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FOREI^IORD

This thesis l,ras r¿rítten in paper style according to regulations

specífied in the L976 P1anÈ Science Thesis Guide, setíon 3. The tesís "A

Comparative Study of Conventional,Leafless, and Semí-Leafless Phenotypes

of Písum sativum L." consÍsts of Èhree manuscripÈ:

1- A Conparative Study of Conventional-,Leafless and Semi-

Leafless PhenoÈypes of Pisun saËivum L.In vitro study of

photosynthetic CO, fixaÈion.

2- A Conparative Study of Conventional, Leafless and Semí-

Leafless Phenotypes of Pisum satívum L. Effects on yield

components.

3- A Cornparative Study of Conventional, Leafless and Semi-

Leafless Phenotypes of Písum sativum L. Effects on rooÈ and

shoot characÈers of young seedlings.

All manuscripËs have been submitted for publicatíon in the

CANADIAN JOURNAI OI'PLANT SCIENCE
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Lafond, Joseph Guy Philippe. M.Sc., The UniversiÈy of Manitoba,October 1980.

A Compara ive Stud of ConvenËional Leafless and Semi-Leafless Phenot
of Pisurn saËivum L. Major Professor: Dr. L.E. Evans.

Two recessive gene rnutations affecting foliar development in

peas lrere studied. The mutation af converts leaflets into tendrils and st

reduces the stipules to vestigíal strucËures. Three phenotypes r¡Iere examined

afaf#(seni-l-eafless), afafs_Ëst(leafless) and #fstst(vesËigal stipules) in

four sets of isogeníc lines of r,rhich Fteezer and Canner had seven backcrosses

and CenËury and Trapper four backcrosses.

1¡e studíed the effects of Ëhese particular condit,ions on Ëhe

chlorophyll conËenÈ, total protein, sol-uble protein, ín viËro C0, fixaÈion'

\./ater conËenl and intercellular spaces. In all lines examined the chlorophyll

conÈenÈ was reduced in the leafless and semí-leafless phenotypes. The leafless

phenotypes had significantly hígher levels of Èotal protein but soluble

protein levels \.rere aÈ best equal or lower than the leafed type. The

hrater contenË is higher in Èhe leafless phenotype with less free íntercellular

space in the tendríls as compared to the leaflet. In vitro measurements

of. CO, fixatíon revealed equal values between the different foliar phenotyPes.

l{e postulate that the lower in vivo CO, Photo-assimilation values for

tendrils r¡ould result from a higher CO, resistance into the tendril.

Two sets of isogenic lines century and Trapper with their

respecËíve foliar phenotypes ürere also examined for effects on yield compo-

nents. The geneËic background greatly influeneed the performance of these

new plant models indicating Ëhe need for evaluation of as many genotyPes

as possible. The semi-leafless phenotype of Century yielded as well as the

leafed type. Four sets of isogenic lines trere examined for root and shoot

characters of young seedlings. The leafless and semi-leafless phenotypes

all exhibiÈed equal or hígher values for the characteristics studied.

After 10 days of growËh all characteristics of the leafless and semi-leafless

phenotypes of Century exceeded Èhose of the leafed type. The same was

observed when they vrere gror¡rn in complete darkness indicating higher respira-

tion rates by these foliar phenotypes. A hormonal inbalance caused by lack

of leaflets Í-s suggesËed Ëo explain Èhese results.

The results obtained índicate the feasibility of using these new

crop models and jusËify the need for more research with Ëhese genotypes'



INTRODUCTION

The recording and naintenance of spontaneously occurring

mutations in crop species ís an obligation of all plant breeders

and geneticists. Examples of the ultimate use of, such mutations are

Èhe strains being developed from türo recessive gene mutations ín the

species Pisum sativun. These mutatíons have improved agronomic traits

which reduce the amount of haulm and the problem of lodgíng. They

presently form the basís of a new crop model in peas.

The following study ínvolves a continuaÈion of the Physio-

logical and agronomic work initiated at the John Institute in England

on thís new model. It l¡¡as regarded as necessary to examine as many

characterístics of the nerr genotypes as possible ín order to díscover

any possible and/or predicËable effects these mutaÈions have on

Èhe plant as a whole.

Extensive information exist,s on various aspecLs of the

physiology of the garden pea (SuÈcliff and Pate, L977). Under norunl

atmospheric concentrations of carbon díoxide and saÈurating líghË

íntensity (L7.6 KLux) , the rate of neË photosynÈhesis exhibíts a

broad Èemperature optimum spanning the range of 25 lo 35oC. The

carbon dioxide compensation point is relaËively high (70 PPM at 27oC,

17.6 KLux), and the rate of net photosynthesis relatively low, from

which Pate (1975) concludes that the pea operates on the Calvin

pathrnray for phoËosynthesis.

A najor concern ís the reduced dry matter producÈion of the

leaf less peas as conpared to Èhe conventional- phenotyPe. I^Ihen in

vivo CO, photoassimilation is measured on an area basis, the tendril



is as efficient as Èhe leaflet but when in vívo CO, Photoassimilation

is rneasured on a dry weighË basis, the values are sígnificantly lower

for tendrils than leaflets (Harvey, 1972; Harvey and Goodwin, L978).

Answers to the cause(s) of this \^7ere sought by measuring the activity

of the principal carboxylaËion enzyme ribulose biphosphate carboxylase.

The ptrosphoenalpyruvate carboxylase enzyme activity r^7as not measured

since earlier results by Atkins et al (L977) showed the in vitro activiËy

raÈio of RuBP carboxylase Ëo PEP carbo>rylase varied from 48:1 to

156:1 for blossom leafleËs. Chlorophyll, soluble protein and Kjeldahl

nitrogen r{ere measured as were the fresh weíght/dry weight ratio and

íntercellular space index in seËs of isogenic lines.

The second rnajor question deals wiËh Èhe mutant effects on

yield couponents. Earlier results by Harvey (1978) and SnoaC et al

(L976) índicated a reductíon in economic yield of the leafless peas.

The reduction in yíeld resulted from fewer pods per plant and fewer

seeds per pod. In this study thirteen characters affecting yield

trere measured in tr¡o dífferenË sets of isogenic lines, Ëhe PurPose

being to ínvestigate how ímportanÈ the genotypic background was in

affecting yíeld components of leafless and semi-leafless plants and

whether or not Ëhe effecËs ülere simílar.

A third objective was Ëo examíne rooÈ and shoot characteristics

of l0 day old seedlings in four seËs of isogeníc lines Ëo determine

Íf any discernible effects could be atËributed Èo changes in foliar

morphology.



LITERATUR-E RTVIEI^]

I. A NgY-CrgP ìtodel for Peas

A. Genetic Basis for New MSIlel-s

There is a great interest in the area of plant breeding in Èhe

creation of ner,¡ plant models. It permits Èhe reconstructíon of plant

types specífic to cerÈain agronomic needs. An example of a crop

where drastic changes are being effecËed is in the vining and dried

pea crop (Davies, L977a).

There is a great deal of genetic variability in Pisurn sativum L.

(Yarnell, L9623 Marx, L977). Three spontaneous mutations served as

the basis for Èhe ner¡ models; t'af" ¡¿hich converts leaflets to tendrils;

"tl" which converts tendrils into minuËe leaflets and "st" which

reduces the stipules to vestigial structures.

The mutatíon "sË" was firsÈ reported in 1915 and it appeared spon-

t.aneously ín a single plant wíthin a ro\Ä/ of the variety Duke of Albany

(Pellew and Sverdrup, L923>. Nilsson (1933) reported the spontaneous

mutaËion "tl" and Kujala (1953) reported the "af" mutation.

B. Possíble $odels l,Iith These New MuÈations

One of the proposed models assumed thaÈ an increase in photo-

synthet.ic area would be advanÈageous and envisaged the use of the

genotype t'afaftltl" which has a mass of small leafleËs resulËing in

an íncrease in Èotal leaf area (Harvey, L972). This phenoËype with

its mass of small leaflets l^ras soon eliminated from consíderation

because it exaggeraËed the top heavy condition of the normal- form



(Davies, L977b). The model also faíled to improve lodging resistance

and may have even aggravated the problem (Snoad, L974).

Subsequent,ly, it was suggested that the new model should decrease

lodging, induce earlier drying and reduce the amounÈ of haulm, thus

reducing the bulk of foliage processed by the víners (Snoad and

Davíes, L972).

C. Feature of the New Model

The proposed model has Èhe leafleÈs converted to Èendríls and the

stípules left eíther in the normal condiËíon (semi-leafless form) or

reduced to vestigial structures (leafless form) (Snoad and Davies,

L972) .

The leafless form atÈracted the most favourable comnents from the

agricultural industry for the dried pea crop. It remains uprighË

until maÈuriËy, dries ouË r"rell and permits direct harvesting with a

combíne harvesËer (Davies, L977b).

The greater standing abil-ity plus the lack of shadíng should improve

the r¡niformíty of rnaturity. The ability of líght to peneËrate the

canopy should delay senescence of Èhe lower parts of the plant.

The lack of foliage ñây also lead to a reduction in herbícide scorching

of the crop and more efficient control of weeds (Snoad, L974>.



II. Prel_iminary AssessmenË of the New Leafless
and Semi-Leafless Models

A. Agronoloic Conrsíderatíons

1. Yield PotenÈial. An important consideration in the developmenË

of the new model ís the questíon of ¡,lhether or not yields can be sus-

tained. Snoad (L974) showed Èhat the mean weíght of dry seeds: peT plant

in the semí-leafless forms from small experimental plots \¡Ias comParable

to that of some of the best avaílable cornmercial variet.íes. Snoad and

Ghent (1975) in yield trials, found no significanÈ differences between

the conventional and leafless type.

Gritton (L972) showed that both the semi-l-eafless and leafless

forms had lower yÍelds Ëhan the convenËional one. His yield analyses,

however, were m"de on trellises where the plants I¡/ere not subjected

to normal competitive field condíÈions.

Goldenberg (1973) reported no signifícant differences in yield

bet\,reen Ëhe "afila" mutanÈs and the conventional types. Much of the

discrepancy in yield trials in differenË areas could result from

differences in genetic background and the lack of sufficient back-

crossíng before isogenie línes r^lere tested.

B. EffecËs o_f Mutatíons on Yield

Snoad et al (L976) showed that any of the recessive genes singly

had only a small effect upon yield but that trl¡o or three genes in

combination reduced yield significantly in comparíson with the con-

ventional form. The bíological yield (total dry weight of plant and

seed) ís influenced most by any combination of t'af" and "stt'. Previous

daÈa from conventional peas showed Ëhat when economic yield is plotted
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against bÍologícal yield , ^n 
,2 of 96% is obtained (Snoad et al, Lg76)

This índicates that Ëhe harvest Índex increases wiËh plant síze

suggesting that large plants are more effÍcient in partítioning avail-

able photosynthaËe. In a breeding Program, seLectíon of Large pLants

with high biological yieLds may ulÈimately increase yield.

C. Drying Rates

Snoad and Ghent (L974) showed no obvious dífferences in drying

raËes between conventional and semÍ-l-eafless peas buË the fully leaf-

less form appeared to dry faster. Semí-leafl-ess and Leafless Peas

showed improved standing abílity with the leafless showing the híghest

resistance to lodgÍng.

D. EffecË of Varving Plant Densitíes'

Snoad eË al (1975) found Ëhåt the dry seed yíeLd per plant in

semí-1eafless and leafless types was influenced by plantíng densities

due to the effects upon deterrhinancy and upon the number of pods

contributed by the basal branches. This resPonse was simílar in the

conventÍonal forms. The number of pods and therefore the number of

dry seeds on the main sËem was reduced as planting density increased.

The ease wiËh which tendril-s may link with oËher tendrils or

stems is vital to the standing ability of the plants. The total

inadequacy of the 40 cm row width was immedíately apparent. The 20 cn

row width excepË Ín the Lowest pl-ant densitÍes was also not perfect.

The plants have Ëo be planted on Ëhe sguare to maximize opportunities

for cross linking of tendrils. The development of two or three basal

branches from each pLant is useful in developing the standÍng abÍLity

and so relatively low densÍties may be suitable for dried seed production.
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E. Nitrosen Fixatíon ín Leafless and Semi-Leafless Peas

Snoad et al (L976) in examining N, fixation found the conventional

and the semi-leafless plants ldere very similar in all the measured

characÈers with the exception of root dry weight and Èhe number of

nodules which were somewhat lo\^ter in the semí-leafless plants. In

contrast, the dry weíghÈs of the rooË and shoot, the number of nodules

and the amount of niÈrogen fixed in the leafless peas only amounted to

one-Ëhírd to one-half of that measured in the conventional forms. trIhen

the rates of acetylene reducÈion were expressed relative to plant dry

weight, the values for all three genoËypes were simílar suggestÍng

that Èhe leafless peas hrere as efficient as the conventional peas in

fíxíng nitrogen. It remains to be seen if the yields of leafless peas

would respond favourably to added nitrogen.

F. Surnmarv of Agronomic Po-tenËial

IË ís apparent thaÈ this nerr model has several advanÈages. The

increased standing abiliËy favours líght penetration into the canopy'

thereby favouríng phoËosynthesis and possíbly delaying senescence in

ühe lower layers of the canopy. The microclimate surrounding leafless

peas will be nore ílluminated and drier than in the conventional crop

and should be less conducive to the establishment of pathogens.

III. CO^ Photoassimílat.ion in Normal and Foliar Mutants
¿

Harvey (L972) was the first to do a comParative assessment of

CO, photoassirní f¿¡ion in normal- and foliar mutanÈs of pea. The mutants

were "afafl*" (leaflets converÈed to tendrils) and "afaftltl" (ninute

leaflets on a branched petiole). These nutants were derived from un-



improved cul-Ëivars. An lnterim study usíng infra-red gas analysis

indicated that in terms of CO, photoassimilatíon per trnit area of

youngest expanded leaf of glasshouse gro\^rn p1ants, the muËants r^7ere

similar to the normal. The phenoÈype with only Èendrils was the

least efficient of those assayed at uËílizing light at an intensity

-, -1below 100 J m - sec ^ (400-700 nm). The genotypes wíth only tendríls

on a unit dry weighË basis were only I81/" as efficient as a normal

leaved pea ín photoasslrnílating CO' the other mutants being compar-

able to the normal in this respecÈ. Comparison of dark respiration

índicated Èhat the foliar mutarit.s were similar to the normal types,

although no daÈa was available for the mutanÈ r^ríËh tendrils onIy.

Harvey (L972) also showed that CO, photoassimilatíon by the

youngest ful1-y expanded leaf r.¡as a reproducible characteristic and

noË significbntly affected by a transition from Èhe vegetative Ëo

reproducÈive phase of growth.

IV. Comparisolr _o_f Rgtes of TlanspiraËion, Stomatal Frequ_ency
an d Dis trib ut ion ;- ChlgrE)_ljrs t Dis tribu t ion

In terms of rate of transpiratíon, all three foliar mutants hrere

the same as Ëhe conventional types. The unít,s for transpiration raÈe

-) -1were ARII cm - leaf area (toËal surface) sec -. The value ARII (change

in relative hunidity) ís the steady state difference between RII of

aír entering and leaving the assimilation chamber of the infra-red

gas analyser. This would seem Ëo indicate that CO, resístance ínto

the plant is noÈ the cause of low CO, photoassimilatíon on a unit dryz-
weight basis (Harvey, L972).

Harvey (L972) also examined the stomatal- distribution and fre-

quency. The relaËive nurnber of sÈomata per r.¡nit area was on the

average 25% Less on upper than the lower surface of mature normal

leaflet,s of conventional types. The epidermis of Èendrils of



of normal leafed plants.

The chloroplast conËaining palisade and rnesophyll tissues in

normal pea leaflets I.Iere absent from the tendrils of "afafTLTL".

Examinations of transverse sectíons of tendríls from the genotype

"afafTLTL" índícated thaÈ Èhe chloroplasts r¡Iere confined t.o four or

five consecuËive sub-epidermal layers of cel1s r¿hich occupied the

entire círcumference of the tendril. The type of chloroplast distri-

buËion r^ras characteristic of stems, peÈioles and tendrils of normal

leaf plants (Harvey, L972).

V. Effect of Mutation on the-Pb¡siologv of tþe-Pea
Plants in Near Isogenic Lines

Harvey and Goodwin (1978) studied the effect of Èhe leafless

mutation ín terms of foliage arear light intereeption, neË CO, exchange

and raËe of dry matter productíon by comparing t\^7o near isogenic

lines of the genotypes trafafstst" and I'l-+-++rr (conventíonal).

A. Dry Matter P_rgluction

Harvey and Goodwin (1978) did a growth analysis study in the

leafless and conventional phenotypes throughout the period of vegetative

growth. lJithín each phenotype, in plants with one basal shoot, the

main axis and basal shoot each had the same growth on a dry weíght

basis. Examinations of more genotyPes with the leafless or semí-

leafless condition might reveal otherwise.

B. Foliage Area DeÈermínatíon

Foliage area determination by Harvey and Goodwín (1978) shor¿ed

the conventional phenoÈype attained a plateau aE 220.t2, 56 d"r"

from seedling emergence. In the leafless phenotype, the aggregate

tendril surface area was still increasing markedly aË day 68 (frorn
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seedling emergence) at whic-h tine Èhis area was

expanded leaf area at individual nodes Èended Èo

ascending nodal posit.ion ín both phenotypes buË

pronounced when tendrils replaced leaflets.

C. Seed Yield

)
168 crn-. The fully

increase with

the effect vras more

DespiÈe an apparently high photosynthetic potential observed for

tendrils, there is consistently 50% less dry matËer produced in the

leafless phenotype (afafstst) during vegetative gror^rth than in the

conventional líne (Harvey and Goodwin, 1978). An analysis of seed

yield for the two phenotypes on a per plant basis showed that in

the leafless mutant, Èhere was a reduction of 507. in seed number

despite commencing wíth a similar number of flowers and ovule initials

per plant (Snoad et al-, L976; Harvey, 1978).

No reduction ín yield was notíced for "afafSTST" or the "AFAFstst"

phenotypes despite Èheir respective reduction in leaf and stipule

area (Harvey and Goodwin, L978). Harvey (L974) showed that despite

the changes in foliar morphology branches from leafless and semí-

leafless plants when fed tOaOn are capable of exporting t4a-nhoaosynthate
¿

to the seed and pod wall in a manner comparable to normal leaves as

prevíously deterrnined (Harvey, L973).

D. Photosynthetic uptake of co^ bv thgPod

There exists extensíve reviews on seed and fruiË developmenË in

P. sativum (PaÈe, L975, Pate and Flinn, L977>. Between 6 and 30 days

after anthesis, pod photosynthesis ín.conventional peas resulted in

small gains of CO, from Èhe external atmosphere, and the assimilation

of most of the CO, respired by the fruit during the day. From then
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until maturity (40 days) the fruit lost CO, during the day. NighÈ

losses of CO, increased with fruiË age (Flinn eË al, L977). Measure-

ments of photosynthesis in the pods of leafless phenotypes (afafstst)

were done by Harvey (1978). The pods were more active photosyntheti-

cal1y in terms of CO, uptake from the atmosphere during the init.ial

18 days post-anÈhesís than were the corresponding fruits of the con-

ventional phenoËype. During Ëhe subsequent 16 day period of seed

filling there was no marked difference betl¡Ieen phenotypes and the

fruit contínuously lost CO, to the atmosphere, buË signíficantly

less CO^ was lost in the light (40 KLux) than in the dark. Increased
¿

benefits froro light avaílable Ëo the fruit wiËhin a sward canopy

comprised of tendrils in place of leaflets is expected. I^lork by

Atkins et al (L977) showed that the assimilation capaciËy of Èhe

inner epidermis is liurited by radiant flux raÈher than carboxylatíon

poËential and any increases in incident radíation is likely to

benefit CO, conservation. In the leafless planËs, the more open

canopy could reduce the amount of respiratory carbon loss from Èhe

fruiË and act as an important yield determinanÈ (Harvey, L978).

E. Growth Analysis of the Fruit and Seed

A concurrent. gro$rth analysis of the fruit showed that the pod

wal1 of each phenotype changed dry weight aÈ a markedly dífferent

raËe and atËaíned a different maximum value (Harvey, 1978). The

irnplication hras that the gene "afrr delayed maxirnal pod wall weight

development by at least 6 days and also lor,¡ered the maximum wall weight

attainable. The delay would resulÈ in conpetition for photosynthate

on Ëhe part of the pod wall and the fruit. In Èhe convenËional types'

11
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tnaximum elongaËion of the pod occurs before seed development starts

(Pate, L974). In Èhe case of the leafless mutant, the delay in maximal

wa1l developmenË may result in an overlap with seed development

such thaÈ competítion for substrate causes ovule aborÈion. Never-

theless, Ëhe growth curves and mean dry weÍghts per seed r¿ere not

significantly different between the different phenotypes (Harvey,

L978).

However Èhe dearth of information on the new leafless and semi-

leafless plants in peas makes it difficult to do valid comparisons

between tendrils and conventional leaflets. The tendrils althoush

considered as modified leaves still possess a dífferent structure and

cell types rnaking it difficult Èo extrapolate informaÈion from

conventional leaflets Èo tendrils. Due to genotypic differences in

convenËional leaflets of peas for assímilate production and photo-

synthesis (Harvey, L972; Pate, L975), valid comparisons can only be

done through the use of isogenic lines.
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A Comparative Study of
of Pisun sativum L. In

Conventional, leafless and Semi-Leafless Phenotypes

viËro study of. CO, phoËosynthetic fixation.

ASSTRACT

The effect of the t'leafless" mutaËíons (in which tendrils

replace leaflets, af and the stipules are reduced to a vestígal form'

st) upon chlorophyll content., total protein, soluble protein, in vitro

Co, fixaËion, wat'er content, and inËercellular space index were studied.

Comparison of three ísogenic línes of Century, Freezer and Trapper for

the genotypes af af stst (leafless), af af.t* (semí-leaf less) and **stst

(stipules only reduced) were examined.

chlorophyll levels were reduced by as much as 507" ín the

leafless phenotypes, the semí-leafless beíng intermediate. The leafless

phenotype sho¡¿ed significantl-y higher levels of total proteín but measure-

ment of soluble protein indicaËed the leafless plant qlas at best equal

to the leafed type or lower.

The water conËent was significanËly hígher in the leafless

phenotypes ín Èhe three cultivars examined. The high water content

result,s from changes ín rnorphology and possibly a lower transpiratíon

rate. Intercellular spaces within the tendrils was significantly lower

than in the leaflet. This would íncrease the diffusíve resistances of

CO, into the Ëendrils.

In vit,ro measurements of CO, Photoassimulation per unít fresh

weíght showed no significant differences beÈween the different foliar

phenoËypes. Lower dry matter accumulation by the leafless type can be

accounted for by the higher co, resístance in the Ëendrils. An addítional

feature of Èhe leafless plant is an altered pattern of senescence'

Under stress sítuations, the lower nodes of the leafed type senesced

before the tendrils in the leafless planÈ, indicating greater resisËance

to adverse conditions by the leafless planÈ.
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INTRODUCTION

A ner¡ plant rnodel for peas has been created involving leafless

(af af stst) and semi-leafless (afaf#) characters (Snoad and Davíes L972) .

The new model offers advanËages r¡ith respect to reduced lodging'

decreased disease susceptíbility and a more open canopy which favors

better air movement, CO, exchange and light peneÈration for photosynthesis.

The presence of numerous tendrils also offers mutual plant support

allowing greater ease for harvestÍng (Snoad L974, Davies 1977).

Harvey (L972) exanined carbon dioxide phoËoassimilaËion ín

normal and foliar mutants of Pisum saËÍvum and found Èhat CO2 photoassimila-

tion per uníË area of the youngesË expanded atÈached leaf in the mutants

\^ras comparable to Lhe normal while on a dry weight basis, the leafless

mutant was only L8% as efficient. Harvey and Goodwin (1978) reported

that the leafless muÈant consistently accumulated 50% less dry matÈer

than the convent,ional plants. Yield of maËure dry seed per plant

sho¡¿ed a reduction both Ín seed number and total seed weight.

In the present study conventional and leafless strains of

oËherwise sírnilar genotyPes \fere comPared relative to chlorophyll

determination, fresh weight to dry weighÈ raËÍo, percent Ëotal proteín'

soluble protein, ínËercellular space index, and Ín vítro incorporation

of CO^ by ribulose bí-phosPhate carboxylase.
z

MATERIALS AND METHODS

A. Plant Material

Seed from the seventh backcross of near isogeníc lines of two

vining pea cultivars Freezer and Canner were obtained from DR. G. A. Marx,

New York Agrícultural Station, Gefteva' Net{ York 14456, U.S.A. (l'tarx L974)'



15

Seed from two field pea culËÍvars, Century and Trapper and a

leafless and semí-leafless phenotype of each with four backcrosses

were obtained from Dr. S. T. Ali-Khan of the Morden Agriculture

Research Station, P.O. Box 3001, Morden, Manitoba, Canada ROG lJO.

Single plants r^rere grown ín the clay pot,s 13 crn in diameter wiÈh

a 1:1:1 mixture of peat, sand and soil. They were grown in a growth

cabinet with l8hrs daylight; a day/níght temperature of t5oC/13oC and

a constanË relative huniditv of 507" and a light íntensity of 2l'5 KLux'

The plants rüere gro\¡7n for approxímately 36 days. The l-ast

expand.ed leaf was used for th. 14C0,, assay and soluble protein deËer-¿-

mínation while the previous expanded node for chlorophyll determination'A''node

íncludes stipule, petiole, leaflets and/or tendrils. The Percent total

prorein usÍng Èhe Kjeldahl digesËion and fresh weight/dry weight ratio

were determined from the remainder of the plant.

B. Ribulose bi-Phosphate Carboxylase Enzyme Assay

The RuBP caboxylase enzyme assay for measuring the in viËro

íncorporation of 'Or1rwas done according to the procedure of Quebedeaux

and ChoLlet (1975). The plant maËerial was homogenized hrith a VírTis

homogenizer in a tris-HCl buffer of pH 8 under a flow of dinitrogen gas.

The homogenate was then transferred to a volumetric flask filled with

dinitrogen gas. The reactions were lnitiated using ríbulose bi-phosphoric

acíd. The assays lasÈing 3 minutes were conducted at 3OoC under a flow

of dinítrogen gas to reduce any oxygen inter_ference and were terminated

using 6N glacial acetic acíd. The assays r¡rere carríed ouË in scintillation

víaLs. The material was Ëhen dried aË 90oC, liquid scintillation fluid

added to the vials and read ín a Mark III 6880 liquíd scintillatíon sysÈem.

Three planÈs úrere assayed for each phenotype and Éhree assays eonducted per

plant.
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C. Soluble Protein Assay and Total Protein Assay

The dye bínding method of Bradford (L976) was used. The

dye CoumassieBrilliant Blue G250 binds Èo proteins which causes a shift

in the absorption maximum of the dye from 465 to 595 nm. Increase ín

absorption at 595 nm rllas monitored on a Zeiss spectrophotometer' Bovine

serum albumin served as a standard proteín. The dye concentrate I^Ias

obtained from Bio-Rad Laboratories, catalog #500-0006.

The niËrogen assay was done using the Kjeldahl digestion

method (AACC 1969). PercenÈ protein üras calculated using a f.actor 6-25

x nítrogen. The values for both assays were determined on a dry weight

basís.

D. Chlorophyll DeterminaÈion

Chlorophyll conËent 
das determined accordíng to the procedure

ouËlíned by Harbone (1973). Three measuremerits \,Iere made per planË'

E. Determination of Int,ercellular Spaces

ConvenËional and leafless plants from the Century and Freezer

cultivar were used for Èhis experíment. Petioles ÍIere cuÈ at the sËem'

and the cuttings were placed in hTater for tr¿o hours to attain maximum

turgor. Aft,er the two hour períod, branches were removed from the \^taËer'

Èhe cut petiole ends sealed with wax and Èhe weíghts recorded. The

branches were then infil-trated under vacuum in distilled water. trühen

the water starÈed to bubble, the vacuum tlas released causing Ëhe htater to

infiltrate the intercellul-ar spaces. This was repeated five tímes

foLlor¡ed by weighing the branch. The rat,io of the two weighXs after/

before served as the índex relating to intercellular spaces (Salisbury

and Ross 1978).
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F. Fresh l,Ieight/Dry i{eight Ratío Determination

The ratio was determíned by taking the fresh weights of the

planËs Ëhen oven drying them to constanË weight and recording their weight.

G. CO, CornpensaËion Experiment

This experiment consísted of placíng a leafed and a leafless

plant in a closed container in order to deËermíne which plant would

senesce firsÈ. After watering, the pots q/ere covered with plastíc bags

(excludÍng Èhe plant) Ëo minimize tlne effects of carbon dioxide from

soil respiratÍon. The jars were sealed and put ín a grohTth cabineË.

The Èemperature inside the jars was monitored and found to be approximaËely

25oc.

RESULTS

The measurements for the incorporaÈion of radiolablelled C0,

by the enzpe rÍbulose di-phosphate carboxylase are presented in Table 1.

Measurements based on fresh weight (fatte t) showed no significant

dífferences among the different foliar phenotypes. MeasuremenËs based

on a mg of chlorophyll (Table 1), showed sígnificanË differences between

Ëhe leafless and leafed phenotype and ín the case of the culËivar Freezer,

there t¡as also a s'ignifícant difference beËr^reen the leafed and semí-

leafless type. This suggesËs that the leafless phenotype is ns¡s sfficíent

in íncoporating carbon dioxide on a per unit chlorophyll basis. Although

differing Ín rnagniËude sirnilar results $rere obtained r^7íth both Century and

Freezer.

The chlorophyll- contenÈ of the different phenotypes for the

three culËivars are presented in TabLe 2. All showed símilar significant



Tabl-e 1 The amount of
foliar mutants

Variety

1t,^-Co^ incorporated¿'
and conventlonal

,*o1."14c0, trr-l

ms. :.r..-1(*to#)

,*oL."l4co, hr-l

mg chLorophyl1-1
(xto+2)

Century

per mg fresh weíght

plantsfor two sets of

(conffi'tional)
r -¡-1.80: .29a'

r¡noles 14ao^ hr-l
mg f.wr.-tt1*to#)

unol-es 14c0, t t-l
rng chl-oropilyrr-1

(xto+2)

Freezer

afafstst
(Gafless)

t.øt ! .qga

z.s+ ! .ua

Genotypes

and per mg of ch1-orophyLL basis by

isogenic l-ines.

Values represenÈ *""r, t
Values with same letters
Significantatp=.0L.

r.to t .toa t.zo ! .na

afaf{-f
lserollìãarless)

r.ao t .rra

¡.zo J .oo z.oz ! .ola

4.tz ! ,ü g.gr t r.sg

+stst
tsc*ËttÉr

s.e. for
are noË

F-test

1.98

o.ga t .zoa t.oz ! .zsa 2.g2

3 plants and

signífícantly

| ...'

z.y ! .sga t.gt t .sga

3 samples per pLant

different with L.S.D.

16.78**

P = 0.05 within each rornr.

67 .99**

Oo
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Table 2 Total chlorophyll content
línes and their respective

@g/g f .wt. ) for Èhree sets of isogeníc

foliar phenotypes.

Varietv

CenÈury

Freezer

Trapper

afafstst
( 1"rf1.s")

r.gg t .or

3.6s t .34

3.ß ! .7L

7.62 + .15

F-test
stipule)

62.73x*

32.87**

29.04**

-ffi
(cffintional)
+2.33 t .Or

6.4s ! .5L

7.sg ! .7s

af afl-t **sËsÈ
(ffieattess)îffiea
t.te ! .zz

+.2ø ! .+z

s.æ ! .47

+ Values represent *"tn t 
"... for 3

All values wíÈhin each variety are

P = .01 \^Iithin each row.

SignificanÈatp=.01.

plants and 3 samples Per P1-anË.

sígnif icantly dif fererrt wíth L. S .D.
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differences among Èhe dífferent, PhenotyPes. The leafless mutant had

significantly 1-ess chlorophyll in all three cases. High levels of

chlorophyll were noticed for the #stst (sÈipules reduced only) phenotypes

in Freezer.

Prot,ein cont.ent tras deËermined according to Èhe Bradford neËhod

(soluble) and the Kjeldahl digestion total methods. Results of both deter-

minatíon are included in Table 3. The leafless phenotypes of all Ëhree

cultÍvars shor¡ed a higher protein percentage compared to the oËher phenotypes

usíng the Kjeldahl method. However, usíng the Bradford method, the proÈein

content of the leafless phenoËype was either equal or lower than the

other phenotypes. The additional mutanÈ (+l-stst) in the Ereezer culËívar

showed high amounts of protein whích correlates well wíth the high levels

of chlorophyll (Table 2). The cultivar Trapper on Ëhe other hand'

showed no signíficant differences in soluble proËein (Bradford method)

between the three phenotypes. The cultivar CenÈury showed the highest

cont,ent and extrerne phenotype differences in proteín content. The hígh

levels of proteín in the tíssue maybe an indicator of its genotypic

superíoríty and breeding value.

The data for the fresh weighË/dry weight ratio are sunmarized

in TabLe 4. In all culÈivars studies, the leafless phenotype had a

signifícantLy hÍgher ratio Èhan the leafed Ëypes. The semi-leafless

Ëypes r,rere símílar to the leafed type except in the cul-t.ivar Trapper

where ít was lo¡¡er.

Measurements of the intercellular spaces in leafed and leafless

plants of Century and Freezer (table 5) showed signifícantly greaÈer

íntercelLular spaces in the leafed type. The differences l^tere in the

same direction and magnítude for both phenotypes. Dlfferences between

the two cultivars are an indicaÈion of genetic varíabiliÈy.



Table 3 ProÈein deËerminatíon using tr¡o different methods in three sets of isogeníc lines
with their respective fol-íar phenotypes (¡ng / g d.wt.).

VarieËv

fCentury

Method

Kj eldahl

Bradford

Kjeldahl

Bradford

Kj eldahl

Bradford

Freezer

+#
("oñã-lional)

26t.70 t r+.oo

232.20 ! Zt.ZO

190.50 t zo.gs"

6L.gg ! 6.31a

236.00 ! Zø.SO^

83.35 t tg.rot

Trapper

All- values wl-thin thls cultivar are signifícantly dífferent wíth L.S.D. P = .01.

Va1ues represent, *"tn t ".". for 3 plants and 3 samples per plant.

values wÍth same letters are noÈ significantly dífferent with L.s.D. P = .05.

Slgnificantatp=.05.

SignificantaÈp=.10.

afafstst(ffi)
z%. ! 14.r0

rrr.89 J rs.za

230.00 ! ZL.+OA

79.3s j 3.44ab

273.70 ! s.90

58.53 t rr,. ogt

**

Genotypes

afaf#
(señl]Farl-ess)

224.70 t E.SO

L68.g7 ! ZA.gE

206.50 t 7.8oab

91.89 t tr.sr¡"
243.7o ! tø.zo^

69.90 t 9.45a

#sËst F-tesÈ
(r.Gã-"tipule)

Lgz.3o t zo.so"

114.05 t rz.og"

24.06**

96.99**

5.64x

6.28*

6.56*

2.67

l.J
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Table 4 Fresh weight/dry weight ratio for three seËs of isogenic línes

and their respective folíar phenotypes.

Cultivar

cenËuTy

Freezer

Trapper

afafstst
(l"afless)

lo.os ! t.v
t.+g ! .zta
g.n ! .zø

#stst
tsrÍËstÉ>

+5.76 : .79a

F-test

9.08*

5. 04*

17.41**

(conventional)
++'7.58 : .45a

s.gs t .aga

7.82 ! .4s

afafl*
(sãñilfeafless)

t .% ! .rza

6.6s J .zgr¡
+

7 .27 : .L4

+ Values represents mean I

Values vriËh same letËers
different wiÈh L.S.D. P

SignificantaËp=.05.

Significantatp=.01.

s.e. for 3 plant.s

within cultivars not signifícantl-y
= .05 rdithÍn each row.

tr

**
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Tabl-e 5 Intercellular space index (weighÈ after infiltration/weight
before ínfiltration) for two sets of ísogenic lines and their
respective folíar PhenoÈYPes.

\(juuvcrrLrvLLdL, (leafless)

cenrury *t.4t J .oe r.z¡ J .r¡ 11.43**

i:-# afafstst F-testcultivar (coiIãtíonal) ,, ^^"*^. 

-

test

(8) (s)

Freezer t.zg ! .og r.r+ t .or 7 .34*

(4) (4)

+ Values represent mean ! s.e.' ( ) represenË number of plants.

* Signifícant at p = .65.

** Sígnificant aË p - .01.
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In an atÈempt to deËermíne if senescence could be induced in

the leafless type as a result of an assumed hígher CO, comPensation poínt

than in Èhe leafed type, it was found thaË the leafless plant showed and

alËered pattern of senescence. Senescence could not be induced in the

leafless plant while the leafed Ëype shor¿ed extreme senescence in the

lower nodes.

In another experímenË, a leafless and leafed type were placed

in a jar r{riËh a strong basíc solution of solium hydroxide to maintain

low atmospherÍc CO, levels for 13 days. The Èemperature insíde the jars

was moniËored at. 25oC, wíth a day/night of 16 and 8 hours. Senescence

of the lor,¡er parts of the leafed plant took pl-ace whíle the leafless

plant no apparent yellowing or senescence occurred. It was also observed

that urhen Èhe pots were Èaken from the jars, that the soil míxture was

TÀretter rrith Ëhe leafless type than with the leafed type indicating a

lower transpíration rate by the leafed Ëype.

From these prelirninary observatíons it appears that the

presence of tendrils alters Èhe pattern of senescence and has important

implicatÍons wíth respect to the potential use of this new model.

DISCUSSION

The results from Ëhe in vítro '0"o, fixation assay indÍcates

that on a fresh weighÈ basis (Table 1), ,ft"tl r¡rere no signif icant

differences between the different phenotypes within each cultivar. Sínee

the r"rater contenË varies signíficanËly between phenotypes (Table 4) it

can be argued thaÈ had the measurements been made on a dry weight basis,

appreciable differences would exíst. ExaminÍng the data for protein

content (Table 3) in Ëhe culËivar CenÈury, there is a significant

difference between the leafed and semi-leafless phenotypes buË no
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differences in vrater conÈenË (Table 4) or abílity to fix tOrO, (Table 1)

were observed (the leaf type also had sígnificantly more tissue proteíns

than the leafless type). Sirnilar resulÈs were obËaíned for the cultivar

Freezer. This then suggests that in the case of the leafless phenoËype

(Table 1), if the results had been put on a dry weight basís, they would

appear to.be able to fix significantly more COr. This means that the

photosynthetic efficiency is higher in the leafless tyPes than the leafed

type and that linitations to dry weight production would resulÈ from the

high diffusive resistances imposed by the Èendrils. These results agree

wíÈh those of Harvey (L972) and Harvey and Goodwin (1978) who found

signifícant differences on a dry weíght basis in an in vívo assay of CO,

phot,oassimilat.ion usíng an infrared gas analyser, the leafless in thís case

being less effective.

Data for the intercellular space índex indicaËes lor¿er free

space r,¡ithin the tendrils than the leafleÈs. A decrease in íntercellular

space would result in hígher CO, resistances rnaking carbon dioxide more

limitíng. Since carbon dioxide ís a major factor ín dry matter accumulatíon,

the end result would be lower dry matter accumulatíon which is consístent

r.rith Èhe lor¿er dry matter producÈion in leafless Peas.

The l-ower levels of chlorophyll ín the leafless phenotype would

not presenf, any limitaÈions. The fact that on a chlorophyll basis (faUte t)

the leafless phenotype was more effective ín fixing CO, indicates that

enough chlorophyll is present. VJork by Highkín eË al. (1969) showed that

a pea mutant deficient in chlorophyll üIas at least double that of the

normal in terms of efficiency of CO, fixaËion. The chlorophyll A to

chlorophyll B ratio deviated greaÈly (appendix I) , from the

earlier reported value of 3:1 (Snillie and Krotkov 1961)

In aL1 three cul-tivars, the leafless phenotype shor'¡ed the
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highesÈ percent proËein per gram dry weÍghË based on a Kjeldahl digestion.

!ühen soluble protein was determíned according to Bradfordrs method,

the leafless phenotypes showed Ëhe l-owesË amounË of the protein (Table 3).

The differences may be due to the higher efficiency of the leafless

phenoËype to convert assímilates ínto insoluble prot.ein. The drastic

changes Ín cell types going from leaflets to tendríls could have serious

irnplications on the levels and acÈivity of the nitrate reductase in Ëhe

root.s.

The significantly hígher fresh weíght/dry weight ratÍo in the

leafless phenotype in all three cultivars also has important implications

(Table 4). This suggests greaËer llater holding capacity by the leafless

plant. This could explain the observation of sirnilar rates of transpiratíon

between the leafless and leafed Èype due Èo a hígher Proportion of r^Iater

in the tissue of the leafless plant. From our observations in closed

containers, the soil of the leafless Ëype díd not dry as quickly suggesting

a lower transpíraËion rate by Ëhe plant. It is important Ëo note that

on a r¿hole plant basís, the tot.al leaf area in the leafless phenotype is

less than a leafed one, makÍng Èhe evaporatÍve surface lower in the leafless

type.

In the CO, compensation experiments, the difference in senescence

pattern under varying conditions indícates that the leafless phenotyPe can

possíbly vrithsËand more adverse conditions. A probable cause ís the

difference in the cell type of a leaflet compared to a Ëendril. A najor

consequence of change in morphology would be changes in the actíon of

cert,ain hormones. Since the morphology of the tendril ís similar in many

respects Ëo a petiole, it ís likely thaÈ ín a leaf type, Èhe leaflets will

senesce before the petiole.

The choice of a suitable parent Ís an ímporËant factor in a
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breeding program. Based on our results, major differences exist
-:-¡

"'' beË\^7een cultivars in terms of protein content , COZ fixation and chlorophyll

content. There ís great poËentíal for this new model and research is

required to more ful1y understand these phenotypes.
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A Conparatíve SËudy of Conventional, Leafless and Serni-Leafless phenoÈypes

of Pisum sativum L. Effects on yield components'

ABSTRACT

Isogenic lines of two field pea cultivars, Century and Trapper

dif fering in the leaf less (af af sÈsË), semi-leaf less (af af$) and reduced

sËipules only (++stst) loci were studíed for effects on yield components.

There were no signífícant differences between yield components

of the normal and semí-leafless phenoËypes of Century. The leafless

phenotype of CenËury had a sígníficanÈly lower number of reproductive

nodes, feqrer seeds per plant, fewer pods per planË but a sígnificantly

longer pod and higher number of seeds per pod than Èhe leafed counterPart.

The phenotype of Century with only reduced stipules had a significantly

higher number of pods per node. The serni-leafless phenotype of Trapper

had a sígnificantly lower nr,¡nber of reproducËive nodes, fewer pods per node,

fer¿er seeds per plant, fewer pods per plant' a reduced Ëotal seed weíght

per plant and reduced branching. The length of the last petíole was

signifícantly longer in the leafless and semi-leafless types of Century

and the semi-leafless type of Trapper. Sígníficant posiËive correlation

coefficíents occurred between the length of the Past petiole and certain

yield components.

INTRODUCTION

Snoad et, al. (L976) in describing the fruitíng characteristics

of orre normal and three foliar recessíve mutants of P. sativum shor¿ed

that indíviduaL1y the recessive genes had líttle effect upon yield but

that in combination the two genes reduced yield significantly. Sinil-ar

results were obt,ained by Harvey (1978) and Harvey and Goodwin (1978).

Hedley and Ambrose (1979) studied the effects of shading on the

yield components of six leafless genotyPes. The similarity beËween
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gro\¡rth-curves and yield characteristies of Èhe unshaded and 30 per cenÈ

shade t.reatment strongly índicated that there r^ras no source limitation

to Ëhe yield of the t'leafless" p." phenotypes at normal spring and early

srunmer light intensítíes.

In this study, Èhe yield components of isogenic lines of field

peas possessing different foliar genotypes, normal leafed (.{-#), semi-

leaf less (afaf#), leaf less (af af stst) and one where Èhe stipules are

reduced (++stst) \¡rere compared.

MATERIALS AND METHODS

The study was conducted at the Agrículture Canada Research

Station in Morden, Manitoba, Canada during the summer ot 1979. Isogenic

línes of the cultivars Century and Trapper hrere measured for thirteen

parameters affecting yield. The leafed type of Tara, a high yielding

cultivar rvas also studied.

The CenËury lines studied consisted of one normal culËivar,

fífteen semi-leafless, one leafless and two where the stipules only are

reduced. The Trapper line,' íncluded a normal type and fifteen semi-leafless,

Ihe lines were gror,vn in single row plots five meters long. All

lines were replícated tr¡íce in a randomized complete block design. Ten

random planÈs (five Ín each of two replicates) r¡ere examined in each líne.

Measurements were made approximately three weeks prior to harvest. The

folJ"owíng variables were studied: number of reproductive nodes, number of

pods per node, number of seeds per pod, number of seeds per plant, total

seed weight per plant, individual seed weight, number of basal shooÈs,

number of pods per basal shoot, length of pods, díameter of seed, length

of last petiole, number of pods per plant and number of branches resulting

from Ëhe development of axillary buds.
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RESULTS

The statistical analysis was performed using a compuËer

Program developed by Susan R. Beal and S.G. Carmer of the DeparËment of

Agronomy, university of rllinois. The program, Analysis of variance of

Multj.-Factor ExperimenÈs handles analysis of varíance for a randomized

complete block design wiËh subsampling and single degree of freedorn

comparisons for treatment, main effects.

The means of each character for each foliar phenotype wíthin

each culËivar are included in table I along wíth Èheir respecËíve level

of significance.

The semi-leafless (afaf+) conditíon ín the cultivar Century

did not affect any of the yield componenÈs. The dry weight of seed

produced was símílar in Èhe leafed and serni-leafed types. The leafless

(afafstst) phenotype produced signifícanÈly less reproductive nodes and

fert'er seeds per plant but sígnificantly larger pods and more seeds per pod.

The seed weight per planË was reduced by 56%. The overall number of pods

per plant r"ras sígnif icantly reduced. I,Ie noted hor¿ever that Èhe uníf ormiËv

in seed size and maturity was very obvious and the pods thenselves were

more resísËant to shattering. In the phenotype wíth only reduced sÈipule

(#stst) the average number of pods were significantly hígher aË each nod.e

buË there hlas no signíficant difference for fínal seed weight, although

the seed weight per plant Ëended to be slightly lower. rn the case of

the cultívar Trapper, the semi-leafless (afat{+) condition was characterized

by a signífícantry lov¡er number of reproductive nodes, fewer pods per

node, fewer seeds per plant, lower seed weÍght and less branchíng.

The Length of the last petiole was also recorded for each planÈ

examined. lJe earlier observed that certain leafless and semi-leafless

plants were able to produce a long petíole resulting in larger tendríls.
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TABLE l-. Mean of characters affecÈfng yfel-d for three cultlvars and theLr respective phenotyPes.

Character

Reproductive Nodes

Pods/node

Seeds/pod

Seeds/pl-ant

Seed weight/plant (e)

Indivldrial- seed welght (ne)

Basal shoots

Pods/basal shoot

Length of pods (rmn)

Diameter of seed (nmr)

Length of last petiole (cm)

Pods/plant

Branches/plant

CENTURY

.|-ffi
(conv. )
5. 00

L.73

4.93

43.20

9.85

0.226

0. 10

0.00

5r.96

6.7L

3.51

9.00

0. 60

afaf#
(s-L)
6.10

1. 63

4.34

42.00

9.26

0.22I
0.03

0.10

5L.T2

6. s3

5.19**

9. 81

0. 61

**

CUTLIVAR

Signíficant at p = .01

Signifícant,atp=.05
Sígnifícant or non sígnificance were determined from the F raËío of single degree of freedom comparison
between the normal phenotype and the other phenotypes Ëaken singly wíthín each cultivar. All characters
in the foliar phenotype other Èhan the l-eafed one r¿íth no asterisk are considered non sígnificant.

PHENOTYPES

afafs Ës t
(l,t ¡
2.30

1. 5s

5.87**
26.30*

4.34**
0.225

o.20

0.00

58. 60

6.97

6.90**
4.90*
0.00

#stst
(red. sÈip.)

4.40

2.24**

4.67

34.65

8.25

0.249

0.10

0.60

53. 70

6.81

4 .18

8.55

1.00

TRAPPER

{.#
( con. )
9.60

2.30

4.77

80.00

L2.L6

0.l_46

0. 00

0.00

50.01

5.85

3.31

18. 30

1.90

TARA

afaf#
(s-L)
6. 55

1. 67 **
4 .88

56.42x*

8.69*
0.155

0.03

0.L44

51. 01

5.96

4.98**

11.16*rk

0.54**

#
( conv. )

9.20

L.49

5.16

80.40

16.18

0. 198

0.20

0. 50

53.L7

6.36

3. B6

14. B0

0.60

(,(,
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An increase ín length causes an increase in girth resulting ín a higher

l-eaf area. Correlation coefficients relatíng length of l-asÈ petíole to

yield components \¡rere calculated for each leafless and semi-leafless

phenotype within each cultivar. rn the cultívar century, Èhere were

significant positÍve correlation coefficients ín the semi-leafless pheno-

type between length of last pet,iole and number of reproductive nodes

(r = .21), seeds per plant (r = .24), índivídual seed weight (r = .19),

length of pod (r = .26), pods per plant (r = .20), axillary development

(r = .28), and seed weight per plant (r = .29). There hrere no significant
correlatíon coeffícienËs in the leafless phenotype of century. rn the

cultívar Trapper, the semi-leafless phenotype showed significant positive

correlations for seeds per pod (r = .19), indívidual seed weight (r = .23),

lengÊh of pod (r = .37) and length of last petlole.

We assume in Ëhe course of this study thaÈ any change in environment

¡¿ould affect all phenotypes within a cultÍvar similarly as a result of its
isogenic nature.

DISCUSSION

Ïhe data clearly shov¡ that l-ines can be developed with reduced

leaf area (afat{+) which mainÈain comparable yíelds with the leafed types.

An extensíve reducËion in Ëhe leaf area (afafstst) however is not compensaËed

for by the tendrils only and a 56"/" reduction ín yierd occurred. The

Ëendrils offer many advantagesr e.g., better light penetratíon, smaller

boundary layer, better air movement wÍthin the canopy but the resistance
t'o co, wiÈhin the tendrí1-s irnposes límits on the potential of the leafless
planË (Appendíx I).

The genotypic background ís also of considerabre importance.

The semÍ-1eafless phenotype ín the cultívar century shows no differences

for yíe1d and yíeld components when compared to Ëhe leafed type. However
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in the cultivar Trapper, the semi-leafless phenotype showed sígnificant

differences for some of the yield components (Table 1). Prevíous data

indicate a reduction in the number of seeds per pod for the leafless

phenotype (Harvey L978; Harvey and Goodwin 1978) whíle our data showed

the opposíte. An efficient breeding program involving production of Ëhe

leafLess types requires the incorporation of the foliar mutations into

as many backgrounds as possible.

The significant correlation coefficient relating length of lasË

petiole Ëo yield components indicates geneÈic variability for selecting

hÍghl-y productive plants. It can be argued however that the volume of

the tendril and petiole will increase faster than Èhe surface area.

This indicates thaË a larger volume may be increasíng intercellular spaces

favoring bett,er CO, diffusíon r¿ithin the tendril and/or more photosynthetic

machinery.

The t¡¿o most important characters contributing to total seed

yield are the number of reproductive nodes produced and/or the number of

branches thaË develop on Ëhe plant. The two cultivars Tara and rrapper

whÍch show high yields both produce a hígh nurnber of reprductive nodes

and/or high nuruber of branches. Paudey and Gritton (1975) found rhat

plant height was often posiËively correlaËed Ì^riËh pods per plant, seeds

per plant and yield per plant. plant height is the result of the

number of nodes x length of internode. A plant that can produce many

fruiting nodes is exhíbiting potentíal for greater seed yíeld. The

yield depression in the semi-Leafless type of the cultívar Trapper is
due to a lor¡er number of reproduct.ive nodes and smaller number of
branches produced.

Further research wÍth thís ner^r crop model ís justifiabl_e. The

semí-leafless phenotypes (afaf#) have yielding potenËíal. The choíce of
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a suitable parent ís very difficult because of the varied effects of the

foliar mutanËs in different genotypíc background. I,üith regard to the

leafless (afafstst) type, reduction ín the leaf area is too drastic and

greaËly depresses yield. I,Ie noticed however ÈhaË the uniformíty of

maturity and seed size in the leafless Èype may have merit for Ëhe viníng

pea industry.
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A Comparat.ive SËudy of Coriventíonal , LeaflessÊbnd Seuii-Leafless

Phenotypes of Pisum seliyqq L. Effects on root and shoot

characteristics of young seedlíngs. .

ABSTRACT J ':

Two recessives muËaËions affecting l-eaf murphoLory ín Písum

sativum were studied for effects on earLy root and shoot characteris-

tics in ten day old seedlings. The Ûafrr muËatíon converts leaflets . .'1,'.:. ,'.:

to tendrils and ttsttr changes the stipules to a vestigial sËructure ,.-,i...-,
.t",,'.t,,'

Four ísogenic lines Freezer, Canner, Century and Trapper were examíned.

The root and shoot characËers in Ëhe semi-leafLess (afaf#) and leaf-

Less (afafstst) phenotypes in all four isogeníc Lines were either

simiLar or greaËer in magnitude than the l-eafed tyPes except in the

Canner líne where shoot weight in the semi-leafless (afaffl--) and

reduced stípuLe (#stsÈ) phenotypes were significanËly lower Ëhan the

leafed (#) type. The Latter phenotype in Canner also exhibiËed

a sÍgnificantly shorÈer rooË length to Last lateral and shorËer main

shoot Lhan the leafed one. The Leafless phenotype (afafstst) in the 
,. .,:,,:

Freezer lÍne was greater in all characters except for the length of 
,, ..: ,

the Longest lateraL root. The Century Line exhibited significantly : : i "l

hígher values for aLl characters in the semi-leafless (afafJ-l) and

leafless (afafstst) phenotypes. EËÍolated plants of Ëhe semí-leafless

(afafJ+) and leafless (afafstst) phenotypes of Century vtere greater - ,'::.:-t.:. -:.:-:,

in values of alL eharacters except for length of main rooË. This

suggests higher groiÂ7th rates in the leafless and semi-Leafless

phenotypes resulting from changes in hormonal- balance. Therefore,
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the leafless and semi-leafless pl-ants wouLd benefit greatly at the

onset of croP esËablísfunent.

INTR.ODUCTION

The early estabLíshmenË of a crop is an important consideration

in the development of new cultivars. Snoad and Arthut (1974) studied

the genetics of seed size and Ëhe ínitial- sËages of plant devel-opment

in peas. They found polygenic controL for al-1 characËers examined with

addiËive gene action for seed weight and dominance being ímportant for

seedling characters. Contin and Lf,arx (1974) scudied the resÍstance to

uprooting in peas. They found Ëhat iË !ìIas a heritable characteristic

influenced by root thickness and branching. The use of mutagens in

peas resulted in the productÍon of many mutants of variable root

type (Zobe1-, L974).

Alí-Khan and Snoad (I977) sËudied the variabiLity and heríËability

of seven root and shoot characteristics of seedlings ín a large number

of genotypes. Heritability values exceeding 507. were estimated for

LaËeral root number, shoot length and root and shoot weight. Al-i-Khan

et aL (Lg77) studied the effect of teûPerature at 13oC, 16oC and 19oC

on shoot and root characters in seedLing peas. Growth resPonses

deterrnined 9 days after sowing were found Ëo be Linear in reLaEion Ëo

temperature. Such responses, hcmever, did not bear a LÍnear relation

to accumuLated heat units.

The purpose of this study rüas to examÍne the effects of foliar

mutations on root and shoot characteristÍcs in four isogenic l-ines.
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MATERTALS AND },IETHODS

Seed from the seventh backcross of near isogenic l-ines of two

viníng pea cuLtivars Freezer and Canner were obtained from Dr. G.A.

Marx, New York Agrícultural station, Geneva, New York L4456, U.S.A.

(Marx, 1974). Seed from two fíeld pea isogenic Lines, Century and

Trapper, each wÍth four backcrosses were obt,ained from Dr. S.T.

Ali-Ktran of the Morden Agriculture Research Statíon, P.O. Box 3001-,

Morden, Canada ROG 1J0.

singl_e plants lrere grolvn in c1-ay poËs 13 cm ín diameter wíth a

L:t:1 mixture of peat, sand and soil-. They were culÈured in a grcruËh

room wíËh 18 hours daylighÈ, a d,aylníght ternpeïature of 22o/L7oC

and a consËant reLative hunidity of. 50%. Soil- Ëemperatures varied

from 19oC to 2LoC and a líght íntensity of 2I.5 KLux.

In each of the isogenic lÍnes Fteezet and Canner, four foliar

phenotypes l^rere examined; Leafed (J#), semi-leafless (afaflt)'

leafLess (afafstst) and one with reduced stípules (iFstst). In the

Ísogenic field pea lines Century and Trapper, three foliar phenoËyPes

were examined; Leafed (#++), semi-Leafless (afafl-f), leafless (afaf

stst). Seven seeds for each fol-iar phenotype within each úsogenic

Line were weighed, sor^nn, and grovJn for t0 days afËer which the

pl.anËs were removed from the pots and the fol1-owing characËers

measured (FÍgure L); 1-ength of main root, length to last lateral root'

nu¡nber of primary roots, length of longest lateral , length of''måin

shoot, fresh weíght of root, fresh weight of shoot. This !üas rePeated

for three consecutive times and served as ühree replicaÈes. The

pLanËs were dívided ín a completeLy randomized arrangemenË in the

groloth room.
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cotyledons
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last
lateral

seedlings measured lO days after sowing.
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The same characters were measured for etiolated Plants of the

isogeníc line Century. They were grown at a constanË temPerature of

2OoC in the dark for a period of 10 days. The dry weighËs of the

roots and shoots were also recorded. Thís was repeated twice and

served as our two rePlicates.

The statístícal analysis was carried out using a two way analysis

of varÍance for a randomized conplete block design vJiÈh single degree

of freedom comparisons for treatment main effects. Each replicatíon

lras treat,ed as a block. the single degree of freedom comparison

involved pair wise comparison between the leafed type and the other

folÍar phenotypes within each ísogenic line.

REST]LTS

The mean value of eight seed, root and shoot characters for

dífferenË foliar phenoËypes wíthin the four isogenic 1ínes Freezer,

Canner, Century and Trappet ate incLuded in Tables L and 2 along with

Ëheir Level of significance.

The data for the ísogenic líne Freezer (labLe L) indícate thaË

the serni-Leafless phenotype (afaf-l-+) had a significantLy higher foot

lengËh Ëo Last laËeral, a longer main shoot and a Latger shoot weight.

The leafless (afafstst) phenotype showed a significantLy greater

length of main root, Length to l-ast lateral, number of primary roots'

Longer maín shoot and root weights. The phenotype with only reduced

stipules (**stst) showed no significant differences with the leaf

type for the characters studied.

In the ísogenic line Canner, the semí-leafless

had only a significantly reduced shoot weight. The

phenotype had a sígnifÍcantly trronger main root and

(afaf#) phenotype

leafless (afafstsË)

the pheno!IPe,^afft"-.*

,1t"--''
fl

C1Ë &'rÁ.f{i['#å:Â

(¡*¡l¡.nr$å



Table 1. Mean of eight seed, root
Freezer and Canner grohtn

Character

Weight of 7 seeds(g)

Length of Main Root (mn)

Length to Last Lateral (run)

Nunber of Primary Roots

Length of Longest Lateral (run)

Length of Main Shoot (nm)

Weight of Root (mg)

Weight of Shoot (ng)

and shoot characters.
for l0 days at 20oC r

tn

++++

four foliar phenotypes of two isogenic 1ínes,

1.758

L29

62

28

65

62

**Significant at p=.01.
f Significant at p=.05.
i Each figure represents rnean of fifteen plants
' Atty character of the foliar phenotypes within an isogenic

asterisk is significantly different with the leafed tYPe,
significant.

FREEZER

afaf**9

1 .688

r42

69*

30

66

75+'*

s28

427**

afafstst

CULTIVAR

L.676

148*

69*

31*

69

72* t'

573*

391 *

462

339

++stst

Genotype

T.6L2

IT7

60

28

64

60

451

332

++++

t.729

111

58

29

52

6l

CANNER

afaf++

L.736

LL7

56

28

49

59

444

355 *

afafstst

I .684

746*

61

30

52

506

42r

line narked with an
otherwise it if not

++s tst

1.551

101

46r,

24

44

55*

430

327* t

61

539

369

.r\
(¡ì



Table 2. Mean of
isogenic

eight seed, root
lines, Century

CHARACTER

and shoot characters
and Trapper grown for

Weight

Length

Length

Nu¡nber

Length

Length

Weight

Weight

7 seeds (e)

of Main Root (trun)

to Last Lateral (ntn)

of Primary Roots

of Longest Lateral (mm)

of Main Shoot (nun)

of Root (mg)

of Shoot (mg)

in three foliar
10 days at 20oC

++++

CULTIVAR

1.74s

106

49

22

47

77

47r

3r7

CENTURY

phenotypes of two
f

**Significant
*Significant
liEach figure
sSee footnote

afaf++ 5

r.664

183**

g3**

41**

64r'*

119**

626**

546 **

at P=.91
at P=.95
represents mean of 15 plants
in Table I

afafstst

GENOTYPE

I.737

151* *

79* *

44**

67**

1 15**

680**

640* *

++++

1.035

B8

50

25

55

70

300

242

TRAPPER

afaf++

r.202

I 15*

51

24

47

85

338

315

afafstst

0.586

98

50

2L

49

66

2L9

2r2

Þs'

:,
..'':

' 
.,)

.:.:

,:9

.'':
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reduced sËipules (l*stsË) was signifícantly l-ower in lengÈh Ëo last

lateral, hd a shorter rnain shooË and lower shooË weíght.

' In Ëhe isogenic line cenEury (Table 2), the semi-leafless' (ar.af.

fl-) and leafless (afafstsË) phenotyPes \i¡ere significantly higher in

values for all characters examined except seed weÍght.

In the case of Trapper (Table 2), the semi-Leaf less (afaffi)

phenotype had only a Longer main root. The leafless PhenoËype showed

a significantly smaller seed size with al-l other characters not

signí ficantly dif ferenË.

t'lhen the Century foliar phenotypes \¿üere gror,{n in compl-ete darkness

(Table 3), the semí-1eafLess phenoËype showed hígher sÍgnificant

values for all characters except for length of first internode, Length

of main rooË and Length of shoot. The l-eafless (afafstst) phenotype

showed significantly greaËer differences for aL1 characteristícs

examined except for length of fÍrsË internode and l-ength of main root.

DISCUSSION

The effects of the semi-Leafless (afaff+), leafless (afafstst)

and reduced stipuLe (#stst) condition on early rooË and shoot ct¡arac-

teristics were studied in four isogenic lines of peas. Since the

photo-assimilaËion potential is higher in the ttleaflesstr mutanËs when

measured on an area basis (Harvey and Goodwín, 1978) but lower on a

dry weight basís (Hanrey, 1972), we vranted to see whether or not we could

deËect difÉerences in earl-y root and shoot characteristics 10 days

af ter sovring.

In aLL four ísogenic lines studÍed, the characteristics were

sínilar or greaËer in magnítude for the semi-leafless and Leafless



Table 3. Mean of
of the

ten root and
isogenic line,

':..). :.1',.-

shoot characters of etiolated
Century grown for 10 days at

Character

Length first internode (mn)

Length of Main Root (nm)

I.ength to last lateral (trun)

Number of Primary Roots

Length of Longest Lateral (trun)

Length of Shoot (nn)

Weight of Root (mg)

Weight of Shoot (me)

Dry Weight of Root (mg)

Dry Weight of Shoot (mg)

plants for three foliar phenotypes
rno¡T

CULTIVAR

++++

CENTURY

58

147

48

T7

29

175

199

547

79

33

Genotype

**,* Significant at P=.01 and P=.03
tEach figure represents mean of 10 plants
SSee footnote of Table 1.

afaf++5

61

179

76* *

32**

66**

219

433**

854 *

175**

50**

jì

.;.

:i'

';::

tr

t

,:,.

:a'

,)l

,:.
1,.

afafstst

55

173

78**

37* *

62**

239*

416**

994**

170**

62**

s
o\
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phenotypes except for the Canner isogeníc Líne:.where the weight of

Ëhe shooË was lower for the semi-l-eafless (afaf#) and reduced

stipuLe (.|-FsËst) phenotypes. The latËer phenotyPe (#sËst) al-so

showed a sÍgnificanËly shorter length to last lateral and a shorter

main shoot (Tab1e 1). The isogenic line Freezer with its leafless

phenctype (Table 1) demonstrated higher values for all characËers

studied except for length of longest lat,eral-. The Ísogenic line

Century exhibited hígher significant values for aL1 characters in the

seiní-l-eafless (afaftf') and leafless (afafstst) phenoÉype. On the

other hand, the semi-leafless phenotype in Trapper demonstraËed only

one significantLy different characËerisËic, a longer main root, We

can then argue for the CenËury foliar phenotyPes that a gro!úËh analysís

study night reveal dífferences either for growth rate or fínal dry

maËËer accumuLated differing with the earl-ier resul-ts of Harvey and

Goodwin (1978) who shorved thaË Ëhe growth rates were simil-ar beËween

the Leafed and Leafless phenotype.

As a resuLt of vigorous seedl-ings Produced by the l-eafless and

semi-Leaf1ess forms of CenËury¡ ân experiment vJas conducted in com-

pLete darkness. The same tren<is (Table 3) were obËained as when the

pLants vüere grovsn in Èhe f.ight (Table 2) except for the lengËh of

main root which was similar for aLl phenotyPes. This suggests higher

grohrth raËes in the Leafl-ess and semi-leafless plants increasing

overall growËh. This, however, is differenË Èhan the earlier

observations by Harvey and GoodwÍn (1978) who had found simiLar dark

respiraËion rates between the Leafless and Leafed phenotypes. The

l-eaves also represent Ímportant siËes for hormone synthesis and the

replacement of leaflets by tendrils may be causing a hormonal imbalance
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resulting in increased growËh and respiraËion as indicated by sÍmil-ar

root- Lengths in the etiolated pLants as oPPosed Ëo longer máin rooËs

in the leafless and semi-leafless PhenotyPes grorrn in the light.

AuxÍns inhibit growth in pea rooËs and etiolaËed planËs have higher

Levels of auxins in the shoots (McComb, 1977).

These daËa clearly indicate thaË the background genoËype greatLy

ínfluences the performance of the leafless and semi-leafless pheno-

types sËressing the need for eval-uatíon into more genotypic back-

grounds for a successful breeding Program. These Present findings

indicate the advantages some semÍ-Leafless and leafless p1-ants would

gain at Ëhe onset of crop establishmenË in terms of root penetraÈion,

water avaÍlabiLity and compeËítíon.
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GENERAL DISCUSSION

In the hope of dístinguishing distinct/predictable effects of the foliar

mutations on the physíology of the pea plant, it was found that the effecËs

depended on the genotypic background into which the foliar mutatíons r^rere

incorporated. This r¿as clearly indícated in three sets of experimenËs carried

out during this study.

The first question investigated dealt with the 1ower yield and lower

dry matter accumulatíon of the leaflcss plants. AlÈhough in vivo CO, Photo-

assímilation measurements per unit Leaf.IeL/tendril area \¡Iere similar (Harvey

1972), the rates were signíficantly lower for Ëendrils than leafleËs per unit

dry weíghË(Harvey 1972>. It was postulaÈed that the foliar mutations rníght be

affectíng some aspect of the photosynthetic machinery. Measurements by Harvey

-) -1(L972) on transpiratíon rates (change RH cm - sec -) indicated that the tendrils

t.ranspired at the same rate as the leaflets which rules ouÈ hígher CO, stomatal

resisÈance.

Measurement of Ëhe activÍty of the principal carboxylation enzyme,

ríbulose bi-phosphate carboxylase along with other physiological parameters

revealed no sígnificant difference between the tendrils and leaflets(Appendíx I)

for the in vítro assay of RuBP carboxylase. This indicates that the photo-

synthetic machinery is not affecËed and that the lirniting factor rnight be

the inabilíty of CO, to diffuse wíthin the tendríls. Diffusíon of CO, decreases

substantially when it goes from a gaseous to liquid sËate. A measure of the

intercellular space index (Appendíx I) revealed that intercellular space in

the Èendrils was less Ëhan in the leaflets in two seÈs of isogenic línes.

A close examination of the anatomy of the Ëendril shows an epidermis of

collenchyrna Èype ce1ls with thíckened outer and inner tangential walls and

thinner radial r¿al1s. Under Èhe epidermis the normal ground tissue has very

little intercellular space tyPical of pith, cortex and parenchyma and
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characteristic of míd-rib ground Ëissue. The chloroplasËs are concentrated

sub-epidermally ín three or four cel1 layers encompassíng the entíre circum-

ference of the tendril. There is a marked reducËion in chloroplasÈs in the

rûore central ground tíssue. There are three distinct vascular bundles, proto-

xylem elements with spiral thíckeníngs and phloem elements. In terms of ínert

tissue, leaflets would appear to have just as much or more than tendrils.

The cylindrical structure of the tendril probably p1-ays an ímportant

role. The boundary layer is smaller and heat dissipaÈion through evaporation

is probably more efficient. Heat loss through convection although not measured

ís possibly significant. The surface to volu:ne ratio in tendrils is lower

than ín leaflets and the higher r¡rater content in the tendríl allor,¡s more heat

to be absorbed. The energy balances would than be different ín tendríls than r..

leaflets. More daËa is required before it can be stated.that similar transpiration

rates occur ín leaflets and tendríls.

Harvey and Goodwin (1978) ueasurin9 CO, photoassimílatíon in tendrils

and leafleËs of near isogeníc lines found on a unit area that tendrils r¿ere

more efficíent than leaflets. They discussed the problem of measuríng the

photosynthetically active surface area of tendrils. Since tendrils approximate

a eylinder, they corrected their leaf area measurements with rl2. therefor the

higher values obtained by Harvey and Goodwin (1978) could result from:

1- the tendril capturing incident líght on more than

4 of the surface area as compared to the leaflet.

2- t}:.e lower surface to volume raÈio of the tendril makes

more photosynthetic machinery avaílable per unít area.

The 1or¿er CO, lhotoassirnilation values peï gram dry weight obtained by

Harvey (Lg72) would result from a higher CO, "mesophyll" resistance in the

tendrils and the lower yíeld of peas (Harvey,L978; snoad er al, 1976) from
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less avaílable phoËosynthetic area in the leafless pl-anËs.

Given this information, the plant breeder could select plants wíth

increased tendril area. trle have obtained signifícant corelaËion coefficients

between lenght of last petiole and some yield components. This was discussed

in the section dealíng wíÈh effects on yield components. Another means of

íncreasing yield woul-d be to increase leaf area index through íncrease in

number of plants per unít area. Very little information exists on Ëhe effecËs

of varying plant densities in Èhe leafless peas.

The study of yíeld and characteristics affecting yield revealed that

the background genoÈype greatly influenced the yielding performance of the

foliar phenotypes. The semi-leafless phenotype showed the greatesË promise

since the presence of normal stipules would maintain a hígher leaf area than

Ín the leafless phenotypes thereby compansating for the reducËíon in leaflet

area. I^Iith the semi-leafless phenotype you still have all Ëhe advantages of

the tendrils. Our daËa showed Èhat some semí-leafless lines of the cultivar

CenËury (Appendix II) could outyield the leafed línes, while the semi-leafless

lines of Trapper \¡¡eïe on the aveïage inferior to the leafed type. trrle recommend

extensive tesËing of these folíar mutatíons into as many background genotypes

as possible.

Interestíng results vrere obtained for root and shoot characteristics

of young seedlíngs (Appendíx IV). In al-l four isogenic l-ines, -most characteristics

of the foliar muËants examined were similar or greater than theír leafed

counterpart. The differences in root weight and root lenght for the leafl-ess

and semi-leafless phenotypes of Century $rere very high comparedr'to the leafed

type. One possíble reason discussed earlier r^ras a hígher lrowËh rate

accountíng for the greater root weíght. Measurements on etíolated plants of

Century leafless and semi-leafless plants also showed hígher shoot and root
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weights. The fact. that root lenghts were similar ín the Century lines when

grolrn in the dark as compared Ëo longer roots when grornm in the presence of

light would possibly involve a planË hormone expl-aíning the differences in root

lenghts. The reason for a higher respíration rate remains to be elucídated.

Although Harvey and Goodwin (1978) reported símílar dark respiration rates

betr¿een leaflets and tendrils, Ëhey were examiníng dífferent pea genotypes.

It ís also possible that the energy requirements for producing leaflets and

tendrils díffer. It may be that less energy ís spent in producing tendrils

as compared to leaflets. No unfolding is required and as soon as the tendrils

are exposed to light they nay become operative, being able to export

assimílaËes and gror,r at the same Èime.

In order to conclude this study, Iwould like to díscuss a fe¡¡ future

research topics r,rith this ner¡ model:

1- GrowËh analysis study

The ínfluence of the genotypic background ûrarrants Èhe need to study

leafless and serni-leafless phenotypes into promísíng genotypes like

Century and examine their growth characterísËics more closely.

2- Respiration study

The hígher respiration rate expressed by etíolated leafless and semí-

leafless plants for hígher root and shoot weíghts warrants the neéd for

a closer examinati-on of the facËors responsíble for Ëhe higher respi-

raËion rate if such is the case.

3- Foliar applícatíons of Auxins on Leafless and Semi-Lea_fless plants

This idea comes from an experíment r¿e díd to see wheËher or not qre

could rseverse the tendrils back to a l-eaflet through folíar application

alpha-naphÈa1ene acetíc acíd and gibbereliic acid.These hormones may be

invol-ved in the differentiation pathr^ray. I.Ie sprayed leafed, leafless

and semi-leafless planËs wíth no apparent change ín morphology. I{e did
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notice however that Èhere seemed to be a étimulatory effecÈ observed in

the leafless plants when sprayed with alpha-NAA. The plants hTere larger and

seemed to be able Ëo produce more reproductive nodes. I^IheËher or not beneficial

effects could be obtained through folíar applications of alpha-NAA remains

to be investígated.
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APPENDIX TABLE I. Data for a1-1 physíological variabLes studied in four
iaogeníc lines with Ëheir respective foliar phenotypes.



Freezer

PIant

ChlorophylL A
(me/e f. wt)

ChlorophyLl B
(tele r. wt)

Total Chlorophyll
(:m¡ele f . wt)

ChlorophyLL
A/B Ratio

2.06

AFST

2

Fresh ï{eight
(e)

0.25

Dry I,Ieíght
(e)

2.09

2.3L

Fresh Ï{t/Dry tJt
Ratio

0.25

2.08

8.29

Total ProteÍn
(ne/ e Dry wt)

2.34

0.25

6.28

L.28

afST

2

SoLuble Protein
(nel e dry wt)

8.27

2.33

o.97

0. 11

3.54

MoLes C}Z/tul
mg ûr. wt ,

(xL0-4)

6.44

L.26

8.28

1,.39

230.70

0.55

4.85

0.1L

Mol-es CO"/1nrl
mg Chlorõphyll^

(xto-z¡

1.28

1_1.30

74.O9

6.43

0,97

1 .38

0. 16

4.26

L70.50

3.22

af st
2

4.99

1L.37

L.22

L.39

0.59

66.62

L80.70

0. 20

4.3t

11.05

5. 78

7 .24

3.7L

3.52

46.9r

L.11

2s4.00

4.40

0.58

0.2L

3.7L

16.95s

0.97

4.7 5

73.23

7 .44

0.56

3.91

0. L9

8.60

AFst

2

245.00

7 .L4

3.65

7 .78

r.8. 78

1.0L

3.91

L.29

82.04

249.00

0.34

L9 .08

7 .92

7 .57

7.29

6.67

7.5L

83.02

1.31

L93 .00

L.L4

7.20

o.23

7.67

2L.L5

L,4T

9.45

6.92

82.97

L.2L

0.35

7 .79

4.96

2L2.00

L0. L4

20.55
33.02

7 .55

6.36

0.74

0.77

9L.72

202.00

3.68

I .95

6.45

L00.33

0.76

4,89

0.7 5

2L6.00 18L.00
1_80.00

00. 83

L.L4

2.05

1_41.8s
L03.62

4.90
5.92

2.99

0 .90

1. l_8

96.54

1. 07
L.4T

L.4L
1.90

(-¡l
\o



Canner

Plant

ChlorophylL A
(me/e f. wt)

ChlorophylL B

@e/e f . wt)

TotaL Chlorophyll
(me/e f. wt)

ChLorophyLL
A/B Ratio

AFST

2

2.20

Fresh !{eíght
(e)

0. 20

3.28

Dry !{eight
(e)

2.40

0.31

Fresh Wt/Ory tlt
Ratio

3.34

LL.97

3. s9

o.44

Total Protein
@e/ e dry wt)

L.62

2.93

afST

2

LO.77

Soluble Protein
@ele f. wt)

3.34

0.40

0.07

1. 58

2.72

7.80

MoLes C0r/trrl
mg fr. w-t

(xro-+¡

7.4L

r.69

0.34

0.LL

190. 00

1 .90

1.09

22.49

Moles CO2/hr
mg Chlorophyll

(xlo-2)

L.69

8. L3

47 .05

0.29

0. L0

4. r.0

afr st,

2

r.77

200.00

L9.L7

6.65

L .19

0.40

0. 17

1r.3 .4L

165.00

6.22

2.73

L2.63

10.33

L.94

27,58

0.61

o.L2

207.00

4.86

2.36

l_1_. L1

L0.24

2.86

103.30

0.48

0.20

AF st
2

3.L4

3.51

213 .00

24.74

10.06

2.56

o.43

0.39

2L2.00

-:,

iti

.tt

68.54

3.32

L.570

1r..89

7 .28

3.90

0.3L

54.32

0.2L

2.48

168.00

2 .060

8.90

3.62

L22.30

0.32

7 .60

0.30

4.33

16.55

184.00

2.79

6.87

o.62

r.39 .84

150.00

5. 19

7.98

6.99

0.78

35.02

5.4L

L39.00 L34.00
126.00

6.66

0.82

50.33

6.60

50.28

,ìr

57 .88

o\



uênEury

PLant

Chlorophyll A
(me/e f . wt)

Chlorophyll B
(mg/e f . wt)

Total ChlorophyLL
(urg/e f .wt)

ChlorophyLL
A/B Ratío

5.7L

AE'ST

2

Fresh I{eÍght
(e)

o.25

6.26

Dry f{eight
(e)

5.96

Fresh wt/Dry wt
Ratio

6.67

o.29

22.84

TotaL Protein
(me/e dry wt)

6.55

0.30

6.68

3.23

afST

2

Soluble Protein
(me/e f. wt)

2L.58

6.97

0.940

0.14

22.23

6.L2

I'loles C0rltrrl
mg f. wti

(xto-+1

3 .40

7.Lt

3.37

246.00

0.803

6.49

Moles C}r/hrl
mg Chlorõphyll^

(xto-z¡

3.87

0. L4

23.O7

247.48

7.62

0.8L1_

3.54

0. L6

3.97

273.OO

4.59

af í,st

2

1.91

8.00

24.29

4.03

227.84
2L8.67

0.450

266 .00

0.20

24.L9

2.56

3.31

5.L4

8.82

4.79

1.81

27 6.OO

0.288

4.00

0,21

5.4L

22.95

L.69

2.7 6

LL,49

99.49

0.406

5.3s

0.22

8.88

AFst

2

298.00

2.42

t.48

24.48

9.85

5. 63

L.226

109 .04

305.00

24.59

4.38

7 .83

7.24

L24.31

2.33

225.O0

1.071

7 .55

1.35

3.70

99.04

7.3L

L.010

22L.O0

3.36

L.2L

7.48

228.OO

7L.37

2,60

L.40

78.03

L.49

2.59
2.65



Trapper

Plant

ChlorophyLl- A
(*g/e f. wt)

Chlorophyll B
(re/e f. wt)

Total Chlorophyll
(mg/e f . wt)

ChLorophyLL
A/B Ratio

7 .0L

AFST

2

Fresh I'Ieíght
(e)

0.31

6.69

Dry l{eight
(e)

7 .32

I .09

Fresh tJeight/
Dry t{eight

Ratio

0.28

22.6L

0.39

6.97

6.82

Total Proteín
(ne/ e dry wt)

3.2t

afST

2

23.89

8.48

0. 87

Soluble Proteín
(mgls dry wt)

0. L3

20.74

4.04

5.7L

7 .8L

3.34

Moles C02/tu1
mg f. wt

6.53

0. L4

0.69

2.66

235. 00

24.69

Moles C}z/trt/
mg Chlorõphyll

0.89

8.33

4. L8

0. 1L

80.05

4.96

5.25

af st
2

210.00
263,00

28.85

7,34

'2 ,77

0.53

0.24

24.L8

6.04

70.30

5.40

9.29

s.49

0.68

97.40

4.05

o.23

6.L4

276.OO

2L.87

8. 88

0.43

o.23

5.63

AFst

2

58. L6

7 .64

278.00

23.48

9.35

6.37

1_.06

267.OO

26.70

42.98

6.90

7,20

0.93

9.40

75.L7

262.OO

7 .43

L.3L

73.84

238.00

7.18

231_.00

6L.45
56.15

q\
l.J
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APPENDIX TABLE II. Data for 13 variabLes related to yieLd components
of foLiar phenotypes withín three cuLtivars.



.f
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cultivar
Century

Gen. Llne

AFST

afSt

RN

I
2

3

4

5

6

7

I
9

10

11

T2

13

L4

t5
16

5.00* 1.73

5 .40 t.32

5.10 1.68

5.80 1 .61

6.40 L.44

7.30 1.83

7 .70 1.58

5. ó0 1.68

4.20 1.71

7.70 1.24

6.30 1.82

6.60 1.83

7.10 1.48

5.10 L.72

6.60 1.51

4.60 1.90

2.30 1.55

5.00 1.70

3 .80 2.7I

SPP

4.93 42.20

4.45 31.00

4.60 35.80

4.76 56.60

4.80 49.90

3.51 57.40

5.01 50.30

4.58 47.20

4.2L 26.60

3 .91 32 .20

3.76 47.30

3.73 41.50

4.89 47.40

3.91 28.40

4.62 36.80

4.35 4L.70

5.87 26.30

4.91 33.40

4,44 35.90

SPPL SH"PL (g)

9.85

6.94

8.2L
13.34

L2.47

LL.77

LO.24

11 .25

4.66

6.78

9 .93

9 .06

10. 54

6. 15

8.92

8.69

4.34

7 .68

8.83

afst L7

AFst 18

19

rs:wr (g)

o.226

0.220

o.232
o.234

0.244

0. 210

0 .201

0.245

0.t76
0.210

0.210

o.2L7

0.247

0.218

o.252

o.202

o.225

o.243

0.504

PPBS

0.10 0.00

0.20 1.10

0.00 0.00

0.00 0.00

0.10 0 ¡ 40

0.00 0.00

0.10 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.20 0.00

0. 20 L .20

0.00 0.00

LP (mm)

51 .96

49.87

50 .34

5L.42

5L.22

53.97

54.83

51.65

46.66

45.67

49 .33

51.93

56.78

48.24

55.22

49.59

58.60

53 .40

54 .00

SDIA (uun)

6.7L

6.63

6.63

6. s5

6.80

6.69

6.60

ó.80

6.27

6.54

6.36

6.42

6 .40

6.28

6.66

6.28

6.97

6.58

7 .05

PL (cn) PPPL

3.51

5. 60

5.22

5. 83

5.28

5.8s

5.4r
6.03

4.68

4.52

4.t2
5.23

5.59

5.46

4.92

4.t5

6 .90

4.49

3.86

9.0

7.0

7.9

t2.2
10. 5

L4.3

10. 3

9.8

6.4

8.3

13. I
LL.2

10. I
7.6

8.1

9.7

4.9

8.9

8.2

0.6
0.5

0.9

0.4
0.7

0.9

1.3

0.8

0.1

0.0
0.9

1.t
0.6

0.5

0.3

0.1

0.0

0.4

1.6



!n
\o

t',l

CultÍvar
Trapper

Gen. Line

AFST

afST

RN

2

3

4

5

,6

7

I
9

10

11

T2

13

L4

15

16

17

18

I9

PPN

9 .60

7.70

6.80

6.80

4.90

7 .40

7 .20

5. 50

7 .70

5. r0

8.20

4.50

6.40

7 .60

6.60

7.00

6 .90

4. 50

7 .10

SPP

2.30 4.77

1.80 4.73

1 . 31 4.72

1,56 5.20

L,45 4.63

1.82 4.80

1.58 4.65

1.59 4.62

L.96 5.22

1.59 4.88

2.36 4.87

1.50 4.44

1.56 5.85

L.52 4,6L

1.71 4.99

1.63 5.56

t.47 4.87

1.89 4.86

L.67 5.30

80.00

69.40

40.40

66.60

30.80

59 .40

67 .90

41.20

81 .40

39.20

104. 80

34.80

48 .00

64.60

5s.80

59.70

46.50

44.50

60.60

SLIPPL (s)

L2.L6

I .41

6.L7

9.83

5.27

9.56

L2.04

6.57

12.85

5 .95

L6.27

4.82

7 .94

10. 86

8.8ó

9.09

7 .3L

5.38

9 .15

IS[¡r (e)

0.146

0.139

0. 151

0.150

0. 173

0.159

0. 1.78

0.160

0.154

o.L49

0.160

0. r48

0. 163

0.169

0.157

O. I5I

0. I52

0.132

0.149

PPBS

0.0

0.0

0.0
0.0
0.0

0.0

0.0
o.2

0.0

0.0

o.2

0.0

0.0

0.0

0.0
0.0

0.0

0.1

0.1

LP (rnn)

0.0

0.0

0.0

0.0

0.0
0.0

0.0

1.0

0.0

0.0

0.9

0.0
0.0

0.0

0.0
0.0

0.0
0.4

0.3

50.01

48.69

51.58

56.L2

54.93

5I. 15

50.23

49.39

5L.57

50.53

50 .73

42.65

52.82

51.53

53.24

54.86

52.37

45.90

49.92

SDIA (rm)

5.85

5.83

5 .93

6 .07

5.96

5.54

6 .08

6.20

5.94

5.91

6.05

6.16

6.O2

6.05

5 .89

6 .09

5.91

5.73

5. 87

PL (cm)

3. 31

5.40

4.74

5.00

6.L4

4.76

4.09

5.01

5.09

5.29

4.86

4.11

5.26

5.57

4.98

5.02

5.22
4.24

4.93

PPPL AXDEV

18.3

L4.7

8.6

13 .2

6.7

t2.5
15.0

8.5
15. 5

8.0

22.O

7.6

9.9

L4.5

11.4

10.7

9.7

10.0

11.4

1.9

0.9

o.4

0.6

0.0
L.2

0.4
0.9

0.6

0.0
1.5

0.1

0.3

0.4

0.3

o.2

0.3
0.6

1.0



\o

::: 
.

').:
Cul Èfvar

Tara

Gen. Llne

AFST 1 8.20 L.49 5.16 80.40 16.18

*Each value represents the mean of 10 observatlons.

${PPL (g) IsvJr (g)

0. 198 o.2

I.P (nun) SDIA (nun) PL (cm) pppl.

0.5 53.L7 6.36 3.86 14.80 0.60
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APPENDIX TABLE III. Data for 7. seed protein content for plots wiËhin
each ísogenic 1íne and their respecËive foliar phenotlpes.



67a

Cult.
&

Gen. P]-ot lf I,Ir (g) mg/seed Seed size (nrn) % Prot.

QENTI]RY

AFST

afST

663
685

7L3
666

629
70L

637
673

658
677

707
7L6

644
682

6&9
699

662
695

634
748

703
56L

63L
674

636
675

667
686

635
693

660
683

4.35
4.68

4.33
4.L9

4.42
3.9s

4.73
4.44

4.62
4.85

4.4L
4.5L

4.lo
4.77

5.01
s.11

3.24
4.04

3. 86
4.34

4.48
4.65

3.94
4.62

4.00
4.4L

4.L0
4.09

4.6s
4. 58

3.54
4.38

.2L8

.234

.2L7
,2L0

.22L

.198

.237

.222

.23L

.243

.22L

.226

.205

.239

,25L
.256

.L62

.202

.L93
::2L7

.224

.233

.L97

.23L

.200

.22L

.205

.205

.233

.230

.L77

.2L9

6.73
6 .68

6.70
6.56

6.81
6.45

6.62
6.47

6.75
6.85

6.62
6.76

6.47
6.72

6.73
6.84

5.99
6.55

6.42
6.66

6.28
6.4s

6.29
6.s4

6.32
6.47

6.29
6.27

6,70
6.63

6.L4
6.63

25.4
27.0

25.8
24.4

23.6
2L.4

23.2
2L.8

24.2
25.8

23.8
24.8

23.4
24.8

26.0
24.0

26.0
24.8

28.6
29.2

25.8
27 .4

23.6
24.6

25.6
23.0

23.6
24.8

29.4
25.2

25.6
28.0
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Gult.
&

Gen. Ptot # t{Ë (s) mg/seed Seed size (mn) % Prot.

afst

AFst

ERAPPER

AFST

afST

653
672

656
692

639
688

638
708

648
676

655
67L

641
678

652
669

647
696

630
704

668
680

640
684

66L
670

657
689

665
702

4.98
4.67

3.99
4.54

s.13
5.1-8

.249

.234

.200

.227

.257

.259

6.87
7 .06

6 .38
6.77

7 .01
7 .O9

27 .6
24.O

22.6
25.4

26.0
26.4

2.96
2.62

3.L2
2,83

3. 19
2,78

2,73
3 .36

3.42
2.78

3.47
3.29

3.34
3.55

3.25
3.64

2.97
3.32

2.87
2.99

3.11
3. L0

3.34
3.60

.L48

. t31

.L56

.t42

.l_60

.L40

.L37

.1_68

.L7T

.1_40

.L74

.t65

.L67

.L78

.163

.L82

.L49

.L56

.L44

.L49

.t56

.155

.L67

.I_80

5.89
5.82

5,79
5.88

5.87
5.99

5. 86
6.27

6 .18
5.73

4.9L
6.L6

5.96
6.20

6.01
6.39

5.81
6.06

5.78
6.03

6.29
5.8L

6.L6
6.16

25,8
27 ,O

25.8
24.2

25.6
23.8

25.2
27 .6

27 .2
23.8

28.2
25.2

22.6
22.4

25.8
27.6

26.0
26.2

24.6
24.0

24.4
25.0

27.O
26.2
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Cult.
&

Gen. Plot # wr (s) mg/seed Seed síze (m) % Prot.

TARA

AFST

659
681

632
700

642
706

645
698

654
705

664
69r

650
679

646
687

3.20
2.92

3.20
3.49

2.90
3. 13

2.69
3.56

2.82
3.29

2.74
2.87

3.20
2.80

.160

.L46

.I_60

.L75

.L45

.L57

.L35

. 178

.L4L

.L65

.t37

.L44

.160

.L40

.185

.208

5 .90
6.t4

6.28
5.83

5.75
6.03

5.72
6.47

5. 89
5.92

5.77
5.70

5. 83
5.92

6.37
6.37

26.6
27 .0

27.4
24.4

23.2
22.4

26.2
25.2

25.6
25.2

25.2
25.4

25.2
25.8

25.6
24.2

3.70
4.L6
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AP?ENDIX TABLE IV. Data for earLy rooÈ and shoot characteristícs of
four isogenic l-ines and their respective folíar phenotypes. (411
val-ues represent the mean of five observations.)



|t\

Gen. Shoor !{eigh¡
Freezer RooE of

Retlo 7 seeds
ReP (e)

AF

ST

0. 879

0.737

0.840

af
S1

Length
of

m¡1n root
(m)

1.810

L.765

1. 710

0. 819

0. 820

0. 80r

1. 109

x

120.80

160.80

106. 20

1.758

af
Bt

Length
to

last Lateral
(rm)

t.748
1.655

1.660

0. 910

0.7r4
o.702

0.699

L29.27

x

1.687

67.80

66.40

50. 80

140.60

155.40

L29.20

A8

af

Nu¡nber
of

prinary rooEs

L.664

1 .615

1.750

0. 705

0.770

o.728

1.009

6L.66

r4L.73

x

L.676

69.40

76.20

60.00

143 .60

179 .60

I20.20

32.40

31.40

2t.20

LengËh
of

longest lateral
(m)

1.631

1.630

I .575

0.836

68.53

147.80

28. 33

t.6L2

77 .OO

72.40

57 .40

119 .40

L25.40

107.60

30.60

33.60

24.40

81 .60

73.60

39 .00

LengEh
of

shoot
(nn)

68.90

rL7 .47

29.53

58.40

67.80

54.00

64.73

31.80

35.20

25. 80

Fresh Fresh
welght weight
root shoot
(ne) (ng)

69.20

65.00

5r.60

80.00

74. 00

43,40

60.07

30.93

482.00 400.00

580.00 360.00

324.00 258.00

61 .93

65.80

32 .00

32.00

2r.40

79.80

78.40

68.00

90.20

70.40

46.20

462.00 339.33

28.46

590.00 482.00

692.00 494.00

304.00 306.00

75.40

68.93

78.20

73.60

63.80

74. 00

78. 60

39 .40

528.66 427.33

676.00 472.0O

642.O0 426,00

402.00 276.00

71.86

64.00

65.40 554.00 408.00

61.80 564.00 366.00

53.20 234.00 222.OO

573.33 391.33

60.13 4s0.66 332.00



C\¡
F\

Gen.

Canner

ReP

Shoot
RooE
Ratio

AF
ST
1L

!ùeight
of

7 seeds
(e)

0. 834

0.955

0.870

X

af
ST
TL

Length
of

maln root
(uu¡)

1.718

1.760

1.710

0. 886

0.866

0.979

1. 123

T

L.729

78.60

157.40

97.80

af
6t
TL

LengËh
to

lasÈ lateral
(nn)

t .718

L.770

L.720

0. 989

J

0. 681

0.729

0.924

LLL.26

x

L.736

54.00

73.60

47.40

109 .60

149 .00

93 .40

AF
Et
TL

Nr¡mber
of

primary roots

L.743

L.670

1.640

0.778

0.84s

1.288
0.785

117.33

s8.33

x

L.684

65. 60

62. 80

40.40

L47 .40

L70.40

121.00

32.60

34.20

20.80

L.342

1.610
1.700

o.973

Length
of

longest lateral
(.n)

56.26

L46.26

29.20

1.55r

65.40

73 .00

43.60

111.60

112.80
79.20

32.20

27.80

24.60

70.80

46.40

39.80

Length
of

shoot
(nB)

60.66

101.20

28.20

61.80

47.60
28.00

52.33

36.40

32.20

20.20

72.20

62.00

47.40

Fresh Fresh
weight welghc
root shoot
(me) (me)

77 .60

35 .20

33.80

45. 80

29.60

654.00 546.00

484.00 434.00

380.00 284.00

60.53

48. 86

32.60

22.40
L6.20

68.80

54.20

54.60

80.80

48. 60

25.40

506.00 42I.33

23.73

474.OO 394.00

390.00 350.00

448.00 320.00

59.20

51.60

78.80

ó3.00

4L.40

68.40

38.40
25.80

444.00 354.66

762.00 514.00

544.00 392.00

310.00 200.00

61.06

44.20

61.40

55.40
47 .00

538.66 368.60

686.00 440.00

294.OO 318.00

310.00 222.00

54.60 430.00 326.66



il:: (f)
.ri. f.\
.:i

Gen.

Trapper

ReP

Shoot
Root
Ratlo

AF
ST
TL

Iùeight
of

7 seeds
(e)

0.489

1 .384

I.457

i

af
ST
TL

LengEh
of

main root
(¡nn)

L.O24

1. 121

0 .960

1.109

o.772

1.681

t.764

i

1 .035

Length
Ëo

last lateral
(n¡n)

82'¿2O

96.80

86 .00

af
8t
TL

L.256

1. 110

L.240

1.405

0.946

1.100

2.386

88. 33

t.202

49.20

44.80

54.60

165.80

101.60

77 .80

Number
of

primary roots

o.632

0.546

0.580

r.477

49.s3

t15.06

103 .00

114.20

75.40

0.586

70.00

53.80

30 .40

25. 00

20.20

30.20

Length
of

longest lateral
(uun)

51 .40

97 .53

25. 13

56.80

56.00

37.60

28.80

26.00

15.80

63.20

46 .00

49.80

Length Fresh Fresh
of weight welght

shoot rooË shoot
(mn) (*e) ('g)

50.13

23.L3

53.00

25.80

21.. 60

15. 60

74. 00

67.20

67 .40

65.20

54.80

20.40

2r.00

520.00 245.O0

190.00 218.00

190.00 262.OO

69.53

46.80

88.80

109.00

57 .20

60. 80

51.80

33.20

300.00

448.00 334.00

292-00 420.00

273.00 190.00

85.00

48.60

7L.40

63.20

62.80

24t.66

337.93 314.86

300.00 242.O0

197.00 197.00

159.ó0 196.00

65.80 2L9.06 212.07



.,l.
t\

Gen.

CenÈury

ReP

Fresh
weight
shooÈ
rooE

raEio

AF

ST

TL

i::'

':,_.

,:.

.1.:!

:,t,.'

,:.,..

i.::
I ;1.

ì i,

ir
,;:,.:

:, .,

.:.'l,

¡;:.

Irleight
of

7 seeds
(e)

0. 481

L.248

t.526

0. 806

LengEh
of

main root
(nm)

I.766
L.724

t.792
L.773

x

af
ST

1ï.

L.02

L.O22

0. 768

1.035

o.937

Length
Èo

last lateral
(m*)

95.80

100. 00

90. 50

11.5 .00

t.764

L.666

L.663

1.3i0
L.628

x

af

st
1L

48.20

45. 00

44.50

50.42

o.926

Number
of

primary rooËs

1 00. 32

0. 856

0. 882

0:638

L.04

189.00
L43.40

L44.25

t97 .42

1.582

47.03

x

19 .40

2L.20

15.00

24 -7L

1.718

L.7 44

L.465

1.873

Length
of

longest lateral
(¡run)

0. 854

86.40
74.80

65.00

85.41

t68.52

L24.80

107.80

L20.00

L75.20

1.700

20.08

6L.20

31 .80

27 .50

44.L4

Length Fresh
of weÍght

shoot root
(un) (me)

77 .90

43.00
38.20

30 .00

49.92

66.60

78 .40

64.50

82.20

131.9s

77 .20

68. 60

64. 00

79.7L

41.16

40.28

Fresh
weight
shoot

(me)

72.93

82.20

59.40

44.25

58.33

638 .00

193. 20

136 .00

47L.42

40.80

49 .00

33.00

42.70

72.37

Dry
weight
shoot

(¡¡g)

274.OO

240. 00

207.50

380.00

L29.40

99.20

78.25

L22.83

4L.37

61.04

359.50 275.38

Dry
weight
ehoot
('e)

66. ó0

70.60

40 .00

63.50

656.00

766.00

362.50

555. 83

LO7.42

Dry I¿t
rarlo g@lE

root

632 .00

520.00

375.00

520. 83

39.83

1.02 .40

LL7.20

78.00

116.80

60.18

239.50

s85.08 511.75

626 .00

808.00

635.00

612 .00

59.92

103.60

0. 166

528. 00

714.00

405.00

634.50

277.00

670.25 570.25

0.216

59.20 319 .00 0.186


