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ABSTR:.CT

rield increases can
cecur when the dernsity is increased ond tne rectangularity is

chengesl unity. Twec trials were carrieé out to exemine scae
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effects growing snap besns 2%t four densities.
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he R.G.H. fell with time until pod swell whure it showed =

slight increase a2nd then fell agzin. The N.A.K. fcllowed a similaer

pattern whereas the L.EK.R. increased and then fell earlier thzn
either the N.A.R. or the R.G.f., indicating the dependencc of the

R.G.n. on the K.i.a. The L.A.R. 2;pears to be dependent on the

T D =
L.W.R. conporert rather than the S.L.A. component.

Pertilizer had no effect on tke R.G.h. or the N.i.a. &s the
l:-vel of fertilizer increzses, the S.L.A. decreases and the L.w.x.
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negztive correlstion between the rumber of node -nd pod size.

The recipricol yield density relstionships showed fertilizer
toc hezve no effect on the A znd B pzrameters for either tot:z1 »l-nt
Ary matter or bezn dry matter. The zllometric log pl=nt weight to

log bean weight slowed the raztio of teans to total plant weight

decreases with increasing density.

X}

Fertilizer had no effect on the yield of bezns. Density wss
21so shown tc hzve no effect on the yield of besns when the yields
were compared at the same seed length. When yields were comrzred
at the szme chronological time, density 4did have an effect. The

mean mature bern yield was 13.95 tonnes/ha but the mean harvestable

vield was 18.6 tonnes/ha,



INTRCDUCTICN

1518 ha of snap veans (Phaseolus vulgaris L.) were grown in

New Zeszlznd in 1978. 1416 ha of these were grown for processing;
67 % for guick freezing and 33 for canning. The average yield of
snap beans in 1978 was 7.98 t/ha. 21% of the frozen snap beans
were exported to 22 countries wiith Austrazlia importing 50% of the
exported beans. The area of beans grown for processing has almost
doubled between 1371 and 1977 as has the gross yield, but the yield

per ha has shown little change over this pericd. (Anon, 1978).

Horticulture has moved towards systems of high yield and
intensive production. The rapid increases in the cost of prod-
uction must be met by more efficient production and higher yields.
The scarcity of good land close to proeessing factories, with an
abundant supply of water, tends to put a premium on high produc-
tivity per urit area. According to Bleasdale (1969), this is one
incéntive for having a comprehensive :ncwledge of the yield-density
relationships of vegetable crops and to use the knowledge to devise

highly productive cultural systems.

Cverseas work has suggested that yields may be increased
significantly by reducing the rectangularity and increasing the
plant population (Jones, 1967, Mzck and Hatch, 1568). A parabolic
relationshipy btetween pod yield and density is apparent. The density
at-which maximum yield occurs will vary with the environment, cul=-
tural practices andeultivar. The time taken for the crop to mature,
which waries with density, irrigation practices, and other factors,

must be taken into consideration when comparing yield differences.
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of goil typre on fertilizer response, has made the intergretation of

Growth snalysis is a technigue that may be used to gain an

1

insight into the physiological basis for yield differences using
relative growth rates, net assimilation rates. leaf area ratios,

specific leaf areas and leaf weight ratios. Yield differences
; = % o " o 2
may alsoc be analyséd morphologically using the number of pods m

ani the meen w&ight per bean.

The aim of the project was to attempt to relate yield diffe-
rences due to density and fertilizer toc physiclogical and

aorpnological changes,



CHAFTER ONE

RZVIEW OF TEE LITERATURE

2 Snap Bean Physiology

1.1 Introduction

Snap beans are known azs green beans, French beans, and
dwarf beans. Present day snap bean.varieties have been developed
from types which originate from Central America. This is
reflected in the requirement of the crop for a warm, frost free
climate for effective growth. Snap beans will not grow below 10°¢
and, between 10°C and 15°C, flowering is delayed. Snap beans
require well drained, moisture retentive, light soils with a pH
of around 6.5. Heavy acid soils generally produce poor yields.
The seeds are usually sown into rows 60 to 90 cm apart with a
2 - 4 cm spacing within the row, resulting in a density of about

~

40 plants m °.

Weeds must be effectively controlled in snap bean crop.
Wiliiams, Crabtree, Mack and Derby-Lawes (1973, found that yields
were reduced by up to 36% by ineffective weed control. They also
found that as plant spacing decreased, the crop had to be kept
weed free for a progressively shorter period of time. This is
because the crop achieved total canopy cover sooner as spzcing
was decreased and this choked out sm=1l weeds. Weeds will alter

the effective density and rectangularity and affect the crop

thrcugh competition, the effects of which will be discussed later.

Snap beans suffer from a wide range of pathogens. Gane, :ing

and Gent {1375, recommend a 5 year rotation to reduce pathogen



build-up in the scil. Closer spacings may provide an ideal environ-

nent for pathogens. Nichols (1974}, found that Sclerctiniz

sclerotiorum was more rrevalent at closer spacings than at wider

spacings. A comprehensive spray programme is essential to prevent

the establishment of pathogens.

1.2 Seed aspects

Snap bean seed is expensive and it can be difficult to achieve
the desired plant stand. The seed is very easily damaged and can
be readily attacked by soil berme pathcgens through damaged
tissue, although careful handling and dusting with a fungicide
will help to prevent this. Barriga (1961) found an inverse
relationship between the percentage injury and the moisture con-
tent, showing the need to handle dry seed carefully. Most of the
damage was in the form of transverse cciyledon crzcking. All the
food reserves of the bean seed are contained in the cotyledons.
If the cotyledons are damage or severed from the radical and
plunule, then the emerging plants are small and usuzlly do not
reach the pod uearing stage. Damage may also result in z loss
in vigour, <the degree of which may be ascertained by using the
electrical conductivity test of Matthews and 3Bradnock (1968).

Seeds of low vigour should not ve planted.

Dickson, Duczmal and Shannon (1973) found that there was =z
rositive relationship tetween the rate of imbibition and trens-
verse cotyledon crac<ing. This relationship was very strong with
very dryfseed. Thus, irrigation after sowing would have to be
carefully controlled. Pocr irrigaticn can also lesd to soil

ca;ping and, ss reans have epigeal germination, soils that are



lumpy or capied can either prevent emergence or damage the coty-
ledons. Thus, to achieve a good plant stand snap beans should be

sown into a well drained, moisture retentive, light soil.
1.3 PFertilizer use

Shoemaker (1947) reported that on most soils, beans were
relatively light feeders, although increased yields did result
from the addifion of fertilizer. Although beans are legumes, they
will respond to nitrogen ap,lication (Gane, et zl., 1975; Edge,
Mughogha and Ayonoadu, 1975). Smittle (1976) found that bean
plants grown in soil with tco much water, or soil that is too free
draining, will also respond to nitrogen application. Nodules may
occasionelly be found on tean roots but they do not ap_ear to be
effective in fixing atomospheric nitrogen. Effective strains of

Rhizoobium phaseoli are not usually gresent in the scil, or if

they are, they are short lived.

The increased revenue resulting from the increzse in yield
from higher: fertilizer application must be weighed against the cost
of the fertilizer. Also, as the rate of fertilizer application
increases, the yield also increases.but the proportion of beans to

total weight will decrease (Nichols, 1574).

1.4 Harvesting

The harvesting of snap teans for processing is a2 highly
mechanised operation. Crops must be of uniform high quality,
with no suggestion of overmaturity in the form of otjectionzble

string, fibre or hard seed. With mechanical single pick



harvesting, it is not possible to reject 0ld pods and it is impor-
tant that as high a proportion of the pods possitle are in the
acceptable size and maturity range. That is, a highly determinate

Crop is required with a very low spread of maturity.

The pods must also be able to withstand harvesting d:mage.
Hoffmen (1971) found that machine harvesting damzged all pods
although the extent of the damage differed with the cultivar.

The pods should be able to be easily d:tached from the plant to
minimise damage. Williaunson and Saittle (1976) found that although
an increased reel speed resulted in more efficient pod remcval, it

also increased damage. Pcd detachment force is positively related

to damage.
1.5 Quality

The assessment of snap bean quality has posed protlems.
Optimuvm quality oaccurs tefore maximum yield has been achieved
(Gane et., al; 1975). That is, maximum yield occurs when the

crop is overmature.

Several methods of quality assessment have been devised.
Quality in snap beans is related to the zmcunt cf fitre rresent
in the pods, the greater the =zmount of fibre, the lower the quality.
Direct measurement of the amount of fitre is tedious and cannot be
carried out in the field. According to Gang et al. (1375), there
are three stages in the mazturation of beans. In stage one there
is a rapid increazse in pod lergth with relatively slow seed deve-
loprment. Stage two, during which optimum maturity occurs, consists

of the ernlargement of the od and a more rapid enlargement of the



seed. The final stzge involves lignification, senescence and the

drying of the pod, and the drying and hardening of the seed.
1.5. 1 Seed length

Seed length is one parameter that has been wiiely used in
gquality assessment. It is positively related to the firre content
of the pod and is ascertained by measuring, in nillimetres, the
total length of ten seeds, each being the largest seed from the
largest pod from a ten plant sample {Gane et al, 1975). Bean-
cultivars do not have the same seed length for optimum quality
as for large seeded cultivars it is between 80 mm and 100 2m and
for large seeded cultivars it is between 100 mm and 120 mm. At
the lower-end of both ranges, the beans are frozen whilst beans
from the higher end of the ranges are canned. Canned beans
require z higher amount of fibre to retain their structure after
processing than do frozen beans. TUehydrated beans require an even
greater amount of fibre to retain their structure so even more

mature beans are needed for dehydration.
1.5. 2 Seed weight

Seed weight is another parameter used in quality assess-
ment in the Tnited States. Ssmples are obtained in a similar
manner as for seed length. The weight of the seed is expressed

=g a rercentage of the total pod weight.
1.5. 2 Sieve size

The size of the pod is often used as a proremeter for



measuring snap bean quality. There are six size grades.

(Table 1.1)

Table 1.1: Sieve size gradings. (From Asgrow Seed Co., 1977}

Sieve size grade Pass through Retained =n
1 4.76 mm 5.76 am
2 5.76 mm 734 om
3 T.34 om 8.34 mm
4 8.34 mm 9.53 mm
5 9.53 mm 9.93 am
€ 10.92 mm or larger

-Sieve size is used in conjunction with seed length. Within
each size grade there are maximum seed lengths for optimum

quality. (See table Y2

1.5. 4 Seed index

Robinson, Wilson, Mayer, Atkin and Hand (1964) found that
if seed length, seed weight or sieve size was used alcne in
guality assessment, then this resulted in processed beans with
excessive seed and/or fibre. Silbernzgel and Drake (1578)
derived a formula that uses all three quality parameters called

seed index.

. (seed weight )
e LA o : \ 1 en ot
Bced =nfeX = ({otal pod weight x 100; * -She=s

SECOS- aw
Seed index values for various sievg size grades are shown in

tatlet.2. Silbernagel and Drake (1978) found that the seed index



showe better correlztion with the amount of fibre than 4id seed

length, seed weight or sieve size.

Table 1.2: Seed length, sieve sizes, % seed weight z2nd seed

indicies for various size grades.

Maximum 10 Maximum seed index
seed length (mz) vazlues
sieve size sieve size
maximum %

Grade seed weight 4 5 & 4 3 &
Extra fancy 4 80 90 100 320 360 400
Fancy 8 gc 1CC 110 720 800 880
Extra Standard 12 100 110 120 12C0 1320 1440
Standard 16 110 120 130 176C 1920 2080
Stendard 24,9 120 13C 140 2988 3237 3486

1.5..5 Lavoratory method

The most accurate method of determining the fibre content is
a laboratory technicue in which 100 g of de-seeded pods are ground
in water for 5 minutes. The ,ulp is thern washed through = 20 mesh
monel wire screen. The retained materizl is dried and then weighed,
with the amount of fibre being expressed as a percentage (Siliuernagel
and Drake, 1978). Although this method is accurate, it is alsoc time
consuning an:’ -cannot te carried out in the field. t is often used

to calibrate the other quality asssessment methods.

MASSEY UNIVERSITY
LIBRARY



1.5. 6 Fhysiology

Kemp, Kro;man and Hobbs (1974) found that high temperatures
and dry soil conditions were correlated with z high pod fitre
content, with water stress having a greater effect than tempera-
ture. Littman (1974 a, 1574 b) found that the fibre content of
pods increased at a2 faster rate azt high temperatures. Dased on
the Queensland grading system, he found that three days storage

at 27°C resulted in a change from grade A to grade B. With

storage at 1300, the change from grade A to grade - took six days,

whilst there was no change in grade with storage =t EOC. There-
fore, it is important to process the beans as soon as possible

after harvesting tc maintain quality.

1.6 Flowering

Snap beans generally produce 4 to 6 trifoliate leaved nodes,
ending in a terminal inflorescence. There are usuzlly 2 vegeta-
tive tuds in the axil of each main stem leaf. Usually only one
of the buds will form a lateral brznch. Each lateral branch will
grow out from the alternzte side of the mainstem to the one below
it. From the cotyledonary and primary leaf ncdes, 2 lateral
tranches may appear. Each lateral tranch has a varying numter of
nodes, with a trifoliate leaf a2t each node. Flower shoots are

situated in the axil of each stem and subtending trifoliate leaf,

and at the end of each lateral tranch (see figure 1.1).

The sequence of flower orening is described by Wivutvonvanz

and Mack (1974). (See figure1.1). The first flower Suds to oren

are the lowermcst on the terminal inflorescence, followed ty the
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middle buds on the terninal inflorescence and the mainstem buds.
the rest of the flower buds open last, that is, the up .ermost on
the terminal inflorescence and those on the lateral branches.
According to Jones (19€7), flowering can last from one week to

severzsl weexs.

Temperature has an effect on flowering. Smith and Pryor
(1962) found that plants in bloom during high temperztures had a
decreased flower set and the number of beans per pod zlso
decreased in dry beans. Mack ard Singh (1969) found that tempe-
ratures in excess of 3500 resulted in a 42% decline in yield.
Bean plants were subjected to 5 days =zt 5500 two days after the
first bloom appeared. The 42% reduction in yield was due to
decreased percentage flower set and a decreased number of peds
per plant. No reducticn in flower set or pods per plant occured
if the high temperature treatment was given seven days after the
first bloom appeared. Fadda and Munger (1969) noted that low
temperatures, telow 1500, only delayed flowering but did not
prevent it alfogether. The flower primordia were present but did
not open at the normal rate. Fisher and Weaver (1974) found that
high night temperatures of arouni 2?60 promoted good flower
opening but caused a decrease in pods set. They also found that
humidity reading of greater than 80% increased flower set and pod

retention probably by promoting good pollen germination.

Snap beans are very sensitive to water stress, especially
over the flowering period. Stoker (1974) found that the greatest
yield reduction due to watér stress occured when the water stress
was applied over the flowering period. The yield reduction was

in the form of fewer pods per plant znéd fewer seeds per pod.



This may be linked to the temperature effect as, in both cases,

the reduction may be due to poor pollen germination.
1.7 Photosynthesis

In beans, the majority of the rhotosynthates are produced in
the leaves. Crookston, 0'Toole and Ozbun (1974 bv) found, using
the dry teazn variety "Redkcte", that the pod was not an important
source dry matter for the seed. Eowever, they did find that the

pod was very efficient in re-fixing CO2 evolved frcm respirztion.

Crookston, 0'Toole, Lee, Ozbun and Wallace (1974 a) found
that exiosure tc one night of cold temperatures of less than 5°C
led to = decrease in the photosynthetic rate if the roots were
chilled as well as the aerial portion of the ;lznt. The cold
temperaturecauses’an increase in the resistance to water uptake,
which put the whole plant into a water stressed state. This
caused the clogure of the stomata znd, hence, increased the
resistance tc COE uptake an® the subsequent decrisse in the photo-
synthetic rate. Water stress prior to flowering can cause a 53%

. . ! " - P g~
decrease in pod weight (Tubetz and Malzlle, 1563).

The photosyntiietic capacity of the leaves can te zpproached
in terms of the source-sin: theories of Warren - Wilson (1972),
which state that the rate of assimilation per plant is equzl to

the leaf area per plant nultiplied by the rate cf assimilaticn

e 2 s Y = £ - - mi. - =] + - - A - -~ P -
DET UZiX 4821 AYrea. ‘Loec Secons terr is tre net pesizilaticn rate
o Y N v s T e g 133 5 on - i
\F.A.R.) uwed Blsc in growtk 2nalysis,’ Trhus, thecreticzlly if
1 . L L A i s Ft T =
either the- leaf zree or the N.4.¥. Increzsze then the.photosyn-



and Munger (1965) noted that the higher yielding cultivars of beans
tended to have a larger leaf area but this was not alwzys true.
Wallace, Peet and Ozbun (1976) also found that a high N.A.R. is
nct always associated with a high yield. There appears to be a
negative correlation betweer lezf area and N.A.R. As the leaf
area increases, the lower leaves become cshaded, cause the level

of rhotosynthesis in those leaves to decrease through competition
for light and level cf respiration to increase. Thus, the over-
all N.:s.H. will decrease as the N.A.R. is the difference between

photosynthesis and resgiration.

Crookston, Treharne, Ludford and Oztun (1975) demonstrated
the effect of shading on beans by growing bean plants at 2 light
intensities, 22,0C0 lu. and 3,2C0C lux, and found that at the
lower light intensity there were fewer leaves, decrease:® leagf
area, and thickness, and a 38% decrease in the N.A.R. Treharne,
Ozbun, C'Toole, Crookston and Feet (1973) found the net co,
exchange rates, photorespiration and enzyme activity all increase

with increasing light intensity, up to light saturation.

The arrangement of the leaves can alsc affect the N.A.R.
Wetson and Wits (1959} noted that cultivated teets have more
erect leaves than wild beet and, that this zllows for greater
light penetration into the canopy, resulting in a greater eifec=
tive leaf area and also 2 greater N.A.R. Wallace (1973 reported
an unique methcd of lezf oriextaticn in bearns. He found that the
pulvinule was receptive to light. Light impinging on the top of
pulvinule causel it to teni upwards, which caused the leaflets tfo
orientate themselve:z parzllel to the light scurce. Thus, while

the sun 1s overnead, the urper lezves allow a greater tenetration
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of ligrtt into the canopy. However, when the light impinges on the
cide of the pulvinule, it twists so thet the leaflets peoint down-
wards and so are perpendicular to the light source. In this case,
that is, esrly morning and late afternoon, the outer leaves magke
maximum use of the available light and allow very little light

penetration into the canopy.

Increasing the photosynthetic efficiency alone may not result
in an increase in yield (Evans, 1975), the extra assimilated prod-
uced may not bepartitioned into economic yield, that is, bean pods.
The various sinks, for example, pods, stems, leaves, roots etec.,
have different strengths. If present, the pods are the strongest
gsinks and will attract a major portion of the assimilates produced.
Yield increases due to an increase in the photosynthetic capacity
of a plant would occur if yield was being limited by the sur.ly
of assimilates. One cannot generalise as to whether it is the
supply of assimilategof the partitioning of it into useful sinks
is limiting yield (Evans, 1975), because of the ability of plants
to adart to different environmental conditions. Work reviewed by
Neales and Incoll (1968) demonstrated that leaves apprear not to
be operating 2t their full capacity, that is, under nommal field
conditions the capacity for storage could be limiting yield. Also
the N.A.R. of plants is not constant as shown by Moorby (1968)
with potatoes. He found that the N.A.R. may rise and the pro-
rortion of zssimilates exported may increase as soon as tubers

are initizted.

Fhotosynthesis during the storage phase, that is, pod swell

in beans, is an important yield determinant. Fhotosynthesis
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pricr to the storage phase determines the size of the storage
system (Evans, 1975) as well as the capacity for assimilate pro=
duction, that is, leaf area. However, once the flowers are set,
it is desireable for vegetative growth to cease and for the
majority of the zssimilates to be diverted intc pod growth.
wWallace et.al., (1976) have screened many bean vareties to deter-
mine their harvest indicies. They define harvest index as the
economic yield divided by the biological yield. Their aim is to
breed cultivars with a high photosynthetic caracity early in the
life of the plant and a high capacity for pod storage after

flowering.

2 Plant spacing

2.1 Introduction

According to Bleasdale (1973), the spacing of plants within
a crop determines more than any other single factor the rescurces
available to each plent and whether these resources are fully
utilised. Spacing can influence not'only yield but also quality

and earliness.

Plant spacing eonsists:of:r2 components,
(2) Plant density - the number of plants per unit =zrea, and
(b) Plant arrangement - the spatizl distribution of these

plants.
2.2 Flant iensity

It can be shown that as plant dersity increases, the yield

from ezcn plant will decrease but the yield per unit area will



increase, up to = zoint. Eolliday (1%€C s) proposed 2 yield-density
y Up e prep h'Z J

relationshirps.

(a) An asymptotic relationship where yield rises to a maxi-

mum with increasing density and the remains constant at
higher dersity, and

(b) 2 parstolic relationship where yield rises to a maxi-

nun with increasing density and the decreases with
further increasing density.

Holliday (1960%), founi that total crpp dry matier always follows
an asymptotic relationship. This has been shown not to be true
in all cases, as a fall off in tctal crop dry matter may occur
at high dersities (Bleasdale, 1966). In most cases, the =symp-
totic relationship btetween density and total dry matter is wvalid,
although the whole plant is rarely marketed. Usually only a part
of the plant is marxeted or harvested, for example, bean pods,
corn cobs, potato tubers etc.

Experimental results have suppocrted the suggestion of
Eolliday (1960 b) that reproductive forms of yield always follows
a parabolic pattern with density. .Certain forms of vegetative
yield also follow this parzbolic relationship, for example, the

sprout yield of Brussel sprouts and the root yield of red teet.

2.3 Zlant arrangement

Plant arrangenent can be divided into 3 comgcnents
(a) Rectangularity,

(b) COrientaticn of the rows, =nd
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(¢) The regularity of spacing within the rows.

Rectangularity is the rztio of the distance between the
rows to the distance in the row. Ixperiments have shown that at
any given density, veans planted on a square pattern, that is, a
rectangulafity of 1, will have a greater yield than beans planted

on 2z non-sguare pattern (James, 1967, Mack and Hatck, 1968) .

loomis and Williams (1963) have suggested orientating rows
in 2 N - S direction, rather than in a E - W direction, will
result in a greater amount of photosynthesis due to better light
utilization. However, this may be nullified by local conditions
.such as the direction of the yrevailing wind or the slope of the
land. Also, if the crop.is planted with & rectangularity of 1,

then orientation of the 'rows' would not have an effect on yield.

Spacing in the row is more difficult to control than spacing
between the rows. Irregular sracing in the rows can reduce the
potential yield and lead to an unevenly maturing crop that would

be unsuitable for once-over machine harvesting.
2.4 Competition

The reduction in yield per plant as density increases is
due to competition for light, soil nutrients, soil moisture and
occasionzlly 002 in the air and 02 in the so0il., Ccmpetition
begins when the immediate supply of one essential factor is

exceeded by the demands of the crocp (Donzld, 1963).

Competition for light whieci: occurs when on plant shades



itself or its neighbour, is present in most crops except in the
case of very widely spaced crops or newly emerged crops. There
is very little that can be dcone to overcome competition for light

except by zltering rlant arrangement and leaf crientation.

Generally, applications of fertilizer will increase yielids
at all densities. Lang, Pendleton snd Duncan (1956 found grain
yield of mzize increased with applications of nitrogen at all
densities, and that the higher the plant density, the greater
was the increzse. Also, the greater the application of nitrogen,

the higher was the density at which maximum yield occured.

Work carried out by Salter (1961) demonstrated the inter-
action between plant density and soil moisture. Cauliflowers
were grown at 4 densities with and without irrigation and showed
an increase in totzal yield with increasing density, regardless of
irrigation. However, the highest marketable yields were from the
higher densities that received irrigation, due to a much higher
level of gquality. With the non-irrigated plots, marketable

yield decreased as density increased.

2.5 Effects of density on the plant

As plant density increases the yield per plant will decrease
although yield per unit area will increase, up to a point, as
shown by Jones (1967) with snap beans, Fery and Janick (1970,
1971) with tomatoes 2nd Mack (1972) with sweet corn. Competition
for the various growth requirements limits the size of each plant
as density increases. In snap teans, this is mnanifest in the

surpression of laterzl branches at high density (Jcnes, 1967),



thus, reducing the numter of pods per plant. With onicns, as

density increases, the bulb size decrease, thus reducing yield per

rlant.

Pleasdale and Thompson (1966) have demonstrated that when
some form of size grading is practised, the yield-density rela-
tionship is always parabolic. With vegetative structures, the
size of eact ecoromic unit will decrease with i:creasing density.
With reproductive siructures, the size of each eccnomic unit may
decrease with increasing density and/ or there mzy be fewer

economic units per plant (Jones, 1967, Fery and Jsnick, 1970, 1971,

Mack, 1972).

Bleasdale (19?5) states that horticulturalists are loocking
for uniformity within a2 crop. With once-over harvesting, a very
low spread of maturity is required (Jones, 1967) as it is usually
not possitle to reject overmature portions of the crép. It is
possible to obtain an evenly maturing snap bean crop by planting
at a higher dernsity. This restricts lateral development so that
only mainstem flowers develop. (c.f. figures 1.1 and 1.2). This wi
reduce the flowering period to less than one week and reduce the
spread of maturity. Fery and Janick (1970) found similar results

with tomatoes.

Pensity can also have an effect on the time to optimum
maturity. Thomas (1966) found that Brussel sprouts grown at a
high density mature lzter than sprouts grown at a low density.
Blersdale (1969) found similar result with cabbszes. With orions,
however, a2 high density will result in the e=zrlier maturity of the

e A i X = &
bulbs. Fery and Janick (1970) found this to Le the case with
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tomatoes alro.

2.6 Tlant dersity znl competition models

Mathem~tical equations have Leen developed to help in the
analysis and interpretation of plznt density experiments.
Shinozaki and Kira (1956) related density and plant yield bty

equation 2.

£ B

=AQ+3B 2

Where w is the nmean weight per plant at density®. A and B
are constants. Inherent in the model is an asymptotic yield-
density relationship.

1

A is considered the measure of the yield pctential of the
environment
1 that is, as ef;“';i.henwe———-i %

B isconsidered the genetic potential of the plant growirng free

of competition, that is, as (-‘ —_— O, w ——>

]

This model adeguately describes the relationship for the
whole plant. BHowever, this model does not apply to a plant
part, which has a parabolic relationship witk density. Thus,
Bleasdale and Nélder (1960) modified equation 2vand derived

equation 3.

TELf & B 2
Where © and § are constants as are A and B. W and € are
the same as in equation 2. With experience, Bleasdzle =znd

Thompson (1966) found that it was reasonable to assume that



@ was one, thus, equation 3 becomes,

W-e“--Ae + B - 4
This equation can be applied to the whole plant, in which case
¢ =1 =2nd, thus, equation 4 reverts to equation 2, or, it can be
applied to a plant part, in which case 8 < 1. Bleasdale (1967)
found a simple method to calculate 8 based on zllometry. Tke
total weight (WT) ard the weight of the plant part (Wb) at 2

densities are required for use in equation:5.

log10 NT = log10 K + © 1og10 Wp 5

Both K and © are constant with @ being more important.

Jones (1967), Nichols (1974) and Stang (1974) all fcurd © to
be less than unity for a plant part. This indicates that as
density increases, a smaller porticn of the assimilates is part-
itioned to the plant part in question, that is, a parabolic
yield-density relationship. When © is equal to unity then the

relationship of yield and density would be asymptotic.

These equations have only one variable, density, and the
constants will apply to one set of conditions only. Different
fertilizer rates or moisture levels, for example, may alter
these constants. Bleasdale (1969) states that as only 2 den-
sities need be grown, in order to use these equations, then it
is practicable to include plant density as a variable in veriety,

fertilizer or irrigation trials.

2 Growth Analysis

Growth analysis mzy te apircached in 2 ways,

2
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(a) The component approachk, or

4

(t) The classical agproach.

The component approach divides the plant into components of
yield. OCne of the first attempts to an2lyse yield in terms of
antecedent growth was made ©y Balls and Holton in 1515 on the
cotton crop in Egypt (Cited by Watson, 1952). They measured
the daily growth in height of the mainstem, the dzily rate of
flowering and the weekly rate of boll productiocn throughout the
latter part of the growing season. The flowering and bolling
curves were used to interpret variations in yield procduced by
differences in spacing, sowing date, water suprly, climatic

factors and boll worm attack.

Engledow and Wadham (1923) made a census of plant charact-
eristics assumed to z2ffect the yield of cerals, for example,
density, grains per ear, ears per plant, weight per grain etc.
These resnlts gave a quantitative description of the morphologi-
cal changes occuring during crop growth but they do not add to
the understanding to the physiological causes. Hardwick and
Milburn (1$67) used a similar method, for peas, in which the
final yield for the whole plant is factorised into components,
that is, weight per pea, peas per pod, pods ser node, and pedding
nodes per plant. Jones (1967) used a similar technigque on snap

heans.

The classical approcach to growth analysis involves the use
of a2 series of large harvests tc follow the growth of a piant.
Yield is usually expressed as wieght per unit area of land but

Watson (1952) points out that it would te more logicsl to base

22



the analysis of yield on tﬁe weight changes that occur during

growth rather thsn on changes in morpholdgical characters.

Watson's (1952) aprosch to growth analysis involves the
calculation of the Relative Growth Rate (R.G.R.), and its com-
ponents, the Net Assimilation Rate (N.A.R.) and Leaf Area Ratio
(L.A.R.). Radford (1967) defines the growth analysis formulae,
at an instant of time (t) when

(a) W.is:a measure of plant meterial present, and

(b) ‘A is a measure of the size of the assinmilatory system

as follows:

The relative growth rzte is the rate of increase of plant mater—-

ial per unit of materizl present.

o

1 W
ioea R-G.R. - ‘{"" - I-T 6

ot

The net assimilation rate-is the rate of increase of plant

material per unit of assimilatory material

: - 1w
i.e. N.A.H. = 2 at i

The leaf area ratio is the ratio of the assimilato material
ry

per unit of plant material present

i.e. L.A.R. = % .

It can be seen that if the N.A.n. is multiplied by the
L.A.R., then the product is K.G.R., that is, N.a.R. and L.A.R.
are trhe 2 components of R.G.R. The L.A.R. can te divided into -
2 ccmponents (Evans and Hughes, 1961)

(2) The specific leaf weight whick is the amocunt of leaf

area present per unit of assimilatory material present
(i )
Al /

(W, 2}
L

23



i.e. S.L.A. =2 9

and (t) The leaf weight rztio which is *he ratio of the

assimilatory material to the plant material

%

T P

i.e. L.W.x. =

Multiplying the S.L.A. by the L.W.H. will give the L.A.H.

The traditicnal use of these formulae involves the calcu-

lation of mean R.G.E's, N.A.R's, L.A.R.'s, S.L.,A.'s and L.W.R.'s

over the time periods between harvests using the following

formulae:

(1ége W, - log, w1) =

RGR = = = i 1
(tz o t)

o5 (W2 - W1) i} (logeA2 - log, Aj)

(t2 - t1) (A2 - A1) 12
il (4, - 4y) . (log, W, - log, ¥,)

(W, = w1) (1oge A, - log, Aj) 13
=T - (4, - 44) y (log, W, - log, Wp,)

(sz - wi1) (1oge A, - log, A1) 14

(Vo - V) (log, W, - log, W,)
LWR = x e B .

Wy = W) (log, W, - logg Vp,) 15

where 31 and W. are the plant dry weights, A, and A2 are the leaf
= 1
arezs and WL1’ and W,E are the leaf dry weights all at times t,
i i

and t2 respectively.

24



Raiford (1967) states that it is more important to find
out the relationships bétween W and time. Vernon and Allison
fitted 2nd order polyncmials to W and A, btut the method suffered
from a statistical drawback in that grogessions of W and A
against time seldom show the uniform wvariability,with increasing
time that is required if W and A are subjected to regression

analysis.

To overcome the statistical problems, Hughes and Freeman

(1967) used polynomial regression to fit curves to logged data:
log, W = a % bt + ct® & atd 16
log A = B G @+ e R

1.3
- + dt 17

where z, a1, b, b1, Cs 01, d and d1 are constants. Using these

ecuations

e 1.8w = d(log, W) = b + 2ct + 3dt 18
RCGR e it e
at
= A _ ' 5 -
LAR = & = antilog, (1obea log, W) 19
NAR = i
LAR 20

These equations, 18, 19, 20, enable instantaneous measures

of R.G.R., #,A.R. and L.A.R. to be calculated.

Nichols and Calder (1973) dencnstrated that increzsing
comulexity of the regressions used to describe the changes with
tine in logged plant variables increases the standard errors of
the Jerived growth arzlysis quantities. They also stated that

over fitting is a2 real trap. Hunt and Parsons (1974) suggested
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that test should be made to determine the polynomial order that

hest describes the relaticnships of W and A with time.

The relationship between the dry weight of the leaf (Wl) and

+ime can also be determined and the instantaneous SLA and Lwk

determined
" 4+ b"t + " t2 + 4" t3 21
log W = 2 ——
from which
S - Anti w.) 22
LA = ¥ = tilog, (loge A - log, VW
LWR N2 Antil 1 W og_ W)
and =2 = ilog, ( og, W, - log, ; 23_

Differences in the yieldlof various treatments may be explained
by changes in the R.G.K. The R.G.R. variations could be due to
its components N.A.R. or L.A.K. or both. Nh.A.K. can be con=
sidered as the difference between photosynthesis and respiration.
A change in either will lezé to a change in the N.A.R. However,
photosynthesis and respiration cannot be easily measured in the
field without altering the environment. Similarly, any changes

in L.A.R. may be due to a change in the S.L.A. or L.W.R. or both.

The leaf arez index (L.A.I.) is a term that has been used
to define the leafiness of a crop, (Watson 1947) and is defined
as the leaf area per unit zrea of land. In effect, L.A.I. is the
nunber of layers of leaves of the crop, expressed as an average

for the whole crop. This is a crude concept 2s leaves seldom

forn complete unbroken layers and are often zt varying angles to



to the horizontal (Hunt, 1978), however, it is still a2 useful

measure of the leafiness of a crop.



CHAPTER TWO

MATERIALS AND METHODS
2.1 Experiment 1

The experimental area, 20 m x 18 m was situated in the
Massey University Vegetable Crop Research Area on a Manawatu
silt loam. It was sprayed with paraguat on the 26th of Janu-ry,
1977 and ploughed on the 2%th of January, 1977. Cultivation was
carried out on the 2nd of February, 1977 along with fertilizer

-

and herbicide application. The fertilizer, Ammophos 12:10:10,
was broadcast over the whole area at the rate of 2.5 t.ha | and
rotary hoed in. 12 beds, 1.5 m wide and 20 m long, were marked

out and Trifluralin, 1.0 litres.ha-1, was sprayed ontc the beds

and immediately rotary hoed in to a depth of 6 - 8 cm.

The experimental design wes a randomised complete block with

2 replications, 4 densities and 10 harvest dates. Traditional

-

growth analysis techniques which calculate KGR, NAR, LAR, SLA
and LWR require independent samples, for example, the same t2
figures cannot be used in both t2 - t1, and t3_- t2 calculations.
This doubles the number of plots harvested at each harvest except
for the first and last harvests. Consequently, this experiment
comprised 216 plots. The 4 denéities each had a rectangularity

of 1.0 {see table 2.1)

Densities 1, 3, and 4 had a 10 plant sample and density 2
had a ¢ plant semple. There was at least 20 cm of guard planis

around each sample (see table 2.2).

28
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Table 2.1: Flant density and spacing of the 4 treatments

Treatment Spacing Plants . 3-2
1 5 cn x5 em 400
2 10 cm x 1C em 100
3 15 em x 15 em 44.44
4 20 cm x 20 cm 25
Table 2,23 Sample size and plot size of each density
Plants . a2 Rows long Rows wide Sample size
400 13 10 10
100 / 7 9
44.44 9 6 10

25 7 - 4 10

Frames were made up for each density to facilitate planting,
with the area of each frame corresponding to each plot. The
frames were laced with nylon twine spaced for each density.

The position of each plot was marked out before planting. At
planting, the appropriate frame wzs placed over the plot and one
seed was planted tc a depth of 3 cn in the centre of each square

formed by the nylon twine.

All replicaticns were planted on the Sth of February, 1577
with the cultivar 'Galatin 50,' and then irrigated. Water was
then applied as and when necessary. Pest and disease control

. 3 . - X . -1
was achieved by spraying weekly with cartaryl at 1.7 kg . ha



and benomyl at 1.4 kg . ha—1, both applied with a 'Solo' motor-

iseéd kna

psack sprayer.

Fand weeding was necessary to remove Solanum nigrum and

Chenopod

ium altum. After weeding, the plots were gapped up on

the 28%th of February, 1977 using the guard plants froa plots

already harvested. Plants gapped up within the sample area

were marked with a bamboo cane and were not included in the

sampled plants.

A total of 10 harvests were taken on a weekly basis, com-

mencing on the 17th of February, 1577. The following data were

recorded
(a)
(v)

(c)

(a)
(e)
(£)
(&)

(n)

from each plot:

Number of plants harvested,

Totzal leaf area,

Dry weights of leaves, roots, stems, total beans and

mature beans,

o
g

Fresh weight total and mature beans,
Total number of flowers and flower shoots,
Total number of beans,

Total number of mazture beans,

Seed length of mature teans.

Dry weights were obtained by drying in an air oven for 2

days at

meter.

80°C. Leaf arez wes measurel bty a Lambda LI 2000 area

The maturity of the beans was initially assessed by

sizing to sieve size grade 4 (2.34 am to 9.5% am).

20
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2.2 Experiment 2

The cultivar 'Galatin 50' wac alsc used for this experiment.
The design was again 2 randomised complete block with 2 replica-
tions, 4 densities, 2 fertilizer levels and 10 harvest dzates.c
The densities were the samne as in experiment 1. The 3 fertilizer
rates are shown in table 3.3. The compound fertilizes *Aamophos’

12110:10 was again used.

Table 3.3: The fertilizer level of each treatment

Fertilizer level Tonnes . ha |

1 0
2 1.25
3 2.50

The experimental area, 80 m x 11 m, again sited on the Massey
University Vegetable Crop Research Area, was sprayed with paraquat
on the 9th of December 1977 and then ploughed on the 15th of
December 1977. It was then culiivated to provide a fine tilth
on the 22nd of December 1977 and marked out intec 7' beds.
Trifluralin, 1.0 litres . ha‘1, was rotary hoed into the top
6 — 8 cn of the soil on the 22rd of December 1977. The positicn
of each plot was also marked out and the appropriate zmcunt of
fertilizer was applied and raked into the plot. The area was
then left for 2 weeks and planting commenced on the 7th of
January 1978. Replicate 1 was planted on the Tth of January and
replicate 2 was planted on the &th of Jsnuzsry. Irrigation was
aprlied after replicate 2 was plesnted and then applied as

considered necessary. The whole a2rea wzs sprayed with paragust



on the Sth of Jenuary 1978 to xill existiang weeds. The use of this

stale seed bted technigue provided excellent weed contrcl and ne-
hani weeding was necessary. Fest and disease control were again

controlled by weekly sprayings with carbaryl, 1.7 kg . h9-1,

and bencmyl; 1.4 4§ . ha_1.

Harvesting conmenced on the 25ti. of January 1978 and the

same data as in experiment 1 was collected.



CHAPTER 3
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JRIMENT 1

3.1 Results

3.1. 1 Growth Analysis

An 'analysis of variance on the relative growth rates (m.),
net assimilation rates (F.A.K.), leaf area ratios (L.A.R.), spec-
ific leaf areas (S.L.A.) and leaf weight ratios (L.W.R.) showed
that both harvest date and density had a significant effect on

these parameters but there were no significant interactions bet-

ween harvest date and density.

Tatle 3.1: Time trends of KGR, NAR, [ER, TTZ, TWR and LAT
(211 p<.01)

Harvest g[%%%;z 533%19:2, TAR S -
e % | R 2 - : - i
da é;‘/cmﬁﬁax em“/am em/am §

1-2 0.0575 0.540 105 203 0.345 0.52
TGt 0.1041 0.596 176 214 0.565 1.5
3-4 0.1262 0.£04 162 278 0.5:8 2,38
4-5 0.0750 0.536 145 261 0.559 2,28
5-6§ 0.0606 0.437 138 274 0.515 4.58
6-7 0:0561 0.457 1277 257 0.509 6.24
7-8 -0.0029 -0.005 143 244 0.463 6.36
8-9 0.0175 0.200 95 237 C.403 6.51
9-1C C.2524 0.459 81 244 C.341 7.11
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The time trends presented in table 3.1 show that the KGR
after an initial increase, continued to fall until flowering
(harvest 8), after which it increased. The N.A.R. followed as
similar pattern with time but the L.A.R. followed a parabclic
pattern with time. The L.W.R. followed a2 similar time trend to
the L.A.R., whereas, the S.L.a. did not follow a smocth patteran

with time.

Table 3.2: Effects of density on RGR, NAR, LAR, SL&, LwR, and LAl
| all p< .01 ‘
- = - -3
Plants.a”’ RGR TARx10” 2 IE X o -

gééZiaz gfanzj day cﬁz,gm cmzfgm E/E

400 0.0306 0.207 137 221 0.422 7.01
100 0.0576 0.425 127 270 0.46% 4.29
44 .44 0.065C 0.498 123 246 0.502 Z.11
25 0.0824 0.652 119 235 0.512 2.34
S.E. (70df) ~.0:01366 0.1140 2T 8.5 0.0100  1.437

— —

Table 2.2 shows that 2s density increzses, the R

to
-
L
{43
b
-
-
n
o)
(o

- % —_— —_— _:-—- =
IWR 211 decrease, whereas, the LAR, LAI and SLA increased.

3.1.72 Morphology

Tabtle 3.2 shows that as density increases, there is a decrease
in the number of tesns/ flowering shoot, Ilowering shoots/plent,
flowers/plant, beans/;lant and the percentsge of flowers that are
set. The numzer cif flowers/shoot shows a slight in:rease with

increasing deasity.

34
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Tatle 3.2: ZEffects of density on .the morphclogy of plants
Plants/ Flowers/ BResns/ Flowering shoots TFlowers/ Beans/ ¥
o
m” shoot shoot /vlant plart slant  set -
£00 de3 il 1:8 16 2.9 52.8
10C 4.7 255 5.0 20.7 12.4 eC.1
44.44 4.2 2.8 8.4 " 35.4 23.4  66.2
23 4.0 2.9 g3 47 .1 2T TBaT
Table 3.4: M=ture bean data at harvest 10
Plants Mature beans Mature beans {.beans seed Mean fresh weight
/m2 /shoot /plant mature length(*) /pod (gn)
400 0.05 0.08 2.0 51 4.4
500 0.16 0.82 6.6 BT o
44.44  0.24 2.00 8.6 ) 5.5
25 0.28 3.21 9.2 68 5.9

(*) in mm from method descriled bty Gane et. al. (1975).

Table 3.4 shows that as the density increases, the number of
mature beans/flowering shoot and per plant, the percentage of beans,
that are mature, the seed length and the mezn fresh weight/god =11l
decrease.

Wher some of the data in tables 3.3 and 3.4 are converted to
an area basis (table 3.5}, some of the trends are reversed. As
density increzses, the number of flowering shoots/mz,fthennumber)of
flowers/m2 and the number of beans/mz 2ll increase. The numbver of

(5]
2 o ; .
mature beans/m~ shows 2 parabolic patiern with density.



Tacle 3.5: Effects of density on the morrholcgical components of

yield/unit area

Flants Flowering Numbter of Number of Number of
/m2 shoots/mg flowers/m? beansﬁnQ mature beans/nz
400 704 3C20 1582 32
100 500 2065 1241 82

44.44 373 1573 1042 83
25 295 1177 8E7 g0

2.1. 3 Yield

Because of cold weather in the latter part of the trial, the
resulting slow growth delayed the maturity as reflected in the seed
length figures in table 3.4. With the need for weekly harvests,

the experiment came to an end before full mzturity had been reached.

Tatle 3.6: Total bean yield/rlant (sm) and per ha (tomnes) at

harvests 9 and 10.

Plants Yield/plant (gm) Yield/ha (tonnes)

/mz Harvest 9 Harvest 10 Mean Harvest 9 Harvest 1C Mean
400 2.1 S o 3.6 8.2 20.0 14.2
100 6.3 18.4 12ud 6.3 18.4 12.4
44.44 12.7 40 .4 26.6 5.6 17.9 11.8
25 161 66.6 41.4 4.0 16.6 10 .5
Mean Fa3 32.6 21.0 Eal 18, % 12 .2
S.E. of Earvest {14df) = 1,92 S.E. of Harwest {14df) = 1.33
S.8. of Denagity (14af) = 2.72 8:E. 6f Tengity (143%) = ¥.S5.
S.E. Eszigvestxiens*f; (14a£) S, Of‘HETVSStEdenSiiy (1421)

= 2.85 = N.S.




Tatle %.£ cshows that 23 density incresses, the yield of total
veans/plant decreases al both harvest times. All densities, except
the highest, show a significant increase in total bean yield/plant
from hervest 5 to harvest 10, with the lowest density showing the

greztest increase.

Table 3.7: Mature bean yield/plant (gm) and per ha {tonnes) at

hervest 10

Plants Mature yield Mature yield

/m® /plant (am) /ha ‘toores)

400 0.5 2.1
100 4.2 " 4.2
44.44 - 11.0 4.9
25 19.0 4.7

S.E. (6af) 3.43 (p £.01) ¥.8,

As density increases, the mzture bean yiell/plant decreases
markedly. Although not significant the mature besn yield/ha shows
a parabadlic pattern with density. The mean bear yield in this trial

was 3.975 tonnes/ha.

The results presented in tatle 2.1 shcws th-t the h.u.X. to

I

be iependent on the N.A.R., which shows =2 similar psttern with time
N - ol ; x
rather than the L.A.it. The efficiency of the leaves as producers

of photosynthates (dee f.Ad.x.; starts to decline with =ge aitexr

3 3 - ~ T 3 : -1 P . i
intra-pilant cozn_etition for lighkt begins. Cnece tiie



the N.A.R. increases rapidly,. witkh the rise at this stage prot=bly
due to 2 strong sink effect of the pods. This is similar to the
results found by Moorby (1968) with potatoes, where, after tuber
initiztion, the L.:.4. showed a rapid increzse.

The L.A.HK. after an initial slight increase fell steadily with
time. In proportion, greater structurzl growth (stems) is reguired
to suprort the leaves as time goes on and the lower leaves will

begin to senesce, leading to a reduction in the L.A.k., brought

about by a reduction in L.W.kK. and S.L.A.

The efficiency of the leaves as_producers of assimilgtes falls
with increasing density due to competition for light caused by
shading, which in turn is due to a higher L.A.l1. The S...A. also
increases with increesing density and may play a part in the lower
N.A.7.'s. Plants with a low ETZ:R., that is, 'thick' leaves, may

absort more radiation or convert it to photosynthates mcre effici-

ently than leaves with a high S.L.A., that is, 'thin' leaves.

—
The decreasing N.i.a. with increasing density is also asnifest
in the decreasing seed lengths, that is, as density increases, the

maturity of the pods is delayed.

The potential for yield/plant at high density is reduced by
fewer flowers/plant, decreased flower set znd 2 reduced fresh
weight/ pod. The decreased fresh weight/:od at the high density
may be due to z difference in the relative maturity of the beans

at each den

(0]

ity .

3g



The reduction in the number of flcwers/plant witl increasing
density is due to a reduction in the number of flowering shoots/
plant because as density increases, lateral brancning is suppressed
and 80 the nuaber of flowering shoots/plant will decrezse (Jones,
1967). The number of Tlowers/flowering shoot are relatively unaf-
fected by changés in density. The reduction in the number of beans/
plant and number of mature beans/plant with increasing density is
due to a higher flower abortion and pod abortion rate.probably

caused by a lower li.A.x., that is, a reduced assimilate supply.

Based on the number of flowers produced/mz, there is a higher
potential for yield at the higher densities, even though, on a per
plant basis there are less flowers. However, for the reasons above;
the actual yield is lower. Also, at a density of 4CO plants/m2
there were some plants that did not produce any flewers and f o
bteans. Every plant at 100 plants/m2 produced flowers but not all
produced maturerbeans. Thus, some planfs at the higher densities
may be classed as 'weeds' because they contribute ncthing to mar-
ketable yield but still compete.for resources. All plants at the

lower densities produced mature beans.
2,2. 1 Yield-density relationshigs

The t®tal dry matter yield/plant was fitted to the yield-
density equation.

wo=AQ + B 4

Where A and B are constents and w is the dry matter yield/plant
at density @. For the whole plant, © was assumed to equal unity

as the total dry matter usually exhi:its an asynptotic relaticonship

ey



with density ( Blezsdale ani Thompscn, 1966; Jones, 1967, Nichols,
1974). Equation 4 is a2 competition model, and as such, is only
aprlicabtle where comjetition is occcuring (Wichols, 1970). Thus,
before the data was fitted to this mocdel, an anelysis of variance
w=s carried out cn the dry natter yield at each harvest to deter-
nine if there were any significznt differences in the dry natter
yield between the densities. The results shcwed that there were
no significant differences until the fourth harvest date. The .
total dry matter data from harvest 4 to 1C were then fitted to
eguation 4 using the weighted least sguzres method.

An analysis of variance on the A and B psrameters showed thet
both fell with time. % cen be considered as the genetic yield pot-
ential of a plant growing free of competition. The loge % figures
were analysed using orthogonal polynomials and was found to have a
significant quadratic relationship with time (table 3.8). This
indicates that the genetic potential increases with time up to a
point and then decreases, which describes closely the growth of an
annual plant. % can be considered a2s the yield potential of the
environment. The log; % figures were also 2znalysed using crtho-
gonal polynomials and a linear relationship with time was found

table 3.S) indicating that with time, the environmental potentizl -

yield increases.

The total bean
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Tickols (1574 who 21so usedl fresh weight, using equation 5

s have

found values of less than unity.
1e W = KX % 6- log A 5
510 ™ sS40 o C—

where Wn, is the total ;lant weight and W_ the weight of the plant port.

Time £l
Harvest) 2 loge B

5 .202 1.611
6 .102 2,424
7 .045 3,145
G .032 3,491
9 032 3.474
10 . a0 4.740
S.E. (13df) 0243 (5 <£.01) 2.46 (p £.01)

The relationship of loge % to time was found to be described by

y=-2.795 + 1.008x - .039 xg

SR
Table 3.9: A and 1og¢_A a2t harvests 4 to 10

Tine ' . T
(Earvest) Alx10 - loge A
4 _ 1.626 6.43%2

5 1.4395 €.509

' g
6 1.305 £.715
T i 6.795
3 1.179 £.756
2 0.792 Tiw 4G
10 0.20% Te142

S.%. (124f) 2454 (p 05) 2160 (p<.05)
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The relationship of loge % was found to be descrited by

¥ = 5.9238 + 0.1232 x

Analysis of variance on the ©'s ottained with this equation
(using dry weights) showed no significant difference between the
two harvest times so a mean @ value of 0.8745 was used to fit the

bean dry weight to eguation 4 using the weighted least squares

method.

Analysis of variance showed no significant difference in the

A paranéter but the B parameter fell significantly with time

(p £.05) (table 3.1).

Pable 3.10: A and B parameters for bean dry weight at rarvests _

S and 10

Harvest A Parameter R Pzraneter
9 d 0.009183 0.5163
10 - 0.005497 ‘ 0.C3249
S.E. (12df) N.S. 0.07920 (p<.05)

The -lack of time data do not enable clear conclusions to be

drawn.



CHAFTZR 4

EXF sRIVENT 2
4.1 Results

4.1. 1 Growth Analysis

The R.G.R. {iable 4.1) was si.nificantly affected by harvest
(£ £.01) and density {p £.01) but there was no significant inter-

action.

43

Table 4.1: KGR at each harvest for each density g/-/dcvy

Plants Harvest reriocd - Tensity

[2°  1-2 2-3 3-4 45 5=6 6= I-8 82 =10 _ Mean

400  .0781 0.235 .0206 .0186 .0314 .0225 .

(@]

173 .0247 -.0060 .0256

-

100 .1190 ,1026 .0562 .0716 .0542 .0409 .0451 .0C79 .0022 .OS55

44.44 1141 .1064 .1335 .0328 .0521 .0368 .C725-.0012 .0263 .0626

25 .1292 ,1225 .0903 .0787 .0627 .06632 0596 ,0102 _.0008 .0€90

Mean .1101 .0888 .0751 .0504 .0471 .0416 .0486 .010Z ..0058

S,E. of harvest (107df) = .01236 S.E. of density (1074f) = .00823%
(p<.01) {p £.81)
S.E. of harvest by density (107&f)

= N.S.

The results presented in table 4.1 show that the R.GiR. falls
with time until pod set (harvest 6-7), when it shows a slight in-

crease, and ther contizues to fall. This is =imilar to the resulis
1

1 . o i _— . 5 o e v ¥ o ety Sy 2 e 2 g o e ol
Although there was no si_nificant h=rvest Uy densliiy 1nteractiorn,
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as density increases, the rise ian R.G.ER. at pod swell igs occuring

at a leter tiae.

The Y.A.z. {Table 4.2 ) was also significantly affected by
harvest (p €.71) and density (p<£.01) and there was no signifi-

cent interaction between harvest snl density.

; =0 . A
Table 4.2: NA®. x 10 ') at each harvest for each densityg/cm© /3zy

e

Plants Harvest period Density

/n° 1-2  2-3  2-4 4=5 5-6 6-7 I-8 89 9=10 __Mean

400 529 141 136 125 250 217 263 386 -263 198
100 873 T20 412 525 486 476 674 165 107 493
44.44 E45 768 1126 268 3283 429 €80 =137 603 587
25 986 891 TT71 666 623 776 S07T 174 171 €46

Mean - 808 620 611 - 396 435 475 681 176 116

S.E. of harvest (1074f) 1657.7(x10—;2(p <.01)
S.E. of density (1074f) = 1105.1(x10" ') (p.<.01)

S.E. of harvest by density (107d4f) = XN.S.

nn

The result in table 4.2 show that the W.A.R. decreases with
time until flowering (harvest 5-6) when it increases up to maturity
and then decreases zgain, which Is a similar trend to the R.G.X.
except that the rise occurs earlier. As density increases, the

—
N.A.k. falls markedly.

The L.A.R. was significantly affected by harvest date (p<.01),
density (p< .01) and there was a harvest by density interaction
(£ .C1) (table 4.3). The T.2.2. after an initial slight increase
continued to fall throughout the period of the triel, that is, it

followed a paratolic pattern with time. As density increased, the



5

T.A.R. also increased. The harvest by density interaction shows
that at the beginning, the high density plents have a higher T Z,%.
and the initial increase is alco greater than with the low density
plants, tut, as time goes on, the differcnce in T.A.6. between

densities becomes less until finally they are all very similar.

2

each harvest for each density om</:

)
N
o g
(U]
.
L ]
N
t—l
had
u
| B
ot

Plants Harvest period Density
/n? 1-2- 2-3 3-4 45 5-6 6-7 -8 B8-9 9-10 _Mean

400 148 166 154 132 123 98 80 66 53 113
100 136 142 134 132 112 86 67 58 44 101

44.44 126 141 119 123 110 87 €7 57 47 98
25 131 137 121 117 102 86 66 54 47 96
Mean 127 146 132 126 112 89 7 59 48
S.E. of harvest §107df; = 2.2 (p_4.01§
S.E. of density (107d4f) = 1.5 (p< .01
S.E. of harvest ty demsity (107d4f) = 4.5 (p<.01)

—_—

The S.L.A. was significantly affected by harvest (p <.C1),
density (p<£ .01) and there was a significant harvest b density

interaction (p £.01) (table 4.4).

The results in table 4.4 shows that fhe BeL.£. to vary in an
erratic manner with time, decreasing until harvest 3-4 then in-
creasing until flowering (harvest 6-7), then another fall until it
finally increases at the end. The lowest density fluétuated the
least throughout the trial whilst the plants at 44.44ﬁ32 fluctu-

atei the most. As density increased, the >.L.A. 2190 i-creased.
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. at each harvest fcr each dernsity cn2/g

Plants Harvest period Uensity
~ /m*® 1-2 2-3 %-4 4-5 5-6 6-7 7-8 8-2 9-10 Mean
400 288 213 311 302 318 315 287 284 308 72032
100 229 245 241 259 259 248 220 231 261 248
A4.48 234 234 200 234 245 240 225 232 253 253
25 22€ 226 206 217 225 226 213 216 236 291
Mean 247 254 240 2524 262 257 241 243 265

3. of harvest §107df§

S.E 4.7 ézx -<-03%
S.E. of density (1074f
S.E

Tel (P &0

.E. of harvest by density (1074f) = 9.2 (p< .05)

The L.W.h. was significantly affected by harvest (p<.01),

density (p €.01) and there was also a harvest by density inter-

action (p<.01) (table 4.5).

Table 4.5t I.W.d. at eack harvest fcr each density &/g

Plants Harvest period Density
Jnt  GRed D% BAA_ Aze B B F.B #-9 6-10 Wasn
400  .5733 .5319 .4946 .4368 ,3B€7 .3125 ,2760 .2317 .1751 .373%2
100  .5694 .5828 .5570 .5095 .4340 .3478 .2771 .239C .1683 .4095

44.44 - 5805 6017 .5982 .5227 .4456 3622 ,2961 .2459 .1844 .4269
25 5800 .6057 .5952 .542€ .4566 ,3786 .3079 .2512 .2002 .4353

Mean .S€08 .58C% .5612 .502% +4317 #3505 .2897 .2419 .182%

- 0 -1 . ) P —— & A=A ey o ANETL ” T pa)

E)..._J- uf -E.J.VESU \ |C7,¢f< = v v (-H 4.'\7- |<

S.E. of density (1074f) = .00282 {p £.01) ‘

S.E. of harvest bty density (1C74f) = 01152 {3 <.01)



47

The results.of table 4.5 show that the L.¥W.H. after an initial
incresse falls throughout the rest of the growing period. As the
density increasses, the L.W.H. also increases. The harvest by

density fijures are very siznilar to those of the LLA.R. figures.
The L.A.1l. was significantly affected ty harvest (p< .01),
density (p< .01) and there was alsc a harvest by density inter-

action (p<.01) (table 4.6).

Table 4.6: LAL at each harvest for each density

Plants Harvest period Density
=4 4-5 5-6 6-7 1-8 8-¢ 9-10 Mean

'g\
N
T
n
no
I
N

4C0 3.48 5.51 6.72 8.01 8.54 7.52 7.19 7.02 16.27 6.44
100 193 248 3.77 5.33 6.71 6.52 6.12 5.09 4.13 4.37

wn

44.44 0.57 1.25 2.39 3.63 4.65 5.03 5.35 5.24 4.76 3.55

25 0.31 0.86 1.61 2.74 3.94 4.56 4.89 4.94 4.91 3.13

Mean 1.37 2.53 3.62 4.93 5.96 5.91 5.89 5.57 5.02

S.E. of harvest gaovaf) 0.246 (p £.01)
S.=., of density (1074f) = 1.55 (v €.01)
S.E. of harvest by density (1074f) = .491 (p <.01)

nn

The results in table 4.6 show that L.A.I. increases in the

{97

beginning and then decreases in the latter part. As density

m

(7]
m
13

3
tn

increases the L.A.I. increases. From the hzrvest by « ity

figures, it can be seen that as density increases, the L.A.l.

k| R

is, leaf producticn cesses at znd earlier

clied had a significant effect on
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the L.W.R. (p<£.01) and there was a sigrificant fertilizer by time

interaction (p 4£.05) (table 4.7).

The results precented in table 4.7 show that the L.W.n.
increases with the level of fertilizer aprlied. From the fertilizer
by time figures it can be seen that as time goes on, the higher
fertilizer is maintzining a higher T.W.R.

Table 4.7: LWR for each level of fertilizer at each harvestg/z

Fertilizer Harvest period Fertilizer

tonnes/ha  1-2 2-3 3-4 4-5 5-6 6-1 I1-8 8-9 9-10 Mean

0 5512 .5733 .5651 .5098 .4179 .3367 .2720 .2359 .1617  .4028
1225 5617 5798 .5585 5117 .4345 .3499 .3014 .2403 .1853  .4137
2.50 5694 .5885 .5602 .48T71 .4411 .3650 .2944 .2497 .1955  .4172

$.E. of fertilizer (1074f) = .00353 (p <.01)
S.E. of harvest (1074f) = N.S.
S.E. of harvest by fertilizer (107df) = .00998 (p <.05)

There was also a significant harvest by fertiliizer effect on the

I.x.n. (p €.05) (table 4.8).

Tatle 4.8: LAR for ezch level of fertilizer =t each harvest cm?g

Fertilizer Harvest period
tornes/ha 1-2 2-3 3-4 4-5 5-6 6-7 1-8 8-2 3-10

0 140 153 137 130 109 88 65 58 42
125 138 145 130 122 116 S0 74 58 49
2.50 134 142 124 124 110 20 70 éc 52

S.E. of harvest (1074f) = N.S.
S.2: of fertilizer (1074f) = E.&,
S.E. of harvest by fertilizer (1074f) = 3.9 (p<.05).
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The results in table 4.8 sticw that initizlly the lower fert-

ilizer level hzs the highest L.a.He tut with time, the highest

m

fertiliczer level maintains the L.A.d. at a2 higher level coamprred

to the lower fertilizer level.

Fertilizer alsc had a significant effect on the >.L.n. (p<£.01)

and the L.A.I. {p <.01) (table 4.9).

Table 4.3: Zffect of fertilizer level on SIA znd IAI (both :£.1)

[91

Fertilizer

tonnes/hs EEEQECZE ‘—_1

0 256 4.14
1.25 251 4.42
2.50 247 4.55

S.E. (1074f) 2.7 0.135

Teble 4.2 shows that as the level of fertilizer increases the

— . e
L.A.L. increases tut the S.L.A. decreases, that is, more leaves
are produced with the application of fertilizer and they are also

'thicker' than leaves of a low fertilizer level.

4.1. 2 Morphology

The data presented in table 4.10 shows that as density

increases the number of flowers/shoot, teans/shoot, flowering shoots/

plant, flowers,/plant, beans/plznt -nd the percent set 211 decrease:



S0

Table 4.10: Effects of density on the morphology of the plant

Plants Flowers Eeans Flowering Shoots Flowers 3Seans % Flower

_zg? /shoot  /shoot /plant /plant  /plant set
400 3.07 1.84 2.58 T.92 4.74 €0
100 4.22 g e 1 4,39 18.51 15«43 83
44.44  4.59 4.01 6.22 28.54 24.92 87
25 5376 4.93 7.93 45.70 39.12 86

Table 4.11: Mean mature bean data from harvests 7 to 10

Plants Mean -mature Mean mature % mature Mean mature
_égi__ beans/shoot beans/plant beans bean weight (g)
400 0.39 1.01 21.3 4.49
100 0.80 5 3.50 22.7 1415
44.44 1.15 T.13 28.6 6.95
25 1.59 12.59 32,2 8.44

As density increases, the mean numbBer of mature beans/shoot,
mean number of mature teans/plant, percent of beans that are mature,

and the mean mature bean weight all decrease (table 4.11).

When seme figures in tables 4.10 and 4.11 are converted to an
area basis (table 4.12), as density increases, so does the numler
of flowering shoots/mz, the number of flowers/mz, the nunber of

beans/nz.and the mean number of mature beans/mz.

In generzl fertilizer had very little effect on the morthology

of the plant. Ta:le 4.12 shows that fertilizer had a significent



ai

effect on the numter of beans/plant (p<.01) but when these figures

were convertel to an area basis, there was no significant differences.

As the level of fertilizer increases, the numter of beans/plantsalso

increases.

Tatle 4.12¢

Effect of density on the morphological components per m

2

Plants

_fa®
400
100,
44.44
25

Flowering

shootsgmz

Beans Mean mature

(mz beans{m2

1896 404
1543 350
1107 317
978 315

Table 4.13:

Effect of fertilizer on the number of beans per plant

Fertilizer (tonnes/hz)

Numter of beans/plant

16.8
17.1

19.1

S.E. of fertilizer (47df) = 0.79 (p<.01)

The level of fertilizer also had a significant interactive

effect with time on the number of flowers/plant (p<.01) (table 4.14).

Table 4.14:

Flowers/plant at each harvest date for each fertilizer

Fertilizer

(tonnes /ha)

—

n

ON
LN

= |
0o

I

wun
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The results in tzble 4.14 show that as the level of fertilizer
£

increases, the flowering period is prolonged and the peak flowering

veriod occurs at a later stage.

Tensity hed a significent effect with time con the nuaber of

{table 4.15).

Table 4.15: Flowers/plant a2t esch density at each harvest date

Plants Hzrvest
i/a° 4 3 £
400 2.72 4.86 0.35
100 7.32 9.42 1.78
44.44 T.77 14.36 6.41
25 | 9.81 19.37 16.52

S.Z. of harvest by density (354f) = 1.221 (p<.01)

The results in table 4.15 show that the flowering period
tecomes more compact as density increases. This is similar to the

results of Jones (1967).

Density alsc had a significant effect with time on the numter
of beans/plant (p <.01) (table 4.1€). The results show that the
lcwer densities retain more pods on the plant, or conversel;, the
plants at the nhigher densities have a higher pod atortion rzte than

the plznts at the lover densities.

There was & significant harvest by density interaction con the

mnean total tean weight (p< .05) (4.‘17).



Tatle 4.16: Beans/plant for each dernsity at each harvest

Plants Hervest

[aE 1 8 2 10
400 5 4.4 37 2:9
100 16.2 159 10.9 9.8
44.44 25.0 24.8 18.7 & 73 3
25 40.2 352 29.E 25.0

S.E. of harvest by demnsity (474f) = 1.591 (p <.01)

Table 4.17: Mean total bean weight (z) for each density at each

harvest

Flants Harvest

_[a® _ 1 8 9 10

400 0.73 1:40- 1272 .2.03
100 1.35 2.28 - 3,08 2.57
44.44 1.75 2.55 2.90 3.88
25 1.99 2.59 315 4.61

S.E. of harvest by density (47df) = 0.314 (L .05)

The results in table 4.17 show that the pods at the lower
densities are still increzsing in weight in a linear fashion,
whereas with the pods at the high density, the increase in
weight is slowin, down, that is, at high density the maturity

is more compact.

There was also 2 significant harvest by density interaction
on tre number of mature beans/plant (p<£.C1) (table 4.18). The

results show that the number of beans reaching maturity at the
=] J



high density is starting to decrease, whereas, at the low density,

the numcer of beans reaching maturity is still increasing.

Tz*le 2.18: Number of mature beans/plant st harvest for each density

Plants Earvest

400 - 0.30 C.89 1.44 1.39
100 1.44 3.99 4.06 4.50
44.44 2.90 8.41 7455 9.67
25 525 12450 15.64 16.95

4.1. 3 Yield

The yield of beans was looked at in terms of crop maturity.
Using the orthogonal polyncmial approach, it was found that the
seed length, which was determined using the method described by
Cane et. al. (1975), varied in a quadratic manner with time.
Analysis of variance showed that density and time had a signifi-
cant &ffect.on the seed length (both p<.01) but there was no
significant interactions on significant fertilizer effects. Plots
of seed length against time for each density are shown in figures

4.1, 4.2, 4.3, 4.4.

The quadratic equations describing the relationship that seed
length had with time were determined using polynomial curve fitiing
for each density and replicate. The time of 110 mm seed length, the
optimam seed length for 'Galatin 5C', was then ascertained from these

equations. Although not significant, the trend was for maturity to
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be delayed with increasing density (tabtle 4.19), which is similar

s 59

to the resulte of Tompkins, Sistrunk and Horton, (1972).

Tatle 4.19: Weeks tc maturity from first harvest for each density

Planis{mz Opticun maturity date (weeks)
400 , T+
100 7.3
44.44 7.3
25 . Tt

S.E. of harvest by density (34f) = N.S.

The relationship between time and the mean total bean weight,
the nunber of mature beans, and the mezn mature bean weight were
also found to be quadratic. Density and harvest date were the only
fzctors ¢4 affect these parameters. With the total numter of beans/
plant, however, the fertilizer rate 2lso had a significant effect
(p <.01) (see table 4.13). However, when these figures were con-
verted to an area basis it was found that the total number of
beansfm2 was affected by density and time only, with the relation-
ship between the number of beans/mz and time being linear. From
the polynomial equations, the tcfal nunSer of beans/mz, mean total
btean weight, the number of mature beans/plant and the mean mnature
bean weight were'calculated for each density and replicete =zt the
time of optimum maturity zs determined from table 4.19. The results
are shown in table 4.20 with the number of mature beans/plant

converted toc an area basis.

5
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cn.onents of vield at optisunr maturity for each

sensity (all p<.01)

Plants Total Feans Mezn Total ELean Aature Beans ¥Mean Mature
() -~
Ju /m“ weizht (g) /a¢ bean weight (o)
400 18%¢€ 1.06 2€6 4.54
100 1843 1.68 229 6.52
44.44 1108 2.14 206 702
25 978 2.41 183 807
S.B. of den- 84,2 C.052 16.4 0.215

sity (474f)

: 2 <
At maturity, the total number of beans/m“ and the numter of
, 2 : ; g g %
npature teans/m“ both increase with increasing density. However,
the mean totzl bean weight and the mean mature bean weight both

decrcase with increasing density.

The total number of beans/::n2 was multiplied by the mean total
bean weight at optimum maturity ani the result converted io yield/
ha (table 4.21). The number of mature beans wzs multiplied by the
mean mature tean weight, at ovtimum maturity, with the result again

being converted to yield/ha (table 4.21).

Analysis of variance on the data in table 4.21 showed that

density nad no effect on either the totzl or mature bezn yield/ha
at optinum maturity. The mean totzl bearn yield was 22.3 tonnes/ha

anl the mean m:ture bean yield was 13.95 tornes/ha. The total

yield of beans/unit area chows a paratolic relationship witk time.

le)
Q
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moble 4.27: Yield oi mature and total beans {tonnes/na

optizum mzturity
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Yean 23.3 1595 18.6

S.E. of density (4af) = N.S. (for both tctal and mature beans)

The mature bean yield is a measure of teans that were greater

than siéve size 4 but would still ddd to the total yield. The har-

B

vestable yield in table 4.21 is apiroxing

=

could have been cbtained by nacirine harvesting by using the followin

B:urvestable yield

= (Total yield - Mzture yield) /2
W /
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4
many g 1 y -~ 4=~ e Spae - S e Tk 2 &+ A e b < = -~
fpop resriragion Yo play an Izportent payt in e initisl lncresse
= =
ik dene <t o SN 5 Y e oo o B gl
wdi LIl dismeare alblu:ia ‘.‘_u:‘.t:f_.-a,/rb.:. ST v




ares T w2 L Rl o - Lo S AT oy U gl g e A i =
garlicer. The --..t‘..l'i.,_.-..;we'"ut.‘.r, LECTeaSEes Wllii LLCTreaSilg '_eizslt‘y

- . 5 &
¥

probzbly due to the sizdin, effect ceusing inter and intra-plant

B | i L2a} ™ E! T s | o Y i eE - = Y -
competition for lignt. The B.l.k. 2lso may play a role in thet it

lower dersity mey absorbd mcre redistion ¢r coavert 1t sere effi-
ciently tc photosynthates. The lower densities mzintain the T.W.K..
at a higher level than Jdo the higler densities. Thus, leaf produc--
tion is being maintained 2t tle lower densities for a longer period
vhilst at the hi her densities leaf procucticn cesses at an earlier
stage. Thus, slthough there is a greater lezf area at high densi-

tiec, those leaves are not as efficient in producing assimilates.

The level cf fertilizer had very little effect on the growth
analysis parameters; As the level of fertilizer increases, tue
leaves comprise a greater proportion of plant weight(iti?ﬁf)
through an increased area'(zzztii; and 'thickness' (§.I.h.). Also,

at later harvest, the nigher fertilizer levels maintzin a higher

L.A.G. and L.W.R. than the lower fertilizer levels.
The potential for yield/plant =t nigh density is reduced in
3 ways
(a) Firstly by a lower number of flowers/plant, and
(b) Secondly, 2 higher flower aborticr rate, end

(¢) Thirdly, the beans are cf a lesser weight when mature.

It is likely that 211 of thke above reasons for z lower yield
are brought (bcuu by the l.wer W.A.R. at the higrer density. Inter
and Intra-plant comgetition 1limit the supply oi zssizmila

zble for growth. The reductior in the nunter of flowers/ilont is

the number of flowers/Ilcwering shoot with increseing density. In
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the first experiment, ihe numbter of flowers/flowering shoost showed

2 slight increzse. The decrease in flowers/flowering shoot would

be due to the lower l.A.H. as would the hi her flower abortion
rate and the lower mean besn weight. The decreases in the numter
of total beans and mature beans/zlznt would be 2ue to the higher

flower zhortion rate initizlly, along with the lower N.,a.d.
I €

Again, on an a:rea basis, the nigher demsities have the
potential’ for the hizhest yield. EHowever, due to t:re reasons. above
the actual yield is lower. As density increases, the number of
total beans and mature beans increases but their meen wéight
decreases, that is, there is a negative correlation between rod
nunter and pod weight. This decrezsing size of each economic unit
with increasing density also occurs with onions (Pleasdale and
Thempson, 19€6), tomatces (Fery =nd Janick, 1570, 1:71), 2nd sweet
corn (Mack,19?2). The level of fertilizer a;plied did not increase
the N.,A.R. and this is probably why it did not affect the mean tean

weight; it only increased the nuunber of beens/plant.

Density also had a effect on the time to mzturity and the
spread of maturity. As density increases, the flowering period
occurs at a later stage. Increasing tiie level of fertilizer applied
alsc had the sazme effect. This eifect of a 1ncre ccmpact but del-yed
flowering p=ttern due to increaced density carried through tc the
maturity of t-e pods; that is, o, timum maturity cccurs at a 1=

date but is more conpzet 2t the nigh density., Tre reduced size of

= . o~ - & o Y S P - g3 AT SRRy T x < i
eoch tezn woull offset the benefitsz of ore coagpset astuzrity which
Fd Ll IS ~ = Awmm A e e ~ Y~ e o 2 -
fzeilitates once over nzciaine harvesting.

T -+ 9 - Pote i | - = — | B - L - 1 - R
In tEis trizl,; rolt 211 sanple plants % the high Jefsity
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produced flowers and some 2id not prod:

tre 'average' .lant 1id., Thus, agein some plants, at the high

Ul¢€
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iengity coulld te considersd =g veeds beczuse ther 2dd nothing to

the narzetatcle yield.

Although cptimum maturity is delayed at high dersities, vhen

$da

yieli comperisons of b.th total and mature beans/ha zre zzde ot

&

)

the same seed length, density hees no significant effect, which it

does when yield ccmparisons are made at the seme chronclogical time.

There were differences in the morphology between the plants
of the two experiments. In experiment 1, as density decreased, the
number of flowers/shoct decreased from 4.3 to 4:C; whereas in exper-
ment 2 they increased from %2.07 to 5.76. The percentage set also
showed a2 difference. In experiment 1 it fell from 72.7°. to 52.8%
with increasing density whereas in experiment 2 it fell from £6% to
6C%. The higher percentage.set in experiﬁent 2 is probably due to
warner temperatures durihg the flowering period. The number of
flowering shoots/plant in experiment 1 ranged from 1.8 at 400 _1-.
plants/hz to 11.9 at 25 plants/mz. In experiment 2 the nuaber of
flowering shoots/pl=nt ranged from 2.58 at 400 plants/hz to 7.93
at 25 plents/mg. However, the plants st densities of 25 to 100 in
experiment 1 had more flowers than the corresponding plants in
experiment 2, However, the lower percentage set of the plznts in

experiment 1 led to the plants in exgeriment 2 _.to have a greater

number of beans/ylznt.

4.2. 1 Yield-density rel-ticns

jn g
[N
Lol
0]

Anslysis of veriance cn the total dry matiter showed there to



be 2z significant difference due to lensity from the first hzarvest

but only between the hiighest density and the other 2 densities,
thzt is, the lower three densities did not vary sigificantly. It

+

was 1o

> until the third harvest was there & significant difference

between 211 densities. Th

i)

total dry anstter fig res from harvests

on & using the wéightei least scuares

Fae

3 to 10 were fitlel to equat

1ethod.

7 o A € &+ B 4

where w is the total dry matter at density @; A and B are constants.

6 is assumed to be unity for the whole rlant.

Analysis of variance on the constants, A ani I% showed them
to be significantly affected by the time only. Pecause the rate
of fertilizer had no sighificant effect on the constant B, the total
dry matter data was re-fitted to equetion 4 using a constant intexr-
cept (B for eac¢h harvest date. Analysis of variance on the
resulting ¢onstant A's showed that they were significantly affected
by time only. Nichcls (1974) found the A paraneter to have =z
significant decreasing linear relationship with increating zmounts

of fertilizer.

can be considered as tre yield iotentizl of the envircnment.

was found to have an increasing linear relcsticnship with time

-

Trhe figures iz table 4.22 zre very similar to those Is trtle
; . — ¢ s T 8
3.9. The eguaticns which descrite.the relationsii s 0i lOgp % S (frys)
tize are similar for botu experizenis.

&
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Tiae 1
Horvest) A loze A
z 0015241 6.2444

4 001728 €.2£08

5 .£C1454 6.5337

3 001263 €.6€37

7 .00143 €.7745

8 .0C0957 6.9515

10 .000813 7.1144

S.E. (20af) 0002121 (p£.01) 22196 (3 £.01)

: g 1 : . e
The relationship between loge Y and time was found tc be described

1 - 3 ; R ;
T can be considered as the genetic yield potential of =

plant growing free oi competition. Logg § was found to have a

quadratic relationship with time {%atle 4.2%)
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Table 4.23: 2B and 10,p B 2t Lzrvests 3 to 10
—
Time 1
=

lozg

-
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32 - W2362 1.4428
A 0384 2.31595

5 | 2.9€82

o N
.
()
N
-

.0242 3.7381

.0122 4.4091

@ =

0046 5+2638

.00 41 5.511C

WO A ¥s)

0031 5.8121

S.E. (64f) 2611 (p<£ .01) 2.5193 (3 <.C1)

The bean dry matter for each replicste by fertilizer rete by

(¥}
ct
-

ry
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harvest date wss fitted to equation 4. © wze calculzted using

foraula derived by Bleasdale (19€7) using linear regression.

1cg10 WT = ¥ + & 10g10 Wp

where W, is tne tctal plant dry weight, W_ is the bean dry weignt
=

+3

and K 1s a constant.

ok 3 ; : . ¢ \
Analysis of variance showel 9 to vary significantly (p<£.C1)

- 1 -~ - - * -
exreriment 1, where © wzs 0.8745. DMichols (1974) using fresh
(o Loy
weigzht d=ta found 3 & value of 0.C3C.
Analysizs of variance on these A's znd B's showed then to vary

1. 2 & € i i 2 -2 o} i T L o o =
Ll8 EUgg€eSTls vl “ v LICTreasllly xlfi.t weliS =V, SMELLi8D pTCpOT
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stens and leaves (Michols, 1974). 4, loge 79 and 2 loge 7 for
bean dr; weight datz =re showvm in talle 4.24.
i < -
Table A,24: A, loze LAy E znd 152 B f5r bean drr wei it dzta
Tine
Harvest
€ 01070 4.5%73 2581 1.21C3
8 .00314 5.T€26 .026% 2.6401
S .0023%2 6.0€72 .0247 3.7003
10 .00819 62727 0189 3,3668

S.E. (144f) .0017188"{p&01) .25321 (. K01) .03944 (p<£01) .81683)
£<.01

The figures in tabtle 4.24 show that both A and B decrease

: ; 1 1 . g :
with time loge % and loge T were both found to have = quadratic
relationship with time, indicating that both the environmental

potential bean yield and the genetic bezn yield of a plant growing

free of competition both incresse and then decrease.



CONCLUSIONS

Snap beans were grown at 4 densities in two experinent. Three

da

ilizer levelz werec also included in the second: experiment.
Ccld weather in the latter part of the growing season in expsriment
1 recsulted in slow grovth and delzyed maturity. With the need for

weekly harvests, the experiment czne to an end befcre pod maturity

had occured.

The R.G.R. fell with time until pod swell when it showed an

<
increase and then fell again. The NeA.7. followed a similar trend

but the increase occured at flowering rather than pod swell, demon-

strating the dependence of the K.G.R. on the N.A.K. component rather

than L.i.h. component, which followed the normal ontogenetic drift

of an initi=l increase fdllowed by a steady decrease through the

rest of the growing pericd. The L.Ww.is followed a similar trend to

the L.A.ii. whilst the 5.L.4. followed an erratic path with time.

Fertilizer had a significant effect on the S.L.i. whith fell
with increasing level of fertilizer and the L.w.A. which increased,
indicating that nore leaves are produced with the application of
fertilizer and these leaves are 'thicker'. A higher rate of fert-

ilizer will also maintzin the L.A.i. and L.Ww.x. at a higher level.

whereas the L.A.x., S.L.A. and L.A.I. all inereased with increasing
’ &

density, indicating that at the higher densities the leaves are

[T

le elficient in producing zssimilates.

¥ -

wm
/]
b

Yield results from the first experirent are incomgyolete 2=s

expleined previously. As density increzses the maturity of the

£5
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rods is delayed, probably of the lower N.A.R. As density increases,
the number of flowers/plent, veans/plant, and mature beans/plant
and flower set a2ll decrease but the number ~f Ilowers/m2, beans/m2
and the nu.ber of mature beans/m2 all increzse with increasing
density. However, the mean besn and mean mzture bean weight both
decrease, thus, there is a negative correlztion tetween the number

of pods and pod size. As density increases, the flowering period

becomes more compact as does the maturity of the gods.
¥ b

Fertilizer had very little effect on the morphclogy of the
plant. The number of beans/plant increases with incressing fert-

ilizer application, but higher levels of fertilizer delay flowering.

The reciprical yiélﬁ-density relationships showed that fert-
ilizer had no effect on the A or B parameters for total plant
weight of for the bean dry weight. The allometric log plant weight
to log bean weight relationship showed that the ratio of beans to
total plant weight decreases with increasing density, that is, 2t
higher densities, more plant material is reguired to ;roduce 1
unit of pods than at lcwer densities, due protably tb z change

in.the dry mztier partitioning.

Lang et. =1l. (1956) founé yield differences due tc fertilizer
and many other workers have found yield differencesz due to density.

In this trial, when yields were compared at the same staze of

F B O o, & P y £ 3749 - et A ] o

naturity, it was found that fertilizer znd dencity hed no effect.
~ T A - Y LA 4 AN = E 17 3 4 e -~ - -~ -

Tr-us, slthough a Lighsr density will Lave a nore compect
VRPN GO, S L T T 3 - 3 SRR I b = — 3
naturity it 2lso results in a ldelay iz naturity ond a decrezse in
1 2 o 2 b, Sre o prde ) e PR SR | 4+
the size of ezch pod. Also at ni-h densities ssine plante de not

produce pod

m
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k is reguired to detérmine the full effects of density.

What percentage of pode are in the varicus maturity grades
at esrch deunsity end how dc the percentzges change with time?

Wnat is the effects of density on crops sown at different
times?

What is the effect of density on various cultivars?

Is it eccromicz)l to sow at a high density when the cozt of
seed is high?

Is chenical weed control adequ=te or will cultivation be

required?
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