencias, Cursos y Reuniones N® 83)

Después de algdn tiempo de haber practicamente
abandonado los programas de extensidn agricele, los
gobiernos latinoamericanos han vuelto la mirada nue-
vamente a los agentes de cambio y han reanudado sus
esfuerzos en la accidn mis cercana al agricultor, esta
ver con el nombre de transferencin de tecnologia agrf-
cola

Una de fas reuniones mis importantes sobre este
tema se realizd en Maracay, Venezuel, en 1975, Los
trabajos que allf se presentzron estin contenidos en
este vofumen, publicado en Lima por la Zona Andina
del IICA.

Lo que distingue este volumen de otzos similares es
I preponderancia de trabajos que examinan la realidad
actual y estudian casos, frente a discusiones “concep-
tuales” que no miran al agro sino a las ideas de lo
que Joan Robinson llama “idedlogos urbanos”, que
hasta hace poco eran nwy visibles en este tipo de reu-
niones. Los trabajos se agrupan en dos tipos: a) infor-
mes sobre la transferencia de tecnologia en paises indi-
viduales; aqui hay informacidn de valor sobre los éxi-
tos y fracasos de las estrategias y bicticas empleadas
en fos planes de mejoramiento de la agricultura, los
que deben ser estudiados para evaluar y aprovechar
expetiencias; y b) trabajos de especialistas en investi-
gacion, sistemas de produccion, politica econdmica, co-
municacion y educacion, los que en gran parte exponen
ideas, producto de cbservaciones en el mismo terreno,
sobre In forma como funciona en los paises andinos
Ia transferencia de tecnologia agricoln. Destaca en este
grupo el trabajo de los organizadores del certamen, Ma-
rio Blasco y Guillemo Guerra, quienes en forma clara
y ordenada presentan las relaciones de la investigacion
con fa trapsferencia tecnoldgica, su situacion en la
regién, los problemas de fa transferencia, y las solu-
ciones propuestas

Contrastan con estos trabajos, aquellos pocos que
se han limitado a especalaciones tedricas y no z los
problemas del agro de América Latina, Un caso tipico
es el que trata de la educacion y transferencia, (pp 197-
225). Difunde las ideas contenidas en libros de gente
como Max Weber (sobre la ética protestante), Mar.
cusse (sobre el hombre unidimensional), Bloch (el
principio de la esperanza), cuya pertinencia con los pro-
blemas de nuestros campesines no es ficil discernic Mids
que la relacidn entre fa educacion y &l desarrollo rural,
al autor sparentemente le interesa la formacion de un
nuevo hombre, que piense seglin modelos tedricos y que
actiie condicionado a un marco ideal. Este es, aun en
el mejor de los casos, un programa a nuy farge plazo
Pero los problemas de nuestro agro son urgentes; na
hay tiempo para esperar esta nueva creacion.



