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ABSTRACT

Toomsan, Banyong. M.Sc. The universíty of Manitoba, May, 1978.

Greenhouse and field tesls for N, fixatÍon in faba beans cv. Diana in-

oculated by different strains of P.hizobium leguminosarum Frank. Major

professor: K. W. Clark.

Fifteen strains of faba beans rhizobia (Rhizobium leguminosarum

Frank) , originating from different countries, and the commercial inoculum

(Q comrnercíal) were tested ín greenhouse conditions. The beans were

gro!,m in a soí1 mixture or growth pouches. Dífferent straíns performed

dífferently in both media. Some straíns were found to be effective in the

soíl mixture but not in the growth pouches, or více versa. However,

eighË strains and the Q commercial were finally selected for further study

ín field conditions.

In the field test, one addítíonal strain of P.hizobium from

New Zealand was also íncluded. The tests r¡ere conducted at two locations,

representing 1ow and high nitrogen soils. In the high nitrogen soi1,

seed yield was not íncreased by ínoculation. There \¡/as no signifícant

difference among strains. In lorv niÈrogen soil, seed yíeld r¡as in-

creased by inoculation. Tnoculation íncreased seed yield by Íncreasíng

the number of pods per plant and 1,000 seed weíght. Number of seeds per

pod was not affected by inoculation. Number of seeds per plant was'

of course, increased by inoeulation'

Different. strains performed differently in lovr nitrogen soil.

Low soil nítrogen allowed Ëhe rhizobia to ful1y express their effect-

iveness. T\,¡o strains from Morocco (M' and Mrr) were found to show

high acetylene reduction ability throughout the sampling periods.

These two strains showed an íncrease in aceËylene reduction at the
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11 weelc harvest (pod fillÍng stage). The hÍgh acetylene reduction at

this stage resulted in higher seed nítrogen percentage, even though

seed yields were not different from Lhe other st.raíns. These two

strains míght be suitable for dry areas or for a dry year. It ís re-

commended that these t\{o strains be added to the commercial inoculum

in the same \,/ay tt M2 
1 , M22 and M, are the components of the Q com-

mercial Ínocu1um.

The persistence of the rhizobía was followed in 1977. Ap-

proxÍmateLy 90"1 of the plant examíned in 1977 have nodules. This in-

dÍcated that the rhizobia r+ere still present, buL their origin could

not be clarified. Nodules \.üere on the lateral roots. This índÍcated

Ëhat the rhizobia rvere not in close proximity to the seeds and failed

to nodulate early. It is recommended faba bean seed be ínoculated before

they are so\{n even though the history of the field shows that faba beans

rüere groi^rrl prevíously.
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FOREIÙARD

This thesís has been prepared ín manuscript format. It

consists of 4 sections. They are:

Section 1 InÈroduction

" R,eview of Literature

Sectíon 2 Results of research in publication form,
consisting of two unpublíshed papers, in-
tended to be submitted to the Canadian Journal
of Plant Science after some modificatíons.

Section 3 Discussion of entíre research prografime re-
ported in sect.ion 2.

Section 4 Bibliography

Appendices
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Review of literature



INTRODUCTION

The small faba bean (vicia faba L. var. minor) has been grovrn

in Europe for centuries as a high protein crop (Presber L972). Chína

accounted for about 60i'. oÍ the five million hectares planted to Vícia

faba L. in 1965 (Dawson L970). Soybeans (Glycine max (L.) llerr.), i*-

ported from the United States, are a major source of high proteÍn feed

supplement ín Western Canada. llowever, with the risíng price of soy-

bean meal, Canada, which has a cool-climate unsuítal¡le for growing soy-

beans, has become interested in small faba beans. The possibility of

growing small faba beans in Manitoba and Saskatcher¡lan \^/as investigated

ín 1970 (Evans et al . 1972). Accumulated research data have shor^¡n

good yields of the beans at various locations in the two provínces and

protein content ranging from 23 to 327" (N x 6.25 dry basís) (Evans et

al . L972). Canada gre\,r more than 6,000 hectares of faba beans in 1973

(Evans and Rogalsky 1975).

The rhizobium responsible for faba bean nodulatíon is Rhizobium

leguminosarum Frank, the rhizobia which nodulate Lathyrus, Lens, Pisum

and Vicia spp. (Buchanan and Gibbons 1974). Peas (pisum sativum L.) have

been gror^m in the prairies for many years, and many soils are expected

to harbour the rhizobia formíng a successful symbiosis with pea roots.

Evans et al (L972) in their ïeport on the testing of 15 cultivars of

faba beans in Manitoba and Saskatche\^ran suggested that inoculation with

pea inoculum might be beneficial. Nonetheless, strains of rhÍzobia

highly effective on pea or vetch are often ineffective on faba beans

(Burton L976). In Saskatchewan, Johnson (1974) noticed that no in-

oculum and pea inoculum gave similar results and the stunted unhealthy



looking faba bean plants from such treatments \,¡ere in sharp contrast

to those where specific inoculum \,/as used. The requírement of faba

beans for inoculum r^¡as reported in a survey of farmerst fields in

Manítoba (Candlish and Clark L975)

N, fixation in faba beans varies with host cultivars (Burton

I976, El-Sherbeeny eË al. L977b) and strains of Rhizobium (El-sherbeeny

et al. L977a). Burton (L976) reported variation in symbiotic N, fixa-

tion by 7 small-seeded culÈivars of Vicia faba L. ínoculated ¡¿ith an

effective strains of Rhizobium leguminosarum, straín 175F1. The amount

of nitrogen fixed varied and ranged from 30 to 45 mg per plant. E1-

Sherbeeny et a1. (L977a) studied the effect of 20 dífferent isolates

of rhizobia on Vicia faba l-. Plants ín association with the individual

Rhizobium isolates exhibited large differences in dry matter yield,

nitrogen content, efficiency of nítrogen utílizatíon and date of first

flower.

The object.ive of this study was to select different strains

of Rhizobiun, originatíng from dífferent countries, in greenhouse condi-

tions and test them further ín field condiËions.



RNVIEW OF LITERATURN

The growth, nítrogen fi,'ration, and

j-nfluenced by many different factors. Three

followed:

1) Effect of Moisture Stress

Jones (1963) studíed Èl-re effect

the growth and development of broad beans

3

nodulation of legumes are

factors are reviewed as

of soil moisture gradíents on

(vicía faba L.). The high \ùaÈer

It is knorvn that moisture stress affects growth, yield and

quality of varíous legumes. Kilmer et al (1960) studied the mineral

composition of eight forage species gror,rn at four levels of soil mois-

ture. They found that forage yield increased as moisture levels in-

creased. The concentratíons of nítrogen, sulfur, and boron in the plant

were not significantly affected by variatíon in the soil moisture supply.

However, the concentration of phosphorus in all eight species increased

as soil moisture supply increased.

Bourget and Carson (L962) also found that the yield of oat and

al'f.aLfa decreased rvith increasing moisture stress obtained by depleting

available moisture to 75, 50, 25 and nearJ-y 0"/..

Mack (1973) found that the cookíng quality of field peas

cv. Kapuskasing 3BB0-4 and llreitor 702 changed markedly when grorun under

variable soil temperature-moisture conditions in a field envíronment.

Mederski and Jeffers (L973) studied yield response of soy

bean varieties gro\vn at lo¡+ and high moísture stress conditions. Under

higir moisture stress condÍtions, the yield of the most stress resÍstant

varíeties r+as reduced about 207", whLLe the yield of the least stress

resistant varíeties was reduced about 40%. The absolute reduction in

yield for the most stress sensitíve varieties ruas approximately 1000 Kglha,

while the yield of the least stress-sensitive varieties r¡¡as reduced about

200 to 400 l(g/ha.
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table caused rotting of seed and restriction of growth while lor+est \,/ater

table resulted in poor emergence and loss of some plants through wílting.

Maxímum growth was obtained when the water table was 6 inches belor+ the

soil surface. The experiment suggests that broad bean are remarkedly

tolerant of water logging, and drought in the early stages of grorvth is

more liable to cause loss of yield than is excess T,^/ater' Elston et al

(Lg|6) reported that rvater stless decreased absolute growth Iate of Vicia

faba but did not affect the duration of grot+th very much.

Moisture stress results in nodule sheddíng in Phaseolus vulgarís,

peas' birds foot trefoil and soybean (I^]Ílson 1939) ' 1942) ' Phaseolus

vulgaris (hlilson 1931) shed nodules when soil moisture \'Ias reduced, a

reduction from 20 to L27" of soil \,/ater resulting in about 36 per cent

of nodules being shed.

Masefield (1952) founci that there \{as a steady fall in the nodula-

tion of P. vulgaris as the English sufilmer became progressively drier' He

also observed that nodulation \^las consistently higher at Samaru, Northern

Nigeria than at most places in the south' attrj-buting this to the heavier

soils in the north, which were much \,/etter duríng the growing season' In

Malaya (Masefield f957), he observed more nodulatÍon in soíls with a higher

r^rater table, and vice versa, irrespective of the chemical and physical com-

posítíon of the soils, although on roots overtalcen by a rising vtater table

nodules in contact trith the water decayed prematurely, because of Ehe

anaerobic conditions ín that regíon. These observations led hím to conclude

thaË, on the whole, nodulatíon in tropical soils was less than in temperate

soils because tropical soils \'¡ere more often drier'

Irrigation \¡/as found to increase nodulation of Vicia faba, !-. ygl-
I

garis, Pisum satívum in temperate conditions (Masefíeld 1961) and Vígna un-

guiculata and DolÍchos lablab in tropical condition (Doku L910, Habish and

Mahdi (1976).
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The effect of moisture stress on N, fíxation process has just

been recently studied. Kuo and Boersma (1971) found that the amount of

N, fixed by soybean, per unit of C0, absorbed decreased wíth íncreasíng

soí1 water suction, indicating that the N, fixation process \,ras more

sensitive than photosynthesis to \^Iater stress.

Sprent (1971a) studied the effect of water stress on nítrogen

fixíng ability of detached soy bean nodules. She found that reduction

of water content down to B0% of the maximum nodule fresh weight, ied

to a proportionate sloiving dorvn of acetylene reduction, roith a con-

comitant reduction ín respiratory activity. She also noticed gross

structural changes in the nodules and suggested that such nodules are

probably shed by the planLs.

The effect of water stress on the fine structures of soy bean

nodules was sLudied in detail by Sprent (1972a). She found that waËer

stress affected the outer cells of the nodule more quickly and more

severely than the ínner cells. In any region, vacuolated cells are

more susceptible to stress than non-vacuolated cells. It was concluded

from this study that the vacuolated cells of the cortex play an íntegraL

part in the nitrogen fixing activíties of the whole nodules. Under normal

conditions of 20"/" oxygen (it might be less in the soíl), the outerpart

of the nodule rvould be respiring most efficiently and reductant might

be transported from there to the fixing sites. 
^t 

higher pOZ ^ 
greater

proporÈion of non-infected cel1s would be contributing essential meta-

bolites to the nitrogen fixing sites. The most logical route for thís

Ëransport would be by plasmodesmata, since the metabolites rvould remain

in the cytoplasm throughout. The supply of carbon slceletons for amino

acid synthesis ultimately comes from photosynthesis.



Sprent (L912b) studied the effect of ¡¿ater stress on acetylene

reductíon (N^ fixation) of Vicia faba and Glycine max. She found that
z-

acetylene reducing actívity in both legumes \,Jas depressed by drought

and the activity could be restored by irrigation. The maxímum nítrogen

fixation occurred at, about field capacity; above this, activity was

reduced due to \^/ater logging. She noticed that wilting in the lower

leaves úras generally a good indication that nodules were functioning at

sub-optimal rate. Sprent suggested that \.{ater stress affects nodule

actívíty directly, but this effect may be aggravated by reduced sup-

p1íes of photosynthates from rvilted leaves.

I^Iater stress has also been reported to reduce acetylene re-

duction in fÍe1d gro\^/n soy bean (l"Iague and Burris L972), Trifolium

repens (Engin ancl Sprent L9l3), Lupinus arboreus (Sprent 1973, Sprent

and Sílvester 1973) and Phaseolus vulgaris (Sprent 7975).

The necessity for a continuing supply of photosynthates to

the nodules for the maximum nitrogenase activity has been shown in

Pisum sativum (Virtanen et al 1955, Lawrie and ltlheeler 1973) Vicia

faba (Lar,rrie and \^lheeler Lg75), and Alnus glutínosa (Wheeler I97L).

lluang er al (r975a) designed an apparatus that permitted

acetylene reduction (N. fixation) by root nodules to be measured in

situ sÍmultaneously with net photosynthesis, dark respiration, and

transpíraLion of the shoot in soy bean plants. They found that as

Ëhe soÍ1 desicated, acetylene reductíon decreased, and the decrease

\^/as correlated rvith decreases in photosynthesis and transpiration.

This decrease v/as studied further (Huang et al I975b) to see whether

it was the decrease in photosynthesis or transpiration Ëhat inhibits



acetylene reductíon. It \^/as found thaL the inhibition of acetylene

reduction caused by low water potentials and their after effects could

be reproduced by depriving shoots of atmospheric co, even though the

soil remained at a \^Jater potentíal that should have favoured rapid

acetylene reduction. The inhibiLion of acetylene reduction at lorv

rúater potentials could be partially overcome by exposing the shoots

to high co, concentrations. I^Ihen transpiration \^/as varied independ-

ently of photosynthesis and dark respiratíon in plants having high

\..ùater potentials, no ef f ects on acetylene reductíon could be observed'

There r,Jas no correlation between Ëranspiration and acetylene re-

duction ín the CO, experimenËs. They concluded that the inhibitíon

of shoot photosynthesís, not transpiratíon, accounted for the inhibi-

tion of nodule acetylene reduction at lor¿ water potentials.

Beside reducing photosyntl-rates to the nodulesr \üater stress

mí-ght affect rhe nodule activity dírectly. Sprent (L97La, L972a)

found that r,¡ater stress changed the fine structure of the nodules and

reduced the respiration rate. Pankhurst and Sprent (1975) found that

75 per cent of the N, fixing (measured as the reduction of. crÉr) and

50 per cent of the respiratory activity of detached nodules was lost

when the turgid nodules \^/ere changed to moderately stressed nodules'

Severely stressed nodules showed almost complete loss of N, fíxing activity

and up to B0 per cent loss of respiratory activity. Increasing the oxygen

partial pressure completely restored both N, fixation and respiration

in moderately stressed nodules, but only partíal recovery f^7as possible

in severely stressed nodules. They discussed the results in view of



the possible development of a physical barrier to gaseous díffusion

andfor the possible altered affinity of the nodule leghaemoglobín

for O, in the r^/ater-stressed nodules.

The effect of water logging on fixation has been studied.

Sprent (L969) found that lmmersion of the detached nodules in water

ínhibit Cr17, reduction by reducing OZ supply to the nodules. This

effect could be overcome by increasing the partial oxygen pressure.

Tiris has also been confirmed by Schwinghammer et al (1970), Sprent

(1971b) , Mague and Burris (L972). I{uang et al (7975a) found no

acetylene reduction was detectable in flooded soil. Removing the

soil eliminated the ínhibitory effect of flooding suggestíng that

rates of gas exchange \.^/ere restrícted between the nodules and the

soil atmosphere.

In Phaseolus vulgaris, Sprent (L975) reported that water

logged conditions affected nodule number, síze and water content.

The nodules llrere small and rídged. The ratio of surface to volume

rvas increased but there vlas no evidence that thís equipped nodules

to fix any more efficíently under water logged conditions. Acetylene

reductíon was reduced and different strains of Rhízobium performed

dífferently under \,raËer logged conditÍon.

Minchin and SummerfÍe1d (L976) found that under u¡ater logged

conditions, co\^/pea (Vigna unEluÍculata (L. ) I^lalp. ) developed I lenticels'

Ëype nodules and increased nodule cortication. These \^/ere regarded

as adaptive anatomical responses which facilitate continued symbiotic

fixation under such a condition.



Sprent and Gallacher (f976) studied the effect of rvater

stress and ruater logging on soy bean nodules. They found that under

both condítions the nodules shorved lowered CrH, teducÍng activity and

o, uptake, but enhanced co, and ethanol evolutions. The effects of

stress coulc1 be partíally or completely overcome by increasing the 0t

supply. It was concluded that both ivater defíciency and excess might

d.epress nitrogenase activity by restricting supplies of intermediates

from aerobic pathway. At the same time fermentatíve pathlays I^rere

stimulated and could lead to inhíbitory concentrations of ethanol

being produced

The effect of water stress on l{, fixalion in Vicia faba under

the field condítions has been reported. Sprent et al (7977) studied

seasonal growth patterns in Vicia faba as affected by population den-

sity, shading and its relationship with soil moísture from 1972-5.

Soil moistule stress \,/as found to retard the gror,oth of VÍcia faba.

They suggested that water supply may be a more ímportant factor con-

trolling yield than eíther solar radiation or plant competition, with

the period following pod setling being especially vital. At thís time

plant tüater requirement may often be in excess of supply. MaxÍmum

potential acetylene reducing activíty per plant varied little from

year to year (Sprent and Bradford 1977). At lorv population densities

a maximum rate of actri-vity was observed shortly after flowering. As

density increased, moísture stress also increased and thus made Lhe

maximum potential reducíng activity per plant clecreased'

Sprent (I972b) found that the soil water content for maxi-

mum acetylene reducíng actívity in Vicia faba ín the field r¿as about
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field capacity. The soil \^/ater content belorv or above this poínt re-

duce acetylene reducing activíty. In pot experiment with sand, Tu

and Hietkamp (Lg77) found the optimum \^Iater content for acetylene

reduction by the nitrogenase of the soy bean root nodules was 60-80

per cent of the moisture holding capacity of the sand'

In pot experiment in the greenhouse, Hume et a1 (L976) re-

ported that depletion the soil moisture around the soy bean root nodules

did not affect acetylene reducing activity as long as the \'{ater was suf-

fíciently supplied from the lower part of the root (below the nodule

zone). Only the soí1 around nodules \,/as very dry or near field capacity'

did the acetylene reduction decrease. This experiment indÍcated that

nodul-e moisture status was maintained if plant received adequate mois-

ture from below the nodule zorLe.

In Vigna unguículata (L.) I^lalp., it was found by summerfield

et al (7976) rhar repeated wilting prior to flowering markedly reduced

yields compared to the unstressed control. This was mainly by decreasíng

subsequent pod productíon. Nodule weight and nitrogenase activity rvere

also much reduced. Inlilting after flowering did not reduce yield and

nítrogenase activÍty \'vas less affected'

2) Effect of Combined Nitrogen

The influence of available inorganic nitrogen on the nitrogen

fíxation processes in leguminous plants has been the subject of a number

of investígations. The early work reviewed by Fred, Baldwin and McCoy

(Ig32) demonstrated that nodulation, and thus fixation can be inhibited

by concentrations of available ínorganic nitrogen'
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By using nitrogen isotope of mass 15, it rvas found that

symbiotic nitrogen fixatíon in soy beans, Peanuts , alfaLfa, ladino-

clover and birdsfoot trefoil, díminished with the presence of inor-

ganic nitrogen fixatíon (Thornton L946, Thornton and Broadbent 1948,

Norman and l(ram pitz 7945, and Allos and Bartholomerv 1955).

More recently, r+ith tire advent of the acetylene reduction

technique as a method for determining nítrogen fixatíon, it has been

found that combíned nitrogen reduces acetylene reduction (symbÍotic

nitrogen fixation) (For example Lawn and Brun (L974), Candlish and

Clark 1975, and Gibson and Pagan L977) .

Hígh nitrate concentration l¡as been found to inhibit alfalfa

nodulation to a greater extent than hÍgh ammonium concentration (Ríchard-

son et al 1957). Thornton (1936) observed that if the growth medÍum

contaÍned nitrate, lucerne plant had few root hairs, and fewer of the

root haírs curled ín response to inoculatíon iuith nodule bacteria.

Thornton considered curlings to be a necessary prelude to infection

by the bacteria. Curled root hairs outnumbered ínfections and nodules

even at inhibiting concentratioris of nitrate, but Thornton argued

that reduced curling should reduce the chance of infection, and post-

ulated that the reduction ín number of curled rooL hairs vlas the rea-

son for reduction in number of nodules.

This has been supported by Munns (1968) who found that when

nítraLe was maíntained in contínuous supply in solution culture at

concentration 0.02 ml{ ¡e I nùl it reduced the number of curled root

haírs and of nodules of lucerne. Nitrate inhibited formation of ín-

fection threads and augmented the proportion of arrested infectíon
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threads, to such an extent that could be important in limiting nodule

number. Nitrate was also found to delay nodulation. The delay oc-

curred early aftex inoculation and corresPonded with delay in the

appearance of infection threads.

combined nitrogen may have a local (external) effect ín

root haír infection. Tanner and Anderson (1963, 1964) proposed that

nitrate may cause a destruction of indole-acetic acid (I.A.A.) whích

is important for nodulation process. Rhizobia reduced nitrate to

nitrite. Nítrite was capable of catalytically destroyíng, indole-

acetic acid. Ammonium, urea or glycine also reduced the formation

of indole-acetic acid, but not through the formation of nj-trite.

However, Gíbson and Pagan (L977), by using nitraLe-reductase

deficient mutants of rhizobia, found that nÍtrate retarded initial

nodulation by the mutant staíns to an extent sj-milar to that found

with the parent strains. Tt is therefore unlikely that nitrite pro-

duced from nitrate by the rhizobia, plays a significant role in the

inhibitíon of nodulation by nitrate.

Gibson and Nutman (f960) reported that combined nitrogen

inhibited nodule initíation. Hígh rates of combined nítrogen inhibited

while lorver rates enhanced the development of ínitíated nodules (Hin-

son 1975). In Hinson's experiment' roots of. L7 day old soy bean plants

ivere divided and transplanted into pairs of pots so that half of the

root system received no N and the other half recieved N ranging from

0-240 ppm. Number of nodules in pots without N did not differ signi-

ficantly, but nodule fresh weight \ùas greater rvhen the companion pot

received 30-120 ppm N than r,¡hen it receíved 0 or 240 ppm. Thís
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experiment shor^red non-localised effect of combined nítrogen on nodule

development.

Harper and Cooper (1971) reported that uniform incorpora-

tion of ammonium nitrate (dispersed throughout a 30.5 cm soil column)

impaired nodule development of soy beans more than deep application

(1ower 10 cm of soil column) ruhen ammonium nitrate \^/as applied at a

raËe of 150 ppm in growth chamber studÍes. Nodule fresl-i weight and

haemoglobin content \,Iere decreased by nítrogen application, r+hile

nodule number \^/as not markedly affected, indícatÍng an effect on

nodule development rather than on root infection or nodule initiation.

A small amount of combined nitrogen has been found to pro-

mote nodulation. Rj-chardson et al (1957) studied the effect of

various concentration of sodium nitrate and ammoníum chlorÍde on tl-re

abí1ity of Rhizobium mglitoti to infect and fíx nitrogen in three var-

íeties of alfalfa. Nodulation Ì^ras inhíbíted at high level of combined

nitrogen. A sma1l amount of combined nítrogen, horvever, appeared to

promote nodulation.

A11os and Barrholomew (1959) studied tire influence of in-

creasing increments of available inorganíc nitrogen on symbiotic

nitrogen fixation of five legumes ín greenhouse condition. All le-

gumes responded Ín grotvth and niÈrogen uptake to the addition of ín:

organíc nitrogen. In some ínstances the increase in growth resulting

from fertilizatíon caused increases in fixation of niLrogen. trdhen the

applied nitrogen exceeded that necessary for grorvth increase, it tended

Ëo replace the fixation Process. Tixation processes never supplíed
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sufficient nitrogen for maximum growth under the conditions of the

experiment. Each species exhíbited an apParent capacity to supply by

fixation only about one-half to three-fourths of the total nitrogen

which could be used by the Plant.

Pate and Dart ( L96L) found that in barrel medíc (Medicago

tribuloides Desr.) and vetch (yicia sativa L. and Vícia atropurpurea

Desf) bacteríal partnership of a host plant varied greatly in theÍr

nodulation responses to a rarlge of amounts of nitrogen applied at

sowíng. Some bacterial strains exhibited varyíng degrees of stimula-

tíon of nodule number, growth and fíxatíon by lorv or medium amounts

of nítrogen. Hígher levels of combined nitrogen depressed symbiosís.

OËher strain responses showed a severe restriction of symbiosís wíth

any amount of added nitrogen.

Gibson (f965) studied subterranean clover ínoculated with

an effective strain, TA1, or less effective strain, CCl0 of Rhizobium.

Based on total plant nitrogen, strain CClO was 707. as effective as

s¡rain TAl without added nitrogen, buL BIZ as effective with I mgN

supplemen tation.

Gibson (1975) reported marked stimulation of nítrogen fíxa-

tíon by early supplementation wíth combined nitrogen in soy beans and

lupins. tr^Iith soy beans, 7 ml'l nítrate nitrogen rtTas íncluded Ín the

nutrient solutíon for L4 days after sowing, and the pots then eluted

with nitrogen free nutrient. Nitrogen assimílatíon by these plants

r¡ras comparable to ti"rat of ínoculated plant supplied with T mM nítrate-

nitrogen throughout, and niËrogen fixation r,¡as 3 times better than

that of control plants not supplemented. A similar situation was found
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with the lupins.

The effect of combined nitrogen on legumes in the field

conditíon has been studied. Many workers reported failures of re-

sponse to nÍtrogen fertilizaLion. I^Ielch et al (I973) studied the

yield response of soy bean (Glycine max (L.) Merrill) to nitrogen

added at different rates, times and methods of application, as direct

and residual, and as inorganic or organíc SouIces. Considering al1

the studíes, yields r¡/ere significanLly increased in only 3 out of 133

instances and these occurrecl at high, uneconomical rates of N fer-

tilizer. It was therefore concluded the N available to the plant was

not the growth factor that limited soy bean yíe1ds in that study.

Pa1 and Saxena (1975) studíed the response of nodulaËing

and non-nodulating isolínes of soy bean cv. Clark and Harosoy to N

applícation. Nodulating 1ínes did not respond to applied N when Ehey

were effectively inoculated or grown on land which had prevíous1y

gro\ùn inoculated soy beans. 0n land growing soy bean for the fírst

time, uninoculated Clark and llarosoy crops needed 300 and 235 l(gN/ha,

respectívely, to give maxlmum seed yields. It \^/as concluded that

symbiosis vras better than N application for nutrition of soy,beans.

\nlilliam and Diatloff (f975) studied the response of urea

application at different rates and díffelent stages of growth of soy bean

in Australia. Nodulated plants did not respond to applied nitrogen

except in one year when abnormal climatic conditions of low rainfall ancl

high temperatule decreased nodulation. Applied nítrogen decreased

nodulatíon, the most severe effect being with inoculated soy bean

gro\.^/n in rhizobia-free soil under conditions of high temperatures



16

and decreasing soil moisture.

In Brazil, Olsen et al (1975) reported applied nitrogen did

not íncrease seed yields or nodulation rating on the Santa Maria soil

and decreased seed ylelds, nodulation rating and plant height at a

rate > 224,> LIZ and 448 Kg N/ha, respectively in the são Pedro soí1.

Críswell et al (1976) studied the effect of adding anhydrous

ammonia and organic matter on components of nitrogen fixatíon and yield

of soy beans. Yield díd not íncrease by the treatments. Organic mat-

ter íncreased nodule weight per plant, but the larger nodules fixed

less nitrogen per unít less than did those in the untreated plots.

Added nitrogen reduced nitrogen fixatíon per hectare by 39-48% of

that on the untreated p1ots, with nodule weÍght and efficíency both

reduced.

Even though some workers reporLed faí1ures to get a response

from nitrogen fertiJ-izer applícatíon in field conditions, some workers

were able to geË some responses. Harper (L974) reported results of

field and outdoor hydroponic studíes wíth soybeans. seed yield of

plants totally dependent on atmospheric nitrogen was less than one

half of the yield of plant utilizíng both nitrate and atmospheríc

nitrogen under hydroponic growth conditíons. Plants gro\ùn on a lor"¡

nitrate level had hígher symbiotic N, (C2H) fixatíon rates than those

groÌdn on no nitrate. Similarly, seed yleld of plants grown in hydro-

poníc on hígh nitrate levels, which inhibited symbiotÍc fixation' \^Ias

less tiran yíeld of plants utÍ-lizíng both nitrate and atmospheric

nitrogen. Therefore, it was concluded that symbiotíc nitrogen fixatíon

and nitrate utílization appeared essential for maximurn yíeld.
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Ham et aL (1975) studíed the effect of different forms of

nitrogen tertilizer on the yield of nodulating and non-nodulating soy-

bean isolines. Added nítrogen increased seed yield and protein con-

tent, weíght per seed and oil yield per hectare, but generally reduced

seed oil content. A1l sources of fertilizer decreased nitrogen fixa-

tíon, plant nodule rveight, nodule number and rveíght per nodule. In-

creases in seed yÍetd andfor seed protein percentage in the nodulating

línes suggest nitrogen fixatíon failed to supply amount of nitrogen

essential for maximum seed yíe1d and/or protein percentage.

Bhangoo and Albritton (1976a, b) reported applíed nitrogen

ferLlTizer íncreased seed yield and root grorvth but decreased nodula-

tion Ín soy bean. Symbiotic nítrogen fÍxation ceased with 448 KgN/ha,

while ¡¿íth 56 KgN/ha symbiotic fíxation \,/as not inhibited. For greatest

utilízation and effíciency of fixed nitrogen, it l{as recommended thaË

applied nítrogen should be in the range of 56-LL2 Kg/ha, with allowance

for residual soil nitrogen.

Lav¡n and Brun (1974) studied the effect of various rates of

ammonium nÍtrate applied at the end of floweríng to Chippewa 64 and

Clay soybeans. The applicatíon of nitrogen caused a declÍne in acetylene

reductíon activity for both varieties. Seed yíelcl and seed protein con-

tent for C1ay, and seed proteín content and vegetative protein for Chip-

pewa 64, ruere all íncreased by the applícation of nitrogen.

Edje et aI (1975) reported Phaseolus vulgaris seed yield ín-

creased from 2.2.tlha, when no nitrogen \Ä/as applied, to 3. Bt/ha when

200 KgN rvas applied.

Summerfield et aL (I976) reported cowpea (Vigna unguiculata
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(1,.) Iùa1p.) supplied ruith nit.rogen fertil-i-zer has more nitrogenase

actÍvity than the unsupplÍed ones.

McEven (f970) reported that applying large dressing of

fertilizer nitrogen to seed bed lessened nodulation of Vicia faba

by as much as 502. Cut nodule surface appeared red ín colour so that

effective fixation T¡ras assumed, but the rate of fixatíon r¡/as not de-

termined. The yield results suggest that there is no prospect for

the economic use of nítrogen fertílLzer in the seed bed for Vici a

faba. Dean and Clark Q977) concluded from their experiments that

faba beans (Vícía faba) are essentíal1y self sufficient in nitrogen

from symbiotic fixation in low nítrate soÍls.

3) Effect of Temperature

The effect of soil temperature on legume symbiosis was

first srudied by Jones and Tisdafe (f92f). Different legumes performed

dífferently at l-righ soíl temperatures. Peas were dwarfed at 30oC, clover

developed poorly at 36oC, while alfalfa and soybeans gre\^/ very well at

36'C. Maximum dry weight per soybean plant were obtaíned at 24"C. AL

30o and 36oC, weíght of tops v/as as great as at 24"C whi-l-e the weight

of nodules declíned rapidly. The variabílity in nitrogen content \^/as

greatest in the shoots. The roots were uniforrn. There rnTas a sudden

Íncrease in nitrogen at 24"C as compared with tirat at lBoC and a sud-

den fal1 at 33oC as compared to that at 30'C.

ì{eyer and Anderson (1959) studied the

temperatures on nitrogen fixation of Trifolium

agar tube culture in a glass house condition.

effect of two root

subterraneum L. by using

The inoculated plants
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r^rere \üe11 noculated at both temperatures. Moderately hígh root tempera-

ture (30"C) exerted a specific inhíbitory effect on symbiotíc nitrogen

fixation, while at lor¿er temperature (20"C) plants inoculated wíth

Rhizobium trifolii fíxed nítrogen and grew normall1'. Uninoculated

plants responded normally to nitrogen treatment at both temperatures.

Mes (f959a) reported that temperate legumes, Vic-ia sativa

L., Pisum sativuln L. and Lupinus luteus L., reacted in accordance

with the results of }feyer and Anderson (1959). An increase in the

day temperature from 1Bo, 19o, or ZLoC to either 25"C or 27"C., generally

decreased the nitrogen percentage and the total nitrogen content of the

plants. An increase in the night tempelature from 10oC to zI"C, gen-

era11y also decreased the total nitrogen content although the actual

nitrogen percentage often increased. For tropical or subtropical legumes,

Arachis hypogoea, Glycine ma:< (Mes 1959a) and Stízolobium deeringianum

(Mes 1959b) , it r,ras found that a low night temperature \^Ias more harmful

to the grovrth of the plant when ti-rey were dependent on the Rhízobium for

their níLrogen nutrítion than when nitrogen was supplied to the growth

medium. lrlitrogen fixation in these legumes was found to be poor below

IÕ U.

Dart and Mercer (1965) studied the nodulation and growth of

cowpea plants (Vigna sinensis) under two light íntensitíes, aË six

temperatures and by using different levels of ammonium nitrate. The

optímum temperature for grorvth and nitrogen fixation was at 27"C' The

optimum for primary root nodulation r^ras at 24" C and for secondary root

nodulation at 33oC.

Pare (1961, 1962) srudied the symbiosis of Medícago tríbu-

loides (barrel medíc) and Vici-a atropurpurea (purple vetch) over a

range of constantly maintained day temperatules aL different light
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intensíties and at 1ow níght temperatures. Total nitrogen fixation in

both species shor¿ed a maxímum at 24'C with the higher líghc intensities

benefitÍng fixation in all temperature conditíons. At high tempera-

tures (above 27"C) there !,/as a depression of s1-mbiotíc actívÍty. The

various symbiotic combínations differed in their relative abilities

to engage symbiosis under different temperature conditions. Each

strain responded ín a different manner to the temperature.

Hígh root temperature (30'C) has a specific effect on nítrogen

fixatíon and induces nítrogen deficiency in subLerranean clover while

the same shoot temperature (30'C) did not affect nitrogen fixation in

the same way (Possíngham et aI 7964). The harmful effect of high root

temperatures on nitrogen fixatíon was simílar, Tegardless of whether

the temperature \^ras constant or fluctuating. The decrease in nitrogen

fixation r{as not due to a decrease ín the number of nodules. The num-

ber of nodules was in fact greater at high root temperature, and could

well have been a result of the temperature Índuced nitrogen deficiency.

The growth was good when ammonium nitrate was given to the plants.

Philpotts (I967) reported that high soil temperature could

cause nodulatíon failure of cowpeas (Vigna sinensis). Also nodule

formation and development rvere reduced and ferver laxge nodules occurred

and a higher proportion of nodules appeared ineffective.

Joffe et al (196f) found that symbíotic nitrogen fíxation is

a Ëhermo-sensitive process Ín whích effective fixation is confíned to

relatívely narro\^/ temperature limits. The differential response of

two legumes r{as evídent, 1ow root Ëemperatures inhibited nitrogen
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fixatíon more strongly in the case of A¡gçhig hypogoea L. than Tri-

folíum pratense L.

from 5 to

varieties

strains of

Gibson (1963) studj-ed the effect of root temperatures ranging

30oC on the growth and syrnbiotic nitrogen fixation of four

of Trifolium subterraneum L., inoculated r¿Íth each of Lrvo

Rhizobium trifolií. i{e found that symbiotic nítrogen fixa-

tion r¿as reduced at rooL temperatute 22"C, and at 5oC was only 10-17% of

that achieved at l8oC. At 30oC there rvas a marked reduction in nitrogen

fíxatíon by some host strain combinations. Some symbiotíc combinations

achieved a level of growth similar to that made by plants receiving

adequate combined nitrogen whíle the others \,/ere consistently less ef-

fective. For both dry weight and nitrogen fixation, there \{as a signi-

ficant interaction between the varieties and bacterial straíns through-

out the temperature range, and above lBoC, the degree of this inter-

action rvas influenced by the root temperature. Earlier Gibson (f961-)

had found that root temperature influenced the relatíve effectÍveness

of the symbiotíc combínatíons.

Nurman (1961) studíed the symbiotic effectiveness of 15

varietíes and of four tetraploid lines of subterranean clover in as-

sociation with several straíns of nodule bacteria. He found relatively

small but significant differences in yield occurred between host varieties

and the varíeta1 order of response depended some rvhat, but not enough to

shoru any well-defined varíety-sËrain specífícity. He, therefore' con-

cluded that the ínteractíon between host varieties and bacterial strains

\^/as of mínor imPortance.

Gibson (1965) studied nitrogen fíxation by six varieties of
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Trifolium subterraneum L., each inoculated rvith a number of strains of

Rhizobium trifoliÍ, under a range of temperatures. In order to mínj-mize

differences ín the rate of nodule establishment and early nitrogen

fÍxation betrveen varieties and straíns, he used relative nitrogen as-

similation rates (\) and relatíve growth rates (\^,) to compare dif-

ferent symbiotic combinations. \ was found to be a more satÍsfactory

parameter than \O for comparing the varietal and temperature treatments.

This r,ias particulaïly true for the higher root temperatures (25-30"C)

which severely reduced nitrogen fixation by three of the eight straíns

tested. This did not seriously affect the \^, "f the plants inoculated

rvith these strains. The presence of strong statístical interactions ín

the analysís of the data suggest that the nitrogen fÍxing ability of

the varÍeties depends on both the root temperature and the strain of

nodule bacteria.

Gíbson (1966) found that at the lower root temperatures (5'

and 10'C), the translocation of nitrogen to the shoot \,las retarded ín

both nodulated and ammoníum nítrate control plants, and nitrogen was

retained in the roots. Up to 18oC there v/as a progressive increase

in the proportíon of the total nítrogen assímilated and translocated

Ëo the shooÈs. Tn the nodulated treatments, there were both l'rost

variety and bacteríal strain effects on the distribution of fixed

nitrogen. I^/ith an increase in root temperature from B to l8oC, the

increase in the rate of shoot and root dry weight gain was simj-lar

(two varieties), or the rate of increase in the dry weight of the

shoots íncreased more than that of the roots. Up to lBoC the per-

centage nitrogen 1evel ín the roots of the nodulated plants was a
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functÍon of a strain of nodule bacteria, rvhere as tl-re percentage

nítrogen level in the shoots \ùas a function of the host variety.

The straÍn of nodule bacteria affected the morphology of the root

system of the host plant. Above 20"C root temperature, changes in

dry weight increase and its distribution betr¿een the roots and the

shooÈs, lrere largely controlled by the effect of root temperature

on symbiotic nitrogen fíxation (root temperature x bactería1 Ínter-

action) although varietal effects were also evident.

Gibson (1969) re-examined the effect of bacterial strain

and root temperature on the retentj-on of nitrogen in the root system

of Trifolium subterraneum. The root systems of plants nodulated by

the moderately effective Rhizobium trifolii strains NA30 possessed a

higher percentage nitrogen than those nodulated by the ful1y effective

strain TAl, although the number of nodules formed by each straín was

sÍmilar. The difference v¡as due to a greater weight of nodule tis-

sue on the NA30 nodulated plants, and also to a higher percentage

nítrogen in the NA30 nodules; thís latter effect was due to a higher

concentration of non-protein nitrogen. The overall effect of these

differences \{as to reduce the amount of nitrogen translocated to the

shooË of the llA30 plants, in both absolute terms and as a proporLion

of the total amount of nÍtrogen fixed. Another difference between the

two strains \,ras the rate of nitrogen fixed per unit (clry weight or

leghaemoglobín content) of nodule tissue. At BoC root temperature,

a higher proportion of nitrogen fixed was

compared ivith that for plants grorün at 15

temperature, nodule dry weight and nodule

retained in the nodule system

and 22"C. At this lower

nitrogen constítuted a
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higher proportíon of total plant dry weight and total nÍtrogen than

they did at the higher temperatures. rt was therefore proposed that

the best Rhizobium symbionts were those strains that not only main-

tain high rates of fixation per unit dry lveight of nodule tissue

but also released the highest proportion of fixed nítrogen for use in

general plant groruth.

Heinrichs and Níe1sen (1966) grew alfalfa varieties of díverse

genetic origin to determÍne the effect of so1l temperature (5-27"c) on

herbage and root growth. The air temperature varied between 15o and

32"C. Varieties of lvledicago sativa generally yielded more herbage and

roots than those of Medicago falcata. The growth of alfalfa was greatly

affected by soil temperature; the most herbage was produced at 27"c and

most root and nodular tissue at L2"C. Strain x variety interaction \¡ras

not studied.

Kunelius (1970) studied the effect of various root tempera-

ture on nitrogen fíxatíon of 3 varietíes of bÍrdsfoot trefoil (Lotus

corniculatus L. ) , each being inoculated with 6 strains of Rhizobium

or dependent on ammonium nitrate. The plants \,7ere grown in growth

pouches. He found that r¿hen the plants r{rere dependent on symbíotic

nítrogen fixation the highest dry weights and nitrogen yíelds per

plant ¡¿ere obtaíned at 18 or 24"C depending on symbiotic combination.

At 9o and 12" C nitrogen fixation r.ras depressed and the growth v/as poor.

The dry vreight of planus at 9"C were 19 to 45il oÍ those at 24"C. At

30oC the grorvth and nitrogen fixatíon were generally depressed. If

combined nitrogen as annnonium nitrate \,ras given the grourLh was superior
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to plants depending on symbiotic nitrogen fixation at all root tempera-

tures. Sígnificant interactions indicated that nitrogen fixing abÍlity

of varieties was dependent on both root temperatures and the strains

of Lotus rhizobia.

The effect of temperature on the formation of rhízobial

root nodules of beans was investigated by Barrios et al (1963) by

using a method of isolated root culEure under axenic conditions.

optímum nodulation \üas obtained at 20"c. At 12oc and 33", the root

growth was reduced and nodulation was nil. At 17o and 30oC the growth

r,ras as good as 25'C but nodulation v/as reduced an avelage of. 70%. They

concluded that decreased nodulatíon aË lToC and 30oC was therefore un-

related to root grorvth; neither could it be explained on the basis of

size of the effective ínoculum (number of rhízobia) and abundance of

root haírs. Roots held at 30oC nodulated as much as roots held at

25oC, provided they were exposed to 25oC at least for three days after

inoculation.

Lie (1971a, b) reported that pea cv. Iran failed to form

nodules wíth Rhizobium strain PRE, when the plants \^lere gro\,rrl at 20oC,

Èhe optímum temperatule for most pea plants, but its nodulatíon r'¡as

normal at 26oC. Selection for Rhízobium strains capable of nodulatíng

this cultívar at 20oC produced one strain (No. 310), rvhich nodulated

well both aL 20" and 26oC. The majority of Rhizobium strains belonged

to rvhat \^ras termed íntermedÍate type i.e. where only a few nodules \À/ere

formed at 2O"C but large number at 26"C-

Nodulation of various tropical legumes is very sensitive to

tlow' root temperature (Dart and Mercer 1965; Gibson L97l-). Nodula-

tion of tropical and sublropical legumes, i.e. Glycine. r,¡ightii'
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Desmodium uncinatum, Desmodium intortum,

Phaseolus artopurpureus; \,rere f ound to be

Nodulation at 24" C r¿as good for lhe last

nodulation \^ras good f or all species. At

Roughley et a1 (1970) studíed

root hair infecLion of Trifolium

Slylosanthes humilis and

poor or absent at lBoC.

three species.

36oC, nodulation

the ínfluence of

subterraneum L.

At 30'c

\,/aS poOr.

root tempera-

by RhizobÍunture on

trífo lii Dang. They found that the infection of root haírs \iras markedly

delayed at 7" C, but once started the infection proceeded for a longer

period of time than at 19oC, the optimum temperature for thís symbiosis.

Ultirnately the same number of infected root hairs \ùas found at the two

temperatures used. Surprisingly, the first nodule ruas observed 24 hours

after finding the first infectÍon thread at 7"C, whereas at 19oC a

period of about 3 days elapsed betr,¿een the first infectíon observed

and the appearance of the nodules. From tl-ris experíment the conclu-

sion was drai^¡n that the infection r,ras markedly delayed but the nodule

inítiation was accelerated at 1ow temperatures.

However, Lie (L97Ia, L974) considered that the results with

pea plants favour the hypoÈhesís that nodule iniliatíon is particularly

sensitive to 1ow temperature. In the experiment a pea plant (cv. Iran)

\,/as used, rvhich is unable to form nodules at 20"C or lower, but nodula-

tíon takes place at 26oC. The requirement for the higher temperature

ís only confined to the second and/or third day after inoculatíon.

These results indícate that infection, grorvth of the nodules and nitrogen

fíxation proceed normally at 20o C, but nodule inÍtiation requires a

slightly higher temperature.

Roughley (1970) reporEed that Ëhe structure of nodule changed
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when the temperature \,'/as lorvered. Progressively less bacteroid tis-

sue \^ras formed with decreasíng temperat.ures and at 7oC almost no

bacteroíd could be observed. The highest arnount of bacteroid tissue

was formed at lloc but the efficiency of nítrogen fixation per unit

of bacteroid tissue \ras the highest at 19oc, the optimum temperature

for symbiosis.

A detailed study has been made by Pankhurst and Gibson (1973)

on subterranean clover in symbiosis with Rhizobium strain N430. 
^t 

22"C

the synbiosís proceeded normally resulting in a rve1l developed central

bacteroid tissue. These plant cells were packed with strongly enlarged

bacteroids (about B-10 time the size of the vegetative bacteríal cell)

and each bacteroid was enclosed in a separate membrane envelope. hrhen

this symbíosis iuas kept at 30oC the nodules formed contaín a large zone

with cells, penetrated by infection threads. These infection threads

were hÍgh1y branched and had a distorted shape when compared rvith nor-

mal infection threads. The bacteroid zone was disorganized and the

plant cel1s contained membrane envelopes, each containing 4-6 sma1l

bacteroíds, usually not larger than normal vegetative bactería. some

of the cel1s, especially in the degenerating zone, rnight be filled with

a polysaccharide, presumably released from the ínfection tirreads. From

the same sÎ-udy, it ruas found that the symbíosís between subterranean

clover and Rhizobium straín TA1 rvas less affected by high temperature.

These results suggest that degeneration of the bacteroid tissue is

rapid at high temperatures and this may result in shortening of the

period of nitrogen fixíng actívity of the nodule. It may presume that

Rhizobium strains, capable of performing good symbiosis at hígh temperatures
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delay nodule degeneration longer than other RhizobÍum strains do.

Kuo and Boersma (1971) studj-ed the effect of soil water

suction and root temperature on rates of nitrogen fixatíon, transpira-

tíon, and net photosynthesis of soy beans (Glycine max (L.) t"terr.).

The range of root temperature and soíl water suction considered was

10 to 37.BoC and 0.30 to 2.50 bars, respectively. tr^Iíth increasing

rooË temperature rates of nítrogen fixation, transpiration and photo-

slmthesis increased slowly at first and then rapidly until an optimum

temperature rras reached followed by a decrease at hígher temperature.

Optimum temperatures \,,rere 27"Cr 30oC and 27"C for rates of nitrogen

fíxation, transpiration and net phot.osynthesis respectívely. Rates

of the three parameters decreased r¡ith increasing soil vüater suctíon.

At 10 and l5oC, rvater stress had a more adverse effect than at 24o and

32oC, possibly related to the lower uptake by plant roots at lower

temperatures.

Sandhu and Hodges (1971) studied the effects of photoperiod,

light intensÍty and temperature on vegetative growth, flowering and

seed production of chickpea (Cicer aríetinum L.). They found thar

plants grown in high light intensity (28 Kilolux), 16-hour photoperiod,

and at 22.5"C, produced more flo¡¿ers and seed:than other treatment

combinations.

Dart et al (1975) reported the effects of soíl temperature

on nitrogen fixation ín soybeans and chiclcpeas. ChÍppewa soybeans ín-

oculated with 3 Rhízobium strains (CB 1809, Smlb and CC 705) when

gro\rn at 2Io, 27o, or 33oC day temperature, there

ín nitrogen f íxatíon betr^¡een strains at 2L" C, but

rvas little difference

aL 27" C and especially
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33oc, Smlb rvas the most effective. CC705, as effective as C81809

aL 27"C, at 33oC formed red nodules with some nítrogenase activity,

but which fíxed little nitrogen.

ChÍckpeas grew and fixed similar amounts of nitrogen with

all strains at root temperatures from L5-25"C, but nodulation and

nitrogen fixation at 30oC was dependent on Rhizobium strains, the

best straín Ca-2 fíxíng more than 60% as much as at 23"C. No nodules

were formed by any strains at root temperature greater than 32'C.

Minchín et al (L976) studíed the effects of different soÍl

temperature regímes on vegetative growth, symbiotic nítrogen fixation

and seed yield of two corlrpea cultivars (lK2802 and Prima). Mean maxi-

mum soil temperatures above 32oC significantly reduced vegetative growth

of both cultívars, through thelr effects on branch, peduncle and root

dry weight per plant and, to a lesser extent, Leaf productíon. The

r,rarmest temperature regíme (35.4'C) also reduced nodule activity,

especially in cv. Príma. Seed yíe1ds were adversely affected, due

largely to change ín the number of peduncles per plant, as mean maxi-

mum soil temperature increased from 25.8" to 35.4oC.

Munns et a1 (L977) studied the alfalfa nodule dístribution

and ínhibition of nítrogen fixatíon by heat in both greenhouse and field

conditions. In greenhouse solution cultures, acetylene reduction and

nitrogen fíxati"on by nodules \.^Iere impaired by daily heating of the cul-

ture solutíons to 32"C, and eliminated by repeated exposures to 36oC

or a single exposure to 40'C. However ln a field tria1, aLfal-f.a showed

no signs of nitrogen deficiency and responded litt1e to the application

of 500 Ke NHONOT/ha although soil temperatures above 32oC were recorded
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for 5 to 6 hours each day during a 6 day hot spe11 follorving a laÈe

suûrmer cut, rvith peak soil temperatures above 40oC at 2 cm depth. The

lack of response in the fíeld trial was explaíned by observation of

temperature profiles and nodule distríbution. 0n1y the top most 5 cm

of soil heated above 30oC, and thís contained less than 10% of the

nodules. Most of the nodules were at depth 10 to 30 cm, and remained

at nearly optimal temperatures of 22" to 27"C.
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Results of research in publícation form
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1.

RESULTS OF RESEARCH

The response of faba beans cv. Diana to different strains of

Rhizobium: Greenhouse condítions.

ABSTRACT

Three separate but identical experiments using partially

sterilized nrixed soils and a growth pouch experiment \^/ere conducted in

the greenhouse in the fal1 of L975, to determine the effectiveness of

15 straíns of Rhizobium wíth faba beans cv. Diana. In the soil experi-

ments, the 5 week harvest showed differences in nodulatÍon but not dry

weight. At the B rveek harvest, nodulation, acetylene reduction, dry

rveight and 7. N content differed among strains. There were híghly

significant correlations (r) among nodulation score, CrHOproductíon

and % nitrogen. At the 11 r¿eek harvest, results v¡ere similar to Ëhe

8 week harvest. Highly signifícant correlatíons (r) were found among

nodulation score, C2H4 production and dry weight.

In the growth pouch experiment, different straíns showed dÍf-

ferences in nodulat.íon and dry weight. Ethylene production in this

experíment was loru. This ís thought to be due to a barrier that

uright prevent 0, diffusion to the nodules or the nodules \,.rere too young

to function properly.

From these 4 experiments, B strains v/ere selected for fur-

ther study in the field. They were MO, Mll , ML2, 1f14, M16, MZI, M22,

MZ3, and were compared with Q commercial inoculum.
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INTRODUCTION

Rhizobia are generally screened for infectiveness and ef-

fectíveness in the greenhouse or growth room conditions. The greenhouse

test is more valuable with a forage than with a grain producing 1eg-

ume as there ís a direct relationship beËv¡een dry weight and N-con-

tent of the forage legumes (Erdman and Means L952), and the reproducËive

cyele does not dominate the plant so completely as ít does with the

grain legumes. Prudent use of the greenhouse and growth chamber can

aid in eliminating poor or totally íneffectíve strains (Burton I976).

Many methods in the study of nítrogen fixation in the greenhouse or light

room have been summarízed (Vincent I970). After the discovery that

C^H^ inhibits nitrogen fixatíon in extracts of Clostridium pasteuríanum
2¿

(Schöllhorn and Burris 1966, Dilworth 1966), a method of acetylene-

ethylene assay for N, fixatíon ín laboratory and fÍeld conditions

was developed (Hardy et al 1968). Thís techníque proves to be use-

ful in determíníng N2 fixaEíon effectíveness in different symbíonts

(ug. Hardy et a1 1968, Schwinghaflrner et aL 1970, Inlacek and Brill L976, Dean

and Clark f977).

The experiments were conducted ín the greenhouse ín the

Fall of L975 by usÍng partially sterilized soil míxture and growth

pouches.

The objective of the experíments was to evaluate the sym-

biotíc relationshíps between different Rhizobium strains and faba

beans cv. Diana under greenhouse condítions, and to select Rhízobium

strains for further study in the fíeld.
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MATERIALS AND METHOD

Sixteen different strains of Rhizobium ruere obtaÍned from

different countries. They \^rere:

Rhizobium straíns Country of origín

M: Rothamsted, England

M4 Rothamsted, England

Mtt Morocco

,tZ }lorocco

Mt: Sweden

Mt4 Sweden

Of t5 Sweden

Mt6 Srveden

MtZ Srueden

"tg 
Sr"reden

"tg 
Sweden

MZO Srveden

MZt Nitragin Company, U. S.A.

*ZZ Nitragin Company, U. S.A.

MZZ Nitragin Company, U.S.A.

Q commercial Nítragín Company, U.S.A.

Faba bean seeds cv. Diana were obtaíned from the Department

of Plant Scíence, University of Manitoba.

The DiSPO growth pouches (f6.5 x 17.5 cm) r¿ere developed

by Northrup, King & Co., Minneapolis, Minnesota, U.S.A.

Experi-ments usíng soil and growth pouches were conducted in

the greenhouse to determine the effectiveness of different strains of

Rhizobium.

a) Soil experiments. Soil from the Carman trrleed. Research

station was mixed wÍth sand and perlite in the volume ratio of 222:L,
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respectively. The mixture was pasteurized at B2oC in a Dillon Auto-

matic Soil Pasteurízer (lillon Industríes, Inc., Melrose, Mass., U.S.A.)

f.or 6 hours on 3 consecutive days. The soils were then potted in 12 cm.

díameter pots which had been immersed previously ín 95% ethanol. The

pots r,rere then put in plastic bags with the plastic extending 4 inches

above the top of the pots. I{oles vrere cut in the bottom of the plastic

bags to facilitate drainage of excess \^rater from the pot.s.

Faba bean seeds cv. Diana were chosen to uníform size. The

seeds were surface steril-ized by immersing in 32 sodium hypochlorite

for 5 minutes, rinsed wítln 95% ethanol and then r+ashed 10 times with

sÈerÍlized distilled water. Seeds v¡ere sov,Jn in the pots at the rate

of 4 seeds per pot on October 5, 1975.

The pots were then divided into 18 different groups, each of

which consisted of 6 pots. Each group was ínoculated with 4 ml of 7 day

old Rhizobium culture which had been grovrn in yeast mannitol broth (Vin-

cent 1970). There rvere 16 Rhízobium strains arrd 2 uninoculated controls.

The treatments were desígnated as follows: Tr, uninoculated control A;

t2, Q commercial; T3 ao t17 for lvl' M4, Mll, Mlz, M13, M14, M15, M16,

M17' M1B' M19, M20, M2!, MZZ and M, respectivelyi T1g for unínoculated

control B. The pots \^/ere r'ratered r^¡iÈh dístilled water for the first

three weeks and later on r^¡ith tap water as required.

The 6 pots of the 18 treatments \^rere grouped in the green-

house on 3 different benches and each group was completely randomized.

The groups represented 3 different sampling dates (at 5,8 and 11 weeks).

The plants r,/ere thÍnned to 2 plants per pot at 2 weeks after

planting. The plants r,rere given CaSOO, Nai{rPOO.HrO and KCI at the rate
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of 0.3, 0.6 and 0.5 g per pot respectively after thinníng. The pots

r,/ere rerandomized every rveek.

The plants \,rere harvested according to the dates mentioned

earlier. Plant tops were retained and oven-dried at 7O"C for 48 hours

and the dry weight v/as determined. Nitrogen content was determined

by the Kjeldahl method. A visual assessment of nodulation was made

on the basis of a 0-5 scale: 0 sígnÍfyíng no nodulation and 5 very

abundanË nodulation (Dean and Clark 1977). The roots were then sub-

jected to an acetylene reduction technique and the gas samples analyzed

in the laboratory following the procedure of Candlish and Clark (f975)

wiËh slight modifícations; mason jars of 890 ml rather than 400 ml

volume r,¡ere used, and 20 ml rather than 15 m1 acetylene vlas intro-

duced into the jars.

b) Growth pouch experiment. Faba bean seeds cv. Díana

were chosen to uniform size and surface sterilized as mentioned earlier.

The surface sterilized seeds vrere then germinated in petridishes con-

taíning 1% sterilízed agar for 3 days. Uniform seedlings were chosen

and transfered to the growth pouches containíng 30 m1 of sterilized

seedling nutrients (modified Candlish and Clark 1975). The tops of

the pouches \^rere covered ¡"¡ith alumínum foil-. Two holes Írere cut on

each side of the pouch, one for the seedling and the other for a

drínking strar:/. The drinking straws served as the holes for refilling

the nutríent solution. The tops of the drinking strards r+ere capped

ruith aluminum foil caps. Paper clips were used to close the openÍngs

to prevent contaminatíon.

The seedling nutrient solution (modified Candlish and Clark
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1975) consisted of 0.348 g IG2P04:' 0-4L2 e NaH,POO.rr1t 0.118 g K'SOOi

0.522 g CaSOO.2\t2O; 0.107 g MgS0O.7H20; 0.336 g }fgClr.6H20; 1 ml micro-.

nutrient solution and 0.1ml iron solutíon in 11000 ml of I'r'ater. The

micronutrient solutÍon contained 4 e HrB0rt L.4 g MnS0O HrO; 0.575 g

ZnS)O.IHZO; 0.125 e CuS0O.5H20 and 0.073 g (NH4) 
6Mo1024.4H20. 

The íron

solution was 5.4 g Fecl3.61120 and 0.657 g N"2"2 EDTA in 100 ml of water.

The plants i'rere left in greenhouse conditions for 10 days.

Then they were divided into 17 groups, each having 8 pouches. Each

group representíng one treatment \4riÈh B replicatíons.

One ml of 7 day old rhizobía culture gro\,/n on yeast mannitol

broth (Vincent 7970) was used to inoculate the plant ín the pouch.

Treatment numbers were assigned as follows:

Treatment number Rhizobium strain

I

2

J

4

5

6

7

()

9

l0

11

I2

'LJ

uninoculated control

Q commercial

M.
J

M,
4

Mtt

Mtz

M"13

Irt4

Mts

Mto

*tz

*tg

Irtg



Treatment number

t4

15

16

L]

Rhizobium straín

M,,20

Mzt

Mzz

M
,/1

The pouches r¡/ere arranged in test tube basi<ets in randomized

complete block desígn with B replícations and left Ín the greenhouse.

The light in the greenhouse rdas adjusted to a 16 hour day and an 8

hour night.

The plants \../ere ruatered later with steriLízed l/4-strength

seedling nutrient sol-ut j on by usi ng an automatÍc syr:inge.

'llhe plants i,/ere harvested 5 weeks af ter inoculation. The

tops vrere saved and oven-dried to determine dry weight. The roots

were visually assessed for nodulation and then subjected to acetylene

reductíon as mentioned earlier.
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RESULTS

Soil Experiments

The results of the 5 week harvest are summarized ín

Table l" 0n1y nodulation score and dry weight are reported ín this

table. Due to acetylene fault and loss of samples, ethylene produc-

a)

tion and

Table 1.

nitrogen content are not reported.

Nodulatlon, dry weight of faba beans inoculated with various
strains of Rhizobiurn. The beans vrere grovün in the green-
house "r¿ narî."te¿ 

"Ë 5 weeks after plantíng. I/

Rhizobium
s traíns

Nodulatíon
Score

Dry weight
( e/Pot)

Uninoculated control A

Q commercial
M.

J

M4

Mtt
Mtz

'tg
Mt4

Mts

tt6
Mtl

"tg
l{tg
Mzo

Mzt
Mzz

Mzr

uninoculated control B

oe
2.67 a
0.50 cde

3.L7 a

2.83 a

2.83 a

1.83 b

2,83 a

0.33 de

3.50 a

1.17 bcd

1.33 bc

1.33 bc

1. 83 b

2.83 a

3.00 a

2.67 a

0.33 de

1.03 abcd
1.15 abcd
0.92 cd

0.94 cd

1.02 abcd

1.06 abcd

0.95 cd

L.25 ab

0.94 cd

L.26 a

1.01 abcd

0.98 cd

1.01 abcd

0.90 d

1.17 abc

1.00 bcd

I.24 ab

1.02 abcd

1/ For analysis of varj-ance see apþ"ai"e.t f a"a 2.
* T'feans of 2 plant/pot.
a-e lfeans withÍn columns followed by same letter are not signifÍcantly
different by Duncan's ne\¿ multiple range Èest at p< 0.05.
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At 5 r,¡eek harvest, díf f erent strains shor^r dif ferent degrees

of nodulation. Uninoculated control A had no nodules but uninoculated

conËrol B had some contamination. 0n1y one pot in uninoculated con-

trol B had been contamínated. ,In general, uninoculated treatments

were poorly nodulated when compared to most inoculated treatments.

StraÍns Ot4, Mll , MIZ, If14, MI6, MzI, MZZ, MZ3, and Q commercial were

well nodulated and not signifÍcantly dífferent. The nodules formed

on these treatments rùere round and pínk, mostly concentrated on the

tap roots which show that the nodules \,,/ere effective ín nitrogen fixa-

tion. The rest of the strains tested \^/ere considered to give poor

nodulation. Nodules formed were smal1, whítish and mostly concentrated

on the lateral roots whích reflect that these nodules were formed by

ineffective bacteria.

Dry weight results do not clearly show the difference be-

t\"/eeri treatmenLs. Tl-re inoculated treatments did not signíficantly

differ from the unínoculated treatments. There are tendencies that

some strains are better or r,/orse than the uninoculated controls.

Table 2 shorvs the results of the 8 week harvest results.

In this experiment, nodulation, acetylene reductíon, dry weight and

percentage of nitrogen content are reported. The uninoculated treat-

ments show some degree of contamination, nodules were formed on the

lateral roots. Strain" M4, Ml2, Ml4, M16, I|Z._, M2Z, M23 and Q com-

mercíal shorv good nodulation, while M11, Ml3 show fair nodulation.

The rest of the inoculated treatments v/ere considered to be poorly

nodulated. Acetylene reduction data shows that strains Mr' ML4,

M16, M21, M22, M23 and Q commercÍal r¿ere highly effectíve. M4 produced
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Table 2. Nodulation, acetylene
cofitent of faba beans
Rhizobium and gror,'rn in
harvest. Tl

reduction, dry rueíght and nítrogen
inoculated by different strains of
the greenhouse for B weeks before

Rhízobium Nodulation
s trains s core

C^H. oroduction¿4'
(u moles /por/nr)

Dry weight
( e /pot)

% NÍtrogen
content

Uninoculated
control A

Q commercial
M

J

M,
+

Mtt
M"12
Mt:
Mt4

Mts

Mt6

Mtl
Mtg

Mtg

Mzo

Mzt
M"22
M^.

¿J

Uninoculated
control B

1.17 cd

3.33 a

1.50 c

3.33 a

2.50 b

3.L7 a

2.50 b

3.50 a

1.33 cd

2. 83 ab

1.17 cd

0. 83 d

1.00 cd

0.83 d

3.17 a

3.33 a

3.17 a

0.67 d

0.49 c

5.45 ab

0.80 c
3.17 bc

0.29 c

7.OL a

oc
6.22 ab

oc
4.69 ab

oc
oc
oc
oc
4.78 ab

4.51 ab

6.25 ab

2. 39 de

4.06 b

2.11 def

3.16 c
3.I2 c

4.23 ab

2.53 d

4.03 b

1. 87 ef

3.24 c

1. 86 ef
1. 87 ef

1.55 f
2.06 def

4.80 a

3.97 b

4.24 ab

2.18 def

2.99 be

3.72 a

2.67 c

3.66 a

3.59 a

3.68 a

2.70 c

3.54 a

2.82 c

3.50 a

2.01 d

1.73 d

1.84 d

1.73 d

3.41 ab

3.6I a

3.91 a

3.02 bc

L/ For analysis of varíance see Appendices 3-6.
* Means of 2 plant/pot.
a-f Means within columns followed by same letter
different by Duncants new multiple range test at

are not significantly
P S 0.05.



ethylene at the rate of 3.17 u moleslpot/hr. and may be considered

to be fair even though ít is not significantly differenl from the con-

rrols (0.49 and 0 u moles/pot/hr. respectíve1y). *t3, M15, M17-20 do

not shorv any acetylene reducing activity while M3, M' shorv some. Dry

weight data shorvs that M4, Mll , ltIZ, Ml4, M16, M2. , MZ2, MZ3 and Q com-

mercía1 are better than the uninoculated controls. M3, Ml3, M15, ML7-

20 are not significantly different from the uninoculated controls.

Percentage of nítrogen content follows the same trend as dry weight.

M4' Ml1' MLZ' M14, M16 , MZI' MzZ' l4Z3 and Q commercial are not signi-

ficanCly dÍfferent but higher than the uninoculated controls. The

rest of the strains have the same percentage of nitrogen content or

less than the uninoculated controls. This reflects that some of the

strains even become tire parasite instead of living as symbiotic re-

lationship.

Table 3 shows the results of the harvest at 11 weeks after

planting. ConËamination ín the uninoculated controls increased, the

nodules formed \^/ere on lateral roots. M4, Ml1 , MLZ, Ml4, M16, MZI 
,

MZZ, MZ3.and Q commercial had excellent nodulation and the nodules

were pink ín colour and mostly concentrated on tap roots. The rest

of the strains had poorer nodulation, someËimes even \^/orse than the

unínoculated controls. As before these nodules \üere usually whitish

and formed on lateral roots. The nodules formed on the unínoculated

controls varied. Some looked like they rvere forned by the effective

strain (pink in colour), some looked small and ivhitish (ineffectÍve

straíns). This reflects that contamínation ín the controls is random

and could come from any strain. Some strains were more poorly nodulated
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than the uninoculated controls. This reflects that conLamination in

the inoculated treatment afterward ís un1íkely to be a serious problem.

This means that the nodules formed on the inoculated treatments are

likely to come from the inoculated straíns. The data for ethylene

Table 3. Nodulation, acetylene
content of faba beans
Rhizobíum and grown Ín

reduction, dry weight and nitrogen
inoculated by different strains of
the greenhouse for 11 weeks. 1/

Rhizobíum Nodulation
s t raíns s core

¿
C^H. oroduction'24'
(u moles/pot/hr)

Dry weight
G/pot)

Z Nitrogen
content

Uninoculated
control A

Q commercial

M.
J

M,
4

Mtt
Mtz

Mt¡
M"L4
Mts

"10
Mtz

"tg
Mlg

Mzo

Mzt
M"22
M"23

Uninoculated
control B

I.67 bc

3.67 a

I.67 bc

4.00 a

3.L7 a

3.67 a

2.I7 b

4.00 a

1.50 bcd

4.00 a

1.00 cde

0. 83 cde

0.33 e

0.67 de

3.50 a

3.50 a

4.00 a

1.17 cde

1.40 b

8.00 a

2.82 b

9.66 a

6.9I a

9.46 a

2.66 b

10.28 a

2.I7 b

10.09 a

1.59 b

0.56 b
cb
0.47 b
8.60 a

7.96 a

8.50 a

3.35 b

2.70 cde

7 .06 aT:'

3.53 cd

6.42 b

6.26 b

7.75 ab

3.49 cd

7.78 ab

2.86 cde

7.22 ab

2.67 cde

2.02 de

L.72 e

2.01 de

8.22 a

I .47 ab

8.23 a

3.74 c

2.45 abcd

2.55 abc

2.73 abc

2.34 abcd

2.64 abc

2.45 abcd

2.L4 cd

2.92 ab

2.99 a

2.50 abc

2.23 bcd

2.34 abcd

r.B0 d

2.23 bcd

2.58 abc

2. 47 aT:cd

2.72 abc

2. 43 abcd

7/ For analysis of variance see Appendices 7-10.
't 2 plants/pot.
a-e Means within colunns follorued by the same letter are not sÍgníficantly
dj-fferenr by Ðuncants nernr mulËiple range test at P:0.05.
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productíon follows the same trend as nodulation score. M4, Mll, MIZ,

t14, 
"16, 

MZI, MZ2, M23 and Q commercial are fixing nitrogen effectively.

The rest of the strains fix nitrogen poorly and are not different from

the unínoculated controls. Mtg does not fíx nitrogen, it also has the

lowest nodulation score. Dry weight data also confírms the previous

data. The nine strains previously mentioned above are superÍor to the

unínoculated controls. The rest of the straíns have dry weights equal

to or less than the unínoculated treatments. The data for the percent-

age of nitrogen content is less distÍnguíshable. Most of the strains

have the same percentage of nitrogen content. 
"15 

i" the hlghest (2.992)

while M-^ is the lowest (1.802).
19

Growth Pouch Experiment

The results of the groruth pouch experiment are shown ín Table 4.

0n1y nodulation score, ethylene production and dry weight per plant are

presented. Uninoculated controls did not form nodules. Nodulation of

Q commercial was excellent rvhile 0f11, Ml2, M13, Ml4, MZI, M22 and M,,

were also good. MrO and M* had fair nodulatÍon. t.-,_ZO had poor

nodulation, whíle M, and l'15 díd not form any nodules at all. Ethylene

production data shows that Mr' ML2, Ml3, M14, M16, MzL, M22, M,, and

Q commercial are fíxing nítrogen. Surprísingly, M4 which shows faír

nodulation did not show nitrogenase activity. M3, Ml5, M17_20 rrd

the uninoculated control did not show any nitrogenase activity. Dry

r,reÍght data shows that Mll , Ml2, M14, M2L, M23 and Q commercial are

hÍghly effective. Mtg, Ml6 and l4r, are intermediate while the rest

are consídered to be íneffective. l'ÍO agaín shows poorest dry matter

yie1d. This reflects that MO in this condition is living líke a parasite.

b)
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Table 4. Nodulation, acetylene reduction and dry rueight of faba beans
inoculated by different strains of Rhizobium and grov,rn in
the grovrLh pouches in the greenhousã-fã?5îeeks after
inoculation. T/

Rhizobíum strains Nodulation score CrHO productíon Dry weíght
(p moles/p1ant/hr) (e/p1ant)

Unínoculated control
Q commercíal

M.
J

M+

*lt
Mtz
.l\'f

"13
Mt¿

M"15

"tottz
Mtg

Mtg

Mzo

M--27

Mzz

Mz3

0

3 .25

0

2.00 d

2.75 abc

2.63 abcd

2.50 bcd

3.13 ab

0f
2.25 cd

1.13 e

1.00 e

1.00 e

1.00 e

2.50 bcd

2.63 abcd

2.75 abc

0.90 a

0c

0c
0.64 ab

0.17 bc

0.23 bc

0.30 bc

0c
0.19 bc

0c
0c
0c
0c
0.46 ab

0.22 bc

0.31 bc

0.24 ef
0.63 a

0.25 ef.

0.18 f
0.50 abc

0.54 ab

0.33 de

0 .49 abc

0.27 def

0.41 bcd

0.23 ef
O .25 ef.

0.30 def

0.20 f
0.50 abc

0.37 cde

0.52 ab

f
a

f.

1/ For analysis of variance see Appendices 11-13.
a-f Means within columns followed by the same letter
different by Duncants nel^/ rnultiple range test at P <

are not sígnificantly
0. 0s.



46

DISCUSSION

Carman soil r¿as used in this study because ít ís 1ow ín

nitrogen. The soil ís fine sandy loam and Ís found to be lorv in CaCOr,

SOr=, P, NO, , and K. The pH of the soil is 7.4. Therefore the extra¿+J

nuËrient was added when the plants r¿ere two weeks old.

At 5 week harvest, the unínoculated controls did noL have

nodules. M4, Mll, MIZ, M14, M16, M2I, MZz, M23 and Q commercÍal showed

good nodulation. Q commercial consisted of 3 strains i.e. Mrr, l4r, and

MZl. The rest of the strains v/ere more poorly nodulated. Even though

these nine straj-ns were well nodulated, the dry matter yields r,¡ere not

significantly different from the controls. The explanatíon for this

may be that at this stage of growth the plants were dependent on stored

nitrogen in the seeds and nitrogen in the soi1. Soil analysis showed

that the soil mixture contained approxÍmately 4 ppm available N0g-.

The soil nitrate and seed nitrogen may be adequate for growth in this

period. Atmospheric nítrogen fixatíon might have begun because nodules

were pink in colour. But this may noL contríbute much nitrogen to the

p1ant.

At the B rveek harvest, contamínation in the controls increased.

The finding that nodulation ín the controls occurred mostly in lateral

roots reflected that contamination occurred later. Nutman (1958) points

out that the foci of infection are available for a limited tirne only

and change positíon ¡víth the growíng root tip. Nodulatíon of the pre-

viously mentioned strains and M* were better than the rest of the

strains. Nodulation of If3, Ml5, ML7_ZO \{ere surprisíngly poor and were

not signíficantly different from the controls. Ethylene production data
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shorvs that MO , MIZ, 1f14, M16 , M2L, M2Z, MZ3 and Q commercial were

significantly different from the rest of the strains. M' showed good

nodulation but only produced ethylene at the rate of 0.29 u moles /pox/

hr. This is at variance rvith the dry weight and. "/. nitrogen results in

which M11 Bave results comparable to Ëhe other good strains. Dry weight

and "/" nitrogen agree reasonably well with nodulatÍon score ar,ð. crïO

production. The correlation (r) between dÍfferent characters are sum-

marLzed in Table 5.

Table 5. correlation(r) between nodulation score, acetylene reduction,
dry weight and 7" níLrogen content of B week old faba beans
(N = lB).

CrH, production Dry weight % Nitrogen

Nodulation score

CrHO Vroduction

Dry vreight

.L .L

0. 8523
-L -r-

0.9027
-r_ -L

0. 9064

.L J.

0. 8439

0 .7 s96

0. 8330

Values f.or r sígnifícant at P < O.Ql:t:t or P < 0.05't.

There is a good correlaËion between nodulation score and C,HO

production, nodulation score and dry weight, nodulation score and % nltrogen,

C,HO Productíon and Z nitrogen ancl dry weíght and % nÍtrogen. Tirese result.s

agree with Dean and Clark (1977).

At 11 week harvest, nodulation scores of l{0, }I11 , MIZ, Ml4,

M16, M21_23 md Q commercial were ouËstandíng while M¡ would be con-

sídered faír. Contamination in the controls increased and was reflected

in the ethylene production r^¡hich was 1.40 and 3.35 ¡r moles/pot_/hr. ín

conËro1 A and B respectively. Ethylene production data showed a clear
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cut difference between effective and ineffective straíns. Ineffective

sËrains showed no better ethylene productíon than contamination Ín the

controls- Mrn rvhich showed poor nodulatíon did not show any acetylene

reducing activity. It is likely that contamination plays a minor role
j"n the expressíon of the effectiveness of straíns. rn other words,

all the straj-ns could ful1y express their potentíal without being

masked by contamination. This was probably due to contaminatÍon oc-

curring late in the experÍment.

The % nitrogen content data is less obvíous. There is no

clear cut difference between treatments. The explanation for this may

be that the effective strains fixed more nitrogen which led to vigorous

growth. htren the plants became bigger and older, the nitrogen content

dropped. I,Jhile the ineffectíve strains fixed less nitrogen, the plants

had poorer growth and the nitrogen content did not change that much.

The correlation (r) between different characters is surnrnarized

in Table 6. There is a highly sígnificant correlation betrueen nodulation

score and crHO production, nodulation score and dry rveight, and crHO and

dry weight: The correlations (r) betiveen nodulation score and % nitrogen,

crEo proðuction and % ilitrogen, and dry weight and Z nitrogen, are not
s ignÍfí can t.
Table 6. correlation (r) between nodulation score, acetylene reduc-

tion, dry weight and 7. nítrogen content of ll week old faba
beans (N = 1B).

CrHO production Dry weight Z Nitrogen

Nodulation score

C'HO lroduction
Dry weight

0.9738 0. 9s9B

0.9707

0 .47 47

0.45L9

0.4663

Values f.or r significant ar p < O.Ql:t:k or p i O,OS-¡
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For the grotvth pouch experiments, contaminatj-on was elimÍnated.

because everything \Á/as sterilized. The uninoculated control showed no

nodulation. 
"4, 

*11 , ML2, 1113, M14, Ml6 , MzI, M22, M23 and Q shor,¡ed

good nodulation. ltll-zo showed poor nodulation, whíle M, and M6 failed

to nodulate completely. In the previous soil experiment these tivo straÍns

had poor nodulation whícir míght have been due to contamÍnation. Ethylene

production data shorvs poor resulEs. All strains that have goocl nodula-

tion, except Mo, produced ethylene. The amqunt of ethylene production

is 1ow and erratic (c.v. = 237%). Thís may be because the plants \.^rere

harvested when they r^/ere too young or restricted aeration in the pouches

may have prevented oxygen from reachíng the nodules. Since the roots

¡^rere ímmersed in nutrient solution in the pouches, there is a possibility

that a thin film of water could have been developed around the rooL

nodules and restricted oxygen diffusion. Thus N, fixatÍon as measured

by acetylene reductíon ís low and erratíc. sprent (Lg6g) found thaË

immersion of the detached nodules in water ínhibited CrH, reductíon by

reducíng 0, supply to the nodules. schwinghammer er al. (1970) obtained

only lorv rates of acetylene reducËíon rvith \,/et pea nodules. This ef-

fect of \^/ater loggíng on acetylene reductíon has also been reported by

sprent (1971b), Mague and Burris (L972) and liuang er al (L9l5a). M4

shoi,¡ed fair nodulation but no acetylene reducl-ng activity and dry weight

ís the lowest.

rn this \^rater logged condition, l{.0 may have been parasítíc.

Sprent (1975) noticed that different Rhizobium strains of Piraseolus

vulgaris performed differently in water logged conditions. rn this

case, MO nay not be able to do r¡ell in rvater logged condítions. The
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other reason is that MO may be slow to become eslablished and function.

This can also be confirmed by the soil experiment when Mo did not do

r¿ell at the 5 week harvest. The correlations (r) between nodulation

score, CZHL production and dry lveÍght are shor,¡n in Table 7.

Table 7. Correlation (r) between nodulation score, C^H, prod.uction
and dry weíght of faba beans gro\,rn Ín the pé"änå" (N = 17) .

CrHO production Dry weight

Nodulation score

CrHO Vroduction

0 .3022
-L -r-

0.7886

0. BssT

Value s ignifi can t

CONCLUSION

From soil and growth pouch experiments, it was found that

nitrogen fixation in faba beans cv. Díana was affected by the strains

of Rhizobium. Failure to form nodules resulted Ín no nítrogen fixa-

tion. The ability of a particular strain to form nodules ís deter-

mined by the genetics of the host (Norris L96l). M3 and M* failed

completely to form nodules in the growth pouch experimentand procluced.

sparse nodulatíon in the soil experiment. This might have been due to

contaminatíon. strains M.-:,_zO \Ârere poorly nodulated in both soil and

grototh pouch experiments. MO treated plants were well nodulated through-

out but nodule did not fix nitrogen i-n the growth pouch experiment. Mt:

Lreated plants were fairly well nodulated but faÍled to fíx nítrogen in

the soi1. Therefore M4, M1l , ML2, M14, Ml6, Mzr, M22, Mz3 and. Q com-

mercial were selected for further study in the fie1d.
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) The response of faba beans cv. Diana to different strains of

Rhizobium: Field tests.

ASSTRACT

The strains selected previously, and one additíonal sËraj-n

of faba bean Rhizobium, \ùere tested under fíeld condÍtions at tÌdo loca-

tions representÍng low and high nítrogen soils ín the sunmer of L976.

All the selected straíns except or., M14, showed good nodulation at

both locations. In 1ow nitrogen soil, different strains shor^¡ed dif-

ferences in effectíveness as measured by the acetylene reduction

Èechnique. Inoculation increased seed yield ín low nÍtrogen soil.

Al1 of the strains, except Mt4, \,rere not signífícantly different in

fína1 seed yield. However, the strains from Morocco (Mll, M12) gave

significantly higher seed nitrogen than the rest of the straíns. In

hlgh nitrogen soi1, there v/ere no signíficant differences among the

treatments. Inoculation did not increase the yíe1ds. The poor per-

formance of ì{rO r¿as considered to be due to loss of effectiveness

duríng storage.

The persistence of the R,hlzqbiulq in low nitrogen soj-l was

measured in the summer of L977. Approximately 90% of the plants examined

had nodules but mostly on lateral roots. AL 5 week harvest, nodulatJ-on,

aceÈylene reduction, plant dry weíght and nitrogen percentage Trere not

significantly dífferent, suggesËíng cross-contamination between pIots.

There were differences in nodulation score but not acetylene reduct.íon,

plant dry rueÍght or nitrogerl percentage at the 9 r¿eek harvest, suggesting

some strains might have poor survívíng ability.

The Moroccan strains (t"t* and Mrr) showed good acetylene
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reduction and gave significantly higher seed nitrogen content than the

rest of the strains in the dry year of L976 in the sandy loam soil.

It is recommended that these truo strains be added to the commercial

inoculum Ín the same \,/ay t" M21 , MZZ and Il^ are the components of the

Q commercial inoculum. Faba bean seeds should be ínoculated each year

to ensure early and good nodulation, even thougÌr the previous history

of the fíe1d shorvs that faba beans r^/ere gror./n before.
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INTRODUCTION

Laboratory tests to compare effectiveness of Rhízobium strains

on legumes do not always give a valid guide to their performance ín the

field. For example, Cloonan and Vincent (L967) using strains rvhich had

done well j-n controlled environments, obtained satisfactory nodulation

of cowpea (Vigna sinensis (L.) Endl. ex. Ilassk) and dolichos (lolichos

lablab L.) in only one of ten field trials soivn in a clean cultivated

seed bed and one of eight rvhen seeded dírectly into a grass sward.

Thus, although results have also been good with thís approach, some

of the straíns selected have failed in the field because of theÍr

inability to establish or persíst rvithin the physical (Marshall et al.

1963) , chemical (Munns 1965, Chatel and Parker L972) and biologícal

(Brockwell et al. 1968. I-lerridge and Roughley 1975, Roughley et al.

1976) environments of partÍcular soils. Climatic conditÍons vary from

year to year, orÌe strain may be effecËíve in one year and ineffective

in another (Abe1 and Erdman L964). I^lith grain-producing legumes,

fíe1d tests are mandatory as the true symbiotic capability of a strain

of rhizobia is attained only with the N-stress of ful1y developed pod-

díng plants with normal photosynthesis.

From the previous greenhouse experiments, 8 strains of Rhizo-

bj-um leguminosarum Frank and Q commercial inoculum \^/ere chosen for fur-

ther study in field conditions. An additional strain from Nerv Zealand,

designated as MrO, \,/as also included ín the field experiments. The

experiments \^/ere conducted ín the sunmer of 1976 at trvo locations. To

follol+ the persistence of inoculated rhizobia ín the soi1, uninoculated

seed r,¡as so\,m at one location in the summet of 1977, in the plots which
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carríed the strain test in 1976.

An experiment t{as also conducted in the greenhouse using

grovrth nouches to compare the results from the field and the greenhouse

condÍtions. In this experíment, the root temperatule \^7as controlled

at L4"C. The room temperature rùas 2OolLs"C in a 1618 nr. day.
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}fATERIALS AIiID }ÍETHODS

Nine Rhizobium strains plus Q commercial r'.ere used in the

study. These strains rvere MO, Mll , ML2, Ml_4' M16' 142I, MZZ' MZ3, l1Z4'

and Q commercial. Bacterial inoculants for field experiments r^/ere

prepared as follorus: bactería r^rere grown in 250 ml erlenmeyer flasks

contaÍning 150 ml of yeast mannitol broth (Víncent 1970). Each bac-

Èerj-al strain r^/as gro\¡/rt for 7 days and then mixed lvith 160 g of finely

ground peat (adjusted to pH 6.8 r+ith CaCOr). The bacterial concentra-

tion before adding to the peat rn¡as 108 cells/ml. The moisture content

of the peat after míxing was 502. The mixed peat r,/as incubated at room

temperature for two days before using. The same peat, adjusted to the

same moisture content with sterilized distilled water and incubated

for two days rvas used as the conLrol.

Faba beans seeds cv. Diana were used in the studies. Four

hundred seeds were packaged in a bag. Each bag was inoculated with

2 g of. inoculum, except the Q commercial treated bags whích received

1g of inoculum per bag. This \,¡as to equalize the number of rhLzobíal

cell in the treatments.

The experiments were conducted at 2 LocatÍons: the Carman

hleed Research Station (locatíon A) and the aboretum (1ocatíon B).

Location A was on very fíne sandy loam 60 iniles southruest of i^linnipeg.

Location B r¿as on clay at the Uníversity of Manitoba campus in I,linnipeg.

Soi-l samplÍng to 15 cm depth rvas carried out prior to seeding

at each location in the spring. Location A hacl 1.8 ppm NO3 : B Ppm

avaílable P, 153.3 ppm available K, 4.4 ppm SOO= ancl the pI{ was 7.4.

Locatíon B had 30 ppm NO3 , 10.3 ppm available P, 455.8 ppm available I(,
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13.9 ppm s0, and the pll ruas 7.6. Fertilizer \{as applied at locatíon4

A at the rate of 116 Kg l(/ha broadcast pre-seeding, and 57 I(g p and

22 I(g S/ha broadcast following emergence. Locatj-on A v¡as treated with

the herbicide trifluralin at 1. L2 l(g a.i. /]na, and the herbícide was

incorporated thoroughly prior to seeding. Irtren necessary, rveeds rvere

removed at both locations by hand-hoeíng.

Plot dimensions were 16.B x 0.6 m at Location A wfi-th 0.31 m

between plots, Lo.7 x 0.6 m at location B rvith 0.31 m between plots.

Each plot contained four rorvs 15.0 cm apart. Inoculum at the mentioned

rate \,./as added to the seed immedíately prior to seeding. The four-ror¿

small plot seed dri11 metered seed at approximately one seed per 6 cm

of rows.

Eleven treatments r/¡ere randomized in six blocks at each loca-

tion. Treatments r¡/ere: plain peat (Tr control), Q commercial (Tz),

144(T3)' Mlt(T4)' M12(T5)' M14(TO)' Mr6(T7) ' M21(Tg)' MZZ$ì' M23 (rrO)

and l{'ro(tr_r). seeding v/as complered on May 27 and l4ay 28, 1916 at 1o-

cation B and A respectively.

Plants v/ere sampled at all locations for nodulalíon and

acetylene reduction at 5, B and 11 weeks after planting. The plants

\,,/ere removed from the two centre rorvs of a 4.6 m section at one end of

each plot. Four plants per plot were lÍfted at each sampling. This

made a total sample of 24 plants per treatment.

A visual assessment of nodulation was made in the field on

the basis of a 0-5 scale: 0 signifying no nodulatÍon and 5 very abundant

nodulation. Acetylene reduction of the nodules on the separate roots

was carried out ín the field and gas samples anaLyzed ín the laboratory
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following the procedure of CandlÍsh and Clark (L975) rvith slight modifi-

cations; mason jars of 890 ml rather than 400 ml volume were used, and

20 ml rather than 15 m1 acetylene \^ras íntroduced into the jars. Plant

tops \üere retaÍned at all samplings and oven-dríed at 70oC.

' Precipítation rvas varíable in both total amount and distribu-

tion among locations. Totals for May to August were 136 mm for loca-

tion A and 289 for location B. June r¡as the i^/ettest month, with 54

arld 63% of tl-re total May to August precÍpitatíon fallíng ín that month

at location A and B respectively.

Plots \,/ere cut and stooked on September 3 and 4, 1976 f.or

location B and A respectively. A 10.7 and 6.1 m length of the 4 rows

was taken between a sampling area at one end and a 1.5 m uncut section

at the other, at location A and B respectively. Ten plants \¡/ere ran-

domly sampled from the t\ùo centre rol¡/s and taken to the laboratory to

determine yield components. Dried material ru¡as threshed through a

static i-lege plot combÍne. Nitrogen ín all seed samples røas determined

by the I(jedahl method. One thousand seed rveights ryere also determined.

To compare the results from the fÍe1d and greenhouse condi-

tions, a gror^/th pouch experiment v/as conducted in the grolth room.

The plants r{ere grown in the pouches as mentíoned prevíously ín the

greenhouse experiment with slíght rnodifícation. The plants were left

i-n room conditions for 3 days, insLead of 7 days in the greenhouse,

before inoculatíon. After inoculation the plants were left Ín room

condítions for another 3 days. Then they were randomly put into test

tube baskets and later transferred to a \^rater bath that had been adjusted

to give a root temperature 14"C (Kunelíus 1970). The beans reere harvested
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6 r,¡eeks after ïoot Lemperature treatment. Plants in one basket formed

a replicate. Experimental units conslsted of 2 separated plants (2 pouches)

l^¡hich were pooled together for nodulation rating, acetylene reductíon, dry

weight and nitrogen determinatíons. There rvere l0 treatments r,¡ith 8 re-

plications. The treatments assígned r,üere; uninoculated control (Tr),

Q cormnerci"r (Tz), M4(T3), Ml1(T4), Ì4r2(T5), Mt4(To), *ro(tz) , MzL(Tg),

*zz(Jù and Mrr(rro)'

The air temperature of the grorvth room r¿as 20o /Ls"C ín a L6/8

hour day.

To follorv the persisLence of inoculated rhizobía applied in

1976, an experiment \,üas conducted on the same area aL location A ín the

surtrner of. L977. Uninoculated faba bean seeds cv. Diana were drilled

into the same plols on May 15 , 1977 . Plants f rom the centre ro\.^/s \ùere

lifted, examined for nodulation, acetylene reduction, dry rveight and

nitrogen content at 5 and 9 weeks after plantíng. Four plants per plot

were lifted at each sampling. This made a total sample of 24 plants

per treatment.
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RESULTS

Location A was low in available nj-trate nitrogen (1. B ppn,)

rvhile locatíon B was high (30 ppm) in the top 15 cm of soil at the be-

gínning of the season. In the adjacent plots at both locations, it

r^/as reported that nitrate nitrogen increased over the growing season

(Dean and Clark L977).

Table B shoius nodulatíon, acetylene reduction and dry rveíght

of 5 week old faba beans at boEh locations. Nodulation at locatíon B

ruas found to be more abundant that at location A. Nodulation of the

controls at both locations was significantly less than the others.

Nodulation of the rest of the strains except Ml4, ra location B was

not significantly different. Nodulatíon at locaLion A was more ín-

teresting. MtO, M2L, MZ2, M23 were found to be excellent. Q commercial,

M4, M11, M, were found Lo be fair. And MrO was found to be poorly

nodulated and not significantly different from the controls. Nodules

aË this stage \,üere stil1 sma11 but looked pink at both locatíons.

Ethylene production data agrees reasonably well wJ-th nodulatíon score

in locatíon B. Al1 strains in location B díd not show significant dif-

ferences in ethylene production but were si-gnifícantly different from

the controls. The highest ethylene production ín location B iras 5.78 U

moles/planLlhr (MfZ), and the lowest was 2.16 ilmo1eslp1.ant/hr (control).

Ethylene production in locatíon A varíed among strains with M, shorving

highest ethylene production (6.88 Umoles/plant/hT). The control treat-

ment \^ras the lowest in ethylene production (0.40 p moles/p1ant/hr) but

it r+as not significantly different from MrO. The rest of the strains

shorved reasonably good nitrogenase actívíty.
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Dry rveight yields at location B r¡ere not significantly dif-

ferent. At location A, the strains shor^¡ed differences in dry matËer

yields. MZt gave maximum dry matter yield and the control treatment

r^¡as lhe lowest.

Nitrogen content \.,/as not significantly different betrueen

the strains ín location B. Location A showed differences among treat-

ments. The control treatment had the lor+est N content (3.56"/"). *t4

gave second poorest N content. The rest of the strains r,rere not signi-

ficantly different.

Table 9 shows the results of the B week harvest at both lo-

cations. DÍfferent strains rvere differerit in nodulation at both loca-

tions. The controls \^rere consistently lower in nodulation than the

rest of the strains. MrO was found to be poorer than the rest of the

inoculated treatments and \^/as not significantly dífferent from the con-

trol treatments in locatÍon A. At locatÍon A, nodules r^¡ere found to

be large and pink whí1e location B nodules rvere smaller and whíte.

Ethylene production by different strains \.^/as not signíficantly dif-

ferent at location B. Ethylene production by the control at locaËion

A was lorvest (0.75 p moles/plant/hr) but not signifícantly differenË

from l{r. Q.35 p moles /pLant/hr). *ll, }112, and l4r, were ourstanding.

M' produced highest ethylene (10.37 pmoles/plant/hr).

Dry rveigirt and N content Tdere not significantly different

among strains at location B. At locatíon A different strains showed

differences in dry weight and N content. Dry r+eight of the control

r,¡as loruest and signifícantly lower than Mao. Mr, gave highest dry

matter yield. N content in the control rvas also lowest at locaËion A
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(2.48"/.) and significantly lorver than MrO.

N content (3.532).

M' again had the highest

Tables l0 and 11 show the results of the 11 week harvest aË

locations A and B respectively. Plants v/ere separated ínto pods and

stem. The number of pods were counted. The yield data were presented

on a per plant basis. At location B, the controls \^¡ere poorest in

nodulation. M,, was second poorest and the rest of the strains rùereI4
good and not significantly different. Most of the nodules were white

and some shorved green colour at base of the nodules. Ethylene produc-

tion was poor and no signifícant differences rvere found among treat-

ments. Pod number, pod weíght, and leaves and stem røeíght per plant

were not signífícantly different. Nitrogen content in pods, and in

leaves and stems, \^/ere not significantly dÍfferent among treatments.

At locatíon A, nodulation of the control plants lüas poorest.

MrO treated plants were the next poorest treatment. MrU showed excel-

lent nodulation. The nodules v/ere larger and pínker when compared to

the nodules found in location B. Ethylene production was found to be

highest tr 
"r, 

(11.65 umoles/plant/hr) at location A and lowest in

the control treated plants (0.69 iimoles/p1ant/hr). Dry weight per

plant was found to be dífferent amongst. treatments. M, sirowed the

highest dry weíght (23.57 g/plant) and the control \ùas the lowest (7.78 g/

plant). Pod number, pod weÍght and leaves and stem yíelds followed the

same trend. N content in pods, and leaves and stem rvas also found to

follorr¡ the same trend. The control was poorest when compared to the

oËher treatments. The N content in leaves and stem was found to be

lower than in the pods. Half of the total nitrogen in the top part of
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the plant was found Lo be in the pods at this stage of growth.

Tables 12 and 13 sl-row yield components, yields and nitrogen

content of faba beans grorvn at locatíons A and B. At location B, there

\,¿ere rio signifícant differences ín yíeld components i.e. Pod no. lpLant,

seed no. /plant, seed/pod and 1,000 seed rveight. There \^/ere no signi-

ficant differences in seed yield/plot and nitrogen percentage. The

highest seed yield v¡as 1.09 Kg/plot (294L Kg/ha) which gave a nÍtrogen

yield equivalent to 149.73 Kg N/ha. At location A, pod no./plant,

seed no. /p1ant and 1,000 seed weight showed signífícant differences

among treatments. M' had highest pod no./plant, seed no./plant and

1,000 seed weight. The number of seeds per pod was not sÍ-gnificantly

different among treatments. The control was found to be lowest 1n all

yield components. l{r, was the next poorest treatment. All the inoculated

treatments had sígnificantly higher yields than the control. The yíeld

of the control was 0. B Kg/plot (7232 Ke/ha). Mt4 was the poorest of the

ínoculated treatments (1.00 Kg/plot or 1539 Kg/ha). The rest of the

strains did not gÍve sígnifÍcantly different results in final seed yÍe1d.

Mr, Bave the highest seed yield/plot (2402 Kg/ha). The nitrogen percent-

age dala shows interestíng results. The Moroccan strains (U' and Mrr)

were significantly higher ín N content Èhan the rest of the strains

(5.29 and 5.2I% respectively). The Srvedish strains (t'{r. and MrU) were

not sígnificantly different and were lower in lI content when compared

to the Moroccan strains. The control was poorest in N content (3.g4"/.).

The estirnated N yield/ha was found to be hÍghest in the Moroccan strains,

Ml1 (125.27 Kg/lna) and ylLZ(L2?-.70 Ke/ha). The lowesr N yield was from

the control (48.54 Kg N/ha).
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The results of the grorvth pouch experíment are shown in Table

74. In this experíment, the root temperature \^/as contro'lled at 14oC.

The air temperature \Aras 20" /L5oC in a L6 lB hour day. Uninoculated con-

trols dÍd not have any nodules. Mta showed poorer nodulatíon than the

rest of the strains. IfrU and Ll, lnad excellent nodulation. Ethylene

production data followed the same trend as nodulation score. The con-

trols did not reduce acetylene. Ml6 gave maxímum ethylene production

and Þ1rO the lowest. The rest of the strains showed no sígnificant dif-

ferences in ethylene production. Plant dry weight showed that the un-

inoculated controls \^rere tl-re poorest. MO and MrO treated plants had

higher dry weight but were not significantly different from the con-

tro1s. MZZ gave maximum dry weight. The nitrogen content was low in

the controls, M, and MrO. The rest of the strains had hígher niÈrogen

percentages. Q commercial had the maximum percentage of nitrogen.

Table 15 shows the results of the 1977 experiment. The ex-

periment \ras reconducted ín the same area at location A. The uninoculated

seeds rüere so\rn ín the stubbles of the prevíous year's crop. The land

ruas not prepared. The seeds r¿ere directly drilled into the stubbles

by the four-row small seed drill. Treatmerit number ¡+ere assigned ac-

cording to the previous year.

At the 5 iveek harvest, the treatments r^rere not sí-gníf Ícantly

different ín Z nodulated plant, nodulation score, ethylene production,

dry rueighl and percentage of nitrogen content. About 90% of. the plants

examined at thís period had nodules, but nodulation was sparse and poor

when compared to the plants of the previous year at the same stage.

Nodules were found to be on the lateral roots.
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At the 9 week harvest, the treatments rüere also not signifi-

cantly different in percentage of plants nodulated. About 947. of Lhe

examined plants rvere nodulated. Nodulation score rilas signÍficantly

different among treatments. MrU had the híghest nodulatj-on score rvhile

lul* was the poorest. crP-o productíon, dry weight and percentage of

nitrogen ürere not sígnificantly different among treatments.
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DISCUSSION

Poor nodulation of the controls at both locations A and B

indicated the success of the non-sterilized peat inoculum. Non-steri-

Tízed peat had been used ín Rhizobium strain tests for chick peas

(Okon et al. 1972). Nodulatíon scores in the controls at location B

were hÍgl-rer tha.n in locatj-on A. High nodulation scores at location B

were due to the higher scores in the controls of replications 3 and 4

(see Appendices 18, 26, and 34). The high scores ín replications 3 and

4 may have been due to the loru 1ie of the land. After seedíng, con-

tinuous rainfall in June with some heavy rains caused flooding in the

experÍmental area especially in these 2 blocks (see Appendix 4g). The

rain may have brought the rhizobia from the adjacent plots and con-

taminated the controls in these 2 replications. Another reason may be

that the nodules in the controls in the two blocks might have been formed

by the indígenous Rhizobium strain. The history of the field for the

past 6 years was checked and there was no previous history of faba beans

or peas in this area duríng the 6 year period. The area was put into

summer fallorv in 1970,I97I, 1973, and 1975. Rapeseed \ùas groÌú1 in L972

and 1974. It is 1ike1y that the high nodulation score in replícarion

3 and 4 r*tas due to contamination from the adjacent ínoculated treat-

ments. Holever, the other reason cannot be completely neglected.

Nodulation at locatíon B was found to be greater than location

A at the 5 rveek harvest. Thís might be because the soil at location B

was clay and therefore r^¡etter than the sandy loam soil in location A.

This míght affect the survival of the rhizobia and thus nodulatíon.

The high nitrate (30 ppm) in the top 15 cm did not seem to have any
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retarding effect on nodulation. At the 8 and 11 r¿eek harvestr nodula-

tion in location A increased, and nodules were bigger than in locatíon

B. It is lÍke1y that high nitrate in location B did not retard nodule

formatíon but nodule development \./as retarded. Harper and Cooper (197f)

found that hígh nitrogen fertilizer application did not reduce nodule

number but dÍd reduce nodule fresh weight and haemoglobÍn content, in-

dÍcating an effect on nodule development raLher than on root infection

or nodule initiation. The results reported here seem to agree rvith

them.

Nodulation of Mro treated plants was found to be poorer than

the rest of the inoculated treatments at both locations throughout the

experimental period. The prevíous experiments in the greenhouse using

soils and groruth poucl-res showed that Ml4 vras a very effective strain

in terms of nodulation and nitrogen fíxation. The failure of this sEraín

tttight have been to an inherent failure of the inoculum strain to coloníze

the ímmediate root zone and soil (cloonan and Vincent 1967), or the

strain had lost íts effectiveness during storage. To check the effect-

iveness of this straín and the others, a grot^rth pouch experiment r¿ith

controlled root temperature Í/as conducted and the results are presented

in Table 14. The strains used to inoculate the pouches were from the

same tubes of slant agar that were used to gror.r the rhÍzobia for rnaking

the peat inoculum. The results of the growth pouch experiment in Table

14 sl'rorved that Ml4 \ùas poorer than the other ínoculated treatments in

nodulation, CrHr, production, dry matter yield and percentage of N con-z.+

tent. It is lilcely that the poor performance of MrO ín the field was

due to the loss of effectiveness of thÍs straÍn during storage rather
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than the poor survÍval capability in the soils.

Location A rvas low in soil nitrate, rvith differences in

nitrogen fixing abílities showing as early as 5 weeks after planting.

C2HO Production, dry weight and percentage of nitrogen r./ere different

among treatments. rn the greenhouse experiments using the soíl mÍx-

ture, dry weight of the beans at 5 weeics after plantíng was not sígni-

ficantly different. This was probably due to the soil nitrate at loca-

tion A (1.8 ppm) being lower than in the soil mixture (4.0 ppm). At

location B, ethylene production in the inoculated treatments rüas not

significantly different but was significantly higher than the controls.

The plants at both locations were fixing nitrogen at the same raËe at

this stage of groruth. The average of cr}i-o production r,,¡ere 4.68 and

4.33 pmoles/p1ant/hr at location A and B respectively. This reflected

that the soil nitrogen (30 ppm NO3 ) did nor have an inhíbÍring effect

on the nitrogenase activity of tire nodules at location B at thís stage

of growth. During this first sampling, the soil was damp at both loca-

tions. This was due to moisture storage in the soil from previous rain

in June (see Appendíx 47 and 4B). water stress r,¡as unlikely to be the

problem at this stage of growth. However, dry matter yield and percent-

age of nitrogen content rvere not significantly different among the ín-

oculated treatments and the control at location B. Soil nitrogen nr-Lght

supply enough nitrogen for the demand of the control.

At the B and 11 weeic harvest, ethylene productíon by dífferent

strains at location A showed significant dÍfferences and was hígher than

Èhe 5 rveek harvest. Etirylene production by dífferent strains at loca-

tion B r^/as not significanLly different. Ethylene production by different
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straíns r¿ith tíme are suûìmarized in figures l and 2. Ethylene pro-

ductíon at locatíon B was less than location A at both the B and 11

week harvest. The mean eÈhylene production at the B week harvest r¿as

7.16 a:ird 2.64 p rnoles/pLanL/hr at location A and B respectively. AË

the 11 rveek harvest, the mean ethylene production for locatl-on A and

B rvas 7.02 arrd 2.36 u rnoles/plant/hr respectively.

The reason for low ethylene productíon at locatíon B might

be due to the inhíbiting effect of soil nitrogen. Soil nitrogen ín-

creases as sunmer progresses due to a mineralization process. Dean

and Clark (I977) reported that soíl nitrate nitrogen increases with

the growíng season under faba beans. This increase in soil nitrogen

uLight fnhibít the nodule activities. From vísual observations, the

nodules at the 8 week harvest were whítish and at 11 weeks Ëhe nodules

r^¡ere white and some !ùere green. These characteristics suggest that

the nodules \.rere not functíoning properly. Combined nitrogen has been

reported to reduce symbíotic nitrogen fixation as measured by the

acetylene reductíon in soybeans (l,awn and Brun 1974), faba beans (Cand-

lish and Clark (L975), Sirato and subterraneum clover (Gibson and Pagan

1977) .

Soí1 moísture mighË also play an ímportant role in the dif-

ferences in C.Hr. production at both locations at the last two harvests.¿4

As mentioned earlÍ-er, at the first harvest (.luty 5 for location B and

July 6 for locatíon A), there \das no moisture stress. Therefore C'HO

productíon at both locatlons was similar. At the B and 11 v¡eek har-

vest (July 26 and August 18 respectlvely for location B) rhe planrs

were under water stress (see Appendix 48). 0n1y 9.5 run of rain were
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recorded from the first harvest to the second harvest, but the soÍl

was not too dry because of the moisture from the raÍn ín the previous

month. From tire second harvest to the third harvest, 36.3 mm of raín

rùere recorded but the soil rvas really dry. Thus moisture stress might

play a signíficant role in reducing nitrogenase activity of the beans

at location B. The beans at locatÍon A r¿ere not real1y under moisture

stress at the last two harvests (see Appendíx 47). At the B week har-

vest (Ju1y 27), the soil was moist due to heawy rain on July 20 (18.8 mm)

and 5.8 mm on July 25. At the 11 week harvest (August 17), rhe beans

had received about 13.5 mm of rain since August B. It was noticed tha¡

in each treatment the top soil (nodule zone) was dry. storage water

from below the root zone might have contributed a sígnifícant amount

of water to the beans because the beans did not show any wilËing

symptoms. The effect of r¿ater stress on nítrogen fixation in legumes

ís recognízed (Sprent 1972b). l^later stress may affect nodule activity

by changing fine structure of nodules (sprent r972a) or may reduce sup-

plies of photosynthates from wilted beans (Huang er a1. L975b). Hume

et al. (L976) reported that soil moísture around the soybean root

nodules did not affect acetylene reducing activity as long as the T¡/ater

was sufficiently supplied from below the nodule zone. The observation

that the top soil at location A was always dry while acetylene reduc-

tion was still hígh supports Hume et a1's results.

Dry matter yield increased irith time aL both locations (table

8, 9, 10, and 11). At the 1l week harvests the plants \,7ere separated

to pods and leaves plus stems. Since the soil at location A r¿as low in

nitrogen, different strains of Rhizobíum could fully express theír
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symbíotic ef f ectiveness .

yíe1d among treatments.

dry matter yíe1d than the

no signíficant differences

B. High soil nitrogen was

differences in drv matter

Nitrogen percentage of different

differences at all harvests at location A.

ín nitrogen percentage. At location B, the

These were reflected in varíatíon in dry rueíght

The inoculated treatments Í7ere always hígher in

controls throughout at locatíon A. There were

among treatments at any harvest at location

probably responsíble for these insigníficant

yie ld.

treatments showed significanl

The controls were always 1ow

not sipSnificantly different among treatments

percentage of nitrogen \ì/as

at all harvests, again

aÈtributable to high soil niËrogen.

Seed yields, yield components and seed nítrogen percentage

are shorvn in Tables 12 and 13. Inoculation at location A sígnificantly

increased pod and seed number per plant. Seed number per pod was not

affected. One thousand seed weight was Íncreased by inoculaËed treat-

ments. The fínal seed yield of the inoculated treatments was signi-

ficantly different from the controls. Mt4 was the poorest and signi-

ficantly lower than the rest of the straíns. The final seed yield per

plot agreed well wíth seed number per plant. Seed nítrogen percentage

of M' and M, was significantly higher than Lhe rest of the inoculated

treatments. Figure 1 shows that these tvro strains \,rere very effective

in nitrogen fixation. These tr^¡o strain showed an increase Ín acetylene

reducing actívity wíth time. At the 11 week l-iarvest, these tv/o stralns

had the highest nitrogenase activity, ruhile most of the strains shor+ed

decreasíng nÍtrogenase activÍty. The prolonged nitrogenase activity

at the pod fílling stage ín these two strains resulted in a hígher
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percentage of nitrogen in the seed even though seed yields \,rere not

significantly different from the other strains, except MrO and the con-

tro1s. These t\.ro strains originated from Morocco and showed Lhe

potentÍals to be better than Mr¡ M22, and M¡ rvhich were the components

of the Q commercial in these environmental conditions. These two strains

might be the strains that could best tolerate stress and fix nitrogen under

these conclitions. l.later stress and soil temperatures might be t1-re prevail-

ing clirnatic condÍtíons in this location. Different strains of Rhizobium

are different in their abilÍties to fix nitrogen at different tempera-

tures in barrel medic and purple vetch (pate r96L, 1962), subterraneum

clover (Gibson 796L, 1963, L965, 1966, 1969) and bírdsfoor rrefoits

(I(unelius 1970). Estimated. seed nitrogen yíeld per hectare ranged

from 48.54 i(g ín the conrrol ro 125 .27 Kg in Mrr. The esrimared nÍ-

trogen fixatíon ranged from 22 Kg/tra in IIro to 7l Ke/na ir Ml1. These

figures did not take j-nto account some nitrogenase activíty in the con-

Ëro1s and nitrogen in the vegetative parts, which of course were hígher

in the inoculated treatments, that \^/ere not Íncluded. The figures

night have been higher if these two factors \üere taken into account.

Nodulation in the controls might have been due to (1) the presence of

Rhízobium in non-sterílized peat, (2) indigenous soil RhizobÍum and

(3) Rhizobium from rhe adjacent plors.

Loc.ation B which was high in

ficant differences among the strains.

crease seed yíelds or yield components.

tion, except in the 5 rveek harvest, tr/as

nitraLe nitrogen shor+ed no signi-

Seed inoculation díd not in-

C,HO production in this loca-

less than half of the CrHO
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production in location A. Faba beans \^/ere self-sufficíent ín nitrogen from

symbiotic fÍxation in lorv nitrate soils in Manitoba (Dean and Clarlc

I977), and nitrogen ferllLízer applicatíons did not significantly Ín-

crease seed yields in England (McEven 1970).

The finding that nitrogenase activities in location B r,vere

lower than at location A, suggested that the plants depended mostly on

soil nitrogen. Soil analysis showed that location B v¡as high in nitrate

nitrogen. Nitrate nitrogen may lovrer nitrogenase activity of the nodules

by nitrite ínhíbition. Vírtanen (1950) suggested that nitrites form an

N0-compound ruith leghaemoglobin, thus destroying its function as an 0r--

supplier to the bacteroids. Nitrite ís also a potent Ínhíbítor of

nítrogenase activíty, in bacteroids extracted from soybean nodules

(nigaud et a1. 1973), in Nr--fixing cultures of rhízobia (Pagan et al.

7977) and of the nitrogenase enzyme in vitro (l(ennedy et al. 7975).

0ghoghorie and Pate (L97L) suggested that the reduction of nítrogenase

actívity by nitrate nitrogen \^ras due to photosynthate deprivation.

Gibson and Pagan (L977) suggested thaË the l-or^¡ered nitrogenase actívity

in Èhe nodules on plants supplied with nitrate is due to factors other

than nitrite inhibition. Their resulËs offered some support for the

'þhotosynthate deprivation" hypothesis. They also suggested that if

photosynthesís deprívation v/as the príncípal factor responsíble for a

decline in nitrogenase activity

nodulated plants, the search for

following Lhe application of níErate to

strains of Rhizobíum able to withstand

the effects of combined nitrogen ivould appear to stand little chance of

success. At an adjacent plot at location B, Dean and Clark (L977) found

thaE inoculum Ëreatment did not increase seed yíe1ds. Seed yields
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eventually decreased with inoculum treatments. They suggested the more

abundant nodules diverted a signtficant amount of carbohvdrates away

from the developing pods. Horvever, it has been found that a strain of

soybean Rhízobium r¡as able to fix nitrogen even at a high level of

nitrogen fertíIizer applicarion (Burron L976)

The results of sowíng uninoculated faba bean seeds on the

stubble of the previous crop at location A are shoru'n in Table 15.

About 902 of the plants examined ruere nodulated at both harvests. Hor,r-

ever, nodulation \^/as not good ruhen compared to the previous yearts

nodulatÍon results on plants of símilar age. Nodules \rüere mostly on

lateral roots. This shovrs that nodulation occurred late due to the

lack of the RhizobÍum in the rhizosphere r¿hen the root first emerged.

There \.^rere no differences in nodulation score among plots in the 5

week harvest. The plots r'rhich had been controls in 1976 showed the

same degree of nodulation as the inoculated treatments. This indicates

that the Rhlzobium could have been cross-contaminated between plots or

the índigenous Rhíz-obíum in the control plots multiplíed and increased

in number. c.Hr. production, plant dry i+eíght. and nitrogen percentage att4
this point showed no significant dífferences. This seemed to supporL

the hypothesis that contaminatíon was 1ikely to have occurred.

However, nodulation score at the 9 r^reek harvest showed some

differences. Mru showed best nodulation while M* ivas the poorest. The

results \,rere contradictory to the 5 week harvest rvhich shorsed no dif-

ferences in nodulatíon scores. This might have been due to M23 having

poor surviving ability, or due to poor sampling techníque. 
"t4 

which

had been shoum to lose effectÍveness in the prevíous year showed good
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nodulation and good acetylene reduction. This might have been due to

cross-contamínation among plots or the increase in the number of MrO it-

se1f. If the later case occurred, it could be considered undesirable

because M,r. had been ineffective before. Since, tre &rere unable to dis-
-14

tínguish the differences between the Rhizobium spp. used, \^/e \^/ere un-

able to conclude that the contradictory results for nodulation in the

5 and 9 rveek harvest score were due to the poor survival of some par-

ticular strains or whether or not cross-contamínatÍon did occur.

Sínce the plots where the experÍment ¡¿as.conducted, were the

same plots as the previous year, there \^ras no soil preparation or

chemÍcal treatments for rveed control. The seeds were directly drilled

to the stubbles. Ilri1d oats (Avena fatua L. ), common mílkweed (Asclepías

svriaca L.), canada thistle (cirsium arvense (L.) scop.), and especially

russian thistle (Sa1so1a pestifer Nels.) r,tere heavily infested. The plots

r\7ere sprayed once \üíth dínoseb at the rate of 1. 4 Kg a.i. /ha r^rhen the

beans were in 2-4 J.eaf stage to control russian thistle. The chemícal

spray failed to control the weeds, therefore the plots were hand-hoed.

At the 5 week harvest, weeds were under control. However, after that

the weeds were not controlled properly and they outgre\,,/ the beans.

CrHO Ptoduction, dry rueight and nitrogen percentage did not

show any significant dífferences at the 9 rveek harvest. Ethylene pro-

ducËion data (Appendix 46) showed wide variarions (c.v. = LL4"/.). com-

petition from v¡eed for water and light might have the effect on these

varíatÍon in acetylene reduction. Photosynthates are kno¡vn to be ím-

portant for supplyíng energy for nitrogenase activity in vicia faba
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(Lawrie and hheeler 1975). trrlater stress may affect the activity of the

nodules dírectly (Sprent I972a) or may reduce supplies of phoLosynthates

from ruilted leaves (Huang et a1. Ig75b). However, Ml1 sho¡¡ed the highest

eËhylene productí-on (9.51 u moles/plant/hr). M23 did nor show signi-

ficant different in dry weight and percentage of proteÍn even though it

shor¿ed poor nodulation. This reflected that the plant depended on soil

nítrogen from lhe previous year.
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CONCLUSION

The experiments at both locations indicated tl'rat MrO rvas only

weakly effective in nodulating faba beans. The growth pouch experÍment

with controlled root temperature shor,¡ed that MrO deteriorated ín effect-

íveness- Location A, r¿hich rvas lo¡¿ in nitrogen, rvas ideal for testing

the effectiveness of the Rhízobiurn strains. Low soil nitrogen permitted

the rhizobia to express their full potential. High nitrogen soil masked.

the expression of the symbiotic effect. seed yields were not signifi-

cantly different among the inoculated treatments, except Mro rvhích gave

sígnificantly lower yields than the rest. llower¡er, Ml1 and Mr' whÍch

showed good nitrogen fÍxing abilíty as measured by acetylene reduction

technique, gave significantly hígher seed nítrogen than the rest of the

straíns. This suggested that these two strains from }[6¡eqs6 performed

well in the dry year or dry area.

The finding that approximateLy 90% of the plants examined ín

the 1977 persistence test had nodules, shorved that rhízobia were sËill

Present, but their orígin could not be clarified. The nodules found on

lateral roots also showed that the rhizobÍa r,¡ere not in close proxirnity

to the seeds and faí1ed to nodulate early. To ensure early and good

nodulation, faba beans should be inoculated before they are so\,Jn even

though the previous hj-story of the fíeld shows that faba beans were

gro\,/n bef ore.

The excellent performance of two ¡loroccan

productíon and seed nitrogen yield in the dry year at

gested that these tr^ro strains should be added i_n the

straíns in ethylene

locatíon A, sug-

commercial inoculum.
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This is to ensure good

dry area. The present

(Mzt, l{r, and Mrr) was

at locatíon A.
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nítrogen yield

inoculum and í

inferi-or to the

in a dry year

ts composit st

two l{oroccan

or

rains

s t rai-ns
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SECTION 3

Discussion of entire research programme reported

in Section 2
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DISCUSSION AND CONCLUSION

From soil and growth pouch experiments, ít was founcl that

nitrogen fixation in faba beans cv. Diana was affected by the strains

of Rhizobium. Failure to form nodules resulted in no nitrogen fíxa-

tion. The ability of a particular strain to form nodules is deter-

mlned by the genetícs of the host (Norris L967). Il3 "rd Ml5 failed

compleËely to form nodules ín the growth pouch experiment and produced

sparse nodulation in the soil experímenÈ. This migtrt have been due to

contamination. strains M.,_zz rüere poorly nodulated in both the soil

and growth pouch experÍments. M4 treated plants r¿ere well nodulated

throughout buÈ nodules did not fix nitrogen in the grorvth pouch experi-

ment. This may have been due to slow establishment of the nodules

formed by this strain or it may not funclíon well in \,ùater logged condi-

ti-ons. sprent (r975) also noticed variations in the performance of

different Phaseolus vulgarís rhízobia under water logged conditions.

Ml3 treat.ed plants were fairly well nodulated but faíled to fix nitrogen

in the soil. Therefore Ëhis strain was not chosen for furÈher sLudy in

the field.

In Ëhe soil experíment the 5 week harvest did not show clear

dÍfferences betiveen effective and ineffective strains due to Ëhe soil

and seed nitrogen. If the soil mixture had 4 pp* available nÍtrate, dif-

ferences in dry weight would not yet be expected at the 5 week harvest.

Hotuever, differences among treatments could be detected later, provided

that contamínation was kept to a minÍmum in ti-re first 3 weeks. ContamÍ-

nation that occurred later did not mask the expression of tire inoculat.ecl

strains. This can be confirmed by the results of the B and 11 weelc
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harvests. The method of screenlng the Rhízobium in the greenhouse using

a partially sterilized soil mixture is valuable only when the Rhizobium

straÍns to be tested are very different from one another like the ones

reported here. Its usefulness in comparíng closely effective strains

is doubtful. Therefore the growth pouch experíment r^ras conducted.

Many methods have been developed to study the effectiveness of Rhízobium

strains (Vincent 1970). Recently, i^iacek and Brill (Lg76) have developed

a rapid rnethod for determíning the Rhizobium effectíveness in soy beans.

The effectiveness assay is completed within 2 weeks after seedlíngs

have germinated and several thousand seeds can þs.readily tested ln one

month.

However, fíe1d testing

the Rhízobium effectiveness. The

is the crucial method

straj-ns that perform

house condítions may fail in fíeld conditions (cloonan

The performance of the straíns vary wíth the year (Abe1

re64) .

to determine

well in green-

and Vincent L967).

and Erdman

Fíeld tests at both locaËions A and B indícated that Mro was

only moderately effective in nodulating faba beans. The growth pouch

experíment wíth controlled root temperature shov¡ed MrO deterÍorated ín

effectiveness. rn the greenhouse tests M* and Mp rvere always found

to be inferior to M21, M22 and }lrr. However, ín the fíeld condítions in

1976 at locatlon A, the two Moroccan strains proved to be superior to

any other strain being tested at the same tíme. The seed yields by

these two strains \¡/ere not significant different from the others.

Ethylene production data indicated thaË these t\,ro strains showed in-

creasing ethylene productíon at 11 weeks after planting (pod filling
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sÈage) while most of the strains showed decreasing etirylene product.ion.

Thís suggested that Ëhese t\,ro strains performed well in a dry year.

They may be able to stand the moísture stress or high temperature bet-

ter than other effective straÍns. The effects of soil moisture stress

and soil temperature on nitrogen fixatíon by these túro straÍns are

worth looking at. Moisture stress ís knov¡n to affect nitrogen directly
by changing the fine strucÈure of nodules (Sprent L97Za) or indireetly

by reducing the supplies of phot.osynthates from the leaves (lluang et

al 1975b). Pankhurst and GÍbson (1973) suggest that Rhízobium strains
capable of performing good symbíosis at hígh temperatures delay nodule

degeneration longer than other strains do. Eíther r^/ater srress or hígh

soil temperature tolerance by these truo strains 1ed to their increased

effecÈíveness aÈ locatíon A in L976. Thís needs to be clarifíed.

The excellent perforrnance of the two Moroccan strains in
ethylene production and seed nítrogen yield ín the dry year at locatíon

A, suggested that these t\^Io stïains should be added in the commercial

ínoculum. This ís to ensure good fixation and nitrogen yield ín a dry

year or dry area. The presenË Q commercíal inoculum and íts composit

straíns (*2r, Mrr, and Mrr) were found to be Ínferior to the two Mor_

occan strains at locatíon A.

Failure to get response from different strains at location A

is very discouraging. Burton (1976) reported one strain of soy beans

Rhízobiurn Íncreased seed yield even at hígh rates of nítrogen fertilizer

applícation. This ís not the case in faba beans. l.lcEwen (1970) reports

that there is no prospect for the economic use of nítrogen fertil-izer in
Èhe seed bed for faba beans. Dean and Clark (Ig77) found that inoculation
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díd not increase seed yíe1ds in high nitrogen soi1s, seed yíelds even

decreased in one locatíon. They suggested that the abundance of nodules

diverted the photosynthates from the filling pods to the nodules. They

also suggested that faba beans were self-sufficient ín N, fixation ín

1ow níÈrogen soils.

The finding that approximately 9O% of the plants examined in

Èhe 1977 persistence test had nodules showed that the rhl-zobia were

stíll present, but their origin could not be clarífíed. The nodules

found on lateral roots also indicated that the rhizobia were not Ín

close proximity to the seeds and failed to nod.ulate ear1y. To ensure

early and good nodulation, faba beans should be inoculated before they

are so\^rn even though the history of the field shows that faba beans

v/ere gro\,/n prevíously. rf different strains of Rhizobium could be

identifíed, we would be able to know which strains survived better than

Lhe others in a dry year and r^¡hat the degree of cross contaminatÍon was

among plots. Thís is one of the areas that need to be studied.

I^ieeds were the problem Ín the 7977 persistence experimenÈ. Sínce

so11 disturbance v¡as not desirable, seeds ryere directly drilled ínto the

stubbles. However, weeds turned out Lo be the major problem and. seemed

to obscure the results. The chemical recommended by the weed specialists

faíled to control the weeds. Therefore weed control ln faba beans is

also one of the areas Èhat needs to be studíed.
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APPENDIX 1

NodulatÍon Score of Faba Beans Inoculated v¡ith Different
Strains of Rhizobium and Grown in the Greenhouse. The

Beans Were 5 l^Ieek 01d at Harvest
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AnalJlsis of variance
Source of variatíon
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Error
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D. F. S. S.

L7 130.0000
90 43.6667
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Level of
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APPENDIX 2

Dry l,Ieight of Faba Beans (g/pot) Inoculared wirh DÍfferenrstrains of Rhizobium and Gror,m i-n the Greenhouse. The
Beans i^/ere 5 l{eeks O1d at Harvest

Repetition
Treatment

Mean

l_

aJ

4

5

6

7

O

9

10

11

T2

13

T4

15

T6

17

1B

0.92

1.13

1.08

0. 95

0.94

0. 49

0. 9s

1. 30

0. 89

L.34

1. 15

0.91

0.68

0. 91

0.93

1. 36

I.T2
L.22

1.30

1.16

0.72

1.01

I.12
r.42
I.28
r.25
1. 0t
L.2L

0. 93

0. 83

O. BB

L.2I
r.46
0.64

1.08

1.03

0. 99

0. 88

1.11

1. 00

1.00

I.26
0. 85

7.32

0.94

1.40

0.97

7.26

1. 15

0.73

1. 19

0.93

1. 19

0. 96

1. 16

1. 39

0. 86

0. B7

0.98

0.94

0.68

1.39

1. 00

7.32

0. 96

0. 91

1. 10

0. B7

0. 91

0. 81

L.22

L.07

0.75

1.19

0. 96

0.62

1.01

0. 90

0. 90

1.29

0 .94

7.27

1. 09

0. 99

1. 09

0. 95

0.98

L.20

r.32
0.92

1. 06

1.16

0. B0

1.16

1.08

r. 36

r.05
(t a)

0. 83

r.02
0.97

0. 95

1.13

0.77

r.54
L.04

1.50

0.93

1.03

1.15

0.92

0.94

I.02
1. 06

0. 95

I.25
0 .94

I.26
1. 01

0.98

1.01

0. 90

I.L7
1.00

7.24

L.02

1 pot consisted of 2

Analysis of variance
Source of variation

Treatments
Error
ToËal

plants.

D. F. S. S.
17 1.3910
90 3.0958

707 4.4868

M. S.
0.0818
0.0344

F. ratio
2.3779

Level of
sígnificance

L/"

c.v. = 17.742



L07

Nodulation Score
of Rhizobium

APPENDIX 3

of Faba Beans Inoculated wíth
and Grown in the Greenhouse.

B Week 01d at Harvest

Different Strains
The Beans rvere

Repe titÍon
Treatment Mean

1

2

J

4

5

6

7

B

9

10

11

72

13

L4

15

I6

17

18

I
4

2

3

2

4

1

J

1

1

1

1

J

aJ

4

1

1

3

2

1
J

3

3

3

4

2

3

2

I
1

I
3

4

4

1

1

3

1

3

2

3

3

4

2

3

1

1

1

1

tJ

4

J

0

2

4

3

3

aJ

3

2

2

1

1

1

I
4

1J

3

1

2

3

2

3

3

4

2

aJ

0

aJ

1

1

1

I
J

3

2

1

1

3

1

3

2

J

2

3

1

J

1

0

1

0

J

1J

3

0

1

l+

I
4

L.L7
a 11J. JJ

r.50
J. JJ

2.50

3.r7
2.50

3. 50

1. 33

2. 83

L. L7

0. 83

1.00

0. B3

3.L7

3. 33

3. 17

0.67

Analvsis of varíance

Source of varíation
Treatments

Error
Total

D. F.

L7

90

r07

S.S.

118.9630

23.3333

L42.2963

F. ratio
26.9873

Level of
significance

T%

c.v. = 23.30%

M. S.

6 .997 8

0 .259 3
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APPENDIX 4

crH, Productíon (p Moles/pot/hr.) of Faba Beans rnoculated rvfth- Dífferent strains of Rhízobíum and Grown in the Greenirouse.
The Beans r.rã-8-frãek O1d at Harvesr

RepetÍtion
Treatment Mean

1

2

3

4

5

6

7

a

9

10

11

t2

13

T4

15

L6

L7

1B

0

7 .84

0

0

0

0

0

B.12

0

0

0

0

0

0

0

6. 4s

7.95

0

U

4. L7

0

0

U

0

6. 55

4. B0

0

0

10. s9

0

7.28

0

B. 66

il

0

0

0

6.4L

0

L0.92

o

0

0

0

10. 16

0

2.93

8.37

0

4. sr
0

6. 49

0

0

0

6 .77

0

0

0

0

10. 19

6.79

r. B0

0

0

5. 78

0

4.35

L.7 5

r0.95

0

4. 84

0

6. s7

0

0

0

0

4.8r
I. T7

4.7s

0

0.49

s .4s

0. B0

3.17

0.29

7 .5r
0

6 .22

0

4.69

0

U

0

0

4.7 B

4. sr
6.25

U

5.90 11.10

00
9. 13

0

6. 15

0

0

0

0

0

7 .2s

7 .48

0

7.97

0

0

0

0

0

0

t.¿Õ

s.4L

4. s9

0

Analysis of varíance

Source of variation
Treatments

Error
Total

D.F. S.S.

17 790.2320

90 562.2r0L

ro7 L352.442r

M. S.

46.4842

6.250L

F. ratio
7 .437 4

Level of
significance

17"

c.v. = L]l-.891l
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Dry Weight of
Strains of

APPENDIX 5

Faba Beans (g/pot) " Ino"lr1ated with Dif f erent
Rhízobium and Grovm in the Greenhouse. The
Beans were 8 irleeks Otd at Harvest

RepetÍtion
Treatment Mean

1

2

4

5

6

7

()

9

10

11

T2

13

I4

15

I6
T7

1B

2.33

4.98

2.30

2.93

2.7 7

3. 80

2.02

4.80

L. 87

2.98

r.7 5

2.3r
7.26

2.40

4.23

3.40

5.08

2.5 4

3 .04

3.94

3.L2

3 .07

3. 31

5. 00

3. 01

3. 65

2.03

3.90

2.40

2.OI

L.7 3

1. BB

4 .98

4.03

5. 33

2.7 8

) )?

3. 70

T.4I
2.5I
3. 35

3.94

2.67

4. B8

2. 05

3. s0

I.99
1.48

1. 35

2. 15

4 .43

4.7L

4. s9

r.49

1.98

J. OJ

2.24

J. Õ4

2.09

4.4r
J.Vl

3. 42

2.09

1. 95

r. 59

1.40

2.08

L.79

5.28

3. 90

3 .66

2.03

2.54

3. 60

L.77

3.47

3. 81

4. s0

) 21

3.7 6

I.4I
3.99

1. BB

1. 91

L.32

L.95

5. 09

3. 85

I t1J. Jf

2.28

) 11

4.33

1. B5

3. 15

3. 47

3.7 3

) )')

3. 65

r.7 6

3. 13

1. 54

2.I0
L.54

2.L9

4.7 6

3. 90

3.46

1.95

2.39

4.06

2.LL

3.16

3.L2

4.23

2.53

4. 03

L. 87

J.¿¿+

1. 86

L. 87

1. 55

2.06

4. B0

3.97

4.24

2.L8

+
1 pot consisted of 2

Analysis of varíance
Source of variation

Treatments

Error
Total

plants.

D. F.

L7

90

L07

QC

LL].2894

22 .5462

r32.8356

F. ratio
25.8986

Level of
signlficance

r/"

c. v. = 76.92''Á

M. S.

6.4876

0.2s05
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APPENDIX 6

Percentage of Nitrogen content of Faba Beans rnoculated with
Different strains of Rhizobium and Growr ín the Greenhouse.

The Beans ;ere B l,feek Old at Harvest

Repetitíon
Treatment Mean

1

2

aJ

4

5

6

7

B

9

10

11

72

13

I4
15

16

I7
1B

2.85

3. sB

2. 40

3.42

3.46

4. 00

3.L4

3.20

2.34

3.20

I. 82

r.47
r.92
L.66

3.74

3. B1

4.3s

2-72

3.23

3. 55

3. 10

3. 78

3.46

3. 68

2.69

J. JJ

3. 33

3.7 4

2.50

L.82

1. s0

r.73
3. 55

3.58

4. 00

3.42

J. JO

I trOJ. JO

2.66

3. 6B

3.62

3.94

2.62
a a1

3.07

3. 65

L.79

7.7 6

1.95

7.66

3.58

4.L6

3.r4
2.7 2

2. L4

3. 65

3 .36

3.7r
3.62
I Ol

L. OO

4.76

3. 87

4.06

2.7L

1.98

1. 70

I.57
3.20

2.94

3.62

3.23

J. JO

4.26
a 01L. OL

3. 87

3.6s

2.88

2.50

3.62

2.50

3.20

2.02

I.66
r. 89

1. 60

J. JJ

3. 84

4. 00

3.L4

3. 01

3.7r
L.66

3.52
a 11

3. 6B

¿.Jt

3.58

L.79

3.L7

1. B3

1. 70

2.05

2. L4

3.68

3. 30

4.3s

2. BB

2.99
a aa

¿.o/
3. 66

? 5q

3. 68

2.70

3 .54
t Qî

3. 50

2.07

L.7 3

1. B4

7.7 3

3. 4L

3.6L

3. 91

3.02

Analysis of variance
Source of variation

Treatments

Error
Total

D. F.

I7

90

r07

S.S.

56.7926

L2.3487

69.l.413

F. ratio
24.349L

Level of
s ígnificance

I%

c.v. = 12.327.

M. S.

3.3407

0.L372
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APPENDIX 7

Nodulation score of Faba Bean rnoculated r+ith Different
Strains of Rhizobium and Grown in the Greenhouse.

The Beans rvere 11 L{eeks Old at Harvest

Repetítion
Treatment

Mean

1

2

3

4

5

6

7

B

9

10

11

L2

13

74

15

L6

17

1B

1

5

I
4

aJ

4

2

l+

2

3

2

0

0

0

3

aJ

4

1

I
4

1

4

4

4

3

+

2

5

0

1

0

I
4

3

J

2

2

4

2

4

aJ

3

1

4

1

4

I
0

0

0

3

4

5

1

1

1J

0

4

3

4

2

4

1

4

1

t
0

1

4

4

4

0

1

4

2

3

4

4

I
4

1

2

1

1

aJ

J

4

2

2

2

4

4

4

1

4

2

4

1

1

L

1

4

4

4

1

3

I
-)

L.67

3.67

7.67

4.00

3.17

3.67

2. 17

4.00
1.50

4.00

1.00

0. B3

0. 33

0 .67

0. 50

0. 50

4.00

I. T7

Analvsis of variance
Source of variation

Treatments

Error
Total

D. F.

L7

90

L07

S.S.

19s.3333

39.3333

234.6667

lvl.. b.

1,I.4902

0.4370

F. ratio
26.2933

Level of
sígnificance

1"/

c. v. = 27 .05"Å
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APPENDIX B

CrllO ProducLion (u Moles/pot/hr.)* of Faba Beans Inoculated
with Different Srralns of RliZpÞjgg and Grown in theGreenhouse. The Beans were-ll l^Ieelc old at Harvest

Repetition
Treatment

Mean

7

2

J

4

5

6

7

Õ

9

10

11

L2

13

14

15

L6

L7

18

0 .26

73.02

1. 13

12. B0

B. BO

15. 11

2.68

B. 09

2.83

It .35

7 .82

0

0

0

TT.64

7.06

9.58

2. 48

0. 81

8. 01

2. L9

8.11

5. 82

B. 31

4.69

9 .77

2.37

72. 49

0

0

0

0

L3.02

3.92

7.62

8.42

1. 00

8.94

5.56

3. 47

10. B0

3.90

0

15. 13

0

7.07
-1 11

0

0

0

7 .26

13. 09

4.92

0

1.38

7.19

0

77.66

4 .79

l-3.70

1. 30

Q /.a

2.90

8.0s

0

0

0

r.34
6.84

7.L5

12.L8

0

0 4.97 1.40
3.04 7.77 8.00
2.3s 5.7L 2.82

10.58 11.36 9.66
4.6L 6.64 6.9r
5. 86 9 .87 9 .46

6. 00 L.2B 2.66
10. 38 9. 86 10. 28

0 4.98 2.77
8.46 7.70 10.09

0 0 1.59

3.35 0 0.56
000

7.46 0 0.47

5.63 7.22 8.60
13.13 3.40 7.96

6.42 L0.27 8.50

8.24 0.96 3.35

&

1 pot consÍsted of
Analysis of variance
Source of variation

Treatments

Error
Total

2 plants.

D. F.

I7

90

L07

7509 .47 48

7 49 .7 32A.

2259.2072

M. S.

88.7926

8.3304

F. ratio
10. 6589

Level of
s ignif ícance

1"/

c.v. = 54.99"/"
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APPENDIX

Dry I,leight of Faba Beans (g/pot)
Strains of Rirízobium and Gror,¡n

9

Inoculated with Different
in the Greenhouse. The

Beans r^¡ere 11 l^leeks 01d at Harvest

Repetition
Treatment

Mean

1

2

3

4

5

6

7

B

9

10

11

72

13

T4

15

I6

I7
1B

2.70

6 .59

2. 87

7 .34

5.7s

7 .47

4.87

6.17

r.7 5

B.6B

1.03

1.63

1. 30

L.96

8. 34

6.66

7 .42

6.58

3 .25

6.58

5.93

5. 13

6.74

7.7s
)\)
9.19
, 'to

6. 10

2.36

7.63

2.02

r.70
7 .3s

9. 18

7.70

2.28

2. 86

6.07

L.79

6 .87

6.26

8.22

2.7 B

7.15

3. 43

6 .67

r.71,

2.00

1.56

2.65

7 .89

6.7 2

B. 70

1.43

L.52

6.98

2. B0

6.22

4.57

4. s0

4 .43

7.s9

1.33

6 .39

2. 17

3.47

L.47

2.06

8.98

7.s5

8.29

s.s4

?oo

7 .83

4. 37

5. 1s

7.r8
8.15

J. 4J

6.67

4. 07

6.48

2.3L

1.90

1. 89

2.L3

6.78

7 .89

B.14

2.23

2.70

7 .06

3. s3

6.42

6.26

7.75

3.49

7.78

2. 86

-1 'r,)

2.67

2.02

I.7 2

2.OI

8.22

7 .47

8.23

3.7 4

1. 89

8.29

3. 50

7. B0

7. 08

10. 40

z. Õó

9.90

4.38

8.99

6.43

1.48

2.15

L. 57

o 07

6. B3

9. 11

4.37

1 pot consisted of 2

Analvsís of varÍance
Source of variatíon

Treatments

Error
Total

plants.

D. F.

T7

90

l-07

ec

628.49s6

135. 8rB2

7 64 .3l-37

M. S.

36.9703

1.5091

F. ratio
24.4982

Level of
significance

L"/"

c.v. = 24.262



114

APPE}JDIX 10

Percentage of ìIitrogen content of Faba Beans rnoculated with
Different strains of Rhízobium and Grown in the Greenhouse.

The Beans rãã ff lrl*ks Old at Harvesr

Repetitíon
Treatment I{ean

1

2

J

4

5

6

7

Õ

9

10

11

L2

13

L4

L5

I6

\7

1B

2.7 5

? nç

3.14

2. s6

2.74

2.66
1 11

2.7 5

3.77

2. 59

2.66

r.66
1 1)

2.50
î oo

.) 01

L.7 6

3.L4

2.40

2. s4

3.20

2.40

2.24

2.46

1.98

2.24

2.50

3.23

2.14

2 .59

2 .78

L.47

2.IB
2.L4

2.50

2.50

2.27

2.LI
2.43

2. 0B

1. 95

, ./.a

2.I4
2.30

2.2L
1 ,1

2.53

2.II
L.7 0

1.63

2.0s

2.LB

3.94

2.43

2.62

3. 36

2.43

2.30

3. 49

2.IB

2.59

3. 01

2.98

2.05

2.34

2.66
, 11

a oa

3.49

2.37

3. 58

2.LI

2. 46

3.07

2.98

2.05

3.62

2. BB

170

3.07

J. ¿J

2.02

2.LT

3. 14

2. 08

2.66

2.30

2.7 B

2.30

2.18

) 17

3. L4

2.2L

2.62

2. 40

2. 0B

2.05

4. L6

3. B7

1.86

L.5l
1. 89

L.4I
2.30

2.62

2. 53

2.24

2.2r

2. 4s

2. 55

a 1a

2.34

2.64

2.45

2.74
)a)
, oo

2.50
I .ra

2.34

1.80

2.23

2.58

2. 47

n -74

2. 43

Analvsis of varÍance
Source of variation

Treatments

Error
To ta1

D. F.

11

go

l.07

S. S.

8.2217

23.3L39

31. 5356

M. S.

0. 4836

0.2590

F. ratio
L.8672

Level of
significance

5"/"

c. v. = 20 . 59"/.
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APPEI\TDIX 11

Nodulation score of Faba Beans rnoculatecr rvith Different
Strains of RhizqbÍum and Grown in pouches. The

Beans were Hã?îããted ar 5 l^Ieeks After Inocularion

Replication
Treatment Total I'f ean

1

2

tJ

4

5

6

7

9

10

11

L2

13

L4

15

76

L7

0

aJ

0

2

3

3

aJ

4

0

2

1

0

2

1

I
J

3

4

0

5

0

2

4

2

3

3

0

1

1

1

I
1

3

3

J

0

4

0

I
aJ

4

aJ

J

0

3

2

1

1

0

3

4

2

fl

3

0

J

4

3

2

aJ

0

3

1

1

1

1

2

2

2

0

aJ

0

3

tJ

2

2

aJ

0

2

1

1

1

2

1

2

2

0

3

0

2

2

2

aJ

3

0

2

1

t
0

1

2

2

3

0

aJ

0

1

1

2

1

2

0

2

I
I
1

I
3

aJ

)
J

0

2

0

2

2

1
J

3

4

0

aJ

1

2

I
I
aJ

2

3

0

26

0

L6

22

2I
20

25

0

1B

9

B

Õ

Õ

20

27

22

0

3.25

0

2. 00

2.7 5

2.63

2.50

3.13

0

) )c

1.13

1. 00

1.00

1.00

2.50

2. 63

2.7 5

25272B31J+33J¿+Total 32 244

Ana1,r¡sís of variance
Source of variatíon

Treatments

Replications
Error
To tal

D. F.

I6

7

LI2

135

S.S.

l-63 .7 353

4.8?_3s

44 .67 65

2L3.23s3

M. S.

10. 1710

0. 6891

0.3989

1.5795

F. ratio
25.4976

r.7 27 5

Level of
significance

r"/"

N. S.

c.v. = 35.20%
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APPENDIX 12

C,HO Productíon (p Moles /pl,ant/nr.) of Faba Beans Inoculatecl
with Different Strains of RhÍzobium and Grown
Ín Pouches. Ttre Beans r''.rEtiãiîããE-d 5 l^Ieeks

After InoculaLion

Treatment
Replication

!¿r45679 To ta1 l'{ean

1

2

t

4

5

6

7

B

9

10

11

T2

13

L4

15

16

17

I.87 3.25 1. 38

000
000

0.62 0.11 1.00

0 0 '0.7g

1.13 0.74 0

L.Iz 0 L.25

000
0 0 0.33

000
000
000
000

0.33 2.24 0.41

0.62 0 1. 16

0.59 1.06 0.86

00
7.77 0.90

00
00

5. r0 0 .64

I.32 0.r7
).. 87 0 .23

2.37 0.30

00
1.48 0.19

00
00
00
00

3.64 0.46

7.7 B 0 .22

2.51 0.31

0

0

0

0

3. 0B

0. 53

0

0

0

1. 15

U

0

0

0

0

0

0

0

0 .67

0

0

0

0

0

0

0

0

0

0

n

0

0. 66

0

0

0

0

0

0

o?q

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

o

U

Total 6.28 7 .40 7.rB 4.76 r.33 0.29 27.24

Analysis of variance
Source of variation

Treatments

Replication
Error
Total

D. F.

76

7

IL2

135

S. S.

8.6919

4. ss94

25 .3217

38. 5 730

M. S.

0. s432

0. 65 13

0.2267

0 .2857

F. ratío
2. 4025

2. BB06

Level of
signifícance

I%

17

c.v. = 237.39%
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APPENDIX 13

Dry l{eight of Faba Beans (g/plant) Inoculated r^¡ith Different
strains of Ririzobium and Grown in pouches. The Beans

ruere Hãñããtãã-ar 5 iùeeks Afrer Inocularion

Replication

Treatment Total Mean

1

2

J

4

5

6

7

oo

9

10

11

T2

13

I4

15

t6

7l

0.56 0.14

0.64 0. 83

0 .26 0. 30

0. 16 0. 13

0.63 0.60

0.49 0.32

0.37 0.53

0.62 0.30

0.36 0.24

0.26 0.22

0.16 0.26

0. 11 0. 30

0.43 0.22

0.11 0.2I
0.72 0.70

0. s0 0.24

0. s4 0. 82

0. 16 0.25

0. 55 0. 39

0. 28 0 .24

0.23 0.27

0.61 0. BB

0. 84 0.79

0.25 0.38

0.s9 0.36

0. 19 0. 30

0.44 0.7r
0. 39 0. 17

o .32 0. 2B

0.24 0.37

0.22 0.12

0.41 0.32

0.68 0.26

0.57 0.50

0.22 0.L2

0.82 0.64

0.30 0.18

0.22 0. 15

0.27 0. 56

0.56 0.37

0.34 0.33

0.57 0.60

0 .24 0. 31

0.54 0.4s

0. 15 0. 15

0.27 0.20

0.32 0.28

0.2L 0.30

0.50 0.62

0.23 0.27

0.34 0.44

0.L7 0.26

0.68 0.46

0.22 0.24

0.14 0.10

0.24 0.22

0. 40 0. 55

0.L2 0.31

0.44 0.45

0. 36 0. 18

0.33 0.29

0. 28 0.26

0.25 0.23

0.27 0.29

0.29 0.13

0.36 0.36

0.41 0.34

0.59 0.38

1. BB 0.24

5.01 0.63

2.02 0.25

1.40 0.18

4.0r 0.50

4.32 0. s4

2.63 0.33

3.49 0.49

2.IB 0.27

3.24 0.41

L.82 0.23

r.96 0.25

2. 42 0. 30

1.59 0.20

3.99 0. 50

2.93 0.37

4.18 0.s2

Total 6.92 6.36 6.97 6.s9 6.10 5.97 5.s5 5.05 49.s1

Analysís of variance
Source of variation

Treatments

Replications
Error
Total

D. F.

16

7

7r2

135

QC

2. s443

0. 1821

1.8903

4.6167

l{. s.

0. 1590

0 "0260
0. 0169

0.0342

F. ratio
9. 4083

1. 5385

Level of
signifícance

7%

r\.b.

c.v. = 35.777.
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APPENDIX 14

Nodulatio' s.ot.tt of Faba Beans Gror.¡n at Location A
and Ilarvested 5 Weeks After planting

Replication

Treatment
l,fean

1

2

1
J

4

5

6

7

o0

9

10

11

0.7 5

2.00

2.00

2.00

2.7 5

1.00

3.25

3.25

3. 00

1 atr

2.75

0. 50

3. 00

2.25

2.50

2.25

1. 00

3. 00

3 .25

3.25

3.25

3. 00

1.00

2.75

2.50

r.7 5

3. 50

L.7 5

3.75

3.25

3. 00

2.75

2.50

1. 00

2.7 s

2.00

2 .50

2.7 5

0.7s

3.25

3. 00

3.25

3. 00

3. 00

0. 50

2.OO

2.25

2.25

3.25

1.00

2.7 5

3. 00

3. 00

2.75

3.2s

1.00

1.50

2.7 5

2.7 5

2.00

1.00

3. 00

3. 00

3. 00

3. 00

3. s0

0 .79

a aa

))a

))a

2.7 5

1.08

3. L7

a 11

3. 08

3. 00

3.00

Each figure represents

Analysís of variance
Source of variatÍon

Treatments

Repli-catíons

Error
To tal

the mean of 4 plants.

D. F.

10

5

50

65

S. S.

40.íBLL

0.4267

6. s4L7

47 .4394

MC

4. 0481

0. 0833

0. 1308

0 .7 298

P. ratío
30.9487

0 .6369

Level of
significance

I"A

N. S.

c.v. = 74.781
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CrH O Product j_on

at Location A

APPENDIX 15

(u Moles/plant/hr. ) of Faba Beans Grov¡n
and Harvested 5 l^/eeks After planting

Replicat ion

Treatment
Mean

1

2

3

4

0. B0

3. 10

5. 00

s.94

5. s0

1. 09

8. s3

6.7 3

8. 96

7.12

4. s3

0

7.04

4.68

6. s9

4.92

r. s4

5 .07

8.7 3

4.68

4. 34

5. 60

L.47

5. 35

5. 16

4.7 6

7 .62

1.95

5. 60

6. 38

7 .97

3.66

4.07

0

4. 86

6 .20

? 07

3. 56

0

5. 30

5 .25

5. 85

6.46

2.7 6

0

3.92

9. 81

3.70

7. 03

L.37

5. 11

4. s9

6 .65

7 .99

B. 10

0. 11

1.63

7.L2

3. 83

2.80

0. 49

a aa

6.62

7.L4

4.33

5. 33

0. 40

4. 32

6. 33

4. B0

s .24

r.07

5. 4r

6. 38

6. 88

s. 65

5 .07

5

6

7

B

9

10

11

Analvsis of variance
Source of variation

Treatments

ReplÍcatíons
Error
Total

D. F.

10

5

50

65

S.S.

263.l962

20.6909

115.383s

399 .2706

M. S.

26 .3796

4.1382

2.3077

6.1426

F. ratio
11. 405 1

L.7932

Level of
significance

L7.

N.S.

c. v. = 32.43"/.
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APPE¡IDIX 16

Dry l^Ieight of Faba Beans (s,/plant) Gror^¡n at Location
A and Harvested 5 Weeks After planting

Replicati-on

Treatment Mean

I

2

J

4

5

6

7

oU

9

10

11

1. 60

1.95

1.98

1.95

1.53

1.63

¿. ôJ

2.68

2. 35

2. B0

2.93

I. B8

.) a')

2. 4s

2.30

1.93

1. 60

2. 15

2.80

2.7 3

I <,)

2.00

1.10

2.28

1.80

2.40

1.83

1. 50

2.r0

1.93

2.25

1.78

1.95

1. s3

1. 65

1. 65

2.25

L.7 8

1.63

2.LB

2.05

2.73

1.90

2.70

2. 08

2.IB

2.6s

¿. öJ

2.7 3

2.28

1. 83

2.90

2. 4s

2. 88

2.7 B

2.03

2.40

2.33

2.40

2.13

2.I0

2.08

2.50

2.45

1. B0

I.7 3

L.70

2.LI

2.14

2.36

1.98

r.79

2.19

2. 48

2.39

2.28

) )q

Analysís of variance
Source of variation

Treatments

Replications
Error
Total

D. T.

10

5

5n

65

S. S.

3. 5 788

2.9078

4.7 46s

2.7 65L

M. S.

0.3579

0.5816

0.0949

F. ratio
3.77r3

6 . 1286

Level of
significance

7%

L7.

c.v. = L4.32"Á



127

APPENDIX 17

N Percenlage of Faba Beans Grown in Location A
and Ilarvested 5 Weeks After plantíng

Replication

Treatment
Mean

1

2

3

4

5

6

7

(t

9

10

11

3. s5

4. 42

4.35

4. B0

4.6I

4. 4s

4.38

4.71

4. 48

4. 64

4.32

4. 00

4. 48

4. s4

4.64

4.64

3.52

4. s4

4. s4

4. L9

4.32

4.29

3.7 B

4.6L

4. 48

4. s4

4. 42

3. 65

4.4s

4. 58

4.67

4.58

4. 83

3. 33

4 .64

4.67

4.32

4.26

4.03

4. 3B

4.7 7

4.38

4.48

4. 42

3. 00

4.19

3.94

4.19

4.06

3.78

4.5r

3. B4

4.29

4 .26

4.29

3.68

3.65

4.22

4.32

L+. J¿

4.16

4.48

4.42

4.32

4. L3

4.10

3.56

4.33

4.37

+.4 I

4.39

3.93

4. 46

4. 49

4.39

4.40

4. 38

Analysis of variance

Source of vari-ation
Treatments

Replications
Error
Total

D. F.

10

5

50

65

4. B6L7

1.3sBs

2.6567

B. 8770

M. S.

0.4862

0.2717

0.0531

0. 1366

F. ratío
9.ls63
5. Lr67

Level of
significance

L"/"

r"/"

c.v. = 5.381l
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Nodulalion Score of
and Harvested

A?PE}JDIX 18

Faba Beans Grov¡n at Location B
5 In/eeks After Planting

Replication

Treatment
Mean

I

2

3

4

5

6

7

0

9

10

11

1.25

3. 00

4.25

3.25

4.00

2. 00

3.75

3.25

3.7s

3. s0

2.75

0. 50

2.25

2.50

2.50

2.7 5

2.25

2.7 5

3.00

3. 00

3.25

3. 00

2.50

4. 00

3. 50

3. 00

3. 00

2.50

3.25

3. 50

2.7 5

3.7 5

2.75

3. 00

4. 00

3.7 5

2.7 5

4. 00

3. 50

3. 50

3. 00

3. 50

3.7 s

3. 50

1. 00

3. 00

2.50

a 1Í

3.7 5

L.25

3.25

3.7 5

3. 00

3. 00

3. 00

1.00

2.00

3. 00

3.25

3.25

7.7 5

3.25

) )\

2.75

2.7 5

3. 00

r.54

3.04

3.25

)q)

3. 46

) )1

3.29

I 1îJ. IJ

3.13

3. 33

3. 00

:k
Each figure represents

Analysís of variance

Source of variation
Treatments

Replications
Error
Total

the mean of 4 plants.

D. F.

10

5

50

65

cc

L9 .3746

7.9773

11.6553

38 .9 406

M. S.

1. 9 31s

1.5955

0.233r
0.5991

F. ratio
B. 2861

6 .8447

Level of
significance

L"/"

r"Á

c.v. = L6.45%
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APPENDIX 19

CrHo Production (p Moles/p1ant/hr. ) of
Location B and Harvested 5 l^Ieeks

Faba Beans Grown at
After Planting

Replícation

Treatment Mean

1-

2

3

4

5

6

7

B

9

10

11

0. 59

4.68

7.70

5. 31

7 .33

2.64

3.62

3.7 4

5. 17

4.90

4. 10

0.74

2.93

2.26

2.96

J. JJ

2.99

3 .97

4.98

3.97

5.28

5.07

6 .24

7 .44

B. 65

5. 33

7 .44

7 .48

6 .27

9.19

6 .37

6.72

8.31

4.04

L'7q

8.99

5.L2

7.94

4 .35

5.75

6.25

4.23

3. 89

7 .12

0.34

2.93

1 -to

3.72

6.74

L.27

2.67

6. 03

3. 05

3.72

3.46

0.98

2.36

L.47

3 .39

1. BB

0

3.34

o.97

2.36

r.49

2.07

2.16

4.L9

5. 31

4. 31

5.78

3.L2

4.27

5. 19

4.L9

4.L3

5. 01

Analysis of variance

Sourc.e of variation
Treatments

ReplÍcations
Error
Total

D. F.

10

5

50

65

S. S.

63.2\60

L96.7977

82. 4843

342.4980

M. S.

6 .3276

39.3595

r.6497

5 .2692

F. ratio
3. 8320

23. BsB6

Level of
sígnificance

L%

L%

c.v. = 46.94"A



APPENDIX 20

Dry Weight of Faba Beans (S/plant) Grown at Location B
and Harvested 5 Weeks After planting

Replication

Treatment
Mean

1

2

3

4

5

6

7

I

9

10

11

r.43

2. L5

1.98

2.03

a a1

1.93

1. 50

2. 05

1.85

1. 95

2.0s

1. 80

1. 85

2.03

1.90

1.4s

1. 9s

1. 65

2.30

2.68

1. B8

1.68

1.55

1.58

L.2s

r. 63

1. 60

1.40

0. 8B

1. 9s

1. 80

1. 55

1. 50

1 a.)

r.70

7.70

1. 13

L.7 B

1. 50

1. 48

1.55

1. BB

1.50

1. B3

1.98

¿. oö

2.r0

2.65

1.98

2.60

2.7 3

2.20

1. 9B

2.15

2 .05

2. B0

2.05

2.50

2.70

2.55

2.r0

2.70

¿. ¿ó

2.50

2. L5

2.38

1. B0

2.00

1.93

2.07

1.93

1. 91

1. 82

2.06

2.IL

1. 86

1.91

Analysis of variance

-

Source of variation
Treatments

Replícations
Error
Total

D. F.

10

5

50

65

QC

0. 5600

7.3865

4.1686

12.1L52

MC

0. 0560

r.4773

0. 0834

0. 1864

F. ratio
0.6715

17.7L34

Level of
signifícance

N.S.

L"/"

c.v. = 74.89"Á
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APPENDIX 21

N Percentage of Faba Beans Grown at Location B
and Harvested 5 trIeeks After PlantÍng

Replicatíon

Treatment Mean

1

2

J

4

5

6

7

Õ

9

10

11

3.94

4. 29

4. L9

4.67

4. 58

4.29

4. 13

4. 13

4.42

4.67

4.38

4.7 4

s. 06

4. B0

4.77

4.58

4.96

4.48

4.06

3. 87

4. 48

4.7 4

3.62

3.7r

3 .87

3.65

4. 03

3.9 4

3.62

3.52

3. 5s

3.46

3. 6B

4.03

3.9 4

3.62

3.81

3.94

3 .62

3.23

3.7 L

4. s4

4.L3

3. 55

3. 68

4.7 4

4 .35

4. 86

4.L3

4. 83

4.6L

3. 90

4. Jö

4.32

4.70

3.94

4.86

4. 00

3.97

3.97

4.76

4.00

4.6L

4.90

4. s4

4.32

3.99

4. 43

4.14

4.29

4.2L

4. 30

4.0I

3.99

4.28

4.27

4.23

Analvsis of variance

Source of variation
Treatments

Replícations
Error
Total

D. F.

10

5

50

65

L.2624

6 . BO99

4.9928

13. 06sl

M. S.

0.t262

1 .3620

0.0999

0. 2010

F. ratio
I.2633

L3.6336

Level of
significance

N. S.

't o/

c.v. = 7.547,
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Nodulation Score of
and Harvested

A?PENDIX 22

Faba Beans Grown at Location A
B l{eeks After planting

Replication

Treatment
Mean

1

2

J

4

5

6

7

ö

9

10

11

0.7 5

r.25

3 .25

4.00

3.50

1. 00

4. s0

4.25

3.7 5

3. 50

3. 50

0. 50

3.7 5

3. 50

? ?q

4. 50

1.00

4.75

4.25

4.2s

4.50

4.25

0.75

3.25

2.7 5

3.75

4.50

1. 00

4. 00

4.2s

4.25

4.50

4. 50

0. 50

3. 50

4. 00

4. 00

3.25

1.00

4. s0

3.75

3.2s

4 .25

3.7 s

0. 50

4.00

3.25

2.25

4. 00

L.7 5

3. 50

3.7 5

5. 00

3. 50

4. s0

1. 00

3. 50

3.7 5

4. 00

I.7 5

4. s0

4.25

4.7 s

4.00

3.7 5

0.67

3.2L

3. 50

3. 50

3 .96

L.25

4.29

4.08

4.2L

4.04

4.04

Each figure represents the mean of 4 plants.

4nalysis of variance

Source of variation
Treatments

Replications
Error
Total

D. F.

10

5

50

65

S. S.

90.9754

2.27 27

L4 .7064

L07.9545

M. S.

9.0975

0.4s45

0.294r
1. 6608

F. ratio
30. 9 334

r. s454

Level of
significance

77.

N. S.

c.v. = L6.232
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CrHO Production
Location A

APPENDIX 23

(p Moles/plant/hr.) of
and Harvested B Weeks

Faba Beans Grov¿n at
After Planting

Replication

Treatment
Mean

1

2

4

5

6

7

B

9

10

11

0

2. s4

9. 15

14.95

L\.27

2.97

6.s3

10. 82

ö. / J

5.95

6. 51

n

6 .34

9.74

9 .47

L7.77

0.76

O t1

7.94

10. 33

L0.97

q^)

0. 65

6.02

6.63

L3.37

r¿.tJ

r.66

3.4I

10.08

7 .70

7 .36

7 .64

0

5.49

8.97

9 .86

6.\2

3.18

7. 85

L ))

7. 00

s .07

6.46

1. 13

15. 19

8.67

5. 56

77.97

3. 49

8.59

3. 44

L2.57

5. 18

10. 65

2.72 0.75

6.09 6.95

14.47 9.51

8.98 10.37

8.30 10.96

2.05 2.35

4. 82 6.60

B. 38 7 .48

15.16 I0.24

4.44 6. s0

4.86 7.62

Analvsis of variance

Source of varÍation
Treatments

Replications
Erroi
Total_

D.F. S.S.

10 604.9L92

5 28.1689

s0 366. 9133

65 1000.0014

M. S.

60.4919

s.6338

7. 3383

L5.3846

F. ratio
8.2433

0.7677

Level of
significance

r"/"

N. S.

c. v. = 37 .867.
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APPENDIX 24

Dry Lleight of Faba Beans (g/p1ant) Grown at Location A
and Harvested B l^Ieeks After planting

Replication

Treatment
Mean

1

2

3

4

5

6

7

B

9

10

11

6. 15

6.73

6. 05

8. s8

6. B0

8.43

10. 50

7 .50

7 .15

5. 65

B. 55

6. 85

B. 4s

7.93

B. 13

10. 28

6.78

9.13

B. 03

q aî

9 .25

7 .63

4. 40

6 .60

6 .28

9.4s

6.65

5. 35

6.93

7 .00

8. 30

7 .43

6. 90

3.58

6.43

7.90

8. 50

7.r0

4.93

7. 10

6. Bs

5. 68

6 .9s

7 .83

7.78

7 .65

Õ. öJ

B. 40

7.78

8.25

B. 85

9.s3

9.68

7 .58

5.53

5. 9B

7.73

7.s6

B. 96

1 10

6. 88

B. 56

7.73

7 .59

7 .63

7 .87

7 .73

10. 55

O. J¿)

10.68

B. 10

7 .58

8. BB

7.50

9. s0

B. 9s

10.78

Analvsis of variance

Source of variation
Treatments

Replications
Error
Total

D. F.

10

5

50

65

S.S.

36. 016s

40.6828

72.2722

r48.9715

MC

3. 6016

8.1366

r.4454
2.2919

F. ratio
2. 49LB

5.6293

Level of
signífÍcance

r"/"

T%

c. v. = 75 . 697!
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APPENDIX 25

N Percentage of Faba Beans Gror,/n at Location A
and Harvested 8 trnleeks After planting

Replicatíon

Treatment Mean

1

2

J

4

5

6

7

9

10

11

2.50

2.9 4

3. 10

3. 49

3.52

3. 46

t oo

3. 49

a aaJ. JJ

') /. a

3.36

2.40

3.26

J. JJ

3.77

3.42

2.88

3.74

3.04

3.52

3.26

3.20

2. 82

3. 36

3.20

3. 39

3.62

3. 36

2. 85

3. 30

3. 17

3.42

3.26

2.46

3. 42

J. JO

3.sB

3. s5

1 -7')

3.20

3. 39

3. 36

3. 33

3.20

2.24

3.23

J. Jb

3.52

3. 36

3. L4

3. 30

) -1,)

3.07

3.L7

288

2.46

3. 10

3. 49

3. 46

3. 39

2.46

3.74

3. 14

3.26

3. 17

3.20

2. 48

3.22

3. 31

3. s3

3. 48

3. 00

3. 09

3. 18

3.29

3. 30

î 10J, J(J

Analysis of variance

Source of variation
Treatments

Replications
Error
Total

D. F.

10

5

50

6s

S.S.

4 .67 24

0.2452

1.9098

6 .827 4

M. S.

0.4672

0.0490

0. 0382

0.10s0

F. ratio
12.2304

L.2827

Level of
significance

r"Á

N. S.

c.v. = 6.L3Á
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ìtNodulatÍon Score of
and Harvested

APPENDIX 26

Faba Beans Gror¿n at Location B
B l^Ieeks After Planting

Replication

Treatment Mean

1

2

J

4

5

6

7

B

9

10

11

0.75

3. 00

4. 00

3. 00

4.00

2. 00

4. 25

4.25

4. s0

3. 00

3.25

0.75

3.25

3. 50

3. 50

3. 50

r.7 5

3.7 s

3.25

î 1trJ . LJ

3.7 5

3.7s

3.25

4.25

4 .2s

4. 00

4.50

4. 00

4. s0

4.50

4. 00

3.75

5. 00

') (^

4.25

4 .2s

4. 00

4 .25

3. 50

4.2s

3.7 5

4. 00

4. s0

3. 50

2.50

3. 00

3.7 5

3.50

4.7 s

2.25

4.2s

4. 00

4. 00

3.7 5

3. 50

0. 75

3. 00

4. so

4.25

4. s0

2.00

3.7 5

3.7 5

3. 50

4.7 5

4.75

L.92

3. 46

4.04

3.7 r

4.25

2.58

4.L3

3.92

3. 88

3 .92

3.96

Each figure represents

Analvsis of variance

Source of variation
Treatments

Replícatíons
Error
T otal

the mean of 4 plants.

D. F.

10

5

50

65

S. S.

31.1686

9 .3182

15. 4110

55 .897 7

Mq

3.LL69

1.8636

0. 3082

0. 8600

F. ratio
10. 1132

6.0467

Level of
signifícance

r"/.

10/

c.v. = L5.36%
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CrHO Production
Location B

APPENDIX 27

(u t'toles/plant/hr. ) of
and Harvested 8 i^Ieeks

Faba Beans Grown at
Afcer Planting

Replication

Treatment
Mean

1

2

3

4

5

6

7

o

9

10

11

0. 91

2.7 4

4.53

3. 10

) aaJ. JL

2. L4

5. 04

+. JÕ

3.49

L.92

1.60

0. 60

2. 87

0. 10

a 11

0. 95

3. 5s

0 .46

1.95

0. 30

a )a
L. JL

1.15

4.29

3. 06

6.73

6.08

6 .63

4. 47

J. ¿O

s. 86

5 .28

3.94

6.32

3.28

s. 87

4.60

5.27

4.26

5.93

3. 88

2.42

2 .95

3.66

t 1a
). JL

2.93

1. 11

1. 56

1. 06

6. 05

0.62

c.15

r.23

2.79

r.77

0.75

0

0. 20

0

0. 60

0 .77

0.7L

0. B0

0. 15

0

0. 59

0

2.00

2. 64

2.92

3. 04

3.66

2.90

L.LI

2.67

2. 47

2.27

2.J"9

Analvsis -of varíance
Source of varíation

Treatments

Replications
Error
To ta1

D. F.

10

5

50

65

S.S.

13. 6340

L72.2220

76.7jLr
262.5577

M. S.

L.3634

34.4444

1.5340

4. 039 3

F. ratio
O. SBBB

22.4s40

Level of
signífícance

N. S.

L%

c. v. = 46 .9 4"/.
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APPENDIX 28

Dry l^leight of Faba Beans (g/plant) Grown at Location B
and Harvested 8 l^/eeks After planting

Replication

Treatment
Mean

1

2

3

4

5

6

7

Õ

9

10

11

10. 03

6. 40

8.25

B. 10

9. 03

7 .48

7 .05

9.08

8.33

6. 15

7.78

7. 18

B. 30

6. 33

10. 20

5.40

7. 80

7 .63

9. 05

5. 95

6 .70

8. 48

7 .3s

8. 6s

8. 0B

9 .48

11. 1B

9. 33

10.35

8.93

7.9s

10. 13

8. 9s

4 .53

5. 53

s. 53

6. 05

6.20

6 .23

5. 50

6.2s

6. 10

6. 33

6. 53

6. 55

B.6B

6.18

5. 35

6.90

5.73

4. 83

4. 35

6. 10

B. 33

4.48

6.48

6. 1s

7. 00

B. 60

9. 03

7. 88

7 .60

6. 30

9 .40

B. B8

9. 33

7 .02

7 .28

6. 88

B. 02

7.96

7 .40

7.16

7 .33

7 .3L

7.75

7 .59

Analvsis of variance

Source of varíatíon
Treatments

ReplícatÍons
Error
Total

D. F.

10

5

50

65

S.S.

B. 0065

81. 869 B

80. 0140

L69 .8904

M. S.

0. 800 7

L6 .37 40

1.6003

2.6137

F. ratío
0. 5003

10. 2318

Level of
significance

N. S.

7"/"

c.v. = 77.032
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APPENDIX 29

N Percentage of Faba Beans Grown at Location B
and Harvested B Weeks After planting

Replication

Treatment
Mean

1

2

J

4

5

6

7

o

9

10

11

3.68

3. 78

3. 65

3. 78

3.78

3. 90

3.s8

3. 84

4. 03

3.94

3.7 4

3.7 4

3.94

4 .26

4. 00

3 .87

3.7 B

3. 84

3. 90

4.00

3. 90

3 .87

4. 10

3. 84

3.97

4.06

4. 00

3. 90

3. 81

4. 03

3. 84

3.7 4

3.7 4

3.74

3. 84

3.7 4

3. 87

4. 00

3. B7

3 .94

3.78

4.L9

3.46

3.7r

3. Bl

3.97

3. 04

3. 90

3.62

3.68

3.94

3. 87

3. 84

3. 81

3. 81

3.68

3. 81

3. B4

3.7 4

3.7 8

3. 90

3. s5

3.94

4.03

3. 90

3.46

3.79

3. 86

3.7 5

3. 89

3. 84

3. 84

3.78

3. 89

3.99

3.79

3.7 2

Analysís of variance

Source of varíation
Treatments

Replications
Error
Total

D. F.

10

5

50

65

ce

0. 3485

0 .2627

7.47 BL

2.0893

M. S.

0.0349

0.0525

0.0296

0.032L

F. ratío
L. L79L

I.77 36

Level of
signiflcance

N.S.

N. S.

c. v. = 4. 48"/"
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Nodulation Score' of
and Harvested

APPENDIX 30

Faba Beans Grorvn at Location A
11 trIeeks After planting

Replication

Treatment
Mean

1

2

J

4

5

6

7

B

9

10

11

L.25

2.75

3. 00

2.25

a atr

7.75

5. 00

3. 00

4. 00

4. 00

4. 50

0.25

3. 50

4 .2s

3.7s

4. 00

L.25

4. 00

4.00

3.75

4.25

4 .25

0.25

4. 50

4 .25

3. 00

4.7s

0. 50

t! )\

3. 00

4. 00

3. 00

4.2s

0 .25

3.7 5

3. 00

2.25

3.7 5

2.00

4.7s

3.7 5

4. s0

4 .25

3.25

0.25

3.7s

4.25

3.75

3.25

1.50

4.50

3.7 5

3. 50

4.25

4.7 s

1.00

2.7 5

3. 00

I 1tr

1 tc

1. 00

4. 00

3. 50

4.25

4.25

4. 00

0. s4

3. 50

3.63

3. 04

3. 63

1. 33

4.42

3. 50

4.00

4.00

4.77

Each figure represents the mean of 4 plants.

Aralysi-s of variance
Source of variation

Treatments

Replícatíons
Error
Total

D. r'.

10
E
J

50

65

M. S.

8.8708

0 . r79s

0.3179

r.6237

S.S.

BB. 7083

0.8977

15. 89 39

105.5000

F. ratío
27.9044

0.5646

Level of
signíficance

L7"

N. S.

c.v. = 17.35%
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CrHO ProductÍon
Locatíon A

APPENDIX 31

(p Moles/plant/hr.) of
and Harvested 11 Weeks

Faba Beans Grorun at
After Plantíng

Replication

Treatment
Mean

1

2

J

4

5

6

7

o

9

10

11

0. 10

3.66

5.93

1 .34

L0.02

6.32

7.76

s. 47

7 .84

6.78

\ ')')

0. 19

L0.76

11.04

14.01

70 .23

') /,.')

3 .66

9.L6

9. 85

B. 70

5 .20

0

10. 36

r0.97

9.08

20 .32

0. 83

3.66

6. s0

9.9L

7 .39

/.63

0.44

7 .65

7.78

L2.75

9 .4L

B.L7

6.s9

5.2r

7 .64

6.93

7 .00

0.97

9.04

10. 99

L2.T8

L2.87

2.37

o )1

7.06

6 .42

6.22

9. 00

2. 45 0. 69

5. 35 7. 80

5.48 8.70

9.55 r0.72

7 .07 1r.65

0. 3s 3. 4L

2.67 5.59

5.77 6.53

9.82 8.sB

4.89 6.82

6 .32 6.7 3

Analysis of variance

Source of varíatíon
Treatments

ReplicatÍons
Error
Total

D. F.

10

5

50

6s

S.S.

578.9818

60. 130 7

28L.2057

920. 3183

M. S.

57.8982

12.026r

5.624r

L4.L5B7

F. rati.o
r0 .2947

2. 1383

Level of
significance

L%

N. S.

c.v. = 33.782
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APPENDIX 32

Analysis of variance for yield components of Faba Beans
Grovm at Location A. The Beans rvere Harvested

11 l^Ieeks After planting

Source of
variation

D.F. S.S. M.S. F. ratio Level of
significance

*'t I
Treatmenrs 10 160.6061 16.0606 8.9107 r%

Replications 5 20.1184 4.0237 2.2324 N. s.
Error 50 9O.I2IZ I.BO24 c. v. 19.68lZ
Total 65 210.8456

)/
Treatmenrs 10 r95 -7745 ß.5rL5 7 .4552 r-/"

Replications 5 1r. 7307 2.346L 0. 8937 N. s.
Error 50 73I.26L2 2.6252 c.v. = 25.20%
Total 65 338.7064 5.Z]:O|

J/

Treatments 10 440.4972 44.0497 7 .1626 L"/.

Replications 5 25.6652 5.1330 0.8346 N.S.
Error 50 307.5023 6.1500 c.v. = LB.7O,/.
Total 65 773.6647 ].I.g025

L/ Pod number per plant.
2/ Po¿ weight per p1anr.

3f Leaves and stem weight per planË.
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APPENDIX 33

Analysis of Variance for Nitrogen Percentage in pods or
Stems and Leaves of Faba Beans Grown at Location A.
The Beans were Harvested 11 Weeks After planting

Source of
variation

D.F. S.S. M.S. F. rario Level of
significance

I/

)/

Treatments l0 6.1343 0.6734 23.4l-22 LT"

Replications 5 0.5975 0.1195 4.56LI IT.

Error 50 f.3094 0.0262 c.v. = 4.33%

Total 65 8.041f 0.1237

Treatments 10 2.0068 0.2007 5.0682 I%

Replications 5 0.5659 0.1132 2.8586 5"Å

Error 50 I.9784 0.0396 c.v. = g.BO%

Total 65 4.551f 0.0700

1/ N percentage in pods.

2/ N percentage in leaves and stems.
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NodulatÍon Score^ of
and Harvested

APPENDIX 34

Faba Beans Gro\^rn at Locatíon B
11 I^Ieeks After planting

ReplicatÍon

Treatment
Mean

1

2

3

4

5

6

7

Õ

9

10

11

1.00

3. 00

3. 00

3.25

3.25

3. 00

4. 00

3.7 5

4. s0

2.75

3. 00

0.7s

2.7 5

J. ¿)

4.7 5

3. 50

L.7 5

3. s0

4. 00

4 .25

4.25

3. 00

3.25

4 .2s

4. 00

4.25

4 .25

2.50

4.75

4.2s

4. 50

3.7 5

4. 00

2.7 5

3.7 s

4. 00

Q -7tr

4. 00

3. 00

4.25

4. 00

4.25

3. 00

4.50

I.25

3.7 5

4 .25

a 1tr

4.50

2.7 5

3.25

4. s0

4.00

4. s0

2.50

0. 50

3.7 5

3.7 5

3. 50

3.50

r.7 5

3.7 5

2.7 5

') ')\

3. 00

3.7 5

1.58

3.54

3.7L

3.7L

3. 83

2. 46

3.92

3. BB

3.96

3.54

3. 46

Each fígure represents

Analvsis of varÍance
Source of varlation

Treatments

Replications
Error
To tal

the mean of 4 plants.

D. F.

10

trJ

50

65

S. S.

32.4s83

8.4508

18.6326

59 .54r7

M. S.

3.24s8

r.6902

0.3727

0. 9160

F. ratio
B.7OBB

4. 5 3s0

Level of
significance

L7.

10/

c.v. = 17.B7Z
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CrLIO Production
Location B

APPENDIX 35

(u t'toles/planr/hr. ) of
and Harvested 11 l^Ieeks

Faba Beans Grown at
After Planting

Replication

Treatment
Mean

1

2

aJ

4

5

6

7

B

9

10

11

0. 34

r.76

7. 87

I 1')

2.25

?1A

2.50

1.11

4.05

0.95

2.72

0. 4B

r.49

1. 35

3.52

L.64

3.63

6.42

2.03

0. s6

L. 82

0"74

3.27

3.97

4.sL

8. 45

3.07

L.7 6

t oaL. OJ

1. 50

4.36

2 .64

2.08

2. 88

2. 19

4 .09

5.99

3.58

)41

3. 43

2.92

2 .70

0. 91

3.44

1. 03

3. 49

3. 14

L.12

7 .26

2.05

0.64

3. 04

2.15

1. ll

0.72

0. 43

) 1'.)

0.79

L.52

L. ÕZ

0. 50

0

0.46

0. 34

0.37

0.27

1.40

2. s0

2.63

3. 89

3. 44

1 aa

2.64

1. B4

2.36

1.30

r.66

Analvsis of varíance
Source of variatíon

Treatments

Replication
Error
To tal

D. F.

10

5

50

65

S.S.

38.8349

45 .7 3C7

103.0929

L87.6579

M. S.

3. BB35

9 . 1460

2.0679

2. BB7 0

F. ratio
1.8835

4. 43s7

Level- of
s ignÍ. f i cann e

N. S.

r"/"

c.v. = 60.9L%
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Analysís of Varience
at Location B.

APPENDIX 36

for Yield Components of Faba Beans Grov¡n
The Beans were Harvested 11 I,Ieeks

After Planting

Source of
variation

Treatments

Replications

Error

Total

Treatments

Replications

E rror

To tal

Treatments

Replications

Error

Total

ù.ò.

B. 4457

19.9508

L25.2367

r53.6326

24.047 0

50. 8760

r58.6662

233.5892

38.4189

57.1865

298.1237

39 3 .7 285

0 . B44s

3 .9902

2. s047

2.3636

2. 4047

LO.1752

3 .77 33

3.5937

3. 8419

Lr.4373

5 .9 625

6 .057 4

0.3372

1. 59 31

0.7 57 B

3.2065

0.6443

I.9LB2

F. ratio Level of
ificance

10

5

50

65

N. S.

N. S.

c.v. = 17.387"

N. S.

<c/J/o

c.v. = 23.581l

N. S.

N. S.

c.v. = l-5.841l

10

5

50

6s

J/

10

5

50

65

1/ Poci number pcr

2/ Pod weíght per

3/ Leaves and stem

plant.
p1ant.

weight per plant.
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APPENDIX 37

Analysis of varience for NÍtrogen percentage Ín pocis or Stemand Leaves of Faba Beans Grown at Location B. The Beans rvereHarvested 11 l^leeks After planting

Source of
variation

D.F. S.S. M.S. F. ratio Level of
significance

I/

)/

Treatments 10 0 . 4L6L 0 . 0416 I. 4394 N. S.
Replicati.ons 5 0 .5524 0. 1105 3. g235 I"Á

Error 50 L.4435 0.02g9 c.v. = 3.94"/"
Total 65 Z.4I2O 0.0371

Treatments 10 0.6074 0.0607 I.4556 N.S.
Replicati.ons 5 2.5248 0. 5050 12. 1103 L"Á

Error 50 2.0874 O.O4L7 c.v. = 9.L6"A
Total 65 5.2L96 0. 0803

1/ N percentage in pods.

2/ N percentage in leaves and stems.
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APPENDIX 3B

Analysis of Varíance for Final yield Components of
Faba Beans Grown at Location A

Source of
variation

D.F. S.S. I'1.S. F. ratio Level of
significance

I/

¿l

al

4/

Treatments 10 75.4367 7 .5437' 6.gZ4O I%

Replications 5 15 . 5S4I 3. 110 B 2 . 8553 5"/.

Error 50 54.4742 r.0895 c.v. = r5.ro-/"
Total 65 145.4650 2.Z3tg

Treatments t0 650.5576 65.0558 4.9349 L"/"

Replications 5 248.95j6 49.7gL5 3.7770 L"/.

Error 50 659.1424 13.1828 c.v. = LB.7r"/.
Total 65 1558.6576 23.9793

Treatments 10 0.739i O.Ol4g L.0777 N. S.
Replications 5 1.1997 0.2399 3.4518 I"/.

Error 50 3.4733 0.0695 c.v. =9.IOZ
Total 65 5.4L26 0. 0833

Treatments t0 9945 .3856 994 .5386 g .3969 I"/.

Replications 5 4621.8145 924.3629 8.7339 f/.
Error 50 529L.8328 105. 836I c.v. = 2.58y"
Total 65 19859.0329 305.5236

:!
1/ Pod number per p1ant.

2/ Seed number per p1ant.
3/ Number of seeds per pod.

4/ 7,000 seed weíghr.
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APPENDIX 39

?k

Seed Yield of Faba Beans (Kg/pf"t) Grown at Locarion A

Replication

Treatmenl- Mean

1

2

3

4

5

6

7

9

10

11

0 .190

1. s68

L.382

1. s06

1. 311

I.27 7

L. L25

1.109

L.362

r.399

L.2L5

0. 950

r. 459

L.649

7.7 33

r.205

1.107

1.514

7.73L

7.696

1.603

I.49L

o .627

L. I54

L.L72

L.225

r.327

0.77 4

1. 170

1. 025

r.322

L.206

L.549

0.964

L.407

L.269

1.685

1.806

0.799

L.49L

1. 555

L. 476

1.356

I. s24

o.694

1.578

1. 506

7.762

1. 781

L.049

1.600

7.9 37

L.7 60

1. 595

7.497

0.782

\.44L

1.43r

1 ?a oL. JLO

1.758

1. 000

1.603

r.47 4

I.7 57

L.255

l. 515

0. 8012

I.434s

1.4015

1.5398

1. 5313

1. 0010

L.4L72

L.47LB

L.5620

L.4023

L.46s2

Plot size = 10.7 x 0.6 m

Analvsis of variance
Source of varíation

Treatments

Replications
Error
Total

D. F.

10

5

50

65

ec

3.4753

L.0477

L.3946

5 .9r7 6

M. S.

0 .347 5

0.209s

0.0279

0.0910

F. ratio
L2. 4552

7 .5090

Level of
sígnificance

17"

7"/"

c.v. = 72.22"/"



L44

APPENDIX

Seed Nitrogen Percentage of Faba

40

Beans Grov¡n at Location A

Replication

Treatment
Mean

1

2

3

4

5

6

7

8

9

10

11

3.90

4.6r

4.96

\))

5 .22

4.80

4.64

4. 83

4. B3

4"99

4. B3

4.48

4. B3

4.96

5 .28

5.25

4.64

4.58

4. 86

4.96

4.96

5.06

3.78

4.70

s. 09

5 .28

5. 15

4.4s

4.48

s. 09

4. 86

5.06

4. 83

3. 87

4.93

s. 06

s .34

5.22

4.5L

4. 86

s. 06

4.90

5. 06

4.96

4. 10

4.6r

5. 06

5. 18

5.r2

4.58

4.7 4

4.70

4.7 4

4.7 4

4.7 4

1 trôJ. JZ

4.7 4

4.93

s.4r

5. 31

4.5r

4. s4

4.96

4.67

4.93

4.96

3.94

4.7 4

5. 01

5.29

5 .2L

4. sB

4.64

4.92

4. B3

4.96

4.90

Analysis of variance
Source of variation

Treatments

Replícations
Error
Total

D. F.

10

5

50

65

ce

/.04JO

0.7964

0. 9 700

9. 0100

M. S.

0 .7 844

0.0393

0. 0194

0. 1386

I. ratío
40. 4330

2.0258

Level of
significance

17.

N. S.

c.v. = 2.892
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APPEN]]IX 41

Analysis of Variance for Final yield Components of
Faba Beans Grown at Locatíon B

Source of
variation

D.F. S.S. M.S. F. ratio Level of
significance

7/

Treatmenrs 10 13.1370 L.3L37 L.3g4g N. S.

Replicatíons 5 1B.0B4B 3.6L70 3.8405 T/"

Error 50 47 .0885 0. 9418 c. v. = L:*.7Z%

Total 65 78.3103 I.2O4B
2/

Treatmenrs 10 82.3609 8.2361 0.999g N. S.

Replicatíons 5 166.7L53 33.343I L.O4j 4 IZ
Error 50 4LI.9064 8.2381 c.v. = ]12.24%

Total 65 660.9826 10.1690
JI

Treatments 10

Replicatíons 5

0. 1001 0. 0100 0 .5464 N. S.

0.2883 0.0s77 3.1s30 s"/"

0.9L47 0. 0183

1. 3030 0. 0200

Error
Total

50

65

c.v. = 4.77%

4/

Treatments 10 829.4704 82.94i0 0.8142 N.S.
Replications 5 2506.5747 50r.3149 4.9207 17!

Error 50 5093.9004 101. 8780 c. v. = 2.73%

Total 65 8429.9454 L29.69Is

1/ Pod number per p1ant.

2/ Seed number per p1ant.
3/ Number of seeds per pod.

4/ I,000 seed weight.
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Seed Yield of

APPENDIX 42

Faba Beans (t<g/plot) r'
Grown at LocatÍon B

Replicatíon

Treatment
Mean

1

2

1J

4

5

6

7

8

9

10

11

0. 890

0.920

1.186

1.135

0. 995

1.033

0.930

1. 006

0.970

1. 089

r.069

0. 875

1.033

0. 873

0. 875

1.036

r.067

O. BBO

1.071

0. 852

1. 095

0. 980

1. 109

1.105

7.260

7.249

r.240

L.2L2

1. 305

1.081

L. I43

L.L73

L.24L

0.99s

0.899

L.LI4

1. 015

1. 105

0. 965

0.957

1.061

0.927

0. 887

1.085

1.041

0. 893

7.1,26

1. 019

0.895

1.155

L.07 7

O. BB9

7.07 3

1.041

1. 066

1. 093

L. I52

0.999

1.139

0.967

0.989

1.069

1.138

1.083

1.082

1. 069

1. 0005

1.0003

1.0930

L.0720

1.0387

r. 07 02

1. 036 3

1.0410

1.0080

r.06L2

1. 0850

Plot size = 6.1 * 0.6 
^2

Analvsis of variance
Source of variation

Treatments

Replícatíons
Error
Total

D. F.

10

5

50

65

S. S.

0. 0660

0 .3459

0.3630

0.7749

M. S.

0. 0066

0 .069 2

0.0073

0. 0119

F. ratio
0. 9041

9 .479s

Level of
significance

À'r c

10/

c.v. = 8.L6%
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APPENDIX

Seed Nitrogen Percentage of Faba

43

Beans Grown at Location B

ReplicatÍon

Treatment
Mean

1

2

3

4

5

6

7

ö

9

10

11

4.90

4.83

4. B3

5. 09

5.72

4.90

4. B0

5. 06

s. 06

4.99

4.90

5. 15

5 .25

5.4r

5. 31

5.34

5.02

5. 31

5. 18

s .4L

s. 38

5. 31

4.9 3

4.93

4. 86

5 .25

4. 86

4. B0

4.93

4. 80

s. 18

5.06

4. 86

5 .28

s .34

4.96

s .25

s. 1B

5 .34

5.44

5. 18

E ^ôJ. ¿O

s .4r

5.L2

4.86

4.93

4.99

4.99

5. 09

4.99

4.9 3

4.7 4

4.90

4.90

4.9 3

s. 09

4.90

5. 31

5.25

5.22

5 .22

s.4L

5. 15

4.96

5. 09

5. 09

s .04

5. 03

5. 06

5. 19

5.L4

5. 05

5. L4

5.02

( 1t

5. 14

5.04

Analysis of variance

Source of variation

Treatments

Repli_cations

Error
Total

D. F.

10

5

50

65

cc

0.2152

r.4238

0.7806

2. 4l-96

M. S.

0.0215

0 .2848

0. 0156

0.03t2

F. ratio

L.37 82

l-8.2564

Level of
significance

N. S.

t"/"

c.v. = 2.46%
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Analysis of Variances of
Gror¿n in Pouches with

The Beans were Harvested

APPENDIX 44

Different Characterístics of Faba Beans
Controlled Root Temperature at L4oC.
6 l^Ieeks After Root Temperatuïe Treatment

Source of
variation

D. F. S.S. I'r. ò . F. ratio Level of
signifieance

L/

1l

1/

4/

Treatments

Replications
Error
To tal

Treatments

Replications
Error
Total

Treatments

Replications
Error
Total

Treatments

Replicatíons
Error
Total

82. 0500

10.7500

24.7 500

117. 5500

40.4099

13. 5110

84.7 807

L38.70l-6

8.7 8L7

2. 4393

7.9482

L9 . 1692

9. 0189

4 .9 427

10.7 563

24.7l-79

9.1167

L.53s7

0.3929

4. 4900

1. 9 301

7.3457

L. 7 557

0 .97 s7

0. 34Bs

0.7262

0.2426

1.0021

0.7061

0. l-707

0.3129

23.2036

3. 9086

3.3366

r.4343

7.73L4

2.7 6l,5

5. B70s

4. L365

9

7

63

79

9

7

63

79

9

7

63

79

9

7

63

79

7"Á

L"/"

c.v. = 24.347,

L%

N. S.

c.v. = 7L.23"Á

23.r7"/"

r"/"

7%

c. v. = 72. 507"

r"/"

Éo/
J/o

l/ Nodulation score.
2/ Ethylene producrion.
3/ Dry weight.
4/ Nitrogen percentage.
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APPENDIX 45

Analysis of Variance of Different characteristics of Faba Beans
Grown at Location A ín 1977. The Beans were

5 l^Ieeks 01d at llarvest

Source of
variation

D.F. S.S M.S. F. ratio Level of
significance

I/

2/

3/

4/

s/

Treatments 10 3352"2727 335.2273 I.7052 N. S.
ReplÍcations 5 274.6212 54.gz4z 0.2ig4 L%

Error 50 9829 .5455 196.5909 c. v. = L5.49"A
Total 65 L3456.4394 ZO7.O2ZL

Treatments 10 8.0587 0.8059 L.4304 N.S.
Replications 5 I.6439 0.32g8 0.5836 N. S.
Error 50 28,7686 0. 5634 c. v. = 37 .3g"Á
Total 65 37.8742 0.5g26

Treatments 10 I23.23I3 IZ.323I L.4l*l} N. S.
ReplicatÍ-ons 5 L6L.8764 32.3753 3.7227 f/.
Error 50 434.8330 9.6967 c.v. = 73.93%
Total 65 719.9407 11.0760

Treatments 10 5 .2IOg 0.52II I.7238 N. S.
Replications 5 L2.9273 2.5855 8.5528 r"/"

Error 50 15.1140 0.3023 c.v. = 23.30%
Total 65 33.2521 0.5116

Treatments 10 0 .9Ih4 0.0914 1.3893 N. S.
Replications 5 4.r7h6 0.8349 12.6884 r"/"

Error 50 3.2gTg 0.065g c.v. = 6.53%
Total 65 8.3798 0.1283

1/ Percentage nodulated plant.
2/ Nodulation score.
l/ CZH+ producrion.
4/ Dry weight per p1anr.
5 f Percentage nitrogen.
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APPENDIX 46

Analysis of variance of Different characteristícs of Faba Beans
Grorvn at Location A ín L977. The Beans

were 9 Inleeks 01d at Harvest

Source of
variation

D. F. F. ratío Level of
significance

M. S.

L/

2/

al

4/

s/

Treatments

Replicatíons
Error
Total

Treatments

Replications
Error
Total

Treatments

Replicati_ons

Error
Total-

Treatments

Replications
Error
Total

Treatments

Replications
Error
Total

10 2575.7576

5 2320.0758

s0 6742.4242

6s 11638.2s76

257.5758

464.07s2

r34.8485

179.050r

2.0606

0. 306 1

0. 6361

0. 8298

44.6914

18. 1403

27 . 161_4

29 .7644

8.1960

56.5515

8.3194

12. 0106

0.04s4

0.2L45

0.024l-

0.042l_

1.9101

3. 44L0

3.2394

0.4812

r.64s4
0.6679

0.9852

6.797 5

1. B83B

8.9004

10

5

50

65

10

5

50

65

10

5

50

65

10

5

50

65

20 .606r
1.5303

31.8030

s3.9394

446.9L42

90 .70L4

1358.07l-2

1895.6868

8r.9602

282.7 57 6

4Ls.97L6

7 B0 .689 4

0.4s43

r.07 23

1. 2068

2.7334

N. S.

7"Å

c.v. = 12.4I%

T:Á

N. S.

c. v. = 29 .33"Á

N. S.

N. S.

c.v. = II4.12%

N. S.
.I\T 

Crt.u.

v. c. = 74.27%

N. S.

L"Á

c. v. = 4.767"

7/
1l

al

+l

s/

Percentage nodulated plant
Nodulation score.
CrHO Vroduction.
Dry weight per p1ant.
Percentage nitrogen.
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A?PENDIX 47

Daily Rainfall (mm) From May to August 1976 at Carman
I^leed Research Station (location A)

MONTI-I

Date May June July Augus t

1

2
1J

4
5

6

7

B

9

10
11
72
13
L4
15
I6
L7
18
L9
20
2T
22
23
¿4
25
¿o
27
OQ

29
30
31

3.6

5.3

1.0

'-u

:lo
3.3
0. B

4.6
0.3

22.L
¿. J

'-'

t-,

sls
t:o

LL.4

5.1

0.3
18. B

J. Õ

0.5

7.9
1.3

4.3

6.9

4.3

To tal QO 87. 5 30.5 24 .7

Planting date.

First sampling date.

Second sampling date.

Third sampling date.
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Daily Rainfall (mm)

Universíty

APPENDIX 48

From May to August 1976 at the
of Manitoba (locarion B)

MONTH

Date May June July August

1
2

3

4

5

6

7

o

9

10
11
I2
13
T4
15
16
I7
1B
L9
20
2L
22
23
2L

25
26
27
¿ö
29
30
31

Trace

Trace

Trace
¿.J

5.3
1.8

1.0

Trace

4.3

0.5
0.8

11 '.>

1.0
3.6

)J 1

s.a
24.6
L0.7
1.5

Trace
24.9
,_t

rls
Trace

14. 0
28.7
3.8

7.4

:

;..

o.s
Trace
Trace

2.O
Trace

1.8

_

Trace
3.6

fru""

rl:
1.3

24. o
1.5

ft"".

rrl".
0.5
1.0
7.4

Trace
Trace

-L ^L -L -r-

0.5
0.5

14.0

Trace
24.9
70.2

To tal L0 .4 182. 5 36 .9 59. 0

Planting date.

Fírst sampling date.

Second sampling
rL++ú

Third sampling

date.

date.


