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IN'l'rtCDDCT::: CN 

15i8 ha of snap oeans (Phaseolus vulg-a=is 1.) were gr own in 

New Zea.l ~";.d in 197e . 1416 ha of these were gr own fo= t r ocessing; 

67 % fo:: c;,uici.. freezing and 335·~ for ca11ning. The average y.:;.eld of 

snap beans in 1978 was 7.~8 t/ha . 2 1% of the frozen snap bea.~s 

were exported to 22 cour.tries wi.th Australia im}:ortint, 50% of t h e 

expor tei bea~s . The area of beans grown for processing has a l.most 

doubled between 1971 and 1977 a s has the 5ross ·yield , but th e yield 

per ha has shown littie change over t his ;eri od . (Anon_ 1978) . 

Hor t iculture has moved towards systems of high yield and 

intensive production . The rapi d increases in the cost of prod­

uction .'.!lus t be Jlet by more eff.:;. cient production and higl:er yields. 

The scarcity of good l and close to pro-eessing f a.ctories , with an 

abundant supply of water, tends to put a premi um on high produc­

tivity per unit area. According to Bleasdale (1969), t his is one 

incentive for having a comprehensive :aiowledge of the yield-density 

relationships of vegetable crops and to use the knowledge to devise 

highly productive cultural systa~s. 

Overseas work has suggested that y~elds may be increased 

significantly by reducing the rectangulari ty and increa.s ing the 

plant population (Jones , 1967, Mack and Hatch, 1968) . A parabolic 

relationship between pod yield and density is apparent. The density 

at.--which . :naximum yield occurs will va ry with the envi r onmen t, cul­

tural practices an~c~ltivar. The time t aken for t he crop to mature, 

which .aries with den s ity , i rrigation practices , and other f actors, 

must be t aken into consideration when comparing yield di fferences. 
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Pe:.dl don ar:::3. Dur.can , 1956) . f ac t or , co~bin e~ with t ~e effs ct 

cf roil t:,r;,e .:,n f ertili z1:. r r e s~cnsc , has ,"Ja.d.e t r: e i n:t;er;-reta t.:. or: o f 

fertilizer trial r esults di fficult. 

Gro":th ar.alysi s is a technique tha t :nay te used t o gain a.n 

insig~t into t te physiological basis f or yiEld differences using 

relative e;-rowth r ates , net assi:nila t ion r a t1:;s . leaf area ratios , 

specific leaf areas and leaf weight ratios . Yield c.ifference s 

may a~so 
2 

be ar,alysec ~o r pholo6ically using t he number o f pod s m 

ani the ~ean weight per bec:n . 

Tr.e aim o f the projec t was to att e~pt to relate yield diffe-

rences due t 0 de:isi ty and. fertili2.er t o physi ol ogical and 

11or pnol ogi cal chan6"es . 



CHAPTER ONE 

R3VIEW OF TEE LIT:E.RATURE 

1. Snap Bean Ph:;siology 

1.1 Introduction 

Snap beans are known as 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 f or effective growth. Snap bear.swill not gr ow below 10°c 

and, between 10°c and 15°c, flowering is delayed. Snap beans 

require well dr ained , moisture retentive, light soils with a pH 

of aro~~d 6.5 . Heavy acid soils generally produce poor yields . 

The seeds are usually sown into rows 60 to 90 cm apart with a 

3 - 4 cm spacing within the row , resulting in a density of about 

" -c. 
40 plants m • 

1H°eeds must be effectively controlled. in snap bean crop. 

Wil i iam s , Crabtree , Mack and Derby-Lawes (1973 ), found t hat yields 

were reduced by up to 36~,c by ineffective weed control . They also 

found that as plant spacing decreased , the crop had to be kept 

weed free fo r a progressively shorter period of ti:ne . This is 

because the crop achieved total canopy cover sooner as spacing 

was decreased and this choked out sm~ll weeds . Weeds will alter 

the effective dens ity and rectangularity and affect the crop 

thrcugh co::npet i tion , the effects of wh:.ch will be discussed l a ter . 

Snap beans suffer from a wide rar.£,e of pathogens . Ga.11e , t_ing 

and Gent (1 ·375) recommend a 5 year r otation to reduce pa thogen 



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

:n ent for pathogens. Nichols (1974 ) ,found tha.t Sclerotinia 

sclerotioru.m was more f revalent at closer spacings than at wider 

spacings. A comprehensive spray programm e is essential to preveat 

the establ.ishrn ent of :i;::athoe;-ens. 

1.2 Seed aspects 

Snap bean seed is expens i ve and it can be difficult to a chieve 

the desired plant stand . The seed is very easily damaged and can 

be rea.dily attack ed by soil borne pa tho gens througt damaged 

tissue, although careful handling and dustin& with a fungicide 

will help to prevent this . Barriga (1961) f ound an inverse 

relationship beh,een the :perce!'ltage in jury and the moisture con­

ter.t , showing the need to handle dry seed carefully. Mo st of the 

damage was in the form of transv~rse cotyledon cracking. All the 

fo od re se rves of the bean seed are contained in the cotyledons . 

If the cotyledons are damage or severed from the radical and 

plumule , then the emerging plants are small and usually do not 

reach the pod oearing stage. Damage ~ay also r esult in a loss 

in vigour , -:he degree of which ;nay be a scerta:.ned by usin6 the 

electri cal conduc tivi ty test of Matthews and :Sradnock (1968) . 

Seeds of low vigour should not ·oe plan te:t . 

Dickson, Ducz:nal anc Shar..non (1973) found thnt there was a 

positive relationship between the r ate of L~bibition and trans­

verse cotyledon crac~cing. T:::is rel a tionship was very s trong with 
, 

very dry seed . T~us , i rrigation after sowing would h ~ve to b e 

c arefully controlled . Poor i rrigati cr. can also lea.d to so i l 

c a_..pin.§; a.Tl:! , 3.s ceans have epi6·e2. l &er-u1ination , soils that are 

4 



1 umpy or cap;,ed can either prevent emersenc e or damage the coty­

ledons. Thus, to achieve a good plant stand snap beans should be 

sown into a well drained, ~oisture retentive, light soil. 

1.3 Fertilizer use 

Shoemaker (1947) re:ported that on most soils, beans were 

rela tively light feeders, although increased yields did result 

from the addition of fertilizer. Al though beans are legumes, they 

will respond to nitrogen ap.i,lica.tion (Gane, et 2.l., 1975; Edge, 

Mughogha and Ayonoadu, 1975). Smittle (1976) found that bean 

plants grown in soil with too much water, or soil that is too free 

draining, will also res?ond to ~itrogen application. Nodules may 

occasionally be found on bean roots but they do not ap_;,, ear to be 

effective in fixing atomospheric nitrogen. Effective strains of 

Rhizobium phaseoli are not usua.lly present in the soil, or if 

they are, they are short lived. 

The increased revenue resulting from the increase 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, 1974). 

1 • 4 Harvesting 

The harvesting of snaiJ beans for processing is a hig.'1-ily_ 

mechanised opera tion. Crops must be of uniform high quality, 

with no suggestion of overne.turi ty in t he form of objectionable 

string, fi bre or hard seed. With :nechanical single pick 



harvesting, it is not possible to reject old pods and it is impor­

tant that as high a proportion of the pods possible are in the 

acceptable size a."ld maturity range. That is , a highly deter.ninate 

crop is required with a very low spread of maturity . 

The pods must also be able to withstand harvesting dsmage . 

Hoffm&n ( 1971) found that machine harvesting darnaged all pods 

al though the extent of the da:n2.f:e differed with t h e cul ti va r. 

The pods should be able to be easily d2tached from the plant to 

minimise da:na6 e. Willia.;:ison anci. Smittle (1 976) foun.d. tha t althou gr: 

an increased reel speed resulted in mo re efficie:.t PQd removal, it 

also increased damage. Pod detachment force is positively related 

to d2..mag·e. 

1 .5 Quality 

The assess~ent of snap bean qual ity has posed problems. 

Optimv~ quality occurs before max imum yield has been achieved 

(Gane et., al; 1975). That is , maxim~il yield occurs when the 

crop is ove:rrnature. 

Several methods of quality a ssessment have be en devised . 

Quality in snap beans is related to tLe 2.J1ount of fibre f resent 

in the pods , the great er the :::mount of fibre, the lower the qur:.lity. 

Direct measurement of the amount of fibre is tediouE and cannot be 

c arri ecl out in t i: e fiel d . Accorciing to Gan~ Et al . ( 1-:Y 7S) , there 

are ~: ree sta~es in t he maturation of beans . In s tage one there 

is a rapid increase i n pod le~gth with relatively slow seed deve~ 

lopmen t. Stage two, during which op ti."1lum m;:;,turi ty occurs, consists 

of trae er-_12.r gem en t of the ;,od ~md a :nore rapic. enla.rgement of the 

b 



seed. The final sta6e involves lignification, senescence and the 

drying of the pod, and the dryinb" &nd hardening of t h e s eed . 

1 . 5. 1 Seed length 

Seed length is one pa rameter that has been wi ·::ely used in 

quality a.ssesswcnt. It is positively related to the fi 'bre content 

of the pod and is ascertained by measuring, in ~illimetres, the 

total length of ten seeds, each being the largest seed from the 

largest pod from a ten plant sample (Ga-~e et al, 1975) . Bean 

cul ti vars do not have the same seed leng·th for optimum quality 

as for large seeded cul tivars it is between 80 mm and 100 :nm and 

for l a rge seeded cultivars it is between 100 mm and 120 ~m. At 

the l ower r end of both ran~es, the beans are frozen whilst beans 

from the higher e~d of the ranges a re cann ed . Canned beans 

require a higher amount o f fi~re to retain their structure a fter 

processing than do frozen beans. Dehydrated beans require an even 

greater amount o f fibre to retain their structure so even illore 

mature beans are needed for dehydr a tion. 

1.5. 2 Seed weigh t 

Seed weie,h t is another par &~eter us ed in quality assess­

ment in the uni t ed States. Samples are obt ained in a similar 

manner as for seed length. The weight o f the seed is expressed 

~s a r ercentage of the t o tal pod weight . 

1;5; 3 Sieve size 

Th e size of t h e pod. i s o f t en us ed a s a pr, r ,-;neter ~·o~ 

7 



measuring snap bean quality. There are six size grades. 

(Ta.ble 1.1) 

Table 1.1: Sieve size gradings. (From Asgrow Seed Co., 191'7} 

Sieve size grade Pass through Retained •Jn 

1 4. 76 'IlIIl 5.76 :nm 

2 5.76 mm 7. 3,1. :un 

~ 7. 34 mm 8. 34 mm ./ 

4 s-34 mm 9-5 3 ~ 

5 9 05 3 mm 9.93 mm 

6 10.92 mm or larger 

.: Sieve size is used in conjunction with seed leng-th . Within 

each size grade there are maximum seed lengths for optimum 

quality. (See table 1.2) 

1.5. 4 Seed index 

Robinson, ~ilson, Mayer , Atkin and Hand (1964) found that 

if seed length, se.ed weight or sieve size was used alone in 

Quality assesa~enty then this resulted in processed beans with 

excessive seed and/or fibre. Silbernagel and Drake (1978) 

derived a fc:rmula that uses all three quality parameters called 

seed index. 

( seed we i ght ) 
~ t"e~ !.:1 :: ~:{ = (total pod weight x 100 ) x l engt~1 .:, : : C seed s- -..1 

Seed index va lues for various siev~ size 5Tades are shown in 

tac. l e t.2. Silbernagel 211d Drake (1978) found that the seed index 



s howE" ·::.etter correl a tion wi t l: th e a.'Ilount o f f i bre thgn did seed 

ler.gth , seed weight or si eve size . 

Table 1 . 2 : Se ed length , sieve sizes, -;,,_, seed we~ ght a...'1d se ed 

i nd icies for various size grades . 

.'fa.xi;r.um 10 Maximum seed index 

Grade 

Extra fancy 

Fancy 

Extra Standard 

Standard 

Standard 

max i.'Il um % 
seed weight 

4 

8 

12 

16 

24 .9 

seed length (m:n) values 

sieve size sieve size 

2 6 6 

80 90 100 320 360 400 

90 100 110 720 800 880 

100 110 120 1200 1320 1440 

110 120 130 1760 1920 2080 

120 130 140 2988 3237 3486 

1 .5 .~ 5 Lauo r a t ory ~ethod 

The most accurate ~ethod of d eter::nining the fibre content is 

a l aboratory techn ic;_ue in which 100 g of de-seedec. pods a :-e g-round 

in water for 5 minutes. The 1--ulp is then washed through a. 30 :nesh 

monel wire screen. The retained materia l is dried and then weighed ~ 

with the amount of fibre being expressed as a ~percentage (Sil bernagel 

and Drake, 1978). Althoue,h this ~ ethod is accurate, it is also ti~e 

consuming a:.. :: --cannot -~e ca rri ed out in the fiel d . It is often used 

to calibrate the other quaL .. ty assessmen t methods. 
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1.5. 6 Physiology 

Kemp, Krounan and Hobbs (1974) found that high tem peratures 

and dry soil conditions were correlated with a hie,h pod fi ~re 

content, with water stress having a greater effect than tempera-

ture. Littmen (1974 a, 1974 b) found that the fibre content of 

pods increased at a faster rate at high temperatures. Based on 

the Queensland grading system, he found tha t three days storage 

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

b storage at 13 C, the change from grade A to grade ~ took six days, 

whilst there was no change in grade with storage at 3°c. There­

fore, it is im~ortant to process the beans as soon as possible 

after harvesting to maintain quality. 

1 • 6 Flowering 

Snap be2ns generally produce 4 to 6 trifoliate leaved nodes, 

ending in a terminal i ~ f:Qrescence. There are usually 2 vegeta­

tive buds in the axil of each main stem leaf. Usually only one 

of the buds will form a lateral branch. Each l a teral branch will 

grow out from the alternate side of the ~ainstem to the one below 

it. Fro~ t h e cotyleJo r. a:ey and prL~ary leaf nodes, 2 lateral 

branches may a ppear. Each la.teral oranch has a varying numter of 

nodes, with a tri foliate leaf at each node. Flower shoots are 

situated in t h e axil of each sten and subtending trifoliate leaf, 

and a t t h e end of each l ateral cra.~ch ( see figure 1.1) . 

Th e sequence of flowe::- o i:; ening is descri be:i by Wivutvonvana 

and ;'-'lack (1 974) . (See fi e;-ure 1 . ~) . Th e first flower buds t9 o:i;::en 

are t he lower:nost on the terminal inflorescence, fol lowed t y the 

{O 



'(,S.'f 

~ ~ ~"·-""'t lu..vL-S Maw,sh1."" ~\owa<.S. 

C::::t ,Se«J"".)°''i 
. t1Sot'"~ \e .. ~e.s 

Ol.)IS 

~ Suo---d"'"'\ O-)"S e,r 

fZ!zZI r\'10.,.,.s+ e.~ ~ \,.,.\I?. \eCA,ve.s \()\-e..,.,.\ ~\owe1"$. 

(j) nod~ ... "'-1.oc..l' 



middle buds on the ter~inal inflorescence and the ~ainstem buds. 

the rest of the flower buds op en l a st, that is, t h e up; ermost on 

t h e ter.ninal inflorescence a.11d those on the l a.teral branches. 

According to Jones ( 1967), flowering can last from one week to 

severa l weeks. 

Temperature has an effect on flowering. Smith and Pryor 

(1962 ) found that plants in bloo~ during high tern ~era tures had a 

decreased flower set and the number of beans per pod a lso 

decreased in dry bear1s. Mack ar:d Singh (1969) found t hat tempe­

ratures in excess of 35°c resulted in a 42% decline in yield. 

Bean plants were subjected to 5 days at 35°c two days after the 

first bloorr. app~ared. The 42% reduction in yield was due to 

decreased percentage flower set~ a decreased num ber of pods 

per plant. No reduction in flower set£!: pods per plant occured 

i f the high temperature treatmen t was given seven days after the 

first bloom appeared. Fadda and Munger (1 969) noted that low 

temperatures, below 15°c, only delayed flowering but did not 

prevent it altogether. The flower pri.mordia were present but did 

not open at the normal rate. Fisher and Weaver (1974) found that 

high night temp eratures of arounj 27°c promoted good f lower 

opening but caused a decrease in pods set. They also found that 

hiiuni dity reading of greater than eoro increased flower set and pod 

reten tion probably by ..i:-- romoting good pollen ger.nination. 

Snap bea~s are very sensitive to water stress, especially 

over the flowering period. Stok er (1974) f ound that the grea test 

yield reduct ion :iue t o wa-te::::- stress occured wh en the water stress 

wa.s applied over t h e flowering period . The yi eld. reduc t ion was 

in the form of fewer poc. s per plan t anc. f ewer seeds per pod. 

Jt 



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

the reduction may be due to poor pollen ger.nination. 

1.7 Photosynthesis 

In b eans, the maj ority of the photos:,n~nates are produced in 

t h e le8ves . Crooi. ston, O'Toole and Ozbun (1 974 b) f ound, using 

the dr y b ean variety "Redkote", that the ;.od was no t 2n i!'.llportan t 

source dry 11att er for the seed. Eowever, t h ey did find that the 

pod was very efficient in re-fix in6 CO
2 

evolved from respiration. 

Crookston, O'Toole, Lee, Ozbun and Wall a ce (1 97 4 a) found 

0 
t hat ex~osure t o one night of cold temperatures of less than 5 C 

led to a decreas e in the fho tosynthetic rate if the r oo ts were 

chilled as well as t h e aerial portion of t he ~:12.nt . The cold 

tempera turf, G·a.uses ' an increase in the r esistance to wci.ter uptake, 

which put the whole plant into a water stressed s t2.te. This 

- caused tbe clo sure of t h e stomata and , hence , increased the 

resi sta nce to CO2 u p tak e an'. the s u bsequent d ecr~ase in the p:toto-

synt:-1etic rat e . Water stress prior t o fl owering can cause a 53% 

decreas e in pod weight (2:'ut c- tz and ~'laJ:.a lle, 1969').. 

ThE: photosyntLe tic capacity o f t h e leaves can c e 2.ppro a ched 

in ter:ns of t h e source- s in~ t h eories of Warren - Wilson (:972) , 

y;hi ch state that t re e rate of assi:nilation p er plant is eaual to 

t h e leaf a rea per plant nul t i :;; lied by the rate o f assi:nilati c =1 

l e~ f art=a . 

(~· A "" , 
\- ··-·-'- • ) 
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IIS, .l .;. Z..Ce 

1.2. 



and Munger (1965) noted that the higher yield ing cultivars of beans 

tended to have a larger leaf a r ea but this was not alw2,ys true. 

Wallace, Peet and Ozbun ( 1976) also found . that a high ~T .A.R. is 

not always associated witL a high yield . There a ppears to be a 

negative correlation betweer: lea.f area and N . A . R. As the leaf 

area increases, the lower leaves become sheded, cause the level 

of photosynthesis in those leaves to decrea Ee throuin competition 

for light and level cf res1:,iration to increase. Thus, the over­

all N. A. R. will decrease as the N.A.R. is the differer.c e between 

photosynthesis and resfiration. 

Crookston, Treharne, Ludford and Ozcun (1975) demonstrated 

the effect of shading on beans by growing bean plants at 2 light 

intensities, 22,000 lu.., and 3,200 lux , and found that at the 

lower light intensity there were fewer leaves, decreas e: le-af 

area, a.J1d thickness, and a 38% decrease in the N .A .R. Treharne, 

Oz bun, O'Toole, Crookston and feet (1973) found the net CO2 

exchange rates, photorespiration and enzy:ne activity all increase 

with increasing light intensity, up to light saturation. 

The arrangement of the leaves can also affect the N.A.R. 

Wa tson and Wits (1959) noted that cultivated t eets have ~ore 

erect leaves tha,; wild beet and, that this allows for greater 

light penetration into the canopy, resul ting in a greater e f fec~ 

tive l eaf area and also a grea ter lLA . R. Wallace (1 973 ) reported 

an unique :nethod of leaf orie:: tati cn in be;.;,:-_s . He found t h2- t the 

pulvinule was receptive to light . Li ght L-n:i:;inging on the top of 

pul vi nu J. e ca.use,: .:. t to benj u:pward.2 , whi ch caused tLe leaflet s to 

c rier.ta te th ems elves :ra.r 3.llel to the light sou rce. Thus, while 

t he sun i s overhead , t he u;per le2ves allow a grea ter ~enetration 



of li ,;tt into the canopy. Howev E. r, when the light impin g-es on the 

side of the pulvinule, it twists so th2.t the leaflets point dovm­

wards and so are perpendicular to the light source. In this case, 

that is, early ::norning and late afternoon, the outer leaves mak e 

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 bep~r.:titi~ned into economic yield, that is, bean pods. 

The various sinks, for example, pods, stems, leaves, roots etc., 

have different strengths. If present, the pods are the strongest 

sinks and will attract a major portion of the assi::nilates produced. 

Yield i ~creases due to an increase in the photosynthetic ca~acity 

of a plant would occur if yield was being limited by the su; ~ly 

of assimilates. One cannot generalise as to whether it is the 

supply of assimilat~ of the partitioning of it into useful sinks 

is limiting yield (Evans, 1975), because of the ability of plants 

to ada:i;:t to different environmental conditions. Work reviewed by 

Neales and Incoll (1968) demonstrated that leaves appear not to 

be operating 2.t their full capacity, that is, under nano.al field 

conditions the capacity for storage could be limiting yield. Also 

the N .A-.R. of plants is not constant as shown by :"1oorby ( 1968) 

with potatoes. He found that the N.A.rt. may rise and the pro­

~ortion of ~ssimilates exported may increa se as soon as tubers 

are initiated. 

Photosynthesis during the storage phase, tha t is, pod swell 

in beans, is an i ::nportant yield c.ete:r:ninant. 1-hotosynthesis 



prior to the storage phase deter.nines the size of the storage 

systen (Evans, 1975) as well as the capacity for assi~ilate pro~ 

d.uction, that is, leaf area.. However, once the flowers are set, 

it is desireable for veg~tative growth to cease and. for the 

majority of the assimilates to be diverted into pod growth. 

Wal l a ce 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 ca~acity early in the 

life of the plant and a high capacity for pod storage after 

flowering. 

2. Plant spacing 

2.1 Introduction 

According to nleasdale (1973), the spacing of plants within 

a crop determines ~ore than any other single factor the resources 

available to each plc:.nt and whether these resources are fully 

utilised. Spacing can i n fluence not ·only yield but also quality 

and earl i ness. 

Plant spacing eonsists ., oL.·2 comfonents, 

(a) Plan t density - the num ber of .?lants per unit Rrea., and 

(b) Plant a rrangera ent - t h e spati a.l distributi on of these 

plants. 

2.2 Flant i ensity 

It can be sh own that as plant ce~sity increases , the yield 

from e2.cn plan t will decrease ::-ut t he yielc. per unit area wil l 
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!ncrease, up to a point . Holliday (1 ~60 a) proposed 2 yield- density 

relationships. 

(a) An asyrr;ptotic relationship where yield ris es to a maxi­

mum wit~ increasir.g densi ty anJ the remains cons tant at 

hie,rier de~sity, arul 

(b) a pa resol i c relationship where yield ri ses t o a maxi­

nQ~ with increasing density and the decreases with 

further increasing· density. 

Ho lliday ( 196Qb) , foun d. th~t - t ota.J_ crpp dr) ;rra.tter" always ·foll ows 

an asymptotic relationship. This has been shown not to be true 

in all ca ses, as a fall off i n t ot a l crop dry :natter may occur 

at high de r.si ties (Bleasdale, 1966). In most cases, the "~ symp-

t otic relationship between density and total dry ~atter is valid, 

although the whole plant is rarely marketed. Usually only a part 

of the plant is ~ar£eted or harvested, for example, bean pods, 

corn cobs, potato tubers etc. 

-Experimental results have supported the sue;-gestion of 

Holliday (1960 b) that reproductive forms of yield always follows 

a parabolic pattern with density. ~Certain fonns of vegetative 

yield also follow this parabolic relationship, for example , the 

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

2 • 3 ~ l ant arrangern en t 

Plant arrangenent can be divided into 3 comfcnents 

(a ) Rectangu.larity , 

(b) Orientation o.f the rows, ::ind 
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(c) The regularity of spacing within the rows. 

Rectangul arity is the r ~tio of the dista..--ice between the 

rows to the distance in the row. Experiments have shown that at 

any given density, oeans planted o~ a square . pattern, that is, a 

rectangularity of 1, will have a greater yield than beans planted 

on a non-square p2.ttern (JQliles, 1967, i:1ack and Rater:., 1966). 

Loomis and Williams (1969) have sug-gestei orientating rows 

in a 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 :i,:,revailing wind or the slope of the 

land. Also, if the crop: is planted with a. recta...--igu.l arity 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 s~acing 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 lie;:ht, soil nutrients, soil moisture and....­

occasionally CO~ in the air and 0~ in the soil. Competition 
' L L 

begins when the immediate supply of on e essential f actor is 

exceeded by the demands of t h e crop (Done.le., 1963). 

Competition for lie,ht whic.i: occurs wh en on plant shad. es 
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itself or its neighbour , is present in ~ost crops except in the 

ca.se of vecy widely spaced crops or newly energed crops. There 

is vecy little tha.t can be done to overcome co:npeti tion for light 

except by altering plant arr2.I1gement and leaf orie!1tation. 

Generally, applications of fertilizer will increase ~yields 

at all densities. Lang, Pendleton 2.nd Dunc,m (1956) found e;rain 

yield of me ize increased with applications of nitrogen at all 

densities , and that t he higher the plant density, the greater 

was the incre2_se. Also, the greater the application of nitro 6 en , 

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 total 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 quality. With the non-irrigated plots, ~arketable 

yield decreased as density increased . 

2.5 Effects of density on the plant 

As plant density increases tte 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 eac h plant 

as de::1Si ty increas es. In snap beans, this is nanifest in the 

su;;r, ression of latera.l branches at high density (Jones, 1967), 



thus, reducing the nu=nber of pods per ::r:L,nt. With onions, a s 

density i ncreases, the bulb size dec rease, thus reducing yield per 

:;:lant. 

Bleasdale a.'1d Thompson (1966) have demonstrated t hat when 

some for.n of size grading is practised, the yield-density rela­

tionship is always parabolic. With vegetative structures, the 

size of eacr: econom ic unit will decrease with L-·.creasing density. 

With repro du_ctive structures, tr_e s ize of each eccnomic unit may 

decrease with increasing density and/ or there m2.y be fewer 

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

Mack, 1972). 

Bleasdale (1973) states that horticulturalists are l ooking 

for uniformij:;y· .within a crop. With once-over harvesting, a very 

low spread of maturity is required (Jones, 1967) as it is usually 

not possible to reject ove:rmature portions of the crop. It is 

possible to obtain an evenly maturing snap bean crop by planting 

at a t:ie)ler density. This restricts lateral develop1ent so that 

only mainste!II flowers develop. (c.f. figures 1 .1 and ~ . 2) · - This ·. ~;ill 

reduce the flowering period to less than one week ~d reduce the . 

s~read of maturity. Fery and JanicK (1970) f ound similar results 

with tomatoes. 

Density can also have an effect on the time to optimum 

illaturity. Thomas (1966) found that Brussel sprouts grown at a 

high density mature lc.ter tha.-i sprouts g·rown at a low de!". sity. 

Bler sdale (1969) found si~ilar result with cabba6 es. With o~ions, 

howev er, a h i gh density will res~lt i~ t he e~r l ier aturity of the 

bulbs . Fery anc. Jan ie:;.: (1970) found this to '.:. e t r: e ca se with 
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tomRtoes aL:o. 

2. 6 Plant der: s i ty a.n .5. competiti on models 

Mathem~tical equati on s have ~een developed to h elp ir. the 

analysis and interpretation of pla-~t density experiments. 

Shinozaki and Kira (1956) related density and plan t yield by 

equation 2. 

Where w is the u1 ean weight per plant at d.ensi ty ~ • A and B 

are constants. Inherent in the model is a."1 asymptotic yield­

density relationship. 

1 
A is considered the ~easure of the yield potential of the 

environment 

1 
that is, as ~ __ .. , oo; then ·W~ --~ 

1 
A 

B i s considered the genetic potential of the plant growir.g f ree 

of competition, that is, as (? ---+ --0, w --+> 1 
B 

This model adequately describes the relationship for the 

whole plant. However, this model does not apply to a plant 

part, which has a parabolic relationship with density. Thus, 

Bleasdale ~"ld Nelder (1960) modified equation 2-:and derived 

equa ti on 3. 

-e "' w • AP'P + B ___ 3 

where Q and ¢ are constants as are A and B. W a..."ld ~ are 

the same as in equation 2 . With experience, Bleasdale and 

T~om?son (1966) found that it was reasonable to assume tha t 



¢ was one, thus , equati un 3 becomes, 

-0 r., 
w = A, + B ___ 4 

This equation can be applied to the whole plant, · in which case 

Q =1 2nd , thus, equation 4 reverts to equation 2, or, it can be 

qpplied to a plant part, in which case 9 < 1. Bleasdale (1967) 

found a simple method to calculate 9 b2,.sed on allometr-J . Tl:e 

total weight (WT) and the weight of the plant part (WP) at 2 

densities are required for use in equation:5 . 

= K + g w 
p 

Both Kand Qare constant with Q being more important. 

Jones (1967), Nichols (1974) and Stang (1974) all found Q to 

be less than unity for a plant part . This indicates that as 

5 

density increases , a smaller portion of the assi:n i lates is part-

itioned to the plant p~rt in question, that is, a parabolic 

yield-density relationship. When 9 is equal to unity then the 

relci.tionship of y i eld and density would "be asymptotic. 

These equations have only one variabl e, density, a.~d the 

consta.~ts will apply to on e set of condi tions onll· Different 

fertilizer rates or moisture levels, for example, may alter 

these constants. Bleasdale (1969) states that a s only 2 den­

si t ies need be grown, i n order to use these equ~tions, t h en it 

is practicable to include plant density a ~~ a varia-:.; l e i n v2.riety, 

fertilizer or irribati on trials. 

3. Growth A:ia::.y sis 

Growt h analysi s :n~~Y be aE r oach E:d in 2 we.ys , 



(a ) The componen t approach, or 

(b) The class ic~! afproach. 

The component a~proach divides the plant into component s of 

yield . One of the first attempt s to ana lyse yield in te~s of 

antecedent growth was made by Balls and Holton in 1915 on the 

cotton crop in Egypt (Cited by Watson, 1952). They measured 

the daily growth in height of the mainste.'ll, the da.ily rate of 

flowering and the weekly rate of boll production throughout the 

latter part of the growing season. The flowering and bolling 

curves were used to interpret variations in yield produced by 

differences in spacing, sowing date, water supr ly, climatic 

factors and boll wo:rm attack. 

Engledow and Wadharo (1923) made a cen sus of plant charact­

eristics assumed to a ffect t he yield of cerals, for example, 

density, grains per ear, ears per plant, weight per grain etc. 

These results _gave a quantitative description of the ~orppologi~ 

cal changes occuring during crop growth t ut they do not add to 

the underst:mding to the physiological causes. Hardwick and 

Milburn (1967) used a similar method, for peas, in which the 

final yield fo~ the whole plant is factorised into components, 

that is, weight per pea, peas per pod, pods per node, and podding 

nodes per plant. Jones (1967) used a similar technique on snap 

'::l eans. 

The classical approach to growth analysis ~nvolves the use 

of a series of l arge harvests to fo l low t h e growth of a p~ant . 

Yield is usually express ed as wieght per unit area of l and but 

Watson ( 1952) points out that it woul d be ~ore logical t c bas e 



the analysis of yield on the weight changes that occur during 

g·rowth rather th i:n on changes in morphological characters. 

Watson's (1952) apro2.ch to o-owth 8.Ilalysis 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~ts ,a weasure of plant mc terial present, and 

(b ) · A is a measure of thE size of the assi:!lilatory system 

as follow s : 

The relative growth r 2.te is the rate of increas-e of :plan t J12.ter-

ial per unit of :naterial present. 

i . e . R.G.R. 1 dw 
= ~ • IT 

The net assimilation _rat'e _- is the rate of increase of pl.=mt 

material per unit of assimilatory material 

6 

i.e. N . R 1 dw 
. A . • = A • d t 

___ 7 

The lee.f area ratio is the r a tio of the assimilatory material 

per unit of plant :nateria.l present 

i.e. L • .A. . R. = 
A 
~ 

It can be seen tha.t if the N .A . ii . is multi plied. by the 

LA.R., t t en t r. e product is R. G. R., t hat i s, N . A.R. and L . A. R. 

are t t e 2 c ompon ents of R.G . ii . The L.A.R. can be divid ed into 

2 c omponents ( Evan s and Hughes , 1961) 

(a) The specific lea.f weight whic!: is the a..11ount of leaf 

a rea f-re s en t per unit of a ssimi lat ory 11c1.t eria2- present 



i.e . S.L.A . 
A 

. \ 

= w 
L 

and (c) The leaf weigh t r a.tio which is -':h E: ratio o f the 

assL~ilatory material to the plant ~aterial 
WL 

i.e. L.w.R. = -;;;-

Multiplyin~ the S.L.A. by t h e L. ~. R. will gi ve the L.A.~. 

9 

==--10 

The traditional use of these fo:cnulae i nvolves the calcu­

lation of ~ean R. G. R's, N. A.R's, L.A.R.' s , S.L.A.'s and L.~.R.' s 

over the time periods between harvests using the f ollowing 

for.nul ae : 

RGR = 

NAR = 

lAR = 

SLA = 

LWR ::a (w 2 

- t ) 1 

X 

X 

___ 11 

t) 

___ 12 

loge A_1 ) ___ 13 

X 
___ 14 

X 

___ 15 

where ·1-·
1 

end ',,1
2 

are t h e pl ant dry • .-eii);ts , A1 and A2 are the l eaf 

areas and ·,1
11

, and w12 ar e, t l:e l eaf dry weights ~11 at tiines t 1 

an~ t 2 respectively . 



Radford (1967) _states that it is ~ore important to find 

out the rel2tionships between Wand time. Vernon and Allison 

fitted 2nd order polynomials to W a.~d A, but the method suffered 

from a statistical drawback in that frogessions of Wand A 

against time seldom show the unifo.n:n variability,with increasing 

time that is required if Wand A are subjected to regression 

analysis. 

To overcome the statistical problems, Hughes and Freeman 

(1967) usen poJynomial regression to fit curves to logged d~ta: 

log w = a + e bt + ct2 
+ dt 3 16 

log A 1 + b
1

t c1t2 d1t3 17 = a + + e 

where a, a 1 , b, b
1

~ c, c 1
, d and d 1 are constants. Using these 

ec;uations 

RGR 1 dw = d(log w) = ::: dt e w 
dt 

A LAR = = antilog (log A 

NAR = 

w 

RGR 

LAR 

e e 

b + 2ct + ~dt 2 
./ 18 ---

log w) 
e 

___ 19 

___ 20 

These equations, 18, 19, 20, enable instantar.eous measures 

of R.G.R., r, .A.R. and L.A.li.. to be calcul ated. 

Nichols and Calder (1973) d a~onstra ted that increasine 

com~lexity of the regressions used to describe the changes with 

tL~e in logged pl2.nt variables increases the standard errors of 

the c. e::::- i ved growth a r;alysis qu2..>1tities. They also stated that 

over fitting is a real trap. Hunt and Parsons (1974) sug·gested 



that test should be made t o deter.nine the polynomial order th&t 

best describes the relationships of Wand A with time . 

The r elationship between the dry ..-eie,ht of the leaf (W1) and 

time can also be determined and the instantaneous SLA and LWn 

deternined 

" + b" t + C II t2 + d II t3 21 
log WL :: a e 

from which 

A 
(log A l oge w1) SLA = w • Antilog 22 

L e e 

and LWR = -~L = Ant i l og ( l oge w1 log W) 23 w. e e 

~ifferences in t he yield of various treatmen t s ~ay be explained 

by changes in the R. G. R. The R. G.H . variations could be due to 

its comvonents N. A. R. or L. A. R. or both . l~ .A . R. can be con":' __ 

sider ed as the di f f erence between photosynthes i s a.~d r espiration . 

A change in either wil l lead to a change in the N.A. R. Ho..-ever , 

photosynt hesis and respiration cannot be easily ~ea.sured i n the 

field without alter ing the environ:nent . Similarly, any chang·es 

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

The leaf area index (L .A. I .) is a ter.n that has been used 

to define the leafiness of a crop , ( Watson 1947) and is defined 

as the lea f area per unit a r ea of land . In effect, L .A. 1 . is the 

number of layers of leaves of the crop, expressed as an average 

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

for:n complete unbroken layers and are often a t varying a..~gl es to 



to the hor izontal (Hunt , 1978), however, it is still a useful 

measur e of the leafiness of a crop. 



CHAPTER TWO 

MATERIALS A.ND Mli..'THODS 

2 .1 Ex1,, eriment 1 

The experi~ental 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 paraquat on the 26th of Janu ..... ry, 

1977 and pl oue,l'led on the 29th 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 t he whole area at the rate of 2.5 t.ha-
1 

and 

rotary hoed .in. 12 beds, 1.5 m wide and 20 m long, were marked 

out and J:.r:i~luralin , 1:0 litres .ha- 1, was sprayed onto th e beds 

and immedi ately rota ry hoed in t o a dept h of 6 - 8 cm . 

The experimental design was a randomised complete block with 

3 replicati ons, 4 de~sities and 10 harvest dates . Traditional 

_._ -- -- --
growth analy sis techniques which calculate RGR, NAR, LAR, SLA 

' 
and LWR require independent s amples, f or example, the same t 2 

figures cannot be used in both t 2 - t 1 , and t
3

- - t 2 calculations. 

This doubles the number of plots harves ted at each harvest except 

for the first and last harvests. Consequently, t his e~perimemt 

comprised 216 plots. The 4 densities each had a rectangularity 

of 1.0 (see t able 2 .1 ) 

Densities 1, 3, and 4 ha d a 10 plant sample and density 2 

haG. a S: .pla.nt sam1_>l E- ., There was at leas t 20 cm of 5-uard plants 

a r ound each sample ( see table 2. 2). 



Table 2.1: Flant density and spacing of the 4 treatments 

Treatment Spacing Plants -2 . :n 

1 5 cm X 5 CID 400 

2 10 cm x 10 cm 100 

3 15 cm x 15 cm 44 . 44 

4 20 cm x 20 cm 25 

Table 22.2: Sample size and plot size of each density 

Plants -2 Rows long Rows wide Sample size . ;n 

400 13 10 10 

100 7 7 9 

44 .44 9 6 10 

25 7 4 10 

Frames were made up for each density to faci litate planting , 

with the area of each frame correspondine;- to each plot~ The 

frames were laced with nylon twine spaced for each density. 

The position of each plot was ~arked out before planting. At 

planting, t h e appropriate frame wa.s placed over the plot and one 

seed was planted to a depth of 3 c~ in the centre of each square 

forme d 8Y the nylon twine. 

Al:. repl.:.catL:ms ,,, ere planted on the 5th of February, 1577 

with t h e cul ti var 1 Galatin 50,' and t hen irrigated. Water was 

t h en applied a.s and whe!! necessary. Pest and d:..sease con tro l 

- 1 
was achieved by spraying weekly wi tt car '::ary ~ at 1. 7 kg . ha 



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

ised knapsack spr ayer. 

Eand weeding was neceseary t o reillove Solanum nigrum and 

Chenouodium altUiil. After weeding, the plots were gapped up on 

the 28th of February, 1977 usinb the guard plants froin plots 

already harv~sted. Plants 6-appec up within the sample area 

were marked with a ba.11boo 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, 1977. The following data were 

recorded fro~ each plot: 

(a; Number of plants harvested , 

(b ) Total leaf area, 

(c) Dry weights of leaves, roots , stems , total beans and 

mature beans, 

(d) Fresh weight of total and mature beans, 

(e) Total number o f flowers and flower shoots, 

(f) Total number of beans , 

( g) Total number of mature beans, 

(h) S€ed length of ~ature beans . 

Dry weights were attained by drying in an ai r over. for 2 

days a t ao0 c. Leaf area wa s measure:: by a Lambda. LI 3000 a rea 

meter. The :naturi ty of the beans was ini t i?.lly asses sed by 

sizing t o sieve size grade 4 (e . 34 ~~ to 9.53 iIDl) . 
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2.2 Experiment 2 

The cultiva r 'Galatin 50' wac als9 used for t h i s experiment. 

The desi6n was again a randomised complete block with 2 replica­

t i ons, 4 densities, 3 fertilizer levels and 10 harvest da.tes. 2 

The dens i ties were the same as in experiment 1. The 3 fertilizer 

rates are shown in table 3.3. The compound fertilizer ~Ntiln Q);.bo~ ' 

12110:10 was again used. 

Table J.3: The fertilizer level of ea ch treatment 

Fertili zer level 

1 

2 

3 

-1 Tonnes • ha 

0 

1.25 

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 a.~d then ploughed on the 15th of 

December 1977. It was then cultivated to provide a fine tilth 

on the 22nd of D~cember 1977 and mark ed out into 1 .beds. 
- ·1 

Triflural i n, 1.0 litres . ha , was rotary hoed i n to the top 

6 - 8 c~ of the soi l on the 23rd of Decern t er 1977. Th e positi on 

of each plot was al so m&r ked out and the appropr i at e a.11 ou...~t of 

fert i li zer wa s appl ied and r aked into the plot. Th e area was 

then l eft f or 2 weeks a:.d plant ing co~~en ced on t h e 7 t h of 

JanuarJ 1978 . Re~licat e 1 was planted on t h e 7t h of J 9.n-ua ry 2.nd 

repl i cate 2 was pl an ted on t h e 8t h of J2J1u2.ry. Irrigat ion •,1a s 

a pplied aft er r epl i ca t e 2 was f l 2n t ed a.~d t h en appl i ed as 

c onsider ed necessary. The w~o l e ar ea was s~rayed wi tr- par a~u2 t 

?, I 



on the 3th of J 2.nu2.ry 1'378 to ,:ill e..xisting ·~reeds . The use of this 

stale seed 'o€d. techniq_u e provided. e:xcellent weec: control an d no ·. 

h,mc . ..;eedin5 was nece ssary . Pest a nd. disec.se co:1. trol were again 

-1 
con trolled by weer:ly sprayings with carbaryl , : • 7 }:g • h 2 , 

and oencmyl; 1.4 ~g. ha-
1

• 

Harvesting c o;nm enced on the 25tL of J a::uary 1978 and the 

sa:ne data as in experiment 1 was collected. 



CHAPTER 3 

Z CPBRIMENT 1 

3.1 Results 

3.1. 1 Growth Analysis 

An analysis of variance on the relative gr owth rates (~.G.R. ) , 

net assimilation rates (R.A .R.) , leaf area ratios (L.A .R.), spec­

ific leaf areas (s:1::1.) and leaf weight ratios (L.W.R.) showed 

that both harvest date and density had a significant effect on 

these par~~eters but there wer e no sii;llificant interactions bet­

ween har vest date and density. 

Ta tle ~. 1 : Time tre!"lds of RCR. NA..tt1 W z 'Sll:2 m. and m 
(all p < .01) 

Harvest 4y MR"x1o- 3 LAR .w ·f: -·· =tn ·g/cm7eay . 2 · 2 -
c:n le{9 cm jgJn 

1- 2 0.0515 0 . 540 105 303 0 0345 0 .52 

- - 2- 3 0. 1041 0.596 176 314 O .565 1. 35 

3-4 0. 1262 0 . 804 162 278 o.5P. e 2-38 

4- 5 0.0750 o .536 145 261 0 .559 3. 28 

5- 6 0 .0606 o . 437 138 27 4 0.515 4.58 

6- 7 0 :0561 O. t,57 127 ~ ·257 0.509 6. 24 

7- 8 -o .c:029 -0 .009 111 244 0 . 463 6. 36 

8- 9 0 .0175 0.200 95 237 O . 403 6. 51 

9- 10 O . 352 4 0 . 459 81 244 0 . 341 7. 11 

' .. r~ ,., df) r. o-c e 0 . 1710 i:: c:: 12 . 8 0 .0150 2.272 .;:> • .t...,_ , ....... . ~4 ./ • .I 



The time trends presented in table 3.1 show that the h. G.R., 

after 2n initi a l increase, continued to fall until flowering 

( harvest 8), after which it incre 2.sed . The ~- followed as 

similar pattern with ti:ne but the L.A.R. followed a paraboli c 

pattern with time. The L. W.R. followed a simil ar time trend to 

the L.A.R., · whereas , the S. L.A. di d not follow a smooth :pattern 

with t ime . 

- -Ta.ble ~. ~ ; Effects of densi t:t on RGR 2 NAR 2 Wz SLA 2 1 \·iR 2 and LAI 

(all p < .o 1) 

Plants.m -2 RGR 1-A.ri..x 10- 3 TIR SLP. LwR LAI - --2. ' diftay g/_pm 2 / 
J: - . 

p./g day c:rr I f'.:Il cm /ijfl 

400 0 .0306 0.207 137 321 0 .422 7.01 

100 0 . 0576 0. 425 127 270 0 . 469 4,29 

44 ,44 O . 0650 0. 498 123 246 0 .502 3.11 

25 0. 0824 0.652 119 235 0 . 512 2.34 

S.E. ( 7C :if) ,' .0:01366 0. 1140 -:i: 7 8 . 5 0.0100 1 . 437 .,I • I 

Table 3. 2 sh ows that ;,.s d en sity increa s es, tr.e HGR, -}; .. ~R' 

LWR all decrease , wh ereas, the LAB., LAI and SLA increased. . 

Table 3. 3 sl::ows that as d ensi ty increas es , t::. ere is a d ecrease 

i :i t h e nu..'Ti be:r of be2..ns / flowering- shoot, Tlo we:::-ing· shoots /pl a..>1 t, 

fl ower s / p::.ant , beans; .:;,la.nt an i t . e pGrcen t2 5 e 0f fl ,:::wers that are 

set. The nurn ~Ecr c::· flO\, ers/~hoot shows a slii;'ht i~ :, reas e · ·:. t!, 



T?.'-:le 3. 3: 3ffects o f :3.ensi ty or. ,t bs ::io r1Jhc l cw ,. o .. ?lants 

Plants/ },·lo'l-!er s / ".? e r~ s 1 
__, c .... .i. I F:o,, ering shoo t s FlowE- rs/ Bean s / :~b 

m2 shoot shoo t /;;lan t plar.t ::il an t s et 

400 4 . 3 r , :z; 
C. • ./ 1 . 8 7 ?. 

i • ""' 3.9 5 2 .8 

100 4 . 1 2.5 5 . 0 20 . 7 1c . 4 60 . 1 

44 . 44 4.2 2.3 8 . 4· 35 . 4 23 . 4 6t . 2 

25 4 .c 2.9 11 . 9 47 . 1 34 . 7 73 . 7 

Table 3. 4: M?ture bean data at harvest 10 

Plants Mature beans Mat ure beans 5·;beans seed Mean fresh weight 
/m2 /shoot /pl ant mature length ( *) /pod Can) 

400 0 . 05 o.os 2 . 0 51 4 . 4 

100 0 . 16 0 . 82 6 . 6 57 5 . 1 

44 . 44 0.24 2 .00 8 . 6 60 5.5 

25 0 . 28 3 . 21 9 .2 68 5 .9 

( ~) in mm from :nethod descri ~-ed by Gane et. a l. (1975) . 

Table 3 . 4 shows that as the density increases, the number of 

ma ture beans/flowering shoot anc per plant , the percenta6e of beans , 

that are :nature, the s eed length and t h e J1e2.n fresh 1,v e ie,11t/_pod 2.11 

decrease . 

Whc~ som e of the data in tables 3.3 and ~. 4 are convertec t o 

an area ba sis (table 3. 5) , some of the trends are reversel . As 

density i ncrea.s es , the num lJer of flo1..:crin6 sr.oots/m2 , r the-number ,of 

flowers/m2 anc t he number of bec>-'1s/-/ all i r.crease . T~e ni...:n oer of 

2 :nature beans/m sh ows a parabolic :i;::att er r: wi th dens ity . 
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Ta'..:le 2 · 2: Effects of density on the Tto r :.holof,ical comEonents o f 
yield/unit area 

Plants }'l owering !-lumber of Number of Number of 

Im 2 shoots /m ~ flowers/m? beans/m 
2 mature t eans/m 2 

400 704 3020 1582 32 

100 500 2065 1241 82 

44 . 44 373 157 3 1042 89 

25 295 1177 867 80 

3.1 . 3 Yield 

Because of cold weather in t he latter part of t he trial , the 

resulting slow growth delayed the ~aturity as refl ected in the seed 

length figures in table 3. 4. With the need for weekly harvests, 

t he experiment came to an end before ful l ~a turity had been rea ched . 

Table 3. 6 : Total bean yieli/r:lant (gm) and Eer ha (tonn es) at 

bar ,; ests 9 and 10 . 

Yi eld /plant (w) Plants 

/ m2 Harvest 9 Harves t 10 Mean -
400 2 .1 5.0 3.6 

100 6.3 18.4 12 . 4 

44.44 12 .7 40 - ~ 26 . 6 

25 16 . 1 66 . 6 ~ 1 • 4 

Mear. 0 ,: 32 .6 2 1 .c / . ,/ 

s .z. 0f fa:: rvest / 141.f') = 1.92 S . E . 
S. E. of ::)ensi ty (~' ,H') I L,- .6. =- 2 . 72 ,.. -.:, . .,:.. . 
S. E. o: !:arvestx::e:-1c~ ty (1 J. -" f"~ s. ::. . 

=- 3. 8'.7 
,~ • I 

Yield/ha (tonnes) 

Harvest 9 Harvest 10 ~ 

8 . 4 20 .0 14 . 2 

6 . 3 18 . 4 12 . 4 

5 . 6 17 .9 11. e 

4.C' 16 . 6 10 . 3 

6 .1 1:L 3 12 . 2 

. f' .__, _ Har~es t ( 1 '.-H') ... ..:- ...... ~ = 1 • ; ; 
c) f ~C""~:_ty (14~ ~) = ''\i ..., 

- . ::::, . 
of :!-2:-vest:v.:densi ty ( 1 ~::f) 
= l'\- ~ 

!.J . ~ . 



Ta~l e 3.6 sho¼S that as density i ncreas es , t he yield of t o t al 

beans/i,lant d.t=creases a "~ oath h a rvest ti:nes . All r:ensi ties, except 

the r. ilJ'lest , shew a s ie,."lifi cant i n crea se i n t otal bean yielc./ pl2nt 

fro:n h2rvE:: st 9 t o h2.rvest 10 , wi tt~ tr.e lowest density sho,dng tt.e 

gre~ t es t increa~ e . 

Table 3.7: Mature bean yield/plan t Cew) a."ld per ha {to::mes) at 

h;:.rvest 10 

Pl ants !1ature yield Mature yield. 

/m2 /plant (gm) /ha ~ to.c.r.e s ) 

400 0 . 5 2 .1 

100 4 . 2 4. 2 

44 . 44 - 11 .o 4 . 9 

25 19.0 4-7 

S. E. ( 6c.f) 3. 43 (p <'..01) t . S. 

/ 

As density increases , t h e ma ture bean yiel i /plc..n t decreases 

markec.ly. Al t houe,h not sie;nifica.nt tte :nature- bean yielu./ha shows 

a paraba lie pattern wi t r. density. Th e :nean bea~ yield in this tr.:.al 

was 3.975 tonnes/ha . 

3 . 2 Discllss i on 

The results preser:ted i n tatle 3 . 1 sh~ws t h~ t t ~ e h . ~ . ~ . t o 

be : eper.den -t on t he :-:-, . ~ • .a ., ,,.hi.c t. s h ows 8. s .:.11i:ar pc= tt er:. wi -ti: ti:n e , 

r 2.tt.e r th2.n the L. A .. : . Tr,e .:: f ficie:1cy Jf t he leaves 2s ,t1r.Jc.--.;.;.:er s 

of fto t osy:: th::tes l .:..e. 1. • .A • • 1. . ) s t a rts t :J :ie cl:.r:e Fi th r- ge afte r 

i~tra-p~ant co:-~"'" eti ti on fer lic;L t be;6 ins. 2nc e t~. e pods are set , 



the~- increases rapicly, _ with t he rise at this stcbE ~ro t~ bly 

due t o a s tror.e sin~ effec t of the pods. This i s s i=nilar t o t he 

r" esul ts found by Moor by ( 1968) v:i th potatoes , where , after tuber 

i r-.1. ti ation, the !, . 1 • .i . showe-:l a ra1,ici increase . 

The L.A.li . after an initial slight increase fell steadily with 

time. In proportion , greater structur2l gr o1,:th (ste:ns) is required 

to _support the leaves as ti:ne goes on and the lower leaves will 

begin t o senesce, leading to a r eduction in the L.A.li ., brought 

about by a reduction in ~n. and ~. L.A. 

The efficiency of the leaves as producers of assimilates falls 

with increasing density due to competition for light caused by 

- -shading, which in t urn is due to a higher L. A.I. The 5 . ~,.A . also 

increases with i ncre2.sing· density and :nay play a ..t:'art in t .l:.e lower 

N :A. it , Is. -Plants with a l ow S .L • .A., that is , 'thick ' leaves, :nay 

absorb more radiation or convert i t to photosynthates more ef fici-

-ently than leaves wi th a high S.L.A. , tha t is , 'thin ' leaves . 

-The decreasing~ -~ -~ . with increasing densi ty i s also ~anifest 

in the decreasinb seed len6 ths , t hat is , as density i~crea ses , the 

maturity of the ~ods is delayed . 

T~e potential fo r yield/plmt at high densi t y is r educed by 

f ewer fl0wers/plant~ decreased_f lower set m j a r educed fresh 

weig.-it/ pod . The decrease.d fresh wei e), t/:.od at the high density 

:n a.:; be c.ue t o a difference in t he re2.ative ma turity. of t he beans 

at each <le!1si ty . 



The reduction in the number of flcwers/plant wi tL i ncreasing 

density is due to a reduct ion in the number of flowering shoots / 

11lant because a s density increases , lateral br ancrdng is sup1,ressed 

and so the n~dber of fl owering shoots/~lant will decreas e ( J ones , 

1967) • The nu.rnbe r of no ...... ers/ flowerin £ sho.o:t a re rela t i vely una.f ­

fected by changes in density . The reduction in t he number of beans / 

plant and number of mature beans /plant with i nc reasing densi t y is 

due t o a higher flower abortion and :t,od abortion rate . probably 

caused by a lower H.A.rt., tha t is , a reduced assimilate supply. 

Based on the number of flowers produced/ m
2

, there is a higher 

potential for yield at the hi€,her densities, even t hough , on a per 

plant basis there ar~ less flower s . However , for the reasons above ; 

the actual yield is lower . Also , a t a density of 400 pl~n ts/m
2 

there were some plants that did not pr oduce a.~y f lowers and / or 

bean s . 
2 Every plant at 100 pla.nts/m produced flowers but no t all 

p roduced mature beans . Thus , some plant s at t he higher densi ties 

may be classed as 'weeds ' because they contribute nothing to mar ­

ketable yield but still compete .S or resou r ces . Al l pla.nt c: a t t he 

lower densi ties produced ~at u re beans . 

3 . 2 . 1 Yield-dens~ty rela t ionshifS 

The ~tal dry ~atter yield/plant "as fitted t o the yield­

d ensity equation . 

-e r:> 
w =A'- + 

___ 4 

Where A and Bare const en t s a nd w is tt e dry matter yield/plant 

at 1e~sity e. For t he whole pla..~t , ~ was assumed t o equal unity 

as the t otal dry mat t er usually exhi .:. its an as;'r:r, t o tic r e l a tionshif 



wi t ~ deYi s ity ( "Bl e2.sdale an:j_ Thomps on , 1966; Jones, 1967, Nichols, 

1974). EquatioYl 4 is a corn~etition moce l , and as such , is only 

arpl i c~ble wh ere com1 eti tion i s oc curing ( Nichols , 1970). Thus, 

be f ore t ~e data was fitted t o thi s ~o~el, an analysis of v~ria~ce 

W"'.S ca rri ed. out en the dry ~atter yield at each harvest t -.J d E:ter­

:nine if thE:re ~ere any sibnificsnt di ffer ences in the dry ~atter 

yield between t he densi ti es. The results showed t ta t t h ere were 

no sie;ni f i c ;:,,n t differences un til t Le fourth harvest date . Tb e v 

total d ry :natter data fr o!11 ha.rvest 4 to 1C were then fitted t o 

equation . 4 usi~g the· weighted" least ~qu~res Tiethod . 

An 2.Ilalysis of varL,nce on. t .he A and 13 pcrameters showed tha t 

both fel l with time . i can be con sidered as the genetic yield pot-

ential of a plant growing free of comp·eti tion. 
- 1 

1~e loge B figures 

were an~lysed using orthogonal polyno~ials and was found to have a 

si gni fic s~t quadratic relationship with ti~e (table 3. 8). This 

indicates that t h e genetic potential increases with ti~e up to a 

point and then decreases, which describes closely the growth of an 

a.--mual pl a :1t. ¾ can be con~idered as the yield po tential of t he 

en·1 ironrn en t. 
, 1 

The log, A figures were also 2.r1al ysed using ortho-

gonal polynomials and a linear rel-tionship with time -.,;as found 

{tabl e 3. 9) indicating tt.at with ti~e, t ht environmental potential 

yieli increases. 

The t otal bean ::lr:,r wEig: t da ta f r om t.arvests 9 an , 10 , ·as 

also fitte~ to ecua tion 4. T}1e yiel~ of a pl ~nt ?art usually 

f ol lows a parabolic relations~ip i,;ith time a~d , hence , 2@ value 

of le~2 t .1 ~r.. unity .:.2 a_;rprofriete . J0nes ( 1967) w~s no t aole to 

" 0.1.~ le"'S t,._,.,,... w- 0 +, - ( ·u5:::~ ~ ·· fr ,..c.l-- • ·e1.· - 1-, _._sJ' a ~.1. _._ ,_ --· "' "'"'-~ ...... ._. 1~r.; ... l ... ..L 'Vs .... ~_.1 6 .... c- ........ "· 5 .. .1. w l..J. 1 -..Jl.o..::..-· .. 1_ 
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l; i ctol s (1 97l ~ \fuo 2,ls o u s e·.3. f r esh wei0h t , using e,:uation 5, teve 

f ouni values of l ess tha~ ~nity . 

l.:, 610 
,. .~ + g _ 

l og10 'Ii ,V rr, = .I\. 
p 

where iiT i s tr.e t o t al ;lar.t h&ight and '(I the ·,.-ei.J:t 
p 

o f thE: J:lant 

1 
Table 3.8 : -r: a nd lor, B -=t har',es ts L t o 1C 

Ti11e 1 
(Harvest) ] loge B 

4 . 3e3 0 . 966 

5 . 202 1 • 611 

6 . 10 3 2 . 424 

7 .045 3 . 145 

8 .0 32 3 . 491 

9 .o 32 3 . 47 4 

10 . • 0 1 ~ 4-740 

S. E. ( 13df) .0243 (p< .01) 2. 46 (p <.01) 

c; 

p2 rt . 

1 The relatipnship of l og, B to time was found to be described by 

Y = - 2 . 795 + 1.008x 

1 

2 
. 039 X 

'!'able 3 .9: A and l og & A 2 t harYests 4 t o 10 

Ti:n e 
A(x10- 3) (E2.r vest) 

4 1. 626 

5 1 . 495 

6 1. 305 

7 1 • 121 

8 1 . 179 

:, 0 . 792 .,I 

10 0 . ·. 0 9 

s.~. (1 2df ) . 2~ '.:7 4 (; <.05 ) 

1 
loge A 

6 . 432 

6 .509 

6 .715 

6.795 

6. 766 

7. 14t 

7 . 142 

. 2H:C r < o-" ,p • :; I 

4 / 



1 
The rela.tion ship of loge. A ;.ias foun d. t o be descriced by 

y = 5.9238 + 0 .1232 X 

Analysis of va ri ance on the i•s obtained wit~ this equation 

( u sing dry wei 5hts) showed no significe.nt difference · between the 

t wo h a rvest ti:nes s o a :nean @ value of 0 . 87 45 was used to fit the 

bean dry weight to e~uation 4 using the weighted least squares 

method . 

Analysis of variance showed no significant difference in the 

A parameter but the :B parameter fell significantly with time 

(p <,.05) (table 3.i9). 

'?able 3.10: A and B para.'.Il e ters for bean dry weight at r .arve s ts 

Harvest 

9 

10 

S~E. ('13df) 

9 and 10 

A P?..-ra:neter 

0.009183 

0.005497 

N.S. 

E Pa rs,;i eter 

0.5163 

0.0349 

0 .07920 (p <.05) 

The-lack of time data do n o t enable clear conclusions to be 

drawn . 



4 . 1 Resi;l ts 

4 .1. 1 Growth Analysis 

The R. G. R. ( i 'able 4 .1 ) was siJ.i.:.:.c?..ntly affected by harves t 

( :i: .('.01 ) anc density (p <. 0 1) but t r. ere wa s no significant i~ter-

action. 

Table 4 .1: mm at each harvest f o r each densi ty f; / ., L'~ -,, 
{ • L / 

4-3 

Plants Harvest period -- Density 

/m 2 1- 2 -~ 2::£. ti 5-6 

400 . 0 73 1 O. 235 . 0206 . C186 .o 314 

100 .11 90 . 1026 . 0562 .0 71 6 . 0542 

44 . 44 . • 1141 . 10 64 . 1 335 .0328 . o...;2 1 

2c:; 
./ .1 292 .1225 . 0 90 3 .0787 .06 37 

Mean .1101 . 0888 . 0 751 . 0504 .0471 

S . E. o f harvest { 107df) = .012 36 
(p ~ .o 1) 

S. E. o f harves t by density (107df) 
= 1; . S. 

2::1.. 1-e 8- 0 
~ 9- 1C '.'-! ean 

. 0225 .0173 . 0247 - .0060 .0256 

. 0409 . 0451 . 0079 . 0022 .0555 

. c 368 . c 7 25-.co12 . 0263 . 062 6 

. 066 3 . 0596 . 0 10 2 . 0008 .06"90 

. 0416 . 0486 .o 10~ . -. 0959 

S.3. of dens i ty (107df ) = . 0082 3 
(p <:::. C 1) 

The r esults p resen ted in table 4 . 1 sho~ that t he rt . G. R. f alls 

with ti:ne until ;,od. s et (harv e st 6- 7 ) , wher. i t shows a s2.ie:t. t in­

c rease , and. ther. c onti :-,ues t o fal l . ~is i s i::i!llilar to t r1e results 

ir. e-q,eri.;;e:1t 1. As c.e::si ty incrca"' es , tte rl. G- . :1. f<?.11s .!lar ~.ed?..y 

s.::.m i ler t o t r. e results c i t he first e:,;eri;ae.r-t . ,,.. 

J.l t r.ough t ~:ere ·,:at :10 s .:. _:-: . .::.:i ~an:. r:e::rve::t 'cy d ens · -..y i:::ter a c tio,_ , 



as density i nc reases, t he rise i ~ R. G. R. at pod swell iP occurinc 

The Y . A.3. . (Table 4 .2 ) wa s also significan t ly 2.ffecte J by 

harvest (p <:. 0 1) a.rid de!1sity (p<.01) and. there was no si 6!lifi-

c~nt interaction between harvest ~ni density . 

Table 4.2: ~- ,x 10-7) at ea ch harvest for each densityg/cm, 2/0ay 

Harvest period Pl2..nts 
2 /-n 1=£ ~ .!=-4. -4.=j_ 5-6 6-7 1::.§. 8-9 2::..1Q. 

400 529 

100 873 

44 .44 E45 

25 986 

,'Mean 808 

141 1 36 

720 4 12 

768 1126 

891 771 

125 250 

525 486 

268 383 

666 623 

396 435 

217 263 386 -263 

476 67 4 165 107 

429 e8o -1 97 603 

77 6 90 7 17 4 1 71 

475 681 176 116 

S.E. of harvest (107df) = 1657.7(x10-7)(p ~.01) 
S.E. of density (107df) = 1105.1(x1o-7)(i_<.01) 
S. E. of harvest by density ( 107df) = :r:-; . S. 

Density 

_ :'.1ean 

198 

493 

537 

646 

The result in table 4.2 show that the N.A .R. decreases with 

time until flowerin g (harvest 5--6) when it increaEes up to maturi ty 

and then decreases again , which is a similar trend to the R.G.R. 

except that the rise occurs earlier. As density increases, the 

N.A. li . falls mar:.<:edly. 

'Ihe L.A.H. was significantly a f fecteci by har-vest date (:;;:i<_.01), 

density (p< . 01) and the :::e was a harvest by density interaction 

( ; ~ . 0 1) (table 4 .3). Tr_e L.A. ?. . after an i!1itial s ligh t increa se 

continued t o fall t h r oughout the period of t h€ trial, that is , it 

foll owed a fara'c:olic pattern \-! i th time. As ,iensi ty increased. , t he 



r:T:'R. also increased . The harvest by density interaction shows 

that at the beginr.in5 , the high density pl znt s have a hie:;her L.A.A. 

an1 the initial in8r€ase is al~o grea ter than with the low density 

plants , t ut, as tim e goes on , the difference in L. A. ii . between 

densities becomes less until finally they are all very si~ilar. 

Table 4. 3: LAR at each harvest for each 

Plants Harvest 12eriod 

b2 1- 2- &:i H -4=2 2:.§. 6- 7 

400 148 166 154 132 123 98 

100 136 142 134 132 112 86 

44 . 44 136 141 119 123 110 87 

25 131 137 121 117 102 86 

Mean 137 126 112 89 

S.E . of harvest (107df) = 2. 2 (p~ .01) 
S . E. of tlensi ty ( 107df) = 1 . 5 (p <: . 01) 

den~i t i ,...,.. 2 / ·· '"-' ..... , t 

7-8 8- 9 

80 66 

67 58 

67 57 

66 54 

70 59 

S . E. of harvest by density ( 107df) = 4. 5 ( p < .01) 

Density 

9-1 0 Mean 

53 113 

44 101 

47 98 

47 96 

48 

-The S . L. A. was si01ificantly affected by harvest (p < . 01), 

dens ity (p 4 . 01) and there was a significant harvest r:,· density 

interaction ( p .(.01) (table 4 . 4) . 

The results in table 4.4 shows that the S. L.~. to vary in an -
erratic manner with tim e , decreasing until harvest 3-4 th en in­

creasing until f: owering ( Larvest 6- 7), t her: ,mother fall until it 

finally i nc r eases at t he end. . The lowes t density fluc tuated the 

least t hr oughout th e trial whilst the pla.r.ts at 44 . 44/~2 fluctu­

a te5 the most . As de~sity increased , the ~ . L.A. also ~r cr easec . 

fS 
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T2.~le 4 . 4 : S .L •. 1~ . at each harvest f er e2.ch de;1si ty c-:r//g 

Planta Harvest 1;eriod i.iensi ty 
2 u 5-6 H 7-8 8- 0 9- 10 ~ean /:n 1- 2 2- -Z. H ~ ~ 

400 288-- 313 311 303 31e 315 287 284 308 303 

100 2 -z o _,.,. 245 241 259 259 248 2~0 2 31 261 248 

44.44 2 34 234 20C 234 245 240 225 232 253 233 

25 226 226 2C6 217 225 226 213 216 236 221 

Mean 247 254 240 25 L1. ~262 257 241 243 265 

S . E. of har vest ~1 07df~ = 4 .7 ~p-<'.O j ~ 
S . E . of dens i t y 107df = 3.1 p ..C.01 
S. E. of harvest by density (1 07d f) = 9. 3 ( p< . 05) 

The L W . h . was sie:,nificantly affected by !-!a rvest (p ~ . 01) , 

density (p < . 01 ) and there was also a harvest by density . ... J.n ver-

a ction ( p <.0 1) (t2.ble 4 . 5 ). 

L 'w .L e/g Tabl e 4.5: at ea.c t harves t for each density = 

P lant s Earves t ~eriod 

Im 2 - :1-2 - ·2.;. ~ · ~ -4=2 5- 6 §:;]_ 7-8 8-9 9- 10 - · ~ 
4CO . 5733 . 5319 . 4946 . 4368 • 3867 . 3125 . 2760 . 2317 • 1751 

10 0 . 5694 . 5828 . 5570 . 5095 • .:,.340 . 3478 . ?771 . 239c . 1683 

44 . 44 . 5805 . 6017 . 5913 2 . 5227 . 4496 . 363z . 2961 . 2459 . 1844 

25 .5eoo • 60 57 . 5952 . 5426 . 4566 . 3786 . 3079 . 2512 . 2002 

Mean . 5608 .5sc:: . 561 Z .50 29 -4?i7 • 35c5 . 2897 . 2419 • 1 e2 1 

S. E. 
s .~. 
S . E . 

of ~arvest (1 0 7df< = . S057 t (p <.' . C1) 
o: dens~ty (1 07df1 = .oc 324 ~p ~.01) 
of i..arves : by density (1 r 1c. f) = . C'1 ~~ 2 (; (.C1) 

Densi t y 

Mezn 

• 3732 

. 4095 

. 42 69 

. 435 3 



The r esults~of ta'cle 4 . 5 show t hat the L. 't: . n. . <!. fter al! initial 

incr e0 se f a::i.. l s throt!ghout the r est of t h£: growine:, period . As the 

dens i t y increa.ses , the L.w. R. also increases. The harves t by 

censi ty fi 0 ures are very si~il a r t o t hose of t he L.A.rt . fitur es . 

The L. A. :.:. was s iviifica.::itly affected cy harvest (p < . 01 ) , 

dens i ty (p < . 0 1) and there was also a harvest by dens ity inter­

action (p < . 0 1) (tabl~ 4. 6) . 

Table 4. 6 : LAI at each harvest for each density 

Plant s Harves t 12er iod Densi ty 
/m2 1:1. 2- 3 B ~ 5-6 §::1. 7-8 8- C? 

-"----- 9-10 Mean 

400 3.48 5 . 51 6.72 8 .01 8 . 54 7 .52 7 .1 9 7. 02 ::6. '?-7 6 . 44 

100 1 • 13 2 . 48 3. 77 5 . 33 6.71 6.52 6 . 12 5 .09 4 . 13 4. 37 

44 . 44 0 . 57 1 . 25 2 . 39 3.63 4 . 65 5 .o 3 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 3.1 3 

Mean 1.37 2 .5 3 3 .62 4 . 93 5 . 96 5 . 91 5 .89 5.57 5 . 02 

S. E. of harvest (1 07df) = 0 . 246 (p <.0 1) 
s. z. of density ( 107df) = 1 . 55 (y < . 0 1) 
S . E. of harvest by density (107df) = . 491 (p< .G1) 

The results in t abl e 4.6 sho"· t hat L . A . I. incr eases in t he 

~egir.nin6 anQ then decreases in t he latter part. As censity 

increases the L. A. I . incr eases . Frcm the harvest by dens ity 

f igure~ , it ca~ be seen that as de~sity increases , the ~ . A. _ , 

,eaks earlier , that is , leaf producti c~ ce2s es ~t a~Q ear:i er 

:r'he l,evel of f ertilizer a..:-;lie::l had a s i e,nifica::. t ei:t·ect en 

& 
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the L.W.R. ( p .(.01) and there was a sig::ifical~ t fertilizer by ti.!Ile 

interaction (p ~.0 5) ( table 4. 7). 

The r Esults pres ented i:1 table 4.7 shO-W that the L.W. ri. . 

i ncrEases with the level of fertilizer applied. From the fertilizer 

b~ ti~e figures it can be seen that a s ti.ne goes on, the higher 

ferti lizer is maintaining a hi@1er L.W.R. 

Table 4.7: LWR for each level of fertilizer at each harvest,g/g 

Fertilizer Harvest b'.eriod Fertilizer 

tonnes/ha 1=1. &:l ~ A=2. 5-6 6-7 7-8 8-9 9-10 Mean 

0 .5512 .5733 .5651 .5098 .4179 .3367 .2720 .2359 .1617 .4028 

1.25 .5617 -5798 .5585 .5117 . 4345 .3499 • 3014 .240~ .1853 .4137 

2.50 .5694 .5885 . 5602 . 4871 .4411 .3650 .2944 .2497 .1955 .4172 

S .E. of fertilizer (107df) = .00 35 3 (p < .o 1) 
S.B. of harvest ( 107df) = N.S. 
S.E. of harvest by fertilizer (107df) = .00998 (p<:.05) 

There was also a sib!lificant harvest by ferti l izer effect -on the 

L.ii.rt . (p <.05) (table 4 . 8). 

Table 4.8: LAR for e2.ch level of fertilizer at each harvest cmo/g 

Fertilizer Harvest Eeriod 

tonnes/ha 1-2 ~ 3=.1 .4.::2 ~ 6-7 1::Jl 8-9 9-10 

0 140 153 137 130 109 88 6C:: 
./ 58 42 

1 . 25 138 145 130 12 4 116 90 74 58 49 

2.50 134 1 "' '-,L 1;4 124 110 90 70 6C 52 

:.3 . C. of :-ic::.rtest ( 1C7df) :;;:. ~.s. 
,.., . 

.:if fert::..li z e::- ( '0'7 . .-) 1. - :: v.~. , I I ( • .J. ;:: -·· . "-' . 

S . E. of l:::a:rvest 2.y fertilizer (1'J7 r .;-\ . --~, =- 3.s r _ < oc \ \ 1:' • 4'. I • 



The r esults in table 4.8 stow that i ni ti2lly the lo~ e r fert -

ilizer level h2s t he highest 1..-'. . h . 'cut ·,-iit:'1 ti.mt , t r, e hiche s t 

ferti:'..i z er level C:1 2.i n t 2.ins t :1e L • .A . n. at a higher level co.npc .:::-e-d 

to the lower fertilizer level . 
/ 

Fertilizer also had a significa.nt e ffect on the .:) . L • .1-1. . (_p< . 0 1) 

and the L . A . I. ( p ~. 01) (table 4 . 9). 

Table 4. 9: :2ffect of fertilizer level on 81A 2nd LAI (both -::, < ,c 1) 

F'ertilizer 

tonnes/ha 
- 2 
SLAcm /g LAI 

0 256 4 . 14 

1 . 25 251 4.42 

2 . 50 247 4 . 55 

S . E . ( 107 d f) 2 . 7 O . 135 

Table 4. 9 shows that as the level of fertilizer increases the 

L.A. i . increases tut the S . 1 .A. decreases , that is , more leaves 

are yroduced with the application of fertilizer :md the:.- are ah:o 

' thick er ' than l eaves of a low fertilizer level . 

4 . 1 . 2 Morphology 

The data presented in table 4 . 10 shows tha. t as density 

increases the number of flowers/shoo t, ceans/shoot , flowering stoats/ 

plant , flowers/pl8nt , bean s/pl2:i t ::- nd the percen t set a ll decre-ase ·; 
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Table 4.10: Effects of density on the ciorphology of the plant 

Plants Floi,.iers :E eans Flowering Shoots Flowers :Beans % Flower 

Im~ /shoot /shoot /pla.rit /plant /plant set 

400 3.07 1.84 2.58 7.92 4.7:4 60 

100 4.22 3.51 4.39 18.51 15.43 83 

44 . 44 4 . 59 4 .01 6.22 28.54 24.92 87 

25 5~76 4.93 7 .93 45.70 39 . 12 86 

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

Plants Mean -::ma ture Mean mature % :nature Mean :nature 
/m2 beans/shoot beans/plant beans bean weight (g) 

400 0.39 1 .o 1 21.3 4.49 

100 0.80 3.50 22.7 7 .15 

44.44 1 • 15 7 .13 28.6 6.95 

25 1.59 12.59 32.2 8.44 

As density increases, the mean numQer of mature beans/shoot, 

mean number of ~ature beans/plant, f ercent of beans that are mature, 

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

When· some fi gures in tables 4.10 and 4 .11 are converted to an 

area basi s (table 4 . 12), a s d~nsity increases, so does the num '.:- er 

of f lowering shoots/~2, the number of flowers /m 2, the nu~ber of 

/ 
2 · 2 beans~ .and the ~ean number of mature beans/m • 

I n general fertili zer had very little ef f ect on tl:e morpholoe,Y 

of the plant. Ta :: le 4 .1 ~- shows that fertilizer had a si 5nifi ca.n t 
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effect on the numter of beans/plant (p<.01) but when these figures 

were convertei to an area basis, t t ere was no significant differences. 

As the level of fertilizer increases, the n-u,11 t. er of beans/plant. also 

increases. 

TaLle 4.12: 2 Effect of density on the morphological components perm 

Pl ants Flowering Flowers Bea.."ls .Mean mature 

/m2 s hoots/m 2 /m2 /m2 beans/m 2 

400 1032 3168 1896 404 

100, 439 1851 1543 350 

44.44 276 1268 1107 317 

25 198 1143 978 315 

Table 4.13: Effect of fertilizer on the num ber of beans per plant 

Fertilizer (tonnes/ha) Num Ler of beans/plRnt 

¢ 16 .e 

1.25 1T.1 

2.50 19.1 

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

The level of fertilizer also had a significant interactive 

effect with time on t he number of fl owers/plant (p < .o 1) ( table 4.14). 

Table 4.14: Flowers/plant at each h arves t date fo~ each fertilizer 

level 

Fertilizer 

{ t onnes /ba} 1 I .- 6 

0 7 .1 2 11.96 4.09 

1. 25 7. 65 12 .1 2 6 .2 3 

2.50 5.94 11.9 3 e . 40 

S . E. o f hartrest ---:;y :ertilizer ( 35df) = 1.c : 6 c-~ < ('\ 1) ~ • '-' . 
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The r esults in t ~bl e 4.1 L show that as t h e l evel o f ferti2.izer 

i_ncrease ,:: , t:he fl 0\.;er in5· period is prolon6'ei an-:: t he p eak flowering 

?Eri oc occurs a t a later sta6 e . 

Density ha,...._ a sig71ific s.,: t e:fec t with tiJle on the nu71ber o f 

f10 1;;ers/pl?..n t ( p-<' . Ci ) { tabl e 4 .15) . 

Table 4-15: Flowers/plant a t ea ch density at each harvest date 

Plants Harve s t 

-1 2 l- ::n .4 2. 6 

400 2 . 12 4.86 O. 35 

100 7 . 32 9 . 42 1.78 

44 . 44 7.77 14 . 36 6 . 41 

25 9 . 81 19 . 37 16 . 52 

S • .2 . of harv est by density (35df) = 1.221 (p <: .01 ) 

The re sults in table 4 . 15 show th~t the flowering period 

becou1es !!lore compact as d ensity increases . ·Th is i s similar to the 

results of Jones (1967) . 

Den sity also had a si~ificant effect with time on t h e numcer 

of beans/plant (p < .01) (table 4. 16) . The results show that the 

lower d ensiti es retain more pods on the pla.Ylt , o r conversel .:, , the 

plants at t h e ni.;her densities have a higher pod abortion r ~ t e than 

the pl~"lts at the l 0\-1er densities . 

Th ere wa s c. s i 6ni ficant harvest by density intera ctio!1 on the 

:near. t otal t ea.r: weight (p< .05) (4. 17) . 



Ta'cle l .16: Beans/plant for ec.ch der.sity at ea.ch h arvest 

Plants H2rvest 

/m2 I 8 2 .1Q 

400 5. 1 4.4 3.7 2.9 

100 16.2 13. 9 10.9 9.s 

44.44 25.0 2 4.8 18.7 17'. } ; 

25 40 .2 35.2 29.e 25.0 

s • .E. of harvest by density (47df) = 1 .591 (p(.01) 

Table 4 -17: Mean total bean weight ( ~ \ 
El for each density at each 

harvest 

Flan ts Harvest 

/m2 1 8 2 10 

400 0.73 1 :40 : 1:72 .2 .03 

100 1.35 2.28 
:.--

3.08 3 .57 

44.44 1. 75 2.55 2.90 3.88 

25 1.99 2.59 3.75 4.61 

S.E. of harvest by density (47df) = O. 314 (p< .05) 

The results in table 4.17 show that the pods at t h e lower 

densities are still increa sing in wei ght in a l i near fashion, 

whereas with the ::,ads at t h e high density, the increase in 

wei gh t is slc winL down , that is , at high density the maturity 

is more compact. 

There was also a. si g,n i fican t harvest by den sity inter2.ction 

on t r. e number o f J1ature beans /plant ( :p < . 01 ) (table 4 .18 ) . The 

results show t hat the mrn ber of beans reach ing ;naturity at tr.e 
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high density is starting to decrease , whereas , at the low density, 

the num cer of beans reaching maturity is still increasin6 • 

T:=a::le 4.18 : Number of mature beans/plant 2t harvest for each density 

Plants Harvest 

Im 2 
1 e 2 10 

400 O. 30 0 .89 1.44 1.39 

100 1.44 3.99 4.06 4.50 

44.44 2 .90 s.41 7.55 9.67 

25 5.25 12.50 15.64 16.95 

4.1. 3 Yield 

The yield of beans was looked at in ter:ns of crop maturity. 

Using the orthogonal polynomial apprmach, it was found that the 

seed len@l,fu, which was deter.nined using the method described by 

Gane et. al. (1975), varied in a quadra.tic manner with time. 

Analysis of variance showed that density and time bad a si 6nifi­

cant .ef.fect-6:il·. the Jseed length (both p"<.01) but there was no 

significant interactions on si-gnificant 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 c. escribing the relationship t Lat s eed 

len6th had with time were deter!!lined using polynou:ial curve fitting 

for each density end repl icate. The time of :10 ~~ seed len6th, the 

optimum seed l ength f or I Gala tin 50 1
, wa.s then a.scerts ined from these 

ec;,ua.J..i ons. Althoui:)l no t s i e:,nifica.r1t , the trend wa s f or -naturity t o 



'E ·14a: 
{ 

V 

t 
'b l2t) 
• ..x 

100 

t oO 

ye 11/•7-S- + "71•4S-,. - $,7,,,,_'­

R'-..:. o-~g., 

1 

7 10 

r 

' vq,o 
:;'.Q 

1 

1,i 0 

"' 

100 . 

y .. ;..7~ bf-6,r_- ,.a,.. ... 
~t,. O•'l'f114 

7 

- ~ 'f= 12.,-.1-li"~ 81·l.<",c. - q.-,\ .x. 

(1..1. .,,_ O•"'f<ll30 

... 



be delayed wi th increasi~g de~sity (tacle 4 .1 9) , whi ch is s imil~r 

to t~e result 2 of Tom pk~ns , Si s trunk and Borton , (1 97 2) . 

Ta~le 4.1 9 : Weeks t c ~E t~rity from fi r s t har vLs t f or ea ch density 

Pl2..n±s/:n 2 Op tL:ium matur ity date ( weex:s ) 

400 7 . 5 

100 7 . 3 

44. 44 7 .3 

25 7 . 2 

S. E. of harvest by density ( 3df ) = t! .S. 

The relationship betwee~ time and the mean total bean weight , 

t he nu.11ber of mature bea..--is , and the 11ean mature bean weigh t wer e 

also found t o be quadr a tic . Density and harvest date were the only 

factors to 3.ff ec t t hese para:n e t er s . With the t otal numcer of bea.'1s/ 

pla."lt , however , t t e fertili zer rate a l so had a signifi cant ef fec t 

( p <.0 1) (see t able 4 .1 3). - Ho,,.,.ever, when t hese figures wer e con­

verted t o ~ area basis it was found t hc1 t t he total number of 

. 2 beans;m was a ffected by density and time only , with t he r elation-

2 shi~ between the number of beans/m and time being linear . From 

t h e polynomial equat ions , t he t ot al num~er of bean s/m
2

, ~ean t otal 

be2.n weie,nt, the number of rna~ure beans/plant and the Jl ean :nature 
I 

bean weigh t were calculated f or eacL density and replic2te a t the 

t ime of optimum :naturi ty a.s detennined from table 4 .1 9 . The r esults 

are sho• .. :n in tabl e 4 .20 with the number of 11at u r e beans/pln.."l t 

convertei t o an area basis. 
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~able ~ .20 : Co"TI;. or1ents uf yiel6 at opti:i:u.T.. mc..t urity· f or eaCh 

,~ensity (all p .::::.. 01) 

Plants Total "? ean s i'ie2,n Tota l t ean .·Ia. tu:re Beans Vi €8..:.'1 :-L:,.ture 

/n 2 /r:n2 wei&ht (g) / 'JJ. 2 
bean weight 

400 1e96 1.06 266 4.54 

100 1'::43 1. 68 22-2 6 . 52 

44 . 44 1108 2 . 14 206 7 .02 

25 978 2 . 41 183 8 .01 

S. E. of den- 84 . 2 0 .052 16 . 4 0 . 215 
si t y (47df) 

I 2 It ~aturity, the total number of beans;m and the num ber of 

:i1 ature t eans/m 2 both increase \d th increasing density . However, 

the mean tob::-.1 bean weight and the :nea...'1 mature bean we,igit both 

decrsase with inc r easin[ density . 

CJ 

The total number of beans/m
2 

was multiplied by the mean total 

bean weight at optimurn maturity a n,: the result conve:::-ted t o yield/ 

ha ( table 4. 21 ). The numcer of mature bean E; wa.s :nul tipl ied. by the 

:nea!'l :nature bean weight , at op timum :naturi ty , with the result again 

bein b converted to yield/ha ( table 4. 21) . 

Analysis of variance on t he data i ~ table 4. 21 showe J that 

density h a d. no effect on either t he tota l o r mature be2.11 yield/ha 

at opti::n.1w r:iaturi ty . 'I'he 11ean t o t al bear: yiel d. was 2: . 3 to!'lnE:s/ha 

awl tte me2n me t u re bean yie_d was 13 . 95 tonn es/ha . Tt.e total 

yie_d. of beans/unit area s=:iows a p;:,,r ::i.:olic rel 2_ti. onst.i p w.i t c t.i.:n e . 



'!.'able 11. 2··. : Yiel d 0 1 :nr>. h :.re an d t otal bean s 'tonnes ha' at 

opt; Jlu::n :Il e-.turi. ty 

Plants 

1/-;n 
2 '11 :it2.l 'ce;;·:--.s !•! a.t ure beans E2.rvE:stacle Yield 

400 20 . 1 12 . 10 16 . 1 

100 25 .9 14 . 57 20 . 2 

44 . 44 23. 7 14 . 47 19 • 1 

"c:: C..) 23 . 6 14 . 68 19 . 1 

i't ~an 23 . 3 1 3. 95 18 . 6 

S. I!.: . o f d ensi ty ( 4d f ) =- .'l . S . ( fo r bo t h total anJ 11atu r e beans) 

The ~ature b€an yi eld is a n easure o f c eans tr.at were 0 T eat e r 

t han s i ~ve size 4 bu t would s t il l idd to t he total y ield . The har­

vestabJ.e y iel -:i in table 4 . 2 1 is an a:;_:.!-rc:xi:na.tion cf t:1e yield that 

could hav e been cbtaineC:. by ::,acLi n e r.arvest.:.nt.· by i.: sinG tte f ollowing 

fo:-:1.ula : 

e ~r vestabl e yield = (Total yiel2 - ~~ture yi eli) /2 

+ :-":a tur e Yield 

4. 2 ;)i scussion 

The, r1::: sul ts o f ex;eri.nent 2 a 6 r ee \,i t t h .ose oi experiJlc::t 1 

tha:-- tt~ L . A. R. c c7~onent. The ~ . A. R . e[ain sho~s a ris e at the 

fl owerin g stat,e (::.-.rvest c~ p r :ioa bly d.t. e t o t'!-.t ~ir..:-<- c :'f;;:ct o : t::c 

;.c . .:. s . 1-1; 

As i:-. C l 't: ~- SES , · ... ~ 



~arli er . T~ ~ n . A. ~ . , : ~c~evt r , ~ecrea ses ~it~ i~c r eas ~~b ~en s i ty 

L :c:r:ea.ses ·,iith i:icre ;:.. sil", t.. ci.e:. sit:, - t :l c ' t :: i c :<.:c r ' le8ves c, f the 

lo~~r de~sity ~2y abs~rb nc rE rad i e t i a~ e r c ~~v~rt ~t ~ ~ r~ Effi -

c ie:-,tly to _pho t osy:ithates . T:1e l o•.., er den sities :.r12.i:itain t he l., .w.rt . . 
at a hit,her level than :io the hic)'1e r der:sities . Thus , leaf :p roduc- .: · 

tion is being maintained a t t ~e lower denEi t ies f o r a lon~e r period 

,,hilst at the h i tohe r densit i es leaf _p r ocu.cticr. ce2.s es at a:: ea,r lier 

st;:;.g e . Th us , 2.l though there is a g-rea t er le2,f area a t h ie)l densi ­

tieE, those leaves are not as efficie~t in ~r e d ucing a ssi~il a.t e s. 

The l evel cf fertilizer had ver y little effe -:- t or t l: e growt h 

analysis p2.r ameters . As t h e level of fer t ilizer increases , t t e 

leaves c omJ:rise a greater proportion of plant wei 6ht(L . 'w . P.. . ) 

through u.n i ~, creased area (L .A.I.:, an d ' t hickness' (S . LA . ) . Also , 

at 12.t e r harvest , tr.e 1ai6he~ fertilizer levels ::iaint .s.in a hich e r 

L. A. n . and L. W. R. than t h e lower fe r tilizer levels . 

The poten tial fo r yield/pla.:it a.t t i~h d ens i ty is r educed in 

3 ways 

(a) Firstly by a l o•..,.er num ber of flo wers/:pl?.n t , cine. 

(b) Second ly , P., hit,n er fl ower abo rt:.. or. r a t e , 2nd 

( c) Thirdly, t t.e be2,!1S a re of a le s ser wei 6h t ,,;}: en 11atur e . 

It is likely t hat all o f t r.e above reasons f o r a lo~er y i e l d 

ar e broubht 2bout by t ~e l Jwer N . A . ri . at t h e hitter dens:. t y . I nt e r 

an u :.ntra- 1-)lant co!npeti tio :·. li'.n i t tt.e s1:;.r r,l ~· o i assi~.i l a t es ava.il-

2.ble for growth . 

du e to 2 re·i t:.cti...,:~ i n 

' r f'~.LO '·· erc / ·· 1 ~·· ,. V J. -. J ..., ,r- l •• v 

Le !'.llilllber '.of floweri:; 0 scoots/ p L r.t ... ....... ~ a ... 1 _ .. 

:..s 



t:1e first e~q, eriment, -the numtEr of fl o ..,, ers/flo..;erin 5 sh o:)t show ed. 

a slic:,ht ir.cre::se . The c: ecrease in fl0•..;er s/flm-:erin1::. sLoot would 

be iue t o t h e l o~ er ~ .A. R. as woul1 the hibher fl ow er abo rtion 

rate anc} t he l ow Ecr 11 e :;.n 'be2.n wei.§)""t. The decreases in the nu:nter 

o f t otal beans and :nat1,;.:::-e beans / ;lEnt woul :: be :::ue t o the high Er 

flo ~er a bortion rate initi~lly , alon~ with t he l cwer N. A.R. 

Again, on ~ a L ea basis , t h e hi6t er densities ha.ve the 

poten tial · f or t h e ~ighest yield . HowevEr, due to t i e rEcasons . above 

the .c:>.ctual yielJ i s lower . As der.si ty increases, the number of 

t otal beans and :nature beans increases but t heir ~e2~ weiih t 

dec reases , that is , there is a negative correlation betwee~ fOd 

number and pod weig.rit. Tl:is dec reasing size of eacr. economic u nit 

witl: increasing density also occurs with onions (Eleasdale a nd 

Thompson, 1966) , tomatoes (Fery 2nd Jani ck, 1970 , 1;;71) , 2nn fweet 

corn (Mack , 1972) . The lev el o f f e rtilizer a i plied did r,o t increase 

the N . A . R . and t :-:.is is _probably wty it did not affect the mean "bean 

weight ; it only increased the nu:;:ber of becms/pl.snt . 

Density al s :J had a effect on t he ti:ne t o :n2.turi ty and the 

s preed of maturity. As density increases, the flowering perioJ 

occurs at a later s ta6e. Increasin6 tl1e level o f fertilizer applied. 

a l so had the s ame effect . Th is effect of a ~ore comp 3ct b~t ~e l -yed 

fl owe:Hng p <> ttern due t o in crease :-3 Jensi ty ca rried t h r :.,ubh t '.) the 

·.a tur.::.ty ·of t l,.-. e pods, tr.Pt is, o_.. ti:r.u:n :::at'.;. rit:,,· c cct: rs at a 1-cter 

d.2-te but i s -:1 ore C'.) ~,_p ::,. c t <>.t tre r. i 5h d ens.::. ty. 'I'Lc rc,.:iucE::i s.:.ze o f 

I :: t 1. i s tri r.l , c :·t - , 
C. - - t te -· -c·· .: e:':..: .:. t :.,· 



produced flowers and so~ e · a id r. o t 9rocuce ~a.tur e bean s , ~lthouc~ 

th e na:::·~:etach yield . 

Al th ouch cpti:nu.'11 ;na.turi t:; is delayec. at high der. si ti es , ,:hen 

yi 2l.l c o:n :-,:,.ris on::: o f b ._ t h t 0 t a.l ar1c. mature beans/ha 2.re ~2.:ie .., t 

tr,E: sam e seed l en 6 th , den sity h2 s no si 6n i ficant effect , wl~ich it 

does wt en yield comp a. r::. sons are made at tb; same chronclogic2,l time. 

Tb ere were differences in the morphology beh:een the :plants 

of t he h .o exre r i.11en ts. In ex:perim en t 1 , as density decreased , the 

number of Dowers/shoo t dec reased from 4.3 to ,f;o; whereas in exper­

men t 2 t hey increased from 3.07 to 5.76. The perce~tage set also 

showed a, difference. In experime!lt 1 it fell from 73 . T . to 52 . 8% 

with increasing density whereas in e:,, peri:nent 2 i t fell from to 

60%. Th e higher percentage ~set i n experim en t 2 is probably due to 

~armer t emperatures during the flowering period . The number of 

flowering shoo ts/plant in experi ment 1 r a..11ged from 1 . 8 at 400 _ :- _ 

2 2 
pl~ts/~ to 11 . 9 a t 25 plants/m • In experiment 2 the ntL!lber of 

2 
flowering shoots/pl ~nt ranged from 2 . 58 at 400 plant s /m to 7. 93 

2 
at 25 pLmts/:n • However , the plants a t densitie s of 25 to 100 in 

experiment · 1 had more flowers than the corres:pondine; plants in 

experiment 2 . However , the loi,,·er r,ercent- ge set of the plants in 

e:cperi:nE:rl t 1 led to the pl ants in expt:oriment 2 _to ha.ve a gre~ter 

number o f beans/~l z.nt . 

4. 2. 1 Yielt- ci ensity rE l~ti cLships 

An2.lysi s of v2 ri a::1ce er: tl::e t o t 2.l d ::rJ 'D.a ttt er s r_.:,w ed t r,e re to 



b e 2. sit~ificant d.if.:e r e~ce d11e t .) ,: en si t y from t h e f i rst h ;;.rves t 

bi:.t -:rn l y tetween t he hi 6 hest d ensi ty and t:t e o ther 3 densi t::.EE , 

t t.2. -: iE, the l ower three densit i e s did not v2i.ry sig.:--.ifice.ntly . It 

w2.s no t until the third r.arvest w2.s tr.ere a. si 6'.'.1.i fi can t c..:.ffe rence 

between a:!. l d ensiti e s. The t o t al d r y :ie.t ter fi g, res from ha.rvef:t s 

3 to 10 were fi t. t ei t o eq_"lla tL:m 4 using the weighte-:i. least sGuares 

-nethod. . 

___ 4 

where w iE t he t o tal dry :natter 2.t density (':-;.- · A and B are constants. 

g is ass u'.Iled to be unity f or t·.e whole _r l::mt. 

Analysis of variance on the constants, A sr,owed them 

to be signi ficantly affected by t h e time on::_y. Because the r a te 

of fertilizer h~d no significant effect on t he constant B, the total 

dry :na.tt e r d2.t a was re-fitted. to eau2.tion ~ u sin 5· a c onsta.nt inte~­

cept (B) · for each harvest date. Analy sis o f v a riance on the 

resulting constant A I s showed tha t they were signifi·cantly affected 

by time only. Nichols (1974) found the A par~~eter to have a 

signifi c an t c. ecreas ing linea r rel a tionshir, with i ncrea::..ing 2mog..nts 

of fert il izer. 

1 
can be c onsi d ered as t:ce yield ~o tenti 2. 1 o f t he environment. 

A 
1 Lo ge A was f oun3. to have an inc reasing linear rel ::-·t icnship with time 

(ta1:,le 4 . 22 ). 

fi 5ures .i.i: t2.bl e ~. 22 
. - , ~r e very 8lmi~ar 

3 . 9 . TL-= e ~ua ti on s -. .. ~:~ c h descrite .. t : ... e rel?Lonsi.i~_s oi lo c.e_ ± ·,.i t :-. 

t.::.. .~: e 2.re s .::...-:iila r for bo t::. e;..;er:i..:-.ents . 

.b ( 



1 
Table 4.22: A and. l o~ , A at r;arv f_s t; b 10 

Ti.:ae 1 
( u ~ -rv - c: ... \ 

.,_ Cl., .a.. e..., L / ! loe,e A 

,: • C'0 1941 6. 2444 .,I 

4 .oo 1728 E.360c 

i:: . 00 1454 6 . 5 337 .,/ 

6 .001 269 6 . 6697 

7 .oo 14 3 6 .77 45 

8 .000957 6 . 95 rs 

9 .000866 7 . 05 16 

10 . 000813 7 . 1144 

S. E. (20df) .0002131 (p<-..1J1) .2 ~196 ( I- ~-01) 

1 
The rel 2.tionship be t ween l oe:.·e A aI'-d ti:ne was f ound t o be de scribed 

by: 

Y = 5 . 8690 + 0 . 12;8 X 

1 B can be consid.ered as the e;-enetic yield potertial of a 

plant 5 r ow i ng fre e oi comp et'i tion . 
. 1 

l o&e E w2-.s f ounc. t o bavE- a 

quadra tic relations hip with ti:n E- (table 4. 23) . 

The f:'.. 5ures i n t a::le ~ . 23 sh0v:s the gene ti c:: po ten ti E:. l , 

l ,JcSe f, increases i .i t r: ti:ne u; t o 2 ;io int an i then d.ecr .... &.s::::s . 

1 
l c. &8 ~ f.:..e:,ur es in t able 4 .23 are ni 6cer tt2..~ the corrcs ~ondir.g 



1 
Table 4 . 2~: 3 and l o ~ at f1F.r·vc;s tE 

Tiwe 1 
'E- r"ec- ... \ \ C. V ...., ..., I B l c i;.p E 

3 .2 362 1 • ~ 4 38 

~ .C;84 2 . 3195 

5 .c5.15 2 . 9682 

9 .0242 3 . 7 38 1 

1 .012 2 4 , 409 1 

e .0046 5 . 3638 

9 .0041 5.5110 

19 ·.0031 5 , 8131 

S. E. (6df) . 2611 (1~ . 0 1) 2 .51 9 3 ( :r:; ~. C1) 

The bean d r y matter for each replica.t e by fert ilizer rate by 

h2.rvest date wc.-s fit tc3. to equation 4 . g WG.s calcula ted usin.; the 

fornula derived by Eleasdale ( 1967) using_ J.inear ree;;ression . 

where WT is t ne t otal 

and K is a constant. 

= w p 

pls.nt c ry ¼eigh t , w i s tr.e b&a.'1 dry ·,: eiellt p 

Analy s is cf va ri211ce shoi.,.e-2. Q t o vary s ibnific211 tly (p ~ . C 1) 

with ti:I!e only and a ·nea.,."1 Q of 0 , 2505 is very si:nil&r to ths. t f o r . 

wei 0ht ,1~ ta. founc. a g v2 l ue o f O . e36 . 

Ac1a.l;;--si2 o:· v2.ri2nce on the se A' s O ;1c.. :E ' s s~·. owc:::. t he·n to V?.rJ 

time o!1 ly 
( - \ 

\.L'' ~ - .o 1; . 



1 
_T ___ a_b:_, .;;..e _ LJ. __ 1 _.::'_-: ,._ __ • : __ .~ .... . _ l_o_e;, e 1~ , E &.rtd 

Ti:-ne 
(H c:trves t) 

6 .01070 

7 .005 35 

8 .00 31 4 

9 . 00232 

' H) .00 819 

S .E. ( 14df) .0017rns A{pz-~o-i) 

, , 0 .-. 1 
.,,. ' ... &e A ' 

.t:." - ..,., 
.L. .) ..i.. 

4. 5 37 3 

5 . 2 302 

5 . 7626 

6 .0672 

6 . 2721 

bean 

ar.c. T) 1 1 Obe ::3 

. 29e1 

.05 42 

. 0263 

.0247 

.01 S9 

. 25 321 C.- ~01) .03944 (:i;:-401) 

for 

1 . 2103 

2 . 9148 

3 . 6401 

3. 700 3 

3. 9668 

. 31683 
(:p <.01) 

The f i gures i n table 4 . 24 show that both A a.~d E decrease 

with time loge_ I and l oge 13 were both found to have ,:-.,, quadra tic 

relationship with time , indic~.ting that both the environmE:-nta.l 

potential bean yield end the 1:,·enetic bean yield of a plc:nt grcwing 

free of comp etition both incre2se 2nd t hen decrease. 



S:1ap be2.ns '.,·ere g-ro•,,r. at 4 -iEnsi ties ir,. two experi·nent. Three 

fertilizer level 3 wer ~ also included i ~ tte second _experi~ent. 

Cele. weather in the l a tt er part of tl-.e £,Towing season in ex:ps ri-:ient 

1 reElllte:i i n slow grm-·th and del G.ye d m2.turity . With the need f o r 

weekly harvests , the experi~ent cane to an end before pod maturity 

had. occurec • 

The R. G. R. fell with ti~e until pod swell when it showed an 

increase and then fell a.gain . The f4.A. n. followed a si:nilar trend 

but the increase occured at floweri ~g ra.ther than pod swell, de!Ilon-

strating the dependence of the R. G.R . on the N. A. R. co~ponent rather 

than L . A. n . component, which followed the nor:nal ontogenetic drift 

of an initi ~l increase followed by a steady decrease through the 

rest of the growing period . The L . iN . 11 . followed a similar trend to 

the 1 . A. ii . whilst the S . L . A. f6llowed an erratic path with time . 

Fertilizer had a significant effect on the S . L . A. which fell 

with increasing~level of fertili z er and the L.h.n. which increased, 

indicatin~ that ~ore leaves are produced with the application of 

fertilizer and these leaves are 't~icker'. A higher rate of fert-

ilizer will also maintain the L . A . .. ~. and L . 1.v . n . at a hie;her level. 

The lt . G- .h . , .. : . ii ,lt . and L . \.,.f. . fell with increas ing density 

~hereas the L. ~ . ~-, S . L. A. and L. A. I . all increased ~ith i ncreasin£ 

density , inc.icating tLa t at the }1 ii:,her densitie f thE; l eave s a rc: 

less e:ficient in p r ocucing cssL~ilat€s . 

Yield results fro!Tl the fi r s t ex1:eri.r.ent a r e incom.t-:ete ? S 

expl 1:.ined _;:; revious ly. As a. er.si ty increases t :t.P rr .. aturi ty of the 

·, 



rods i s aelayed, probably o.: the lov.er ri . A.R. As density incrsa.ses , 

the number of flo wers/pl2n t, beans/plant, and mature "beans/:;,lant 

and flower set a ll decrease but the mrnber c f Ilowers/m
2

, be2.ns/m
2 

d th b f ~ ... / 2 - 1 . . t ' . . an e nu. er o :r.2.. "ure "eans ill a ._ incre2.se wi n increasing 

density . However, the mean be2n and ~ean mature bean weight both 

decrease , thus, there is a negative correla tion between the number 

o f pods 211d po~ size. As densi ty increases, the flowering period 

becomes :nore compact as does the maturity of the f'Od s . 

Fertilizer had very little effect on the :norphology of the 

plant. The number of beans/plant increases wi th increa sin£ fert­

ilizer application, but r. igher levels of fertilizer delay flowering. 

The reciprica l yiel -~ - densi ty relationships showed that fert­

ilizer had no effect on the A or B parameters for total plant 

wei 5ht of for the bean dry weight. The allome tric log plm t \.'eight 

to log bean weight relationship s h owed that the ratio of bea..~s to 

total plant weight decreases ',-ii tt increasint, density , that is, at 

r.ie¢ier densities , ·riore pl2-~t materi a l is required to 1. roduce 1 

unit of pods t han at l o-.,.e r der;si ties, due probably·· t o a. .ch.inge 

in ~the dry matter partitioning. 

Lang et . ~1 . (1 956 ) f ounc Jield di fferen c es iue to fertili zer 

and. :nar1y other workers hr:ve four1J yiel-3. diffe ::-ence2 du e t o densi ty. 

In ttis trial , ~hen yie l d s we::-e corafared at the s ame sta~E of 

112. t-uri t~· , it was f ou..~d th 2. t fertilizer a..'1.d 11en s i ty h 2 c: ::10 ef:ect. 

~~so res~lts in a i el ay i n ~aturity 2n i a e ecre ~se in 

the siz e of e2.ch pod . Also 2 t <i ,:::h c.ens.::. tie s SC..,I! E p l 2.nt e c.o not 

-pro -iuc e po-::s . 



Furtter wcrt i.s nquirecl t o dett r:n i r:e t t e f ul l effrc ts of dens :.. ty. 

'.:a) ',I';-.::. t pe ::'.' c enta0 e of _1-1od s are i n tr1e vs.ri c us :na -turity e,rades 

2.t e:=- ch d er:si t y E.nd hoi.; de t t c yer cen t -?.5 e s chz,nge with ti:ne ? 

(b ) 'What i s tl"...t:: effects of dEonsi ty on crops sown at di fferent 

times? 

(c) What is t he effect of density on various c1,;.ltivars? 

(i) Is it eccr.or.i ical t o sow at a h i e;!'l density when the cos t of 

seed i s h igh? 

( e) I s ch e~n ical ,,.; eed c ontrol adequ "'.te or ,._.ill cul ti v2 ti on be 

required? 

67 
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