
THE UNIVERSITY OF I'IANITOBA

TI{E EFFECT OF NITROGEN AND MOISTURE AVAILABILITY

ON GROI.JTH AND SYMBIOTIC NITROGEN FIXATION IN LENTILS

(Lens culinaris)

Frances Lynne Llalley

A THESIS

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE

MASTER OF SCIENCE

Department of SoiI Science

Llinnipeg, ManÍtoba

t..:l Fe bruary , 1 98 6

by



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or se11
copies of the fÍlm.

The author (copyriqht. owner)
has reserved other
publication rights, and
ne ither the thes is nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permission.

Lrautorisation a été accordée
ã Ia Bibliothèque nationale
du Canada de microfilmer
cette thèse et de prêter ou
de vendre des exemplaires du
f ilm.

Lrauteur (titulaire du droit
dr auteur ) se réserve les
autres droits de publication;
ni Ia thèse ni de longs
extraits de ceIle-ci ne
doivent être imprimés ou
autrement reproduits sans son
autorisation écrite.

ISBN Ø-3L5-339Ø3-9



THE EFFECT OF NITROGEN AND I'fOISTURE AVAILABILITY

ON GROI^/TH AND SYI'IBIOTIC NITROGEN FIXATION IN LENTILS

(Ie ¡¡s cULINARIS )

DI

FRANCES LYNNE I{ALLEY

A tllesis submitted to the Faculty of Graduate Studies of
the university of Ma¡litoba in partial fulfìllment of the requirenrents
of the degree of

MASTER OF SCIENCE

@ 1986

Permissior has been granted ro the LIBRARY oF THE uNIVER-
slrY oF MANITOBA to rerd or seil copies of this thesis. ro
the NATIONAL LIBRARY oF CANADA ro microfirnr this
thesis a¡rd to lend or sell copies of the film, and uNIVERSITy
lvllCROFILlvlS to publish an abstract of this thesis.

The author reserves other publication rights, a'd neither the
tiesis nor extensive extracts fronl it may be prirted or other-
wise reproduced without the author's writte' pernrissio'.



ABSTRACT

Field and growth chamber studies t"rere conducted to evaluate the

effect of various soil conditions, including nitrogen and moisture

availability on yield and potential symbiotic nitrogen fixation of

lentí1s. Application of fertilizer N aE rares ranging from 0-200 kg

N.ha-l and 0-360 ppn N in field and growth chamber experiments,

respectively, resulted in dry macter and seed yield increases. Nitrogen

scress, simulated by the addition of barley strai^r to the soi1, limited

lentil yields. Results evidence the fact that lentils are not capable

of syubiotically fixing enough nitrogen to meet. opEimum planË growth

requirements 
"

Moisture availability was also found Lo be an important factor in

attaining high dry matter and seed yield of lentils. yields were

significanEly reduced by Ehe applicaËion of moisture stress and qTere

notably influence.l by Ehe physiological stage at whlch stress \¡ras

applied.

The effect of nitrogen availability on synbiotic nitrogen fixation

\,¡as evaluated. Quantity of nÍtrogen symbiotically fixed in lentils was

estimated using the'A'value meEhod, Èhe l5¡l AssisÈed Dífference

method and the Classical Difference neÈhod. Nonnodulating soybeans

served as the reference crop. Although these met.hods esEimated sirnilar

quanlities of nitrogen fixed under controlled conditions, the N balance

techniques proved unreliable under field conditions.

Increasing increments of applied N were shown Ëo reduce syubiotic N

fixation. Nitrogen stress delayed Lhe onset of syrobiottc fixation and

thus reduced the total quantiEy fixed.
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1n INTRODUCTION

Lentils (Lens culinaris) are a high proteÍn seed crop used pri-

marily for human consumption" Recently inÈroduced into \destern Canada,

conclusive information regarding the production of lentils is limited.

Seed yield estimates ranging from 900 kg tr¿-l (Slinkard, LgB2) ro

21242 kg tr¿-l (ManiËoba Agriculture, 19S0) have been proposed.

Lentils are a member of the Leguminosae farnily and, in association

with Ëhe appropriate Rhizobiuu, are capable of meeting some of their

nitrogen requirements through syrnbioÈic nitrogen fixation" Unfortunate-

Iy, very little information is availabl-e regarding lentil-Rhizobium

symbiosis and, of that availabl-e, little is applicable lo the western

Canadian agro-c1imate.

In light of the growing interest in alternative cropping systems,

it is likely that lentil production will continue to increase in

lulanitoba. Consequently, there is a need to obtain inforuration on lentil

producÈion and nutrition" It may be desirable to retain as much nitro-

gen fixation as possible when producing lentils. Thus there is an addi-

tional need to determine the quantity of nitrogen which lentils are

capable of fixing and identify factors which may affect fixation"

The objectives of this study r¡7ere: 1) to deLermine the effect

various soil conditions including nitrogen and uoisture availability

nitrogen fixation and yield of lentils, and 2) to evaluate methods

estimating synbiotic nilrogen fixation in lentils.

of

on

of



LITERATURE REVIEW

2"L SYIV1BIOTIC NITROGEN FIXATION AND YIELD OF LENTILS

Lentils (Lens culinaris) are a recently introduced crop in western

Canada and presently littl-e conclusive information is available regard-

ing production potential. Seed yield estimaÈes ranging from 900

kg na-l (Slinkard, 1982) to 2,242 kg h¿-l (l4anitoba Agriculrure,

1980) have been proposed.

Summerfield (198I) reported Èhat lentils are capable of achieving a

üean seed protein content of twenty-five percent, Thus, i! can be

expected that lentils r¿ill exert a large demand on available nitrogen

sourcesn Saxena (1981) suggested that a lentil crop yielding 2r000

kg fr¿-l may take up approxinately 100 kg N ha-l.

Lentils âre a member of the Legumj-nosae family and, in association

with the appropriate Rhizobiun, are capable of meeting some of their

nitrogen requirements through synbiotic nitrogen fixation" Unfortunate-

1y, very little information is available regarding 1enti1-Rhizobium

symbiosis and, of that available, 1itt1e is applicable to the western

Canadian agro-climate. Studies of nitrogen nutrition of 1enËi1s grown

in Egypt indicated that more than eighty-five percent of the toEal

nitrogen requirement of the crop nay be met through nitrogen fixation

(Rizk, L966). Rennie ( 1984) reported that lentils grorrün in southern

Alberta are capable of fixíng f50 kg N ha-l" Unfortunately, total

nitrogen uptake and seed yields were not reportedo Summerfield (1981)

reported estimates of nitrogen fixation ranging between 35 and
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75 kg N ha-1. Agaln, corresponding total nitrogen upÈake and seed

yields were not reporEed. rn light of the paucity of information

available regarding the niÈrogen nutritional status of 1enti1s, it is

difficult to estimate the contribuÈion nitrogen fixation makes to total

N.

Many authors have studied t.he effect of various environmental

factors on symbiotic nitrogen fixation in grain legumes but few have

reported on lentil-Rhizobium symbiosis" As Islam (l98I) noted, rhís is

due simply to a lack of information. However, much can be elucidated

from data pertaining to simllar legume-Rhizobium symbiotic relation-

ships.

2.L.L Effect of Nitrogen ApplÍcation

In non-leguminous crops, application of nitrogen ferEilizer

generally leads to an lncrease in dry natter yields. This effect is

complicated in leguminous crops capable of fixing atmospheric nltrogen

by Èhe effect of inorganic N on the nitrogen fixing system. Allos and

Bartholomew ( i 955 ) reported studies r+1th soybeans , peanuts , alfalfa,

lespedeza, Ladino clover and birdsfoot trefoil. In all cases the

presence of available inorganic nit.rogen diminished symbiotic fixation.

The specific influence on fixation of various levels of inorganic nitro-

gen varied among the legumes studied" McAuliffe et a1. (t958) found

that nitrogen fixatlon in both Ladino clover and alfalfa was reduced by

niËrogen application, with the degree of reduction being definitely

related to the amounË of niËrogen applied. Richards and Soper (I979)

reporled that in fababeans, the reducEion in niÈrogen fixation
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associated with nÍtrogen application r/as described by a significant

linear inverse relati-onship, indicating that fababeans preferentially

feed from conbined inorganic nitrogen rather than syurbiotically fÍx

their needsn

The inhibitory effect of inorganic nitrogen on legume-Rhizobium

syrnbiosis has been attributed to many mechanismsu lulunns (i968) observed

that if the growth medium contained niErate, Iuledicago saEiva had fewer

root hairs, and fewer root hairs curled in response to inoculation with

Rhizobium" lulunns considered rooË hair production and curling to be a

necessary prelude to infection and nodule development. Dart (L977)

suggested that all stages of infecËion are sensitive to inorganic

nitrogen, including thread growth " He f ound Ehat f er¿er threads T^7ere

formed, more were aborted and they appeared disorganized when R,

neli]oti r{as exposed to nitrate. Semu and Hume (L979) found that hÍgh

levels of soil N availability, as well as applications of fertilizer N,

decreased fixation in soybeans, (Glycine max L.) mainly by decreasing

nodule numbers and size" Sinilarly, Ilill-Cottingham and Lloyd-Jones

(1980) reported that nodule weight in fababeans (Vicia faba (L.)) vras

depressed by nitraËe and that there r¡7as a corresponding decrease in

atmospheric nitrogen fixed" Chen and Phillips (1977) found that N

f Íxation in Pisum sativum L" r^ras reduced by NH4+ and NO3- ions,

and ascrÍbed Ëhis reduction to earlier nodule senescence"

Wong (1980) suggested that nitrate has many effects on the develop-

ment and nitrogen fixing activity of lentil root nodules" He found that

lentils grown in nitrogen free nutrienÈ solutÍon had six tÍmes as many

nodules per plant and thaÈ nodules weíghed more than Ëhree times as
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much as nodules of lentils groürn in a nitrate containing solution"

Furtherrnore, it {¡ras found that nitrate also inhibited l,l fixing (CZHZ

reduction) activity of lentil nodules" Wong observed that the inhibi-

Lory effects of nitrate r¡/ere reduced by addíng sugars to the growth

medium, suggesting that the internal carbohydrate to nitrogen ratio

governs nodule formation and nitrogen fixation.

Although the addition of combined nitrogen at high levels commonly

inhibits development and function of legume rooL nodules, exceptions

exist' suggesting the use of nítrogen fertilizers to stimulate nitrogen

fixation" Dart and l,Jilson (1970) reported that urea applied at seeding

at a rate of Llz ppm stimulated fixation in cowpeas (Vigna unguiculata

L" ) by twenty-nine percent above controls receiving no nitrogen.

Agboola (1978) also studied covüpeas and concluded that increased fixa-

tion was related to concomitant increases in nodul-e numbers. Conversely

Eaglesham et â1o (f983) attributed increased fixation in coÌ¡/peas to

increases in both nodul-e rtreights and nitrogenase activity" It has been

posËulated that the positive effects of applied nitrogen on corirpea

symbiosis are explained in terms of an alleviation of the "N hunger"

stage of grol{th during early developmenf subsequent to cotyledon con-

sumption and prior to the onset of significanL nodule fixation (Pat.e and

Dart, 1961)" According to Allos and Bartholomew (f959), total fixation

is closely related to the amount of growth" Thus, if alleviation of the

N hunger stage leads to larger, more vigorous p1ant, there may be a

tendency for plants to fix more nitrogêoo

Hatfield et al" (L974) reported similar findings when studying soy-

beans" They found that nodule development rÀias greatest when soybeans
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received nitrogen for two weeks as compared to plant.s receiving no

niErogen. They concluded that a tine 1ag in development of nodules for

N fixation resulced in reduced growth and may have been responsible for

llniting maximum nitrogen fixation and yield potential.

Yield responses of nitrogen fixing legumes to N ferEiLizer applied

at planting are usually taken to indicaLe that N fixation is less than

optimal. Rizk (1966), observing that lentils could fix up to eighty-

five percent of their N requiremenEs, suggested that 1ittle or no

increase in yield can be anEicipated with N fertilizer addition. He

found that soil and symbíotically fixed N sources r.rere generally

sufficient to meet lenti1 nitrogen requirements" This conËenËion was

supported by Chowdhury et al. (1974), Sekhon et al. (1977) and Ojha er

a1. (1977), all of whom independently reported that the addition of 25

kg U ha-l did not lead to íncreases in lentil yíeld. However,

although yield increases are generally taken to indicate insrrfficient N

fixation, it does noE follorv thaL lack of response necessarily indicates

that fixation is opEimal for lentil N requiremenËs. Sma1l dressings of

ferEilizer nitrogen may lessen fixation of atmospheric N so that there

is no net gain in the niLrogen available to the planË. McEr¡an (1970)

has suggesled that in order to determine ¡vhether yield is lirnited by

fixation, nitrogen must be applied in amounts exceeding those usually

f ixed.

2. L "2 Ef f ect of Inlater Stress

Lentils have an indeterminaËe

suggested thaf some drought stress 1s

flowering habit and Ít has been

required in the latter part of the



7

flowering process in order to encourage maturation of younger pods,

thereby increasing seed yields (Slinkard and Drew, 1982) " Cowpeas also

exhibit an indeterminate flowering habit and although the phenomenum of

hastened maturity due to rTater stress have been observed in this species

(Lawn, L982), concomitant yield increases have not been observed (Hi1er

et al., L972; Turk et alo, f9B0; Turk and Ha11, 1980)" Technical diffí-

culties involved in establishing and mai-ntalning prescribed moisture

conditions as well as different legume species studied could be respon-

sible for these conflicting observations. It is apparent, however, that

further research pertaining to the response of lentils to moisture

stress is required"

In assessing the effect of drought stress on l-enÈil production the

influence of soil moisture on nodule formation and synbiotic fixation,

and the s'ubsequent effect on yield, should be examined. Reductions in

soil r^rater availability have been shown to adversely affect nitrogen

fixation in numerous crop species (Sprent, L97I, I972a, L972b, L976; Kuo

and Boersma, L97L; Engin and Sprent, L973).

Sprent (1970) examined the effects of uTater stress on detached

soybean nodules and reported that nodule water contents down to eighty

percent of turgÍd weight resulted in depressed but recoverable rates of

nitrogen fixation" Below eighty percent rdater contenE, acetylene and

nitrogen reducing activitÍes ceased, respiratory rates became very low

and gross structural changes occurred. Rehydration of nodules did not

stimulate recovery of nitrogen fixation. It r¡ras concluded that \¡rater

supply had a major effect on the amount of N fixed in the field, partic-

ularíly in plants with nodules near the soil surface.
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BenneEt and Albrecht (1984) studied the effect of water stress on

nitrogen fixation by intact soybean plants" They found that nitrogen

fixation was significantly reduced after ten days of withholding water

and acEivities declined to essentíalIy zero as stress became progres-

sively more severe.

Reductions in nitrogen fixation due to an imposed drought stress

have been ascribed to several mechanisms. Pate et al. (1969) suggested

Ëhat lower rates of water movement out of Ëhe nodule during water stress

may restrict export of products of niËrogen fixation, thus limiting

fixation through a feedback mechanism. However, Sprent (i970) noted

thaË should such a feedback mechanism exist, it mÍght be expected that

I^Iater stress would affect reduction of nit,rogen but not acetylene, since

the products of acetylene reduction are gaseous and are not directly

dependent on \,¡ater for its removal. Several studies have indicated Ehat

moisture stress leads Èo decreased acetylene reduction activity (Sprent,

I970, I97I, 1972, 1976; Pankhurst and Sprent, 1975). Alternatively,

Sprent (I97L) suggested that the inhibitory effect of water stress may

be related to anatomical alterations within the nodules" Sprent

observed Ehat plasmodesmatal connections between infecled and uninfected

ce11s within soybean nodules ruptured in response to severe moisture

stress. Sprent postulated that uninfected cells within the nodules play

a vital role in nodule metabollsm and possibly also in transporting

naterial to the cortex for subsequent export from the nodule. Thus

breakage of plasmodesmatal connections beËween Ínfect.ed and uninfected

cells led to cessation of nodule functioning. Sprent (1972) laler

suggesced that the collapse of vacuolate cells of Ëhe nodule cortex in
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response to even rríld water stress may result in changes in metabolism,

transport and, ultimately, nitrogen fixation.

Pankhurst and Sprent (1975) found that seventy-five percent of the

nitrogen fixing activity and fifty percent of the respiratory activity

of detached soybean nodules rras lost when nodules hTere moderately

stressed. Increasing the oxygen partial pressure from 104 to 105 pa

completely restored níËrogen fixation and respiration. This led

Pankhurst and Sprent to conclude that in moderately st.ressed nodules,

the actual actÍvity of the bacterolds may not be directly impaíred by

water stress, but rather thaE the apparent loss of activity in these

nodules may be due to lack of 02" They suggested that \.rater stress

may impose a physical barrier Lo gaseous diffusion, noting that the loss

of water from planC cells renders them more impermeable to gaseous

diffusion. Alternatively, they suggested that \,rater stress may alter

the affinity of nodule leghaemoglobin for 02. Thus lhe apparent

oxygen diffusion barrier may 1íe, at least in part, in less effective

transporÈ of. 02 by leghaemoglobin to the bacteroids.

In addition to the direcE effects vraler stress rnay have on nodule

functioníng, Sprent (I972) postulated that these effects may be aggra-

vated by reduced photosynthate production by wilted leaves. Huang et

a1. (I975a,1975b) supplíed evidence indicatlng that reductions in

photosynthesis by soybeans during water sÈress led to reductions in

nitrogen flxation. In addition to decreased phot.osynt.hate production,

Kuo and Boersma (I97I) suggested that decreases in nitrogen fixation

with increasfng soil water suction could be attribuEed to decreased

translocatíon of carbohydrates to the root nodules" This contention ís
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supported by Hartt (L967 ) who showed that reduced water supply depressed

translocation of 14C-1"b"11ed photosynthate.

It is evident that. moisture availability will affect syrnbiotic

nitrogen fixation in legumÍnous crops" Although several independent

mechanisms have been proposed by whÍch fixation is adversely affected by

moisture stress, it is likely that these mechanisms operate simul-

taneously leading to decreased atmospheric nitrogen supply (Bennett and

Albrecht, l9B4). Thus, alÈhough drought stress may lead to lentil seed

yield increases by facilitating the rnaturation of younger pods, a con-

comitant decrease in nitrogen fixation is likely to occur.

2,2 METHODS OF MEASURING SYMBIOTIC NITROGEN FIXATION

Evaluation of the effects of specific inÈeractions between legume

host, Rhizobiurn and the environment necessitates effective quantifica-

tion of nitrogen fixation. In a recent review, Herridge (1982) outlined

techniques available and commonly used to measure nitrogen fixation

including nitrogen balance and l5U dilution nethods, and the

acetylene reduction assay"

In utilizing nitrogen balance methods, nitrogen uptake by the tesE

legume is referred to uptake by a nonfixing reference crop. This method

has also been referred to as the "difference" rnethod (Wil1iams et al.,

I977) and "special controls for legumes" (Hardy and Holsten, 1977)" The

method consists of comparing the total nitrogen contenÈ of the legume

test crop to the total nitrogen content of a nonfixing reference crop

gro\¡rn under identical conditions" The nitrogen increment is considered
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to represent nitrogen derived froni fixation"

Three approaches to the use of nitrogen balance are available. One

approach measures the difference in total nitrogen between inoculated

and uninoculated plants of the same variety" Another utilizes the

difference between nitrogen uptake by a nodulated and nonnodulaËed near

isogenic lines (l,leber, L966). The final method compares uptake of

nitrogen by a legume and a nonlegume (8e11 and Nutman, l97L) " Regard-

less of the reference crop chosen, a number of assumptions are ínplied

by the techniquer €Bo, equivalency of root nitrogen content, soil zone

explored, and seasonal patterns of soil N uptake (I,lilliams et al" , L97J,

Vasilas and Ham, 1984). Rennie (L982) contended that such assumptions

ean be met only through the use of ineffectively inocul-aÈed or uninocu-

lated test legume plants as the reference cropc However, he reported

that in soils having indigenous populations of Rhizobium, it may be

difficult to ensure thaË ineffectively inoculated or uninoculated

legumes do not become nodulated, The use of a nonnodulating isoline as

the nonfixing control plant overcomes the problem of inadvertent nodula-

tíon. However, nodulating and nonnodulating soybean isolines have been

shown to differ sígnificanEly in nitrogen fertilÍzer utilization at

various growth stages (Deibert et a1u, 1979) as well as nitrate

reductase activity (Lív and Hadley, l-97L). Rennie (1982), studied the

use of a nonnodulating soybean isoline in deËermining nitrogen fixation

in soybeans, and concluded that ít rdas an inappropriate nonfixÍng

control- plant because iE tended to over-estimate nitrogen fixation"

Hardy and HolsLen (1977 ) indicated that although the use of

nitrogen balance methods in determining nitrogen fixation offers the
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advantage of simplicity, they do noE provide absolute quantitative

measurements and may not even provide valid relative comparisons between

sit,es and varieties. rn agreement, Rennie et ar. (I978) suggested that,

at best, nitrogen balance methods províde only qualiÈative indications

of niÈrogen fixed and thus care should be Eaken in the interpretation of

results.

The classical nitrogen balance method has been modified somewhat

through the use of l5¡¡ 1abel1ed fertilizer and has been referred to

as the l5N Assisted Difference method (Richards and soper , lgTg).

Richards and Soper (L979) added identical quantiries of 15n 1abe1led

fertilizer to inoculated fababeans (Vicia faba L. var, Minor) and barley

(Hordeum vulgare L. var. Conquest). Symbiotic nitrogen fixation was

then calculated in the following manner:

where S

P

B

S=p-B-p-I5U

quantity of N symbiotÍcally fixed by resr legume

Ëotal test legume shoot N

contribution of soil N as measured by reference

F

15N

nonlegume

contribution

contribution

tracer l5n.

of

of

seed N

N fertilizer, as measured by

Many authors described the use of 15n isotope dí1utíon tech-

niques applied t.o Ehe estination of nitrogen fixation (Ham, I973; Hardy

and Holsten, 1977; Rennie et al. , 19781' Herridge , l9B2; Rennie and



Rennie, 1983). Of these 15¡l

specialized dilution technique has

(1975) in which 'Arr' values of a

utilized.

t3

isotope dilution techniques, a

been described by Fried and Broeshart

legume and a nonfixing control are

The'A.r'va1ue is based on the rA' value concept originally pro-

posed by Fried and Dean (1952)" They proposed that a plant confronted

wfÈh two sources of a nulrient will obtain the nutrient from each source

in direct proportion to the amounts available" Thus, determination of

the available soil nutrient can be made in terms of an adderl fertilizer

standard, provided that the nutrient in the plant derived from Ehe

stand.ard is determined. The use of t5¡t 1abel1ed fertilizer facili-

tates determination of fertllizer derived niËrogen. Fried and Dean

(L952) proposed the following mat.hematical expression of this relation-

ship:

where

A = B(1-y)
v

A = amount of nutrient available in the soil

B = amount of nutrient in the sLandard

y = proportion of nutrient in the plant from the standard

Assuming that a plant confronted by two sources of nutrlenE will

take up the nutrient from each source in proportion to the amounts

available, it fo1lor,rs t.haL the'A'value should not be affected by the

rate of fertilizer standard applied (Fried and Broeshart, L975). This

conEention has been supported by a number of workers (l,egg and Allison,

1959; Hunter and Carter, 1965; Legg and SÈanford,1967; Smith and Legg,

L97L), indicatÍng that the'A'value is indeed normally independent of



rate of nitrogen application.
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In contrast, Broadbent (L970) has

reported that as fertilízer leveIs Íncrease, the fAr value may decrease

significantly, renain constant, or increase more Ehan fifty percent. He

concluded that the usefulness of Ehe'A'va1ue 1s dependent on careful

definition of experinental conditions, specifically the rate of standar<l

applied and method of placement,

The measurement of the amount of nitrogen symbiotically fixed by a

legume crop as proposed by Fried and Broeshart (I975) involves simul-

Èaneous determinations of Ëhe fAr values of the test legume and a

nonfixing conËro1 crop. Nitrogen fertilizer labelled with I5W is

applied at a low rate to the legume in order to minimize interference

with nitrogen fixaEion, but at a norrnal rate Eo the nonfixing crop such

that an adequate nitrogen supply exists. The 'A' value for the legume

crop represents both symbiotically fixed niErogen and soil nitrogen

whereas the tAf value for the nonfixing control represents soil nitrogen

alone. The quanLity of fixed niËrogen is calculated by multiplying the

difference in fAf values between the rest legume and the nonfixing

reference crop with the percenÈ utilization of fertilizer niÈrogen by

the legume crop"

In determining nitrogen fixed by a legume using the 'A' vaIue, or

any other technique which utilizes l5¡l enriched fertilizer,

consideration must be given to the nonuníformlty in labelling of plant

material (Rennie et al., I978). Rennie et al. (1978) reported rhat

estimates of the amount of nitrogen fixed can be significantly alËered

by the selection of plant parts used for the calculations. They

reported that natural abundance of 151¡ ln various planr parts
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frequently varies signlficantly and suggested that a more correct

approach on calculating N fixation would be to calculate a mean atmos-

phere percent l5N u*"""s for both grain and strar,rn

IsoEopic discriminaËion by plants is also of concern r,¡hen using

15t¡ labelled fertilizer (Rennie et al., Lg78). That the nitrogen

fixing system does not discríminate between 14¡q and 151¡ is a

basic assumption in the use of l5tl for determj-nation of nitrogen

fixation (tlauck and Bremner, L976)" Delwj-che and Steyne (1970) investi-

gated nitrogen fixation by Azobacter vinelandii and reported a slight

discrimination against fixation of the 151¡ molecule. In contrast,

Renníe et a1. (1976) reported that nitrogen fixation estimates from

l5l¡ values for Vicia faba r,/ere unaffected by isotopic discrimina-

tiono Hauck and Bremner (L976) staËed thaÈ for most studies, slight

differences in Ëhe behavior of 14N and 15n in biological systems

can be considered negligible.

A further method used in estimating nítrogen fixation is the

acetylene reduction âssâ]o The nature of ni-trogenase which enables it

Ëo noË only reduce N2 to NH3 but also CZHZ to CZH4 1ed to

the development of this technique (Hardy et alnr 1968). As described by

Havelka et a1. (1982), the acetylene reduction assay involves the

exposure of a nitrogen fixing system to an atmosphere containing

acetylene" Follor¡ing incubation, the atmosphere is sampled and analysed

for ethylene by gas chromaÈographic separation of acetylene and ethylene

coupled by their assay with a flame ionization detector"

The acetylene reduction assay is an indirect method of determining

nitrogen fixation in that an alternate electron acceptor is used to



measure nitrogenase activity.

express acetylene reduced in

eiIher three mol of CZHZ

(2) requires six electrons.

C2H2+2H++2e-

N2*6H*+6e-

Thus, when comparing potential

theoret ical convers ion fac tor

t6

Thus, a conversion factor must be used to

nitrogen equivalents. The reduction of

to CZH4 ( I ) or one mol N2 to ammonia

cz1H4 ( 1)

2NH3 Q)

nitrogen fixation to acetylene reduced, a

of three is required.

Although some researchers have obtained good correlations to the

theoretical value of 3"0 (Hardy et al. 197I), wide variations have been

reported (Rennie et a1., 1978). Bergerson (1970) compared acetylene

reduction and 15N2 uptake by detached soybean nodules and found

ratios of acetylene reduced to nitrogen fixed ranging f.rom 2"7 to 4"2"

Rennie et a1. (1978) have given a number of reasons v,/hy

C2H2lN2 ratios can be expected to vary. Of these reasons, they

suggesLed the most important is like1y that, subsequent to reduction,

nitrogen is assimilated for protein synthesis whereas acetylene measures

only nitrogenase activity and makes no contribution to the microrgan-

ism's metabolism. Bergerson ( 1970) noted that although acetylene is

isoelectronic with nitrogen and has simílar molecular dimensions the

large disparity in r¿ater solubilties greatly affects experimenEally de-

termined reaction rates. Ae and Nishi ( I 983) investigated the reduction

of N2 and found that not all Ehe elecErons are consumed in the reduc-

tion of NZ i some are used for the reduction of H+ and subsequent

evolution of H2 gas into the atmosphere. This does not occur in the

presence of CZHZ. Furthermore, Ae and Nishi ( I 983) reported that
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some legumes possess uptake hydrogenase activity which dissociates

molecular H2 to H+ and e . This electron can then be utilized by

nitrogenase. They reported that the conversion factor for estimating

the amount of fixed N2 from CZHZ reduction could vary between

three and six, depending on hydrogenase activity of the root nodules"

Fina1ly, Bergerson (i970) noted that due to the unstable nature of the

nitrogenase enzyme system, failure to maLch environmenLal conditions in

the acetylene reduction assay with those of the nitrogen fixing system

in nature may have a differential effect on the C2H2|N2 ratio.

Subsequent to the determination of acetylene reduced, symbiotic

nitrogen fixation can be calculated using the equation reported by Hardy

and Holsten (I977):

gN2(CZH2) fixed/(hr sampLe)=28(e-b-i) I scrv I r I t

where

erbri, and s = peak heightr or area. for CZHZ in analyzed

sample of 50 ul from, respectively (i) experimental

sample incubated with CZH2 ( ii) experimental

sample preincubated in the absence of CZHZ ( for

CZH4 background) ( iii) incubation chamber with

CZHZ but without sample ( for CZH4 impurity)

(iv) C2H4 standard.

concentration of ethylene in standard expressed as

. _1moles x litre-r at STP"

r = ratio of peak heighE of internal standard in incuba-

Eion chamber without sample Lo peak height in exper-

imental incubaEion chamber wiLh sample.

c=



v = volume of incubalion chamber in liters at STP.

t = time of incubation in hours.

f = conversion factor for moles CZHZ reduced

18

to

moles N2 fixed.

28 = molecular weight of N2

Hardy et a1. (I973) noted several

reduction assay" They reported that the

l02 to I04 Limes as sensitive as

ethylene gas samples are easy to retrieve

further chemical Ereatnrent. Ethylene

cases" Thus, Herridge (I982)

to establish a quantitative

ni trogen fixed for the part

advantages of Ehe acetylene

acetylene reduction assay is

I 5 U me thod s . Fur Lhermore ,

and directly analyzed without

gas is stable facilitating

storage. Finally, the assay process is relatively portable, allowing

for field determinations to be made"

Despite apparent advantages, Rennie et a1. (I978) indicaLed that

Lhe acetylene reduction technique has several limirations" As prevlous-

ly noted, the theoretical conversion value of three is not valid in all

suggested that ir is of upmost importance

relationship between acetylene reduced and

.icular legume-Rhizobium association under

study using carefully standardized procedures. Extrapolation to total

nitrogen fixed over the growing season is questionable as acetylene

reduction is a short-terrn kinetic measuremenL, strongly influenced by

the existence of large diurnal and seasonal variaLions in raLe of enzyme

activity (Rennie et a1., 1979)" Finally, difficulty is associated with

recovering and assaying total root nodule systems"

A number of techniques are presently available to sËudy nitrogen



fixation in legumes. However, of the methods discussed

without limitations. It is of upmost importance Ehat care

using any technique and that equal care be Eaken in the

and reporting of experimental resulLs.
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, each is not

be taken when

interpret.ation
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JO MATERIAL AND I.{ETHODS

3.1 GROI,¡TH CHAMBER EXPERIMENTS

Soí1s. The soil used in each of the three growth chamber experi-

ments was Ehe Ap horizon of a St" Claude Series loamy fine sand (ntrrlictr

et al., 1957), which is a Rego Black Chernozem, carbonated phase, in the

Canadian System of Soil Classificarion. The soil \¡ias collected in

September,1983 and was stored in an air dry condition. In preparation

for each experiment, the soil \.das sieved to pass Ehrough a 2 mm mesh

sieve and thoroughly mixed. A summary of chemical and physical charac-

teristics of t.he soil is given in Table 1"

3.1 .1 Growth Chamber Experiment. A

An experiment with 1ent.i1s (Lens culinaris var. Eston) and

nonnodulat ing soybeans ( Glyc ine max (L. ) r clay maturity type) \¡/as

conducted in the growth chamber to investigate the effect of nitrogen

addition and availability on nitrogen uptake, dry matter yield, seed

yield, harvesE index and nitrogen fixation in lentils. Nonnodulating

soybeans served as a reference crop and were used to estimate uptake and

quantity of available soil niLrogen.

Experimental Design and Procedure.

ment consisting of 10 treatments and

A completely randomized experi-

Lhree replicates was conducEed.

Treatments are outlined in TabLe 2"

Nitrogen, supplied as reagent grade urea, vras applied to both the

test crop and the reference crop at rates of 0, 30, 90 and 360 ppm" In
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Table l.

Soil Characteristics

Summary of physical and chemical characteristics of soí1 used
in growth chamber experiments.

Series

Subgroup

Textural Class

pH

saliniry (ds m-l)

Nitrate - nitrogen (ppn)

NaHCO3 extractable PO4-P (ppr)

NH4OAC extractable K (ppm)

Sulphate-sulphur (ppm)

Carbonate content

Field capacity ("1)

Permanent wilting point ("/")

St. Claude

Rego Black
carbonated

Ioamy fine

7.2

0.3

12 "6

6.6

47

8.6

high

23

7 "33

Chernozem
phase

sand
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Table 2. Treatments used in Growth Chamber ExperímenL A for lentils
and nonnodulating soybeans.

Tre a tment
Number

Ni t rog en
App 1 ied

( pp*)

Type of
Plant

I

2

J

4

5

6

7

oo

9

t0

0 (l)

0

30

90

360 (2)

0 (l)

0

30

90

360 (2)

lent i I

lent i I

lent i I

lent i I

lenti I

nonnodulating soybean

nonnodulating soybean

nonnodulating soybean

nonnodulating soybean

nonnodulating soybean

( I ) Treatment includes the addition of I"/" barley stra\^/ (60 grams) .

(2) Split inlo 4 applications of 90 ppm N each, apptied at seeding and
at 37, 48 and 69 days after seeding.



addition, a treatment in which barley straw containing 0"63 percent

nitrogen was mixed wirh the soil lvas included in the experinent. To

ensure an adequate supply of nutrients other than nitrogen, all treat-

ments received 100 ppm P as KH2PO4, 200 ppm K as KH2pO4 and

K2SO4, l0ppm Zn as ZnS04 7H2O, 5 pp* Cu as CuSO4 5H20 and 37

PPm S from the latter three carriers, These rates were calculated on an

aír dry soil basis"

In preparing the treatments,6 kg of ai-r dry soil was spread on a

plastic sheet. Potassium phosphaË.e was dissolved in distilled deionized

ÍvaLer and 20 ml of the resulting solution was pipetLed into a hand held

spray bottle. This r¡/as further diluted with less than I0 ml of dis-

ti1led deionized r,rater, sprayed onto the soil as a fine mist and then

thoroughly mixed. Thirty milliliters of a second solution containing

potassium sulfate, zínc sulfate and copper sulfate was applied in Ehe

same method.

In an attempE Lo avoid urea toxicity damage to the plants, the ap-

plication of 360 ppm nitrogen was made through successive additions of

90 ppm nitrogen applied at seeding and at 37, 48 and 69 days after seed-

ittg" The latter three additions of nítrogen were made by pouring a urea

solulion onto the soil surface, followed by additions of distilled v/arer.

I^lhere urea I¡/as applied at seeding, a solution containing urea dissolved

in distilled deionized r,rater v,/as applied at a rate of 5 m1 and 15 mlr

corresponding to 30 and 90 ppm N, respectively. The urea solution was

applied Eo the soil in the method described for the other nutrients.

For treatments receiving barley straw, 60 grams of finely chopped

barley straw containing 0"63 percent nitrogen was added to the soil and

mixed throughout.



Following nutrient addition, the soil vras placed in individual

plastic pots lined with plastic liners. The experiment began 20

January , 1984" Ten lenEil seeds, inoculated wich Nitragin Corpora-

tionl 'C' culture ( Rhizobium f "g"*.!lo""r*) in a s lurry at many times

the recommended rate of 190 grams inoculum per 47 kilograrns seed, were

sovrn at a depth of.2"5 cm into each of 15 pots. Six nonnodulating soy-

bean seeds \^/ere sor^rn at a depth of 2"5 cm into each of the remaining 15

pots" The pots were then broughL to two-thirds field capacity by weight

through the addiLion of distilled water. Following germination and

emergence the soil was maintained at field capacity by adding distilled

r,'later on a daily basis f or the duration of the experiment.

Pots were placed in a single growth chamber in which there was a 16

hour daylength and eight hour night photoperiod regime. The light

source \^¡as Sylvannia cool whiEes supplemented with Ì0 percent incandes-

cenE. The phoEosynthetically active radiation was measured to be 550

microeinsteins m-2 "".-1 aE plant canopy height. Temperature in

the growth chamber varied between a daytime temperaLure of 22oC and a

night time temperaEure of 15'C" HumidiEy was maintained at 80 percenE

during the night and 50 percent during the day.

Following emergence, the lentils \¡/ere thinned Eo four plants per

pof and the nonnodulating soybeans to t\,ro plants per pol. Detailed

observation of the plants were made and recorded on a daily basis"

Planls were gro\,ùn for 95 days after seeding at which Eime lentils

had reached maturity. Due to E.he indeterminate flowering habit of

Supplier:
53219 "

The Nitragin Company, Milwaukee, irlisconsin, U" S.A.,
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lent.ils iÈ was necessary to define maEurity as Ehe st.age at which mature

seeds were apparenL on the plant and seed drop was noted. The aerial

portion of the plants were harvested and mixed with any senescent leaves

collected príor to maturity. Lentils were separated by hand into seed

and straw porÈions. The plant material was then oven dried for 48 hours

in a forced air oven at 60'C" Oven dry weights !¡ere det.ermined and

plant samples were ground in a trrriley mi11 to pass through two

rnillimeter sieve. Nitrogen analysis \.ras carried out on the plant

rnaterial. Nitrogen in the plant mat.erial is reporEed on an oven dry

basis "

3"I.2 Growth Chamber Experiment B

A second growth chamber experiment with lentí1s r¡ras conducted

síutultaneously with Growth Charnber Experimenl A to investigate Ehe

effect of waËer stress, applied at different physiological stages, on

nitrogen accumulation, dry maËter and seed yield, and harvest index. No

direct estimation of the quantity of nltrogen fixed was attempËed.

Experimental Design and Procedure. A completely randomized experi-

ment consisting of four treatments and three replícates r{as conducled

using lentils as the test crop. The treatments, which consisted of

símulating a moisture stress condition at Ehree distinct physiological

stages of lentils, are outlined in Table 3.

All treatments received nitrogen supplied as reagent grade urea,

at a rate of 30 ppm N. A relatively 1ow rate of nltrogen was applied in

an attempt to minirnize the deleterlous effects of added fertilizer

nitrogen on syrnblotic flxation yet supply sufficient nitrogen for
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Table 3. Treatments used in GrowLh Chamber Experiment B for lentils.

Treatment
Number

Physiological Stage I^Ihen Moisture
Stress was Applied

1

2

J

4

No moisture stress applied

Pre-bud

Flowering

Early pod fill
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seedling establishment" In addition, all treatments recelved a basal

application of 100 ppm P as KH2P04, 200 pm K as KH2pO4 and

K2S04, l0 ppm Zn as ZnSO4 7H2O, 5 ppr Cu as CuS04 5H20 and

37 ppm S from the latter three carriers. All fertilizer rates were

calculated on an air dry soil basis. Fertilízers r¡rere applied to the

soil in the method described Ín Section 3.I.1 for Growth Chamber Experi-

ment A"

Following nutrienE addition, the soil was placerl in individual

plastic pots lined with plastic liners. The experiment began on 20

January, 1984. Ten lentil seeds, inoculated with Nitragin Corporation

'C' Culture (Rhizobiurn leguminosarum) using the slurry method at many

tines the recommended rate of 190 grams inoculum per 47 kilograms seed,

were so\,rn at a depth of 2.5 centimeters into each of Ehe twelve pots.

The pots were then brought up to two-thirds field capacity by weight

through the addition of distilled water. Following germination and

emergence, the pots r{ere then brought up to field capacity through the

addition of distilled water.

All pots were then placed in a single growth chamber in which there

hras a 16 hour daylength ancl 8 hour night photoperiod regime" The light

source was Sylvannia cool whites supplemented wíth 10 percenE. Íncandes-

cent. The photosynËhetically active radiaËion was measured to be 550

microeinsteins *-2 "e"-l at plant canopy height. Temperature in

Èhe growth chamber varÍed between a daytirne temperat.ure of 22'C and a

níght Eime temperature of 15"C. Humidity was maintained at B0 percent

during the night and 50 percent during Èhe day.
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Following emergence the lenfíls \,/ere thinned to four plants per

pol. Detailed observations including visible signs of stress and

developmental sEage of the lentils tuere made on a daily basis and

recorded 
"

Pots v,/ere weighed on a daily basis and the soil r¡ras restored to

field capacity through the addition of distilled water as required. For

pots receiving TreaEment I, which r¿as intended Lo simulate a situation

in which no moisture stress r,/as experienced by the plants, field capa-

city was maintained until maturity" During growth stages in which heavy

\^/arer use was noted, maintainance of field capacity \¡/as achieved by

adding distilled v/ater twice daily or as required. MoisEure stress,

applied to Treatments 2r 3 and 4 aE pre-bud, flowering and early podfill

stages of growth, respectively, r¡/as simulated by withdrawing the daily

additions of r^/ater to the pots aE the appropriaLe growth stages. No

water was added to the pots unt.il the plants had begun to visibly wilt.

Inlhen wilting v/as noted, field capacity was rest.ored by adding distilled

water. Having restored the soil to field capacity, water was again

withheld and the plants v/ere allowed to wi1r. This cyclic pattern of

wilcing and watering was maintained until maturity.

Plants were grown for 95 days after seeding at which time lentils

had reached maturity. The aerial portion of the plants r¡iere harvested

and mixed with any senescent leaves collecEed prior to maturity.

Lentils \rere separated by hand into seed and straw components. The

plant material was then oven dried f.or 48 hours in a forced air oven at

60" C, Oven dry weights were deEermined and plant samples r,¡ere ground in

a Wiley mi11 to pass through a tr^/o millimeter sieve. Nitrogen



analysis was carried out on the plant material"

malerial is reported on an oven dry basis"
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Nitrogen in the plant

3 " I .3 Growth Chamber Exper iment C

An experiment with lentils and nonnodulating soybeans was conducted

in a growth chamber to investigate the effect of nitrogen addition and

availability on nitrogen uptake dry matter yie1d, harvest index and

nitrogen fixation in lentils as a function of cime" Nonnodulating soy-

beans \^/ere used to measure uptake and quanLity of available soil

nitrogen"

Experimental Design and Procedure. A completely randomized experi-

ment consisting of six treatments and three replicates \^/as conducted

using lentils as Èhe test crop and nonnodulating soybeans as the refer-

ence crop" The experiment \"ias replicated six times in its entirety in

order to accommodate six harvests Eaken aE differenE times throughout

the duration of the experiment. Treatments are outlined in TabTe 4.

Nitrogen, supplied as reagent grade urea, T¡/as applied to both the

test crop and the reference crop aE raEes of 0, 30 and 200 ppm" Urea

applied at a rate of 30 ppm $ras labe1led wieh 2"33 atom percent l5¡l

excess" Urea applied at a rate of 200 ppm \,ras labelled with 2.09 atom

percent 15N excess. tr^lhere no nitrogen r¡/as applied, barley straw con-

taining 0"69 percent nitrogen was incorporaEed into the soil at a rate

of one percenl. To ensure an adequate supply of other nutrients, al1

treaEmenLs received 100 ppm P as KH2P04, 200 ppm K as KH2P04 and

I(H2 S04, 10 ppm Zn as ZnSO4 7H2O1 5 ppnt Cu as CuSO4 5H2O and

37 ppm S from the latter three carriers. These rates rùere calculated on
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Table 4. Treatment descriptions for lentils and nonodulating soybeans
used in Growth Chamber Experiment C.

Trea tment
Number

Ni t rogen
ApplÍed

(ppm)

Type of Plant

i

2

3

4

5

6

0 (I) lentil

30 lentil

200 lentil

0 (t) nonnodulating soybean

30 nonnodulating soybean

200 nonnodulat.ing soybean

(1) Treatment includes the addition of. l% barley stravr (60 grams).
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an air dry soil basis.

In preparíng the Lreatments, sieved soil was loaded in lots of 2L

kilograms each inËo a large capacity cement mixer. Potassium phosphate

was dissolved in deionized distilled r^/ater and 70 millilitres of the

resulËing solutj"on was placed in a hand held spray boctle. The solution

was further diluted by not more than 50 roillilitres of distilled water

and sprayed onto the so1l as a fine spray while the soil was being mixed

in the cement mixer. A second solution conÈained potassium sulphate,

zínc sulphate and copper sulphate dissolved in delonízed distilled

\4rater. One hundred and five rnillilitres of this solution was placed in

a hand held sprayer, further diluted with not rnore than 30 millilitres

of distilled water and applied to the soil in the manner described for

potassium phosphate.

Six Èhousand grams of che treated soil was then spread on a plastic

sheet. For ËreatmenËs receiving urea, the soil was weighed and divided

in half on a weight basÍs. Urea, to be applied at a rate of 30 ppm, was

díssolved in deionized distillecl $rater and placed in a hand-held

sprayer. This solution was further diluted with approximately 25 rnilli-

1iÈres distilled water and sprayed, as a fine mist, onto the surface of

the soil intended for Èhe botÈom half of the pot. The soil \¡ras

thoroughly mixed by hand while the urea solution was being applied. For

Ëreacments receiving urea at a rate of 200 ppn, twenty millilitres of a

second solution was placed in a hand-held spray bottle, furËher diluted

with approxlrnaÈely 25 millill-tres of dis tilled \"rater and sprayed onto

the soil intended for the bottom half of the pot in Lhe above manner.

The placement of nitrogen ln the botton half of the poË r{as carried out
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in an attempt to minimize seedling damage caused by urea toxicity"

Although urea tocicity darnage i.ras not anticipated at a rate of 30 ppm,

N, the nitrogen treatment lsas limited to the bottorn half of the pot Eo

maintain consistency within ËreaËments" For treaLments not receiving

nitrogen, 60 grarns of barley strarnr rvas thoroughly mixed throughout the

entire 6,000 grans soil.

Following nutrienÈ and barley strar{ adclition, the soil was placed

in individual plastic pots lined with plastfc liners. The experimenË

began 20 August, 1984. Ten lentil seeds, inoculated with Nitrogen

Corporation 'Cr culture (Rhizobium leguminosarum) in a slurry at many

tines the recommended raEe of 190 gra¡ns inoculum per 47 kilograms of

seed, i.¡ere sor^rn at a depth of 2.5 centimeters. Nonnodulating soybeans

were also sov¡n at a depth of. 2.5 centimeters. The pots were then brought

to two-thirds field capacity by weight through the additlon of distílled

ÍraËer, Following germination and emergence the soil was brought up to

field capacÍty. For Ëhe duratlon of Ëhe experirnent, pots were weighed

on a daily basis and field capacíty \{as restored by adding distilled

I^7at e f .

Due to space ll-mitations, two growth chambers \rere used. To avoid

confounding the experiment with variaËions attributable to growth

chanber conditions, Èhe pots \{ere rotated on a claily basis between

growth chambers. The photoperiod regfme in the growLh chambers r{as set

at a 16 hour day length and B hour night. The light source was

Sylvannia cool whites supplemented with l0 percenÈ incandescent' The

photosynthetically actlve radiation v¡as measured to be 550 mícroein-

steins ,o-2 """-l at plant canopy helght ln Ehe first growÈh
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chamber and 500 microeinsteins m-2 "".-l in the second. Temper-

aEure varied between a daytime ternperature of.22"C and a night time tem-

perature of I5oC. HumidiLy was maintained at 100 percent during tl-re

night and 70 percent during the day.

Following emergence, the lenlils r!7ere thinned Eo four plants per

pot and the nonnodulating soybeans to two plants per pot"

Six harvests \.ùere taken from the lentils and nonnodulating soybeans

with inEervals of eighc to t\renty days between each harvest. Specific

harvest dates and the corresponding developmental stage of the lentils

are listed in Table 5. Sampling dates \^/ere randomly assigned to three

pots within each t.reafment" Aerial portions \¡/ere harvested and mixed

with any senescent leaves collected prior to harvesE. Lentils \.üere

separated by hand into seed and straw components. The root portion of

the lentils v/ere also collected. Following removal of aerial plant

material pots \^¡ere inverted onto a 2 millimeter screen table" Soil was

carefully removed in its entirety from the pot in an atËempt to minimize

disEurbance of the rooLs. The soil was then washed from the roots using

gently running !ùater, direcLed with a garden hose. The rooLs \.,iere then

rinsed in distilled deionized \dater to remove any adhering soil

particles. Degree of nodulation was noted"

The plant material vras oven dried in a forced air oven for 48 hours

at 60oC" Oven dry weights were determined and plant sarnples were ground

in a Wiley mill to pass through a 2 míllimeter sieve. Nitrogen in lhe

plant material is reported on an oven dry basis.
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Table 5. Date, days from seeding and developmental stage of lentils of
each harvest taken in GrowÈh Charnber Experirnent C.

Harvest Date
Number

Days from
Seeding

Developmental Stage
of Lentils

1 13/9184

2 24/9/84

3 2/ L0 /84

4 t5/ Lo/84

s 30 / 10/84

6 19/Lr/84

23

34

42

55

70

90

Prebud

Bud

First Flower

Bloom

Pod development

Ripe seed
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3"2 FIELD EXPERIMENTS

3"2"I Field Experiment 1983

An experiment with Ientils and nonnodulating soybeans v/as conducted

during the summer of I983 under field conditions to investigate the

effect of applied nítrogen on nitrogen fixation and yield of lentils"

In/here nitrogen r¡/as applied at a rate of 30 kg N ha-1 , determination

of nirrogen fixation was made through a series of six harvests.

Soils" The experimental site, designated Roland, r,ras located near

Roland, Manitoba (l¡n I/+ I2-4-5W) on a Gretna Association (¡ttis and

Shafer, I943) which is classified as a gleyed Rego Black Chernozem

(carbonated phase) in the Canadian SysLem of Soil Classification. A

summary of soil characEerisEics is given in Table 6.

Soil samples rùere taken in the early spring prior to seeding at

depths of 0-15 cm, 15-30 cnr 30-60 cilr 60-90 cm and 90-L20 cm in order

to determine soil chemical and physical characteristics " Soils \rere

sampled at the four corners of the experimental plot and in several

random locations wichin the plot. Subsamples of soils Ëo be used for

nitrate nitrogen analysis were oven dried at 105"C for 24 hours. Soils

to be used for analysis other than nitrate nitrogen rriere air dried. AII

soil samples were ground to pass through a 2 míllimeter sieve,

Experimental Design and Procedure. A randomized complete block

design experiment consisting of seven treatments and four replicates was

conducted using lentils (Lens culinaris var Eston) as Lhe test crop and

nonnodulating soybeans

reference crop"

( clycine max (1.) matur i ty group O) as the
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Table 6" Summary of physical and chemical characterisLics of soil used
in Field Experiment 1983.

Site Characteristics

Legal Description

Association

Soil Classification

Textural Class

Soil Characteristics

pH (0-i5 cm)

Carbonate Content (0-15 cm)

Salinity (¿S m-l)
(0-15 cm)

Nitrate-nitrogen (t<glt tr¿-t ¡
(0-120 cm)

NaHCO3 extract.able PO4-P
(pp*) (o-I5 cm)

NH4OAC exchangeable K
(ppm) (o-15 cm)

S04-S (kgs ha-l¡
(0-60 cm)

NE 1/4 12-4-5\l

Gre tna

Gleyed Rego Black Chernozem

Clay (fignt subphase)

Va lue

8.3

0.30

50.9

10"6

298

110
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Treatment plots, with Ehe exception of Treatments 2 and 6, v/ere

I"62 metres wide, 7 meEres long and contained nine seed rorl¡s at 0.I8

metre spacings. Plots for Treatment 2 and Treatment 6 were 5.1 metres

wide and contained 27 seed ro\,rs. The additional seed rows were included

in order to accommodate a series of harvests to be taken from these

treatments during the growing season. Blocks vrere separated by 1.5

meter roadways. Seeding Tras accomplished using a nine rohr, double disk

Al1is Chalmers press drill. Treatments used in rhis experiment are out-

lined in Table 7" Nitrogen was applied as urea at rates of 0, 30, 100

and 200 kg N ha-l !o lentils and at rates of 0, 30 and 100 kg

N ha-l t.o nonnodulating soybeans. Where nitrogen was applied at a

rate of 30 kg N ha-l to lentils ( Treatmen t 2) , six treatment sub-

ploLs lrere located within each treatment p1ot. Treatment subploEs

measured 0.9 meEres wide and I .1 metres long " I^JiLhin Treatment 2 sub-

p1ots, a solution of reagenE grade urea, labelled wirh 3"67 atom percent

15N and dissolved in distilled water, \^/as applied using a pressur-

ized hand held sprayer" Establishment of treatment subplots in which

15N labelled urea was applied facilitated the determinat.ion of

symbiotically fixed nitrogen at six harvesl dates. Similarly, where

nitrogen \ras applied at a rate of 30 kg N ha-l to nonnodulating soy-

beans (Treatment 6), six treatment subplots vTere located within each

treatment p1ot. Reagent grade urea applied within these treatment

subplots r4/as labelled with l.8l atom percent l5l¡" Where nitrogen

\das applied at a rate of 100 kg N ha-I to both lentils ( Treatment 3)

and nonnodulating soybeans (Treatment 7) only one treatment subplot \"/as

locaLed within each treatment plot" Reagent grade urea applied to these
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Table 7. TreaLment descriptions for lentils and nonnodulaEing soy-
beans used in Field Experiment I983.

Treatment
Number

Ni trogen
App I ied

( kg N tra-I )

Crop
Seeded

I

*2

3

4

5

7

U

30

100

200

0

30

100

lent i I

lent i 1

lent i I

lent i 1

nonnodulating soybean

nonnodulating soybean

nonnodulating soybean

'k Indicates larger subplot area designed to accommodate six
harvests "
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Èreatment subplots was labelled with lr73 atom percent I5U. The

treatüent subplot facilitated a single determlnation of syrnbiotically

fixed nit.rogen at flnal harvest, Similarly, where nitrogen was applied

at a rate of 2OO kg N ha-I to lentils (Treatment 4) a single

treatment subplot \^ras located within each treatment plot ln which

reagent grade urea labelled with f.3l atom percent 15W vTas applied.

Unlabelled prilled urea (46-0-0) was hand broadcast onto the remainder

of each of the treatmenE. plots at the respectíve rate. Nítrogen was

incorporated into the soil to a depCh of l0 centimeters,

Phosphorus, supplied as triple super phosphate (monocalcium phos-

phate (0-46-0) ) was sidebanded at a rate of 30 kg P205 ha-I to

all treatment plots in an attempt Lo ensure that Ehls elemenE was not

1 ini ting.

LenË11s rrTere inoculated with Nitragin Corporationl 'C' culture

inoculum (Rhizobiun leguminosarum), applied in a granular form with the

seed. Higher than recommended rates of inoculum r¡rere used to ensure

good nodulation.

. Lentils and nonnodulating soybeans \{ere seeded 27 May, 1983, at

rates of 75 kg tr¿-l and 85 kg h¿-1, respectively. Seeding depth

was 2"5 centimeters for both crops, Germination and emergence \^ras very

poor and uneven due to exËreme droughty conditions experienced during

Ëhe early part of Ëhe growÍng season. In an aEtempt to ensure germina-

tion and seedltng establishment, t5U treaLment subploEs were irri-

gated by hand on June 9 and .Iune t0. An area measuring 9 centimeters

The Nltragin Company, Milwaukee, trüisconsin, U"S.A", 53219"
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wide and 1i0 centimeters long within each 0 N treatment ploc \,7as also

irrigated. Irrigation was successful in promoting germination and

seedling establishmenE.

Glyphosate ( Roundup) , was applied at a rate of 0 " 95 L ha-l

prior to seeding. Following emergence, diclofop methyl (Hoegrass) was

applied at a race of 3"75 L ha-l. Weed control v¡as also carried out

by mechanical means and by handweeding.

Six harvests of aerial dry matter were taken from the lentils and

nonnodulating soybeans receiving nitrogen at a raEe of 30 kg N ha-l

(Treatment 2 and Treatment 6) with intervals of nine to fourteen days

between each harvest. Specific harvest dates and the corresponding

developmental stage of the lenLils are listed in Table B. Harvests were

taken from within Ehe central ror,/s of the 15¡l labelled treatment

subplots" Three roriTs, 90 centimeters long were sampled at each harvesL.

Lentil sarnples taken aE the final harvest \./ere separaËed inlo seed and

straw componenEs, PlanË samples were oven dried in a forced air oven at

60oC for 48 hours and oven dry weighrs v/ere determined" Plant samples

\.{ere ground in their entirety in a l^/iley mi11 ro pass through a 2 milli-

meter sieve.

A final harvest \^/as taken 21 August, l983 (day 86), for all remain-

ing lentil and nonnodulating soybean treatments. i^lhere t5u labelled

nitrogen was applied, harvests were Eaken from wirhin the central rows

of the 15N labelled treatment subploLs. Three ro$/s, 90 centimeters

long \.,7ere sampled at each harvesÈ" \^lhere nitrogen was not applied,

plant samples I¡/ere taken frorn three central 90 centimeter ro\^/s within

the treatment p1ot. The 1enti1 plant samples ríere separated into seed



4T

Table 8. Date, days from seeding and developmental stage of lentils at
each harvest taken in Field Experiment 1983.

Harvest Date
Number

Days from
Seeding

Developmental Stage
of Lentils

r 2016183

2 29 /6183

3 r3l7 /83

4 27 17 /83

s 10 /8183

6 2rl8/83

24

33

47

6l

75

86

Prebud

Prebud

First flower

Early pod development

Pod development

Ripe seed
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and stra\^7 components" Plant samples vrere oven dried, weighed and ground

in Eheir entirety to pass through a 2 millimeter sieve.

All values calculated for yield and nitrogen accumulation \^rere

determined on an oven dry basis.

3"2.2 Field Experiments 1984

The effect of nitrogen applicatlon on nitrogen fixation, nitrogen

accumulation and yield of lentils was studied duríng the I984 growing

season under field conditions. Two experimental locations, designated

Haywood and Morden, \¡rere used in this invest.igation. In addition, a

lysimeter experiment in which lenti1 root development was investigated,

v/as carried out at the Haywood site. The objeetive of the lysimeter

experimenE was to determlne clry matter and nitrogen accuttrulaÈion ln the

roots of lentils. The use of I 5n 1abe11ed fertilizer facilitated

the determination of symbiotically fixed nitrogen. The contribution of

symbíotically fixed nitrogen accrrmulated in the roots to total plant

niÈrogen was delerminerl.

Soils. Experimental sites for lhe field experiments r,rere estab-

lished in the spring of l9B4 at two locatÍons in l"fanitoba, One siue,

designated l"forden, \{as establíshed near Morden, Manitoba (SI,I I/4 35-3-

5lI) on an Altona series (Smtth and Michalyna, L973) which is classífied

as an Orthic Black Chernozem in the Canarlian System of SoÍ1 Classifica-

tion. A second sit.e, designated Haywood, was established near Haywood,

Manitoba (NE I/4 25-B-6W) on an Alrnasfppi series (Ehrlich et al. L957),

which is classified as a gleyed Rego Black Chernozem in the Cana<lian

System of Soil Classification. A summary of soil characÈeristics 1s

given in Table 9.
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Table 9. Summary of physical and chemical characteristics of soils
used in Field ExperimenEs I984"

Site Characteristics Morden Haywood

Legal Description SÍ,^l I 14 35-3-5\^r NE 1/4 25-5-9-6Vl

Soil Series Altona Almasippi

Soil Classification Orthic Black Chernozem gleyed Rego
Black Chernozem

TexEural Class fine sandy loam loamy very fine sand

Soil Characteristics Va lue Value

pH (0-15 cm)

Carbonate Content
( 0-15 cm)

Saliniry (¿s *-l)
(o-1s cm)

8"2

0.2

115.5

23 "8

8.1

0"2

63.5

5 "12

58. 7

30"8

Nitrate-nitrogen(kgN h¿-l ) S+"ø
(0-120 cm)

NaHCO3 exchangeable P04-P 5.6
(ppm) (o-ts cm)

NH4OAC exchangeable
(pp*) (o-15 cm)

SO4 - S (kg s tra-l)
(0-60 cm)
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Soil samples r¡/ere taken in the early spring prior to seeding at

depths of 0-15 cm, l5-30 cn:30-60 cm, 60-90 cm and 90-120 cm in order

Lo determine chemical and physical characteristics of the soi1. Soils

r,/ere sampled at the four corners of each experimental plot and in

several random locations within the plots" Subsamples of soils to be

used for nitrate-nitrogen analysis l{ere oven dried at 105'C for 24

hours" Soils to be used for analysis other than nitrate-nitrogen were

air dried. A1l soil samples were ground to pass through a 2 millimeEer

sieve prior to analysis.

ExperimenLal Design and Procedure - Nitrogen RaËe SËudy. A random-

ized complete block design consisring of seven treatment and four repli-

cate r^/as used at. both experimental locations " Lentils (Lens culinaris

var Eston) were used as the tesL crop and nonnodulating soybeans

(Glycine max" (L"), Clay maturity Ëype) served as the reference crop.

TreatmenL plots were 3"2 meËers wide and 7.0 meters long and contained

18 seed ro\^/s at 18 cenlimeter spacings. Blocks Ì,rere separaLed by 1.5

meter roadways, seeded to Columbus wheat.. Experimental sites were sur-

rounded by 3 .2 meter guard ro\,/s seeded to Columbus wheat . Seeding \,ras

accomplished using a nine rorv, double disk Allis Chalmers press dri11.

Nitrogen was applied as urea at rates of 0, 30, 90, and 180 kg

N ha-l to lentils and at rates of 0, 30 and 90 kg N ha-I to non-

nodulaLing soybeans. Treatment subplots \^/ere established within some of

the treatment plots in which 151¡ labelled urea was applied" Appli-

cation of urea 1abelled with 15tl facilitated the determination of

symbioËica1ly fixed nitrogen. Treatments used aE both Morden and

Haywood are outlined in Table 10"
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Table I0. Trea
used

tment descriptions for
in Field Experiments 1

lentil and nonnodulating soybeâns
984.

Treatment
Number

NiËrogen Crop Number of 15¡l

Applied Seeded labelled subplots
(kg N tra-l ) Morden Haywood

Atom percent l5N
excess in
ferËilizer
applied to
subp lots

I

2

J

4

5

6

7

0 lentil

30 lentil

90 lentil

180 lentil

0 nonnodulating

30 nonnodulating

90 nonnodulating

soybean

soybean

soybean

0

2

I

0

0

2

I

n

5

2

I

0

5

I

3.39

L.7 3

I.9B

1.55

t.7 3
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Treatment subplots measured 90 cenEimeters wide and I l0 centimeters

1ong. A solution of reagent grade urea labelled with l5U was dis-

solved in distilled water and sprayed on Ëo lentil subplots using a hand

held pressurized sprayer at rates of 30, 90 and 180 kg N ha-i, The

urea was labelled wíth 3.39, I"73 and 1.98 atom percent I5U excess

for the 30, 90, ancl t80 kg N ha-l rates of application, respective-

1y. Similarly, urea labe11ed with 1.55 ancl L.73 atom percent l5n

excess was applied to soybean subploEs at rates of 30 and 90 kg

N ha-I, respectively. Unlabelled prilled urea (46-0-0) r^/as hand

broadcast onto the remainder of each treatment plot at the respective

rate.

Phosphorus, supplied as triple super phosphaEe (monocalcium

phosphate (0-46-0) ) was hand broadcast at a rate of 100 kg PZO5

ha-l to all treatment plots at both sites. Potassium, supplíed as

rnuriate of potash (0-0-60), v/as hand broadcast at a rate of 200 kg K20

ha-l at the Haywood site. Application of nutrienËs other than

nitrogen was done Eo insure that these nuÈríenËs would not be limiting.

Fertilizers r¡rere incorporated to a depth of 10 centimeters.

Lentils were inoculated with Nitragin Corporationl 'C' culture

inoculun (RhizobÍum leguminosarum)" To ensure good nodulation, the

inoculant was applled as a slurry at many times the recommended rate of

I90 grams inoculum per 47 kilograms of seed.

Lentlls and nonnodulating soybeans were seedeð 22 A1.ay, 1984 at the

Haywood site and 23 lÍay, 1984 at the l'lorden site" T,entils and nonnodu-

The Nitragin Company, Milwaukee, Wisconsin, U.S.A., 532L9"
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lating soybeans \À/ere seeded at rates of 50 kg ha-l and 100 kg ha-I ,

respectively.

Following emergence, diclofop methyl (Hoegrass) r^/as applied aL a

rate of 3 "75 L ha-l at both sites. Weed control was also carried

out by mechanical means and handweeding.

A series of harvests of aerial dry matter rüere taken from both the

lentils and nonnodulating soybeans duríng Ehe growing season. I^lhere

l5u labelled nitrogen was applied, the number of harvesEs taken

corresponds to the number of l5u labelled subplots, I,lhere no

niLrogen was applied (Treatment 1 and Treatment 5), five harvests were

taken during the growing season. Specific harvesE daEes and the cor-

responding developmental stage of the lentils are listed in Table I1.

Harvests of l5U enriched plant material ü/ere taken from within the

central rows of the 151¡ labelled subploEs. Three rows, 90 centi-

meters long \^/ere sampled at each harvest. i,,7here no 15U 1abelled

nitrogen was applied, plant samples \,/ere taken from three central 90

centimeter ro\,rs within the treatment plot " Lentil samples taken at the

final harvest \^/ere separated into seed and straw componenEs. Plant

samples were oven dried in a forced air oven aE 60'C for 48 hours and

oven dry weights were determíned" Plant samples r¡¡ere ground in their

entirety in a \^liley mi11 to pass through a two millimeter sieve. All

values calculated for yield and nitrogen accumulation were determined on

an oven dry basis. Acetylene reducLion determinations were carried out

on July I0, July 19, and August 4 at both siÈes" A final acetylene

reduction determination was done on August l0 and August 21 at Morden

and Haywood, respectively. Acetylene reduction deÈerminations \^¡ere
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replicated f our times within each treatment plot, Sixteen plants r,rere

selected at random from within each treatment plot" The entire plant

v/as d.g up using a spade and roots tüere extracted to a depth of

approximateLy 25 centimeters. Soil adhering to the roots was removed by

hand and the aerial portion of the planL was detached. Four roots were

then placed in a one liter mason jar fitted with a serum stopper in the

1id. The jar was sealed and 20 mi11íliters of acetylene \,ras injected

into Lhe jrt with a graduated 30 milliliter syringe. The jars r¡/ere

placed in the shade to prevent dessication of nodules and allowed to

incubate for one hour. Following incubation, 20 milliliters of gas r¡/ere

removed from the jar" Ten milliliters of the gas sample were dispelled

and the remaining 10 milliliters were injected into a 10 milliliter

vacutainer.2 Gas samples r¡rere stored in the vacutainers until

anaLyzed on a gas chromatograph.

Experimental Design and Procedure - Lysimeter Study. A lysimeter

study was conducted immediately adjacent to the Haywood field site in

which lentils \dere gro\^¡n as the test crop and nonnodulating soybeans

served as a reference cropo Five harvests \,/ere taken during the field

season. At each harvest date, four lysimeters containing lentils and

four lysimeters containing soybeans, were harvested.

The lysimeLers l./ere hollor,¡ steel cylinders measuring 30.5 cm long

and had a cross sectional area of 0"10 ^2. Lysimeters rrere arranged

in 10 rov/s with 4lysimeters in each ro\.v, and 30 centimeEer spacings

Becton Dickinson and Co" Canada Ltd", 2464 South Sheridan Way,
Mississauga, Ontario, L5J 2M8.
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between each lysimeter. Although ideally lysimeters should have been

designated for the lentils and nonnodulating soybeans 1n a random

f ashion, the fact that the entire lysÍmet.er r4ras to be removed aE each

harvesl puL constralnts on the experinental design and t.hus lentils were

seeded in a block of twenty lysimeters and nonnodulating soybeans $rere

seeded in the remaining block.

The top 10 centimeters of soil were removed from each lysimeter and

spread on a plastic sheet. Urea, labelled with I5W and dissolved in

disttlled lvater, was sprayed onto Ehe soil at rate of 30 kg N ha-l

using a hand held sprayer. The urea r{as labelled wlth 3.30 and 1.70

aËom percent t5U excess for lentils and nonnodulating soybeans,

respectively. Phosphorus, supplied as super triple phosphate (mono-

calcium phosphate (0-46-C)) was applied in a granular form aË a rate of

100 kg P2O5 ha-l. The soil was thoroughly mixed and replaced

into each lysirneter. Lentils were inoculated wiÈh Nitragin Corporation

'C'culture inoculum (nhizobium legumínosarum)" The lnoculant was

applied as a slurry at many times the recommended rate of 190 grarns

inoculum per 47 kílograrns seed to ensure good nodulation. Lentils and

nonnodulating soybeans rvere seeded on I June, 1984" Twenty-five lentí1

seeds were seeded at. a depth of 2.5 centimeters inE.o each of 20 lysi-

neters. Fifteen nonnodulating soybean seeds \.\rere seeded at a depth of

2"5 centimeters into each of the remaining twenty lysimeters. The area

surrounding tÌre lysimeters and exEending 2 meters beyond the border of

Ëhe lyslmeter study i¡¡as seeded to lentils and soybeans.

Following germination and emergerìce lentils and nonnodulating

soybeans were thinned to 14 and 7 plants per lysimeÈer, respectively.
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Lysimeter harvests \,,/ere Eaken at the sanìe time as Haywood field

experiment harvests, Thus five harvests were taken during the grorving

season at bud, early bloom, bloom, early podr and ripe seed stages of

lentils. At each stage, t.he aerial dry matter from four 1enti1

lysimeters and four nonnodulating soybeans lysimeters rras harvested.

LysimeLers \,rere then excavated and removed \,/ithout disturbing soil and

rooLs contained within"

Intact lysimeters r,lere placed on a sheet of nylon mesh to facili-

tate transfer" Lysimeters rvere placed in large capacity containers and

\,¡aLer Tras added to flood the soi1" After 24 hours, intact lysimeters

were transferred to a 2 mm screen tab1e. The soil was then washed from

the roots using gently running vrater, directed r,rith a garden hose. The

rooËs were then rinsed in distilled r^rater to remove any adhering soil

particles. Degree of nodulation was noted.

PlanE samples v/ere oven dried in a forced air oven at 60'C f.or 48

hours and oven dry weights v¡ere deEermined. Samples v/ere ground in

their enlirety in a'tJiley mill to press through a 2 millimeter sieve.

3 "3 ANALYTICAL PROCEDURES

.3.1 Soil Analysis

Soil Texture. Soil texture ú/as estimated by hand on unground soil

samples,

Soil pH" Soil pH was determined on a 1:3 soi

a standard glass calomel combination electrode.

Soil Salinity - Soil salinity r¡7as deLermined

I Ëo water paste using

on a I:3 soíl to rsater
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paste using a Fisher Combination electrode on a Radiometer conductivity

meEero

Calcium CarbonaEe ContenE. An esEimation of the calcium carbonate

content was made on the basis of the degree of effervescence of a soil

sample when treated with a I:3 HC1 fo r^iater solution"

Soil Nitrate Nitrogen. Soil nitrate nitrogen r,ras determined by

hydrazine reduction on a Technicon Auto Analyzer System using a modifi-

cation of the auEomated colorimeEric procedure of Kamphake et a1.

(re67).

Available Phosphorus. NaHC03 extractable phosphorus \^ras deter-

mined by a modification of the method proposed by Olsen et aL" (1954).

Five grams of soil were extracted \,iith 100 milliliters of 0"5 M lrlaHCO3

(ptt 8,5) and one gram of pretreated charcoal. The samples \íere shaken

f or 30 minutes, f iltered through InlhaEman no. 42 paper, and the phos-

phorus 1evel in the extractant determined colorimetrically by the acid

rnolybdate - ascorbic acid method (Murphy and Riley I962). The absor-

bance was read using a spectrophotometer at 885 nm.

Exchangeab le Potas s ium. NH4OAc exLrac tab le K was de termined

using a modification of the procedure described by Pratt (1965)" Five

grams of soil were sl-¡aken with 100 milliliters of a solution containing

1.0 14 NH4OAc and 250 ppm LiNO3 for one hour" The s amp 1e s v/e re

filtered and potassiurn content of the extractant was determined using a

Perkin-Elmer model 303 atomic absorption spectrophotometer.

SulfaEe Sulfur. Fifty milliliters of 0"001 M CaCL2 extracLing

r,/as shaken f or 30

paper. Calc ium

solution was

minutes and

added

then

to 25 grams of soi1. The solution

filtered through Whatman noo 42



53

chloride extractable sulfate sulfur kras determÍned using the barium

chloríde turbidirnetric rnethod as described by Lazrus eË a1. (L966) on a

TechnÍcon Auto Analyzer fT at 460 nm.

Field Capacity. Air dry soil was placed in a 20 cenElmeter plasEic

cylinder which had a 4"5 cenEimeter diameter. The bottorn of the

cylinder was covered by a wire mesh whÍch prevent.ed loss of soil. f,Iater

was adderl to the surface of the soil untll the wettlng front harl noved

to the midpoint of Ëhe soil column. The open end of the cylinder: was

then covered with parafilrn to prevent evaporation and the soil colurnn

lras left undisturbed for 48 hours. A soil sample was then taken from

the center of the wetted soil and wet weight was determined. The sarnple

was then oven dried at I05oC for 48 hours and reweighed" Field capacity

was calcr¡lated on an oven dry basis,

Permanent Wilting Percentage. MoisÈure content of a soil sample at

1 500 kPa (0tSOO) r^ras determined using a pressure membrane appara-

tus. Permanent wilËing percentage r^ras then calculated using the equa-

tion proposed by Shaykewich (1965):

Pitp = 0"0207 + 0"77468 (0ISOO)

3"3,2 PlanE Analysis

Tota1 NfÈrogen Content. Total nitrogen content of plant material

r¡ras determlned by a modÍfied Kjeldahl-Gunning method as described by

Jackson (1958). DigesËlon was accelerated using Special Kjeltabs 53,5

which contained 3.5 grams K2S04 and 0.0035 grans Se. Nitrogen con-

ËenÈ was determined using a Tecator Kjeltec Auto I030 Analyzer'

Excess Atom Percent t5u. Nftrogen conLents of 15¡l enricherl
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plant mat.erial and 15n enriched fertillzer standards either obtained

or used in Field Experfment 1983 and Gror,rth Chamber Experiment C hrere

determined by a rnodification of the Kjeldahl-Gunning rnethod as described

by Jackson (1958)" The rnodification consisted of using 50 millilirers

of 0.1 N H2s04 ínstead of 50 millilfters of 2% H3BO3 - indicaror

solution to Èrap the ammonium niÈrogen liberated by distÍllation. The

solutlon \{as then back titrated wÍth 0" I N Na0I1. For I5u enriched

plant mat.erial and 15U enriched fertllizer standards obEained or

used in Field Experíments 1984, nitrogen conten! was deEerrnined using a

Tecator Kjeltec Auto 1030 Analyzer, modified to accommodate the baclc

titration.

Titrated distillate collected was acidified with one drop of con-

centrated H2S04. samples LTere Ehen evaporated Eo a volume of not

more than l0 nilliliters and transferred into glass test tubes to await

15N analysis.

NÍtrogen gas was prepared from the sa'.nples by a rnodification of the

method described by Bremner (1965). This modification consisted of dis-

carding the use of ì-iquid N2 to f.reeze out vrater vapour and gaseous

by-products of hypobromite oxldation. Alternalívely, \.rater vapour was

removed from the sample by approxlmately l0 nilliliters of concentrated

H2SO4 contained in the collection tube,

Chol.

AS sugges t ed by c .l'f .

A Micromass 602 mass spectrometer, equipped with a Speedomax chart

recorder was used in the analysis of N2 gas for l4¡7I5¡¡

C. M. Cho,
Manl t oba,

Professor, DeparEment of Soil
I,Jinnipeg, Manitoba, R3T 2N2.

Scfence, University of
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ratios. Ion currenL intensities of aEomic mass unit twenty-eight

1 
14p,¡i4¡¡ and atomic mass unit twenty-nine 1 

I4¡I 5¡; were

determined using a single collector scanning method. Peak heights were

measured and atom percent 15N \ras calculated using the equation (see

Bremner (1965)):

(3) Atom Percent l5u = loo
2n+t

where R is given by the ratio of ion current inEensities corresponding

to atomic mass unit twenty-eight and atomíc mass unit twenty-nine. Thus

R is represented by the following equaEion:

G)R=
14Nl4Nïffi

In order to determine atom percenE I5N excess in the enriched

sample maEerial, percent natural 15N abundance l,/as determined for

samp les which had not been enriched wi th I 5 N" Measured natural

abundance of t5N using the mass specËrometer (l"licromas s 602) was

found to be 0.382, rather than the quoEed value of 0.366 (Hauck and

Bremner, Ig76). Thus, excess atom percent I5U \¡/as calculated by

subtracting 0.382 from percent 15¡¡ abundance in the enriched

material.

Percent Nitrogen Derived from Fertilizer (Ndff).

l5n excess in the plant material is expressed in

original fertilízer added. Thus:

Atom percent

terms of the

ZNdff = ("/"-I5N 
"*"""" in enriched plant maLerial) x 100

(z ls

In orcler to calculate the nitrogen fertilízer accumulated in the

plant material ,'/" Ndff, dry matter yield and percent niËrogen I^¡ere

deEermined. Thus :
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Nitrogen Fertilizer

Yield (Xg tra-l) x ZN

Accumulated

x Z Ndff

(ke N tra-l) =

100 r00

3" 3.3 Ethylene Analysís

Gas samples prepared using the acetylene reduction assay were

analyzed on a Varian Model 3700 gas chromaEograph equípped with a

Hewlett Packard 3390 A intergrator unit, Operatíona1 conditions for the

gas chromatograph are reported in Table I2. A one milliliter gas sauple

r¡ras injected lnto the gas chromatograph using a gastight locking

syringe. l C"libratlon gasz contained i00 ppn ethylene in nitrogen

gas, Quantlty of ethylene in the sarnple was determined by neasuring the

ethylene peak area of Ehe sample relative to the pealc area of Ëhe

external eÈhylene sÈandard.

Supplier: Sclentific Glass Engineering Co. Ltd., 1-3 Baí11ie St.,
North l"felbourne, Victoria, Australfa.

Supplier: Alltech Associates, Inc. Apptied Sclence
Waukegan Road, Deerfield, 11., 60015,

Labs. 205 I
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Table 12. Gas Chrornatograph Run Parameters.

Column lvlaterial - glass

Column Suppor! - Poropak T

Column Dinensions - lengÈh 1.83m, external diameEer 6 mm, inEernal
diarneter 2mm.

Injector Teuperature - 70oC

Detector Temperature - 100"C

Oven Temperature - 40'C

Carrier Gas (N2) Flow Rate - 20mL min-l

t{ydrogen Gas Flow Rate - 20mL min-1

Air Flow Rate - 300¡oL min-I

Range - l0-1lmV

CharE Speed - 0.5crn rnin-l
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4. RESULTS AND DISCUSSION

4 " T GROI^ITTI CHAMBER EXPERIMENTS

4. I. I Growth chg*L._LE¿pg¡ir9¡!é

Lentils have an indeterminate growth habit and it has been reporEed

Èhat some stress is required durlng flowering to stimulate heavy pod set

(Slinkarrl and Drew, l9B2; Saskatchewan Agriculture, 1985). It is

presenEly recommended in Saskatchewan that a nitrogen sLress rnay stimu-

late heavy pod set and rnay be induced by seeding early on cereal sEubble

(Saskatchewan Agriculture, 1985). The objective of Ehis experiment vras

to investigate the effect of nit.rogen addition and availability on

nitrogen uptake, dry matter yield, seed yield, harvest index and nitro-

gen fixation in lentils" Nitrogen stress vras induced by adding barley

stra\^r to the soll. QuanEiry of syrnbioCically fixed nÍtrogen was esti-

mated using the Classical Difference method. Nonnodulating soybeans

served as a reference crop.

The addition of supplemental nitrogen was found üo be an importanL

factor in increasing dry matter yield of lentils (Table 13). Signifi-

cant dry matter yield increases were obtained with the addicion of 360

ppn N. Although not slgnificanË, the data suggest that addition of 90

pprn N also resulted in dry matter yield increases. Application of 30

ppm N dÍd not significantly affect lentil dry natter yield. Amendrnent

of the soil with barley straw resulted in a significant depression ín

lentil dry matter yleld. Lentlls gro\^rn in soil amended wfth barley

straw \rtere notably affected during early developmental sÈages. As early
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Table I3"

Ni trogen
ra te

( ppm)

Effect of nitrogen availability
1enti1 and nonnodulating soybean
Experiment A).

on dry matLer yield of
shoots (Growrh Chamber

Drv maLLer yie ld ( g pot-l )

Lentils Nonnod soybeans

0

0 (l% bar
s tral^t)

30

90

360

ley

Means followed
significantly d

Means followed
significantly d

59.0

44 "B

61.8

67 "4

72"5

20 "0

6"3

ta 1

62 "4

118"4

61

b

ba

B

BA

c

bA

D

by the same lowercase letter
ifferent at P = 0"05 (Duncan'

by the same uppercase letter
ifferent ar P = 0.05 (t-test)

each column are not
Multiple Range Test) "

each row are not

1n
S

in
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as ten days af.Eer seeding, lentils began to shoru signs of N stress,

developing a deep purple discoloration on the stem and the midvein of

the leaves" Eighteen days after seeding lentils gro\,/n on soil treaEed

with barley straw had developed chlorotic lower leaves and were notably

stunted in development. However, signs of recovery from early N

deficiency were observed approximately twency-seven days after seeding.

At this time N stressed lentils initiated nevr vegetative growth and

began branching" In conLrast, nonnodulating soybeans did not show any

signs of recovery from the N sEress and Ëhus it is possible that lenEil

recovery $/as due to the establishment and functioning of N fixing

nodules. However, the severity of the initial N deficiency was such

that lentils were unable to fully recover despite indications of the

occurrence of N fixation and thus the initial N stress vras manifested in

reduced dry matter yields. Similar results r¡iere reported by Hatf ield et

aI. (I974) who found thaË dry weighE of inoculated soybeans gro\{n in a

nitrogen free solution was significantly lorver than that of inoculated

soybeans receiving N during early growth sEages. They suggested that

reduced growth r,ras attributable to a time lag in the development of

nitrogen fixing nodules. Similarly, PaEe and Dart ( 1961) postulated

that the positive effects of applied nitrogen on co$7pea symbiosis are

explained in terms of an alleviation of the t'N hunger" stage of growth

during early development prior to the onset of significant nodule

fixation and are manifesled in significant dry matter yield increases.

Supplemental nitrogen v/as also shown to be an important factor in

increasing nonnodulating soybean dry maLter yields (table 13).

Increasing increments of applied N resulLed in concomitant dry matEer
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yield increases" Although Ehe application of 30 ppm N did not result in

increased lentil dry maËter yie1d, a significant increase in nonnodulat-

ing soybean dry matter yield was obtained. Thus the data suggesE that

the application of 30 ppm ll resulted in decreased fixation so that there

was no nel gain in the quantity of N available to the lentils" Amend-

ment of the soil with barley strai^¡ sÍgnif icantly reduced nonno<lulating

soybean yields" Throughout the duration of the experiment these non-

nodulating soybeans \^rere visibly N deficient being bouh severely

chlorotic and sÈunËed, and plants did noE develop beyond four trifoliate

leaves "

Lentil dry matter yielrls were significantly grealer than the cor-

responding nonnodulating soybean yields where N was applied at rates of

0 and 30 ppm and where barley stra\"¡ rrras added, Tt is likely that

increased lentil dry matter yields resulted from the addítional

synbiotically fixed N source.

Lentils and nonnodulating soybeans shared sinilar dry natter yields

where I'l was applied at a rate of 90 ppm. A furüher increase in the raËe

of N application resulted in significantly higher nonnodulating soybean

yields than corresponding lentil yields. Thus the data suggest that at

Ëhe hlghest rate of applied N, 1entil dry matter yield was linited by

íts maximun yield potential whereas nonno<lulating soybeans \^Iere capable

of conÈinued response to applied N.

Although data suggest that application of 90 and 360 ppm N 1ed to

increased N accurnulaLion in lentil shoots, positive N yield responses

r,rere not sËatistically significant (Table 14). ApplicaÈion of 30 ppm N

did noË increase N accunulatlon in lentil shooEs, suggesting Èhat
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Table 14.

Ni trogen
rat e

( pp*)

Effect of nitrogen availability on nitrogen accumulation
in lentil and nonnodulating soybean shoots (Grorvth Chamber
Experiment A).

Nitrogen accumulation (mg poË-1¡

Nonnod soybeans

0

0 (I% barley
s t raT,{)

30

90

360

Means followed
significantly d

Means followed
s igni ficant 1y d

by Lhe same
ifferent at

by Ëhe same
ifferent at

lorvercase
P = 0"05 (

uPPe rc as e
P = 0.05 (

le t ter
Duncan I

letter
t-Eest)

1n
s

ln

I42 dc B

72d B

243c B

457b B

1642 a A

each column are not
I4u1Eiple Range Test).

each row are not

Lentils

1393 ar e2

1010 b A

1348 a A

1522 a A

1537 a A
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fertiLLzer niErogen lessened fixation of atrnospheric N to the extent

that t.here i{as no net gain ln nitrogen available to the planc. Addltion

of barley strarr to the soil resulted in a significant reductlon in N

accumulation, indicating that symbiotic N fixation alone \^ras not

sufficient to meet lentil N requirements, Thus data suggests that some

niËrogen is required from either soil and (or) fertíLízer N to encourage

the early establishment of lentils, thereby lncreasing N yields.

Nitrogen accumulated in nonnodulating soybeans closely reflected

dry matter yields (Table 14)" Increasing increments of applíed N

resulted in concomitant nitrogen yield increases. Amendnent of the soil

wit.h barley stra\,/ resulted in reduced N yield.

Significantly more nitrogen r¡ras accumulated by the lentils than the

soybeans aË all but the 360 ppm N rate of application, Thus it is sug-

gested that at all but the 360 ppm N raËe of application, symbiotically

fixed N contributed to the inproved N nutrition of lentils. I{here N was

applied at a rate of 360 ppn, nitrogen accumulation in lentils an<l non-

nodulating soybeans was not significantly different, indicating that N

fixation in lentils $ras inhibited by Ëhe higl-r rate of N application.

Iùhere nitrogen was applled at a rate of 90 ppm N, nÍtrogen yield of

lentils r^/as significantly greater than that of the nonnodulatlng soy-

beans, despfte similar dry matter yields. Furthermore, application of N

al a rate of 360 ppm did not significanEly increase either dry rnalter or

N yield of lentils. In contrast, both nonnodulating soybean parameters

were significantly increased by Ëhe addition of 360 ppm N" Thus the

daLa indicate that at 90 and 360 ppm N, lentil yield \.ras lfnited by

yield poEentlal whereas nonnodulating soybean yield was lfmíte<l by N
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availabilÍty. Hence, 1t 1s like1y that nonnodulating soybeans were able

to take up all of the available N in the pot.

Although responses were not statistlcally slgnificant, lentil seerl

yields tended to increase with increasing lncrements of applied N (Table

l5) " The lowest seed yíeld was obrained where so11 \^ras amende<l with

barley straw. These results are in direct contrast to the recommenda-

tion thaL a nltrogen sEress, induced by early seeding on cereal stubble,

is requlred to stiurulate heavy pod set (Saskatchewan Agriculture,

198s).

Similarly, nitrogen accumulation in the seed $/as also significantly

reduced by anending the soil witir barley strar^r (ta¡le 15). Although

seed N lncreased wiÈh the addition of 90 and 360 ppm N, responses r\7ere

not statistically significant, The addition of 30 ppm N did not signif-

ícantly affect N accumulation in the seed, Thus it is concluded that N

fixation alone can not meet lentil seed N requirements.

Percent protein in the seed was not significantly affected by any

treatment (Table t5). Hor¿ever, the lowesÈ percenEage protein was

realized where lentils were grown on soil anended with barley stra\,r.

Harvest index, which describes Ëhe ratio of seed yield to total dry

matter yield, was greatest where lentils \,rere gror¡rn in soil amended with

barley straw (Table 15). Thus, under conditions of N stress, production

of seed made a greater contrlbut.ion Ëo total dry naEter yield as com-

pared to the remaÍnlng Èreatments. Although sËatístically sÍgnificant

differences were not obEained, Ehe data suggest Ehat high rates of

applied N nay stimulate vegetatlve growËh to a greater degree than

reproducEive growth"



65

Table 15.

Ni trogen
ra te

( pp*)
Seed yield

( g por-l )

N accumulation
in seed

(mg pot-1)

Pe rce nt
prote in

Effect of nitrogen availabiliry on seed yield, nitrogen
accumulation in seed, percent proteín of seed and harvest
index (Growth Chamber Experiment A).

0

30

(I'/. barley
s traw)

by the same lowercase
ifferent aË P = 0.05 (

b

letter in each column are noË
Duncan's l"lulEiple Range Test).

Harve s t
index

("Á)

46 "r

52 "8

44.4

45 "4

42 "9

90

360

Means followed
significantly d

27.2 abL

23"6 b

27 "4 ab

30.6 a

31.1 a

r089

858

r046

1193

1189

25.0 a

22"6 a

23"8 a

24.3 a

23"8 a
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Symblotically fixed nitrogen was determinecl using Èhe Classical

Difference method and is reported in Tab1e 16. Maximum accumulation of

symbiotically fixed N was realized r^rhere ferEí11zer N was not added to

the soi1. Although not statistically significant, application of

ferËilizer N at rates of 30 and 90 ppm N resulted in a slight reduction

in the quantíty of syrnbiofically fixe<l N accumulated in Ehe lentils.

Application of 360 ppm N completely inhibited symbioric fixation" These

results are in agreement with a number of studies in which diminishe<l

fixation resulted from Èhe applicatlon of fertilizer N (A11os and

Bartlrolemew, 1955; McAuliffe et al., l95B; Richards and Soper, 1979).

Amendnent of the soil wfth barley sLraw slgnificantly reduced the

accumulation of synbioCically fixed N. This reduction indicates that

some N may be necessary for the establishurent and funct,ioning of a

lencil-Rhizobium symbiotic system. The N requirernent of Èhe symbiotic

relationship appeared to have been meE by soil N alone as the treatment

receiving no niErogen accumulated Ëhe greatest amount of fixed N" The

soil used in this experiment containe<l only 12.6 pprn nltrate nitrogen

and thus it is c.oncluded that although there is a requirement for some

available N to aid in the esEablishment and functioning of 1entil-

Rhizobium symbiosis, the N requirement w111 likely be met by soils

containing medium to high leve1s of available soil N. Enhanced fixation

resulting from low levels of starEer N has been reporEed by a number of

authors and has been attrlbuËed to the alleviatlon of Ëhe "N hunger"

stage prior to the onset of significant nodule flxation (Dart and

l,li1don, 1970; Agboola, 1978; Eaglesham eE al. , 1983) " In addition,

Allos and Bartholernew (I959) suggesEed that total fixatlon is closely
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Table 16. EffecE of nitrogen
symbiotically fixed
Difference method

availability on the accumulation of
nitrogen, as determined by the Classical

(Growth Chamber Experiment A).

Ni trogen
rate

( ppm)

0

0 (I'/. barley
straw)

30

90

360

by the same lowercase
ifferentatP=0"05

Accumulation of
symbiotically fixed nitrogen
, _t.(mg pot ')

I25I

938

1105

1 065

-10 5

^I

b

ab

ab

luleans followed
significantly d

leLEer in each column are not
(Duncan's Multiple Range Test)
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related to the amount of growth. Thus, if elevation of the N hunger

stage leads to larger, more vigorous plants, as rrTas observed in this

experiment, there may be a tendency for plants to fix more nitrogen.

Data indicate that lentils grourn in soil ammended with barley straw

derived 93 percenL of the total plant N from symbiotic fixation (Table

L7)" The contribution of synbiotically fixed N to total planr N

dirniníshed with increasing increments of applied N and made no detect-

able contribution at the highest rate. With the exceptÍon of the 360 ppm

N treatment, calculated values for percent nítrogen derived from fixa-

tion \4rere exceptionally high. Conditions of the growth chamber \.rere

essenËiaIly ideal and thus it is unlikely that symbiotically fixed N

would rnake as large a contribution to total crop N under field con-

ditions.

In contrast to the present Saskatchewan Agriculture (1985) recom-

mendations, results from this experiment dÍd not indicate that lenti1

seed yields may benefir from an induced nitrogen stress. Furthermore,

it was found that N stress had detrlmental effects on the accumulation

of syrnbiotically fixed N. Although seed yields were not significantly

affected by the applicatÍon of Ïertilízer N, dry matter yíelds urere

found to increase significantly, which indicates that symbioÈic fixation

did not meet lentil N requirements. Accumulation of symbiotically fixecl

N dirninished with increasing increments of applierl N and was completely

inhibited by the applÍcation of 360 ppn N.
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Table 17. Effect of niErogen availabiltEy on percent
from syrmbiotic nitrogen fixation ln 1entil
Charnber Experiment A).

nitrogen derfved
shoots (Growth

Nit.rogen
rate

( pp*)

Perc.ent
derived
f ixatíon

nltrogen
from

90

93

82

70

30

(I% barley
s traw)

90

360
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4"I.2 Growth Charb"r E"p.tir""t B

A grrrwth chamber experiment l,ras conducted in which lentils r¡rere

subjected to moisture stress applied at differenE physiological sEages.

LenËils have an indeterminate flowering habit and it has been suggested

that some drought stress is required Ín the latter part of rhe flowering

process in order to encourage matìrratfon of younger pods ancl stimulate

heavy pod seÈ (Slinkard ancl Drew, 1982). The objective of this experi-

Dent was to study fhe effects of moisture sËress on dry matter, seed and

nitrogen yielrl .

Maturity is difficult to define for lentils due to indeterminacy

and complex flowering responses. In this experiment it raras observed

that rewatering of molsture stressed plants st.imulated rapid vegetative

growth and a new flush of flowers for all moi-sture stress Èreatments,

This resurgence of growth effectively extended the bloom stage despite

the presence of ripe seed" Thus, for the purpose of Ëhis experiment,

maturity hras defined as the stage at which flowers were no longer

present on the plants and were not encouraged to develop even after re-

watering, Using this defi.nition, 1t vras observed thaE qrater stress

lengthened the time required Ëo reach maturity. Unstressed plants had

reached maturity 86 days after seeding, whereas sËressed plants required

95 days to reach rnaturity"

Little difference exist.ed between the three moisture stress treat-

ments in terms of length of time required to reach maturity. There

were, however, observable differences in the morphology of the plants

s tressed at different physiological stages, It v¡as observed that

lent1ls allowed to wilt repeatedly from the prebud stage until maturity
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developed sma1ler, more verEically oriented leaves. Reduced leaf síze

and vertical leaf orientaEion effectively reduces leaf area and thus are

accompanied by a reducÈion in \4rater loss due to evapotranspiration.

Both mechanisms for drought avoidance are comnonly exhibited by co\^rpea

(Shackel and Hal1,1979; Turk et al,, l9B0; Turk and Hall, l980a l980b)"

I{ilting during bloom and early pod fill did not result in a

reduction of leaf size as the majority of the vegetative development vras

complete. However, extensíve leaf loss occurred for both treatments

shortly after the \.rater was withheld. Thus, at later growlh stages

lentils responded to moísture stress by reducing leaf area through t.he

abscÍssion of leaves.

Although decreased leaf area reduces Èhe area over which evapo-

transpiration can occur, it 1s accompanied by a loss in photosynthetic

area. Sprent (1972) postulated that reduced photosynt.hat.e production

from leaves of \^raEer srressed plants may lead to a decrease in nitrogen

fixation. This conËention was supporEed by Huang et al. (I975a, 1975b)

who found thaÈ reduction in photosynthate production by soybeans during

periods of waEer stress led to reductions 1n niÈrogen fixation,

Decreased leaf síze and (or) leaf drop resulted in decreased photo-

synthetic area and thus may have led to a reduction in niErogen fixation

in the \.rater stressed plants"

In addition to reduclng the area available for photosynËhetic

activity, exEensive leaf loss associated with moisture stresses applied

at bloora and pod fill presumably decreased the nitrogen available for

translocation out of the leaves to the reproductive structures ancl thus

may have linited seed development. Moisture stress applied at flowering
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also resulted in the abortion of floral structures, t.hereby decreasing

pod formation. Where stress r^Ias applied during the vegetative scage,

fewer flowers wilÈed and abortlon of floral structures díd not occrrr,

suggestlng that the early stressed lentils developed a drought avoidance

mechanism by which flowering was restrained and Lhus plants did not put

a large demand on Ëhe limited moisture supply.

Dry rnatler yields were significantly decreased by the application

of ¡noisture stress, regardless of developmental stage at which stress

r¡/as applied (Table 1B)" The lowest yield was obEained where lentils

r¡rere stressed for Ëhe longesË duration, nanely from the prebud growLh

stage. The reduction in dry matter was due to both reduced leaf and

total plant size produced in response Eo the limited water supply. An

attempt was made to collect any senescent leaves and thus reduct.ions in

dry matter do not simply reflect loss of leaf dry matter, Lentils which

were stressed at bloom and early pod dvelopnent had, to a large degree,

completed vegeLaLive growth aE the time of the stress and thus sÍgnifÍ-

cant reduction 1n total dry maEter erere attribuËable prirnarlly to

reduced seed yields"

Nitrogen accumulation was also observed t.o be significantly reduced

in response to moisture stress (table t8)" No significant differences

in the quant.ity of nitrogen accumulated existed between the Èhree

moisture stress Ereatments, No attempt \{as roade to measure nitrogen

fixation and t.hus conclusions regar<ling the contribution of fixed N to

total nitrogen accureulateri by Ehe moisEure stressed lentils can not be

drawn. However, the literature suggests a number of mechanfsms by which

the applicatíon of a moisture stress may have resulted in a decrease in
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Table 18" Effect of water stress applied at
stages on dry matter and nitrogen
shoots (Growth Chamber Experiment

different physiological
accumulation in lentil
B)"

Physiological
s tage aE

water s tress

Dry maEter
accumulation

( g pot-l ¡

same letter in each
= 0.05. (Duncan's

Ni t rogen
accumulation

(mg pot-l )

1348

773

811 b

780 b

No moisEure
sLress applied

Prebud

B loom

Early pod
development

Means followed by Lhe
cantly different at P

column are noE
I4ultiple Range

signifi-
Test) "

61.8 al

36.3 c

41"5 b

40"2 cb
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niËrogen accumulation. Firstly, application of moisture stress may have

restricted exporl of nitrogenous compounds from the roots to Ehe shoots

Èhereby resulting in an apparent decline in N accumulation, Unfortun-

ately, root portions \,/ere not recovered and Ehus the contrlbution of

rooË N to total plant N could not be determined. AlternaLlvely iË was

observed Ehat rnoisture stress limited growth, particularly when applied

at the prebud stage. Thus the nitrogen requirement of Ehe stressed

Ientils was likely limited by the moisture supply and subsequently N up-

Ëake from soil and fertilizer sources, as well as syrnbiotic sources, may

have been reduced. Al1os and Bartholomew (1959) posculated that total

fixation is closely related to the amount of growLh. Thus ln the

sma1ler, moísture stressed lentils, nítrogen fixation may have been

linited. Depresslon in N accumulation may also reflect inhibition of

symbiotic N fixation as a result of decreased photosynthate available Eo

the nodrrle, as suggested by SprenË (L972) and Huang et al, (1975a,

I 975b). Loss of nodule functioning in direct response to moisture

stress has been observed Ín numerous studies and has been cited as the

mechanism by which nitrogen accumulaËion nay be limited in moist\rre

sËressed plants (Sprent, L970, I97L, 1972; Pankhurst and Sprent, 1975).

Even when moisture stress \,ras applied in the later stages of develop-

ment, accumulation of N loay have been significantly affected by Èhe

lnhibition of nitrogen fixation" I{ally ( I 983) reported that under

controlled conditions lenfils conLinued to fix significanÈ amounts of

nltrogen throughout the latter stages of development. Moisture stress

applied both at bloom and at early pod development result.ed in similar

decreases in nirrogen yie1d, suggesEing that rapid accumulation of N in
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Ientll shoots occurs during Ehe later growth stages and that this rapid

accumulation was restricted by Che moisture stress" Although the condi-

tions of this experiment did not allow for the distinction between soil,

fertilizer and symbiotic N sources, it is possible that application of

moisture stress limited upËake, to some degree, from all three sources.

Seed yields were significantly reduced by moísEure stress, although

no significanL differences existed among the three moisture stress

treatments (Table 19). Several possíble mechanisms by which seed yields

were reduced may have occurred. Restricted number of flowers, aborÈion

of flora1 structures, and reduce<l seed size may all have contributed to

reduced seed yields" Furthermore, the extent to which each mechanism

contributed to the reduction in seed yields may have varied amongst

Ëreatments depending on the developmenËa1 stage at which stress r^ras

applied.

SimÍlarly, niErogen accumulation in the seed \^ras significantly

affected by moisture stress (Table 19). Moisture stress applied at pre-

bud, bloom and early pod development \^ras equally effective in reducing

seed N as no significant differences amongst these treatments existed,

Percent protein in the seed \{as not significancly affected by

moisture sEress (Tabte 19). Thus the reduction in nitrogen acctrmulate<l

in the seed was a reflectÍon of decreased seed yields"

Harvest index, given by Èhe ratio of seed dry matter to total dry

matter, i¡ras reduced by moisture stress, although this reductlon r,ras

statistically significant only when stress was applied at bloom (Table

I 9). Thus, moisture stress applied at bloom served to limit seed

production Ëo a greater extent than vegetative production, presumably
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Table r9"

Physiological stage
al \,/åter stress

No moisture
stress applied

Prebud

B loom

Early pod development

N accumulation
in seed

(mg pot-l)

Effect of r¡ater stress applied at different physiological
sEages on seed yield, nitrogen accumulation in seed,
percent protein of seed and harvest index (Grov¡th Chamber
Experiment B).

Seed yield
(g poc-I)

Pe rc ent
prote in

Harvest
index

("Á)

44"4 a

4I"B a

33"8 b

38"5 ab

Means followed by the
cantly different at P

same letter in each column
= 0"05 (Duncanrs l'lultiple

are not signifi-
Range Test) "

27.4 al

15.2 b

14"0 b

15.5 b

23"8 a

11 0

22 "8

23.0
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because vegeËative development \das largely complete at Ehe time of

stress. Although not significant, the daLa suggest Ëhat moisture stress

applied at early pod development similarly limiterl seed production to a

greater extenl than vegetaEive production. Alternafively, moistrrre

stress applied early in development at prebud, resulted in concomÍtanL

decreases in both vegetaËive and reproductive growth.

Thus data lndicate that under controlle<l conditions, moisEure

stress leads to a reduction ln dry matler, nilrogen and seed yield of

l-entils. This contrasts the contention of Slinkard and Drew (1982) who

have suggested thaE. some drought sEress may benefit lentil seed yields.

However, the conditions of the growth chamber did not facilitate the

simulation of moisLure stress as would develop uncler field conditions.

In a growth chamber moisture stress develops much faster and generally

Ëo a greater extent than in the field, Furtherrnore, restricted soil

volume limits rooti-ng clepth and drought can not be avoíded by the exten-

sion of the root system into lower soil profiles. Thus data obtainecl in

the growth chamber ruay not accrrrately reflecË the response of lentlls to

rnoisture stress under field conditions.

4. i.3 Growth Charber n*peri*u"t C

Results obtained from growth chamber experiment A indicated that

although high levels of applied fertilizer N led to increased lentil dry

matter yields, accumulation of spnbiotlcally fixed N diminlshed wiLlt

increasing increments of applied fertllizer N. Both lenti1 dry matEer

yield and accumulation of symbiotically fixed N were reduced by a nitro-

gen stress, induced by the addition of barley strai{ to the soil, The



78

objective of this experiment I^Ias to further investigat.e the effect of

nitrogen addition and availabllity on dry matter yie1d, nltrogen accumu-

lation and nitrogen fixatlon of 1entils, determined at slx different

physiologícar stages. Nit,rogen stress was induced by adding barley

stra\,r to the soil. Quantity of symbiotícally fixed nitrogen was

estimate<l using the Classical Difference method, the 15W Assisterl

Difference method and the 'A' value method. Nonnodulating soybeans

served as a reference crop.

Dry matt.er yield of 1enti1 shoots continued to increase at each

successive harvest for all treatments (Table 20) " Maximum rate of dry

matter accurnulation slas influenced by niÈrogen availability, Lentils

grovrn on soil amenderl with barley straw aÈtained a maxfmum rate of dry

matter accurnulation between harvest 5 and harvest 6, whích corresponds

to the pod development stage of growth, It is like1y EhaE at this

growth stage, dry matter accumulaÈion was due primarily to ühe develop-

ment of reproductive structures and t,o pod filling. In contrasL, where

nitrogen was applied aÈ a rate of 30 ppm, the maximum rate of dry matter

accumulation occurred beEween harvest 3 an<l harvest 4, which corresponds

to the onset of f lowering" ThÍs is in agreement wlth l^Ia11ey (t983) rvho

observed that under sirnilar condÍtions, maximum rate of lentil dry

matter accurnulation occurred at the initiation of reproductive growth.

Due to the indeterminate groi,rth habit of lentils, dry matter accumula-

tion during thls stage of growËh may have been due to both vegetaEive

and reproductive growch. I^Ihere N was applled at a rate of 200 ppm, the

maximum rate of dry matter accurnulation occurred between harvest 2 and

harvesE 3, which corresponds to the bud stage, prior Lo first flower.
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Table 20. Effect of nitrogen availability on dry matter accumulared by
lentil shoots, lentil rooL.s and nonnodulating soybean shoots,
deLermined at successive harvest dates (Growth Chamber
Experiment C) "

1 D.ys after seeding and physiological stage of lentils: Harvest 1 =
day 23, prebud; Harvest 2 = day 34, bud; Harvest 3 = day 42, first
flower; Harvest 4 = day 55, bloom; Harvest 5 = day 70r pod develop-
ment; Harvest 6 = day 90, ripe seed.

2 M".r," followed by the same lowercase letter in each column within
each crop and portion are not significantly different at P = 0.05
(Duncan's Multiple Range Test).

3 M""rr" followed by the same uppercase letter in each row are not
significantly different at P = 0"05 (Duncan's Multiple Range Test).

Crop, portion
harves ted,
and nitrogen
raEe ( ppm)

Dry matter accumulaLion (g pot-l)

Harve s t I
I

Harvest
2

Harve s t
J

Harve s t
4

Harve s t
5

Harve s t
6

Lentil shoots
0( 1% barley

s E raw)

30

200

o"taZ o3

I.4a

l.1a

D

E

1"9b D

8"4a

7 "4a

D

ED

5.Ib CD

L7 "3a

18.6a

c

DC

9"4b C

13.6a

10.6a

B

CB

6"9b B

i0.3a

l1 .8a

A

DADÀ

5.0b A

>6.0a

i0"3a

A

A

Lentil rooLs
0( 1% barley

s t raw)

30

200

0. 9a

1 .6a

I .0a

D

D

c

2 "7b

8"0a

2 "4b

DC

C

CB

4

9

6

1b CB

0a CB

9abBA

2 .8b DC

I2.5a BA

9.8a A

5.6b BA

13.5a A

:0"5ab A

7.4b A

l. 1.4a BA

9"4b A

Nonnod soy
shoo t s
0( 1Z barley

s traw)

30

200

I"2b D

2 "3a

2 "2a

E

F

2"3b C

9 "6a

8.7a

D

E

¿"lc u

5 ,6b

I " 5a

c

D

3"2c B

r5"9b

\4 "4a

B

C

3.5c B

l4 .5b

i8.9a

A

B

5.1c A

15"3b

7L.9a

A

A
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llaximum rate of dry matter accumulation during this stage largely

reflects the accumulation of vegetative growth. Thus availability of

nitrogen was observed to influence the pattern of dry maEter accumula-

tion. Specifically, as N availability increased, maximum raEe of dry

matter accumulation occurred during progressively earlier growËh stages"

I^liEh the exception of harvest 3, lenti1 shoot dry matler accumula-

tion was greatest where nitrogen had been applied at a rate of 30 pprn.

Application of 200 ppm N did not lead to yield increases above the 30

ppm N treatmenL. Lack of response Eo additional N may have been due, in

part, co the meLhod of fertiLízer placement" Nitrogen fertilizer had

been added Lo the soil occupying Ëhe bottom half of the pot in an

attempt to avoid early urea roxicity damage to the lentil seedlings.

Unfortunately, it was observed that at the highest rate of N addit.ion,

lentil root proliferat.ion was restricted to the upper half of the pots

for the firsL tvro harvests in avoidance of the toxic 1evels of urea.

Hence the availability of nutrient.s may have been resEricted during

early growth and development by the limited rooting volume. Lentils

receiving 200 ppm N appeared chlorotic and stunted during early growth

sEages as compared Ëo lentils receiving N aE a rate of 30 ppm" Visual

sympEoms of N deficiency persisted until approximately day 42 or harvest

3. Examination of the lentil roots at harvest 3 revealed that roots had

begun to penetrate the bottom half or the soíl volume. Lentil roots had

explored the enEire soil volume by maturity" Thus lack of early

response Lo high levels of N as compared Eo 30 ppm N may have been due

to the effects of toxic levels of urea on root growth. At later stages

of growth and at maturity, lack of significant difference in dry matter
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accumulated by lentils receiving N at rates of 30 and 200 ppm N may

reflect either early inhibirion of growth due to urea roxicity for

lentils receiving the latter treatment, or a significant contribution of

symbioEically fixed N to total N for lentils receiving the former treat-

ment"

At each harvesE date, shoot dry maEter yields where lowest \rere

soil had been amended with barley stra\,/ (table 20)" Thus it is sug-

gested that N fixation alone did not meet the nitrogen requirement of

lenEils and that supplemental nit.rogen \^/as an important factor in in-

creasing lenEiI dry matter yields"

\nlhere barley stra\^/ was added, accumulation of root dry matter con-

tinued to increase unril maturity (Tab1e 20). Maximum rate of root dry

matter accumulation occurred between harvesE 4 and harvesË 5, corres-

ponding to Lhe latter part of flowering" Where N was applied at a rate

of 30 ppmr maximum rate of dry matter accumulation occurred between

harvest 2 anð harvesE 3, corresponding to the initiation of flolvering.

Accumulation of root dry matter r,ras not significantly altered beyond

this growth stage" These results are in agreement wich itlalley (1983)

who reported that. where N was added aE a rate of 30 ppmr lentil root

growth essentially ceased at the onset of early flowering" Sirnilarly,

maximum rool dry matter accumulaLion occurred beEween harvest 2 and

harvest 3 for lentils receiving lil at a rate of 200 ppm and further

increases in root dry matter were not significant beyond this harvest.

Visual observations indicated that the 200 ppm N treatment inhibited

early rooL proliferation in the zone of application and resulted in

relatively small amounts of dry maEter accumulated aL harves! 1 and
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harvest 2" Roots of lentils grorün on soil amended \^rith 30 ppm N out-

yielded boch the barley sEraw and 200 N treatments at all harvest dates.

Dry matter accumulation of nonnodulating soybean shooEs continued

to increase until Ëhe final harvest where soil was amended with boEh

barrey stra\.ù and 200 ppm N ( Table 20) . However, where N was applied at

a rate of 30 ppmr maximum yields rvere achieved at harvest 5, 7o days

after seeding. rt \.,/as observed that these plants had begun to develop

characteristic N deficiency symptoms as early as harvest 3, and by

harvest 5, all leaves rrere chlorotic with spreading necrotic areas on

lhe lower leaves" Thus it was concluded that for nonnodulating soybeans

receiving N at a rate of 30 ppmr dry matLer yield did not increase

following harvest 5 due to limited N availability. Nitrogen deficiency

symPLoms did not develop in nonnodulating soybeans receiving N at a rate

of 200 ppm and dry matter yields continued to increase until harvest 7,

which suggests EhaÈ N was not limiting to plant grorvth. rn contrast,

nonnodulating soybeans grown on soil amended v¡ith barley straw developed

observable N deficiency sympËoms prior to the first harvest which

persisted until the final harvest, suggesting that available soil N was

strictly Iimicing to plant growth. However, small but significant dry

matter yield increases \¡/ere obtained at final harvesl " This increase

likely reflected stight increases in N availability during the latter

part of the experiment due to mineraLízation of organic N.

Throughout the duration of the experiment, the lowest nonnodulating

soybean yields were achieved where soil had been amended with barley

strar+. No significant differences in dry matter yield of nonnodulaling

soybeans existed between the 30 and 200 ppm N treatment at harvest I and
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harvest 2. Horvever, for Lhe remainder of the experimenE, nonnodulating

soybeans receiving 200 ppm N had greater yields than those receiving 30

ppm N" ExaminaEion of the nonnodulating soybean roots at harvest 2

revealed Ëhat the roots had begun to explore Ehe botEom half of the pot

and thus appeared more tolerant Eo fhe high levels of urea than the

1ent.i1s. Thus increasing increments of available N resulted in con-

comiLant increases in nonnodulating soybean yields.

With the exception of Lhe first tl¡/o harvests, 1enti1 shoots yielded

more than nonnodulating soybean shoots for both the barley sErav/ and the

30 ppm N treatmenLs. However, where N was applied at a rate of 200 ppm,

nonnodulating soybeans had consistently higher dry maEter yields than

the lentils. The dry matter yield increment was statistically signifi-

canl (P=0.05) at borh harvest 5 and harvest 6. Higher nonnodulating

soybean yields may have been due, in par!, to the fact that the non-

nodulating soybeans rüere more toleranE to the high 1eve1s of urea and

hence v/ere able to explore the entire soil volume at earlier growth

stages. Alternatively, higher dry matter yields may reflect different

maximum yield potentials 
"

Accumulation of nitrogen followed many of the same patterns esta-

blished for the accumulation of dry matter (Tab1e 22)" Lentils grown on

soil amended with barley straw continued to accumulate N in the shoots

Lhroughout. Lhe duration of the experiment. Furthermore, the maximum

rate of N accumulation rùas achieved betr,,/een harvest 5 and harvest 6

which corresponds to the maximum rate of dry matter accumulaËion. Where

N r¿as applied at a rate of 30 ppmr the maximum rate of N accumulat.ion

occurred between harvest 4 and harvest 5, which corresponds to Pod
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TabLe 22" Effect of nitrogen availabilit.y on niLrogen accumulation in
lentil shoots, 1enti1 roots and nonnodulating soybean shoots,
determined at successive harvest dates (Growth Chamber
Experiment C).

1 R"fer to Table 20 for corresponding days after seeding and physio-
logical sEage of lentils.

2 Il""tt" followed by the same lowercase letter in each column wirhin a
crop and portion are not significantly different at P = 0"05 (Duncan's
Multiple Range Tesr) "

3 M""r," followed by the same uppercase leEter in each row are not
significantly different aE P = 0.05 (Duncan's Mulriple Range Test).

Crop, portion
harves ted,
and nitrogen
rate (ppm)

Nitrogen accumulation (mg pot-r;

Harvestr
I

Harve s t
2

Harve s E

J

Harves t
4

Harve s t
5

Harves E

6

Lentil shoots
0( 1Z barley

s Eraw)

30

200

I3b2 ç3

58a

47a

c

C

38b C

L56a

15 8a

c

C

106b c

30 8a

365a

C

CB

l07b c

665a

543a

B

B

322b B

II4a

962a

A

A

874b A

I 38a

086a

A

A

Lentil roots
0( 1Z barley

s t raw)

30

200

20a

35a

27a

D

E

B

66b DCB

I69 a

72b

D

B

93b

I87 a

I 85a

CB

DC

A

53b

27 6a

2I2a

DC

A

A

l06b

244a

2OI a

It

A

A

I 54b

215 a

I92a

A

BA

A

Nonnod soy
shoo t s
0(I% barley

strar¿)

30

200

22b DC

96a

91a

DD

D

20c DC

225b

27 5a

A

C

I8c D

230b

489 a

A

B

28c C

204b

546a

A

DD

44c B

235b

7 62a

A

A

60c A

234b

79Ia

A

A
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development, although maximum dry matter accumulation had occurre<l

between harvest 3 and 4. Thus it is suggested Ehat the nitrogen demand

of lentils is greater for reproductive, rather than vegetative, growth.

Following harvest 5, no significant lncreases in N yielrl were obtained.

This may indicaËe E,hat N accumulation during later growth scages !{as

linited by the depletion of soll and fertíLizer N sources and (or) Ehe

cessaËion of N fixing actlvity. Alternatively, the data may suggest

that by harves! 5, lentils had attained rnaximum yields and thus N uptake

was limited by yield potential, Similarly, Ëhe maximum rate of N accu-

mulation for lentils recelving N at a rate of 200 ppm occurred between

harvest 4 and harvest 5 and no significant lncreases ln N accumulated

were obtained after harvest 5.

Lentils gro\¡rn on soil amendecl with barley straw accumulated signi-

ficantly less nitrogen in t.he shoots relative to lentils receiving N at

rates of 30 and 200 ppm. Thus nitrogen flxation alone was not suffi-

cient to realfze maximum N yield. The N yields of lentils groi.rn on soil

amended with 30 and 200 ppm N did not differ significantly at any

harvest. Thus, Ehe addition of 200 ppn N did not serve to increase N

yfeld above Ehat obtainecl with the addition of 30 ppm N. These resulËs

rnay indicate that at lor+ levels of applÍed N, symbiotlcally fixed nitro-

gen makes a significanÈ contributlon to total plant N and thus lentils

are capable of atEaining both maximun dry matter and naxlmum nitrogen

yields.

Maximum nltrogen yield of lentil roots groirrn ln barley straw

amended sotl was realfzed at final harvest (Table 22). In conLrast,

lentil roots aÈËained maximum N yields at harvesr 4 with the application
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of nitrogen at rates of 30 and 200 ppm" Nitrogen accumulation in lentil

roots essentially ceased at bloom and at first flower for lentils

receiving 30 and 200 ppm N, respectively.

Nonnodulating soybean shoots continued to accumulate nitrogen

throughout the duration of the experimenE when gror,/n in soil amended

with barley stra\r (fabte ZZ) " Continued accumulation of N suggests the

small amounts of N became plant available throughout the duraËion of the

experiment through Ehe process of mineralization of organic N. In

conLrast, where N was applied at a raLe of 30 ppm Nr N yields did not

increase after harvest 2, despite significanc increases in dry matter

yie1d" This suggests that nonnodulating soybeans had depleEed available

soil and fertiLízer N sources by harvesÈ 2. Maximum N yields v/ere

obtained at the final harvest for nonnodulating soybeans receiving N aE

a rate of 200 ppm. Thus data suggest that at a rate of 200 ppm N,

nitrogen was not limiting to plant growth and that nonnodulating soy-

beans may have continued Eo accumulate N until final harvest.

Lentí1s gror¡/n in soil amended with barley stra\.,i and 30 ppm N had

significantly higher N yields (P = 0"05) than nonnodulating soybeans aE

all but the f irst t\^io harvest.s. Thus data indicate that f ollowing

harvest 2, symbiotically fixed N contributed significantly Lo Ehe total

N yield of lentil shoots. In contrast, where N rvas applied at a rate of

200 ppmr lentil N yields r¡/ere significantly greater than nonnodulating

soybean N yields (P = 0.05) only aE Ehe final t\"/o harvests.

The percenL nitrogen derived from fertiLízer in both lentils and

nonnodulating soybeans increased significantly from harvest I to harvest

2 (TabLe 23) " This increase may reflect early incorporation of seed N

and (or) limired use of fertiLízer N during early grorvth stages.
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Table 23.

Crop, portion
harves ted ,
and nitrogen
rate (ppm)

LenËil shoots
30

200

Lentil rooEs
30

200

Nonnod soy
shoots 30

Effect of nitrogen applicatlon on percent nitrogen derived
from fertilizer (Ndff) in lentil shoots, lentil rooEs and
non-nodulating soybean shoots, determined at successive
harvest dates (Growth Chamber ExperimenE C)"

Percent nitrogen derived from fertilizer

tiãr-vest n-Jiîu-sT-Tnar""" È Harves t
3 6

2Lb B

6Ia B

r0

6t

200

Refer Ëo Table 20 for corresponding
logical stage of 1entils.

Means followed by the same lowercase
crop and porËÍon are not sígnificant

Harves t
5

days after see<ling and physio-

32

68

C

B

A

A

30

73

A

A

letter in each
1y different at

column within each
P = 0,05.

lleans followed by the same uppercase letter in each rovr are not
significantly different at P = 0.05 (Duncan's Multiple Range Tesr),

ûa2s3
42a C

13 b

34a

6b D

58a B

2Lb

55a

A

4

A

A

34b

73 a

IB b BA

50a A

2Tb B

66a A
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Following harvest 2, the percent Ndff declined in the shoots of

lentils receiving N at a rate of 30 ppm. The significant decline in

percent Ndff evidences the dilution of 15X labelled f.ertíLízer

derived N with syrnbiotically fixed N and (or) minerali.zed soil N,

Further decreases in percent Ndff $rere not obtaíned after harvest 5

which suggests that little or no symbiotic fixation occurred betr¿een pod

developmenË and rnaturity. The percent Ndff in lentils receiving 200 ppro

N declined significantly from harvest 2 to harvest 3, whích indicaËes

that the incorporation of symbÍotical1y fixed N and (or) mineralized

soil N served to dilute 151¡ labelled fertilizer derived N. However,

no further significant decreases in percent Ndff were obtained following

harvest 3 which suggests that very little, if ânyr nitrogen rras

contribuÈed by synbiotic nitrogen fixation"

At the high rate of fertilizer N application, lenÈi1s derived a

greater proportion of the total N accumulated from fertilizer N rather

than from soil and syrnbiotically fixed N, as evidenced by the higher

percent Ndff values for the 200 ppn N treatmentn Increases in percent

Ndff reflect both enhanced availability and uptake of fertilizer at rhe

higher rate of N applicaLion" In addition, it is likely that increases

also reflect suppression of symbiotíc fixation"

The percent Ndff in lentil roots also increased from harvest 1 Ëo

harvest 2 (Table 23). Againu Ëhis increase may have been due to early
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incorporati-on of seed N and (or) linited use of fertilizer N during

early growth stages" No significant changes in the percent Ndff of

1enti1 roots occurred after harvest 3 for lentils receiving N at a rate

of 30 ppn" The observation thât percent Ndff did not change in the

roots after harvest 3, yet decreased significantly in the shoots

suggests that synbiotically fixed nitrogen r¡ras not incorporated ín the

roots to the same extent as it r¡ras in Ëhe shoots " Rather it is

suggested that fixed N was preferentially transported out of the roots

and incorporated in the shoots. Similarly, the percent Ndff of lenÈil

rooËs grovm ín soil amended with 200 ppm N did not decrease significant-

ly after harvest 2 wíth the exception of harvest 5. It is posslble that

the signÍficanÈ decrease in percent Ndff at harvest 5 was a reflection

of experimental error rather than of a real decrease.

Comparison of the percent Ndff in lentÍl roots between the tvüo

nitrogen fertilízer treatments indícated that at all harvesËs, percent

Ndff was greater aË the higher rate of N application" Thus, the data

suggest that at the lower rate of applied fertilizer N, symbiotically

fixed N served Lo dilute 15U labelled fertilizer N accumulated in

lentíl roots u

The percent Ndff in nonnodulating soybean shoots increased from

harvest 1 to harvest 2 for both N fertilizer treatmenËs (Table 23). The

increase in percent Ndff r^ras 1ike1y due Èo early dependence on non-

labelled seed nitrogen" Following harvest 2, percent Ndff in non-

nodulating soybean shoots did not change significantly for either treaË-
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ment with the exception of harvest 5 for the 30 ppn N treatment, Per-

cent Ndff in lentil roots also declined significantly at harvest 5.

There is no known reason for the significant decreases in percent Ndff

at this harvesL and thus it was concluded thaË the decreases were due to

experimental error.

Comparison of the percent Ndff values for nonnodulating soybeans

receiving 30 and 200 ppm N indicaÈed that at the higher N rate, uptake

of fertilizer N made a greater contribution to total plant N than soíl

Nn This is consistent with the observation that, as early as harvesË 2o

nonnodulating soybeans receiving N at a rate of 30 ppm¡ had developed

visual signs of N deficiency" rn contrast, prants receiving N at a rate

of 200 ppm !üere not N deficient and they continued to feed from the

fertilizer and soil N sources"

Where N was applied at a rate of 30 ppmr the percent Ndff in non-

nodulating soybean shoots did not differ sígnifícanËly fron the percent

Ndff in lenËil shoots (P = 0.20) for the first tr¿o harvests. Thus data

indicate Lhat during the early growth stages, lentils and nonnodulating

soybeans shared similar N sources and symbiotically fixed N did not con-

tribute significantly to total N in lenti1 shootsu Hor,rever, percent

Ndff in nonnodulating soybeans r{as determi-ned to be significantly

greater (P = 0.05) than in lentils for the remaining harvests, which

evidences the diluËion of 15U labelled fertilizer derived N by

synbiotically fixed N in the lentils. tr{here N r¿as applied at a rate of

200 ppm¡ percent Ndff in nonnodulating soybeans t{as significantly

greater Ëhan Ëhe ccrresponding lenEil values only for the final three

harvesÈs and only at the tr^renty percent level of probability. Thus data
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stiggesE that symbiotically fixed nitrogen contributed little to the N

status of lentils receiving N at a rate of 200 ppm and subsequently

litt1e or no dilution of fertilizer derived N occurred.

Accumulation of fertíIizer N in the shoots of lentils receiving N

at a rate of 30 ppm increased significantly from harvest I to harvest 2

(table 24)" Further increases in fertilizer N accumulation ßrere not

statistically significant rvhÍch suggests that lentils hacl depleted this

N source by harvest 2" In contrast, lentils grov/n in soil amended with

200 ppm N continued to accumulate fertilizer N throughout the duration

of the experiment" Although total N accumulation in lentils receiving

30 and 200 ppm N r\ras similar, lentils receiving the higher race of.

applied N accumulated significantly more N from lhe fertilj-zer source al

each harvest. Accumulation of fertilizer N in the roots of l-entí1s

receiving 30 ppn N did not change significantly fo1lolríng harvest 2"

However, where N was applíed at a rate of 200 ppm, accumuration of fer-

Eilizer N in the roots increased until harvest 3. Following harvest 3,

rlo further sígnificant increases in fertilizer N accumulation \,rere

obtained.

Accumulation of fertilizer N in nonnodulating soybeans receiving N

at a rate of 30 pprn díd not increase past the second harvest which in-

dicates that the available fertilizer N source had been depleted (table

24)" In contrast, fertilizer N accumulated. in the shoots of nonnodu-

lating soybeans receiving N at a rate of 200 ppn contained to increase
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Table 24. Effect of nitrogen application on fertilizer ní-trogen
accumulation in lentil shoots, 1entil roots and non-
nodulat.ing soybean shooËs, determined at successive harvest
dates (Growth Chamber Experiment C) 

"

1 R"f.t to Table 2O fox corresponding days after seeding and physio-
logical stage of 1enti1s,

2 M""o" followed by the same lowercase letter in each column within each
crop and portion are not signifÍcanËly different at P = 0"05 (t-test).

3 M."rr" followed by the same uppercase letter in each rorÀr are not
significantly different at P = 0"05 (Duncants Multiple Range TesË)"

Crop, portion
harves ted,
and nitrogen
rate loom)

Fertilizer nÍtrogen accumulatÍon (ng pot-l)

Harves t r
1

Harvest
?

Harves t
3

llarves t
t+

Harvest
5

Harvest
6

Lentil shoots
30

200

to ¡2 ¡3

20a D

45bA

111 a D

65bA

222 a DC

70bA

326 a CB

67bA

486 a BA

68bA

631a4

Lentil roots
30

200

4b

9a

B

C

36aA

40aCB

33bA

94 aBA

30bA

ll0aA

28bA

72 a BA

32aA,

ll1aA

Nonnod soy
shoots 30

200

20b

4La

D

F

77bBA

2OO aE

73bBA

332 aD

6lBCB

396aC

49bc

502 aB

81 bA

577 aA
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throughout the duration of the experiment which indicates thaE this N

source {^/as not limiting

Percent utilizalion

Eo grovrth"

of fertilizer N, applied at a rate of

by lentil shoots did not change significantly following the

30 ppm,

second

harvest although slight increases \4rere obtained (table 25) " Lentils

utilized a maximum of 38.8 percent of the fertilizer N applied at a rate

of 30 Ppm N. Percent utilizaËion of fertilizer nitrogen vras increased

to a maximum of 52.6 percent at the 200 ppm N rate of fertíLizer appli-

cation" These results are consistent ivíth data obtained during the 1983

field experiment ín whích percent utilization of fertilizer N increased

from 19"4'l when 30 kg N ha-I r,ras applied ro 30"67" v¡hen r00 kg.

N ha-l t^ras applied" Some authors have reported both increases in

percent uEilization of fertílizer N wiËh increased fertilizer N supply

(A11os and Bartholomew, L959l. Díebert er al., L979; VasÍlas and Ham,

1984) as well as decreases (Regitnig, I979).

The data indicate that although percent utílization of fertilizer N

increased with increased rate of fertilizer addÍtion, this íncrease was

not achieved until final harvest. Furthermore, percent utilization of

fertilizer N r,¡as actually higher where N was acded at a low rate for the

ç:-^+ C^--- L ml-i- 
- 

r i! -L! ù L r uul rld.I Ves LS a ItIIs ruay tlaVe Deen GUe, 1n paf E, EO Ene f AC E lnaf
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TabLe 25" Effect of niËrogen applicaËion on percent utilizatíon
of fertilizer nitrogen by lentil and nonnodulating soybean
shootso determined at successive harvest dates
(Growth Chamber Experiment C) 

"

1 R.f"t to Table 20 lor corresponding days after seeding and physio-
logical stage of lentils"

2 lul."rr" followed by the same lowercase letter in each colu!ûn wíthin a
crop and portion are not significantly different at P = 0"05 (t-Test).

3 l"turrr" followed by the same uppercase letter in each rorr/ are noË
significantly different aË P = 0.05 (Duncan¡s l"lultiple Range Test).

Table 254. Level of significance associated with differences between
percent utilization of ferËilizer nitrogen by lentils and
nonnodulating soybeans (Growth Chanber Experiment C).

Crop
and nitrogen
rate ( pom)

Percent utÍlization of fertilizer nitrogen

Harves t r
1

Harvest
2

Harvest
3

Harvest
4

Harvest
5

Harvest
6

Lentil shoots
30

200

5 "6a2

I "6b

s3

E

25 "Oa

9 .3b

A

D

35 "9a

18"5b

A

DC

38 .8a

27 "2b

A

CB

37 "Ia

40.5a

A

BA

37,4b

52 "6a

A

A

Nonnod soy
shooËs 30

200

10,8a

3 "4b

C

F

42,5a

16 "6b

BA

E

40 .4aBA

27 "7b D

33"9a B

33.0a C

40,5a

4L"9a

BA

B

44 "Ba

48 ,0a

A

A

Nitrogen
rate ( pp

Level of significance (%)

[Iarvest
1

Harvest
2

llarves t
J

Harvest
4

Harvest
5

Harvest.
6

30

200

NS1

5

NS

5

NS

15

NS

NS

NS

NS

NS

NS

1 Not significant at P > 0,20,
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r.ertLlizer N had been added to the soíl in the bottom half of the pots,

and at a raËe of 200 ppm N, the level of N rùas inhibitory to roor

growth during early developmental stages, As a result, it was observed

that a greater proportion of the fertiLizer N r,¡as utilized by the 1en-

tils receiving 200 ppm N at the later stages of growth as compared to

lentils receiving 30 ppm N. Differences may also be due, in part, to the

capacity of lentils to use fertilizer N"

Nonnodulating soybeans uÈilized a maximum of 44. B percent of fer-

tj-lizer N applied at a rate of 30 ppm (table 25). This value of maximum

recovery, achieved at final harvest, did not differ significantly from

values obtained at the previorrs four harvests with the exception of

harvest 4. Thus, by harvest 2, nonnodulating soybeans had already

utílized al-l of the available fertilizer N and rüere unable to recover

any moreo rn contrast, percent utilization of fertilizer N by non-

nodulatíng soybeans receiving N at a rate of 200 ppm continued to

increase at each successive harvest" Continued increases in Ëhe percent

uËilization of fertilizer N suggests thaË fertilizer N uptake r4/as not

lirnited where applications of 200 ppm N had been made.

Nonnodulating soybeans groiün írr soil amendecl v¡ith 30 ppm N utilized

significanÈly more fertilizer N than those groÌ,rn in soil amended with

200 ppm N for the first three harvests" However, for the final three
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harvest.se percent utilizatíon of fertilizer N by nonnodulating soybean

Í,/as not significantly affected by rate of fertilizer application,

Comparison of the percent utilization of tertiJ-izer nÍtrogen by

lentils and nonnodulating soybeans indicate that the two crops r{ere

equally adept in extracting fertilizer N when applied at a rate of 30

ppn (Table 25A) " Thus, it is suggested that at the 30 ppm N rate of

fert.ilizer applicationo the use of N balance techniques to determine

quantiËy of N synbiotically fixed may be justified by the facË that

utilization of f ertilizer N by the tq/o crops r¡ras not signif icantly

differento Hor,rever, when nitrogen was applied at a rate of 200 ppm¡

nonnodulating soybean utilized significantly more N than the lentils at

Ëhe first three harvests. This may reflect better Ëolerance to high

rates of fertilizer N by Ëhe nonnodulating soybeans and (or) a greater

total N requirement at the earlier growth stagesn Percent utilizaËion

of fertilizer N applied at a rate of 200 ppn rdas not significantly

differenÈ for lentils and nonnodulating soybeans at the final three

harvesÈso Thus in later stages of growth, both crops r^7ere equally adept

in extracting fertilizer N.

'A' values for lentils receiving N at both 30 and 200 ppn de-

creased from harvest 1 to harvest 2 (Table 26) " High estinates of the

soil N pool at harvest I 1ike1y resulted from the fact that the

fertílízer N standard r¡ras relatively unavailable at this harvest, Thus

lentils did not obtaín a representative portion of N from Ëhe fertil-

ízer because the fertilizer had been placed in Ëhe boËtom half of

the poÈs, beyond Ëhe depth of the roots düring early development.
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Table 26" Effect of ni-trogen application
soybean rA¡ values, deEermined
(Growth Chamber Experiment C),

on lentíl and
at successive

nonnodulating
harvest dates

Crop
and nitrogen
rate (ppm)

rA' - values (ppr)

Harvestr
1

Harvest
2

Harvest
J

llarves t
t+

Harves t
5

Harvest
6

Lentils
30

200

857b2

I656a

ç3

A

446a

508a

C

C

67 6a

78La

C

BC

L529a

77 0b

CB

BC

287La

I 120b

A

B

1.877 a

927b

AB

B

Nonnod
soybean 30

200

772b

L45La

A

A

349a

44Ba

B

B

387 a

563a

B

B

424a

456a

B

B

677 a

62La

A

B

338a

45Oa

B

B

Refer to Table 20 f.or corresponding days after seeding and physio-
logical stage of lentils"

Means followed by Ehe same
crop are not signifieantly

Means followed by the same
significantly different at

lowercase 1eËLer
different at P =

uppercase letter
P = 0.05 (Duncan'

in each column within a
0.05 (t-Test).

in each ror/ü are noË
s Multiple Range Test) "

Table 264" Level of sígnificance associated
lentil and nonnodulating soybean
ExperimenË C) 

"

with differences between
tA' values (Growth Chamber

Nitrogen
rate (oo

Level of significance (Z)

Harvest
1

Harvest
2

Harvest
3

Harvest
4

llarve s t
5

Harvest
6

30 NS1 NS

Not significant at P ) 0.20.
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Decreased tAr-values at harvest 2 reflect increased fertilizer N uptake

due to root proliferation into the zorLe of ferËilizer N application.

Increases in lentil rAt-values from harvest 3 to harvest 5 where N was

added at a rate of 30 ppn and from harvest 2 to harvesE 5 where N r^ras

added at a rate of 200 ppm¡ resulted from the uptake of synbiotically

fixed N and (or) nineraLízed soil N,

AË harvest 1, the'At-value for lentils receiving N at a rate of

200 pprn was significantly higher Ëhan for lentils receiving N at a raËe

of 30 pprn. Again, this evidences the fact that N applied at a rate of

200 ppm r¡ras toxic and inhibited N uptake from the fertilizer sourceo

Thus, the soil N pool, whi-ch was estÍmated relaËive to the fertilizer N

standard, r^7as likely overesËimated at the high rate of applied No At

harvest 2 and harvesË 3, lentil rAr-values ú7ere unaffected by the rate

of N applied, suggesting that the lentils obrained N from similar

sources in the same proportionu However, ât the final 3 harvests,

tAr-values for lentils groqrn in soil amended with 30 ppn N were signif-

icantly greater than for 1enËils receiving 2OO ppxn N. This suggests

that synbiotic N fixation made a significantly greater conEribution to

the N yield of lentils receivíng 30 ppm N.

Sinílar to lentil ¡Ar-values, nonnodulating soybean tAr-values rrTere

significanËly hígher at the first harvest than at harvest 2 (Table 26) "

Agai-n, this reflects both the method of placement and application of

toxic levels of No Nonnodulating soybean rAf-values did not change

following harvest 2 with the exceptíon of harvesÈ 5 for the 30 ppn N

treatment. The relatively high 'Af-value at this harvest rsas likely due
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to experimenlal error.

l,/ith the exception of harvest l, nonnodulating soybean rAr-values

r^rere not significantly affected by the rate of N application. This is

in agreement with a number of st.udies in which it was reported that the

'Ar values r^lere independent of the rate of fetilizer application (Legg

and Allison, 1959; Hunter and Cart.er, L965; Legg and Stanford, 1967;

Smíth and Legg, l97L).

Symbiotically fixed nitrogen $ras calculated using the rAr-value

method, the 15W Assisted. Difference method and the Classical Differ-

ence method. Calculation of synbiotically fixe<l nitrogen using the

'Ar-value method indicated Ehat, when nltrogen had been added at a rate

of 30 ppm, symbiotic fixation continued to contribuËe significantly Eo

the total N yield of lentils until harvest 5 (Table 27)" Further

increases in the quantity of syrnbiotically fixed N beyond fhis harvest

were noE slgnificant. A maximum accumulation of 944 ng of synbiotically

fíxed N was attaíned. where N was applied at a rale of 200 ppro, accumu-

lation of syurbiotically fixed N was greaEly reduced although the data

suggest that the fixation system was still operative and contributing to

the toËal N yíe1d. Examination of the root.s indicated that some nodules

had established despite high levels of applied fertilizer N, although

nodule numbers l{ere greatly reduced and tended to be relatively sma1l.

Accumulation of syroblotically fixed nltrogen was also determined

using the 15W Assísted Difference lfethod and the Classical Differ-

ence Method (Tables 28 and 29). Apparent differences in Èhe accumula-

t ion of syrobiotically f lxed N as estinated using Èhese t\,ro rnethods

reflects differences in the percent utillzatlon of fertilizer N by
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TabLe 27 " Effect of nitrogen application on the accumulation of
synbiotically fixed niËrogen ín lentils as calculated using
the ¡At-value method (Growth Chamber Experi_ment C).

1 Refur to Table 20 lor corresponding days after seeding and physio-
logical stage of lenti1s.

2 M."rrs followed by the same lowercase letter in each column are not
significantly different ar P = 0"05 (Ë-Test)"

3 M""rr" followed by the same uppercase letter in each ror¡i are not
significantly different at P = 0,05 (Duncan's Multiple Range TesË)"

Nitrogen
rate ( oo

SynbioËicaIly fixed nitrogen (mg lot-l¡

Harvestr
1

Harvest
2

Harvest
3

Harvest Harvest
5

Harvest
6

30

200

Ba2 63

4a B

35a

L2b

c

B

105aC

39bB

430a8

93bAB

8l4aA

225bA

944aA

256b1'
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Table 28. Effect of nitrogen availability, on the accumulaEion of
symbiotically fixed nitrogen j.n lentils as calculated usíng
thu 15U Assisted Dífference method (Growth Charnber
Experiment C).

Ní trogen
rate ( oo

SymbioËica11y fixed. nitrogen (ng poL-l¡

llarves t r
1

Harvest
2

Harvest
3

Harvest
4

Harvest
5

Harvest
6

0(L"/.) barley
s traTir

30

200

to a2 c3

28a C

23a A

lBaC

13aC

-29aA

86aC

87 aC

-13a4

79bc

452 aB

67bA

27BbC

862aA

2L7b1^

814a4

9L6aA

24IbA

I Rufer to Table 20 f.or corresponding days after seeding and physio-
logical stage of 1entils.

2 lul"rrr" followed by the same lowercase letter in each column are noË
significantly different at P = 0.05 (Duncan's Multiple Range TesË).

3 Mu.rr" followed by the saue uppercase letter in each ror,r are not
significantly different at P : 0,05 (Duncan's l"tultiple Range Test)"
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Table 29 " Effect of nítrogen availability on the accumulation of
symbiotically fixed nitrogen in lentils as calculaËed using
the Classical Difference nethod (Growth Chamber Experiment C).

Nitrogen
rate ( pp

Synbiotically fixed nitrogen (ng pot-l ¡

llarves t r
1

Harvest
2

Harvest
3

Harves t
4

llarves t
5

Harvest
6

0(L"/") barley
S t ra\¡t

30

200

-L0 a2 C3

-3Ba C

-44a B

lBaC

laC

-118 a B

86aC

79aC

I24bB

79bC

460 aB

-3bAB

278bC

878a4

201bA

Bl4aA

904a4

295bA

1 R"f"r to Table 2O for corresponding days after seeding and physio-
logical stage of lentils"

2 1"1""rr" followed by the sane lo\¡/ercase letter in each column are not
significantly different at P = 0.05 (Duncants Multiple Range TesË),

3 M"trr" followed by the same uppercase letter in each ror¡r are not
significantly different at P = 0.05 (Duncan's Ì"lulËip1e Range Test).
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lentils and nonnodulating soybeans. Using the N balance techniques Ëo

calculate symbiotic fixation, it was found that the addition of barley

sLrahT to the soil delayed accumulation of fixed N. Thus ít is suggested

that low levels of fertilízer N may stimulate early grorrth and develop-

ment of 1entil seedlings, thereby encouraging the development of an

active N fixing relationship" Nitrogen applied at a rate of 2OO ppn

also inhibited N fixation and data suggest that at the high rate of N

ferti1-ization, 1ittle or no fixatíon occurred, Negative values for fixa-

tÍon where N had been applied at a rate of 200 ppn may have been due Èo

what appeared to be a greater tolerance to high levels of fertilizer N

by the nonnodulaÈing soybeans during early growth stages"

Comparison of the three methods used to determine Ëhe quanËity of N

fixed indicated that where lentils and nonnodulating soybeans utilized

sirnilar quantitíes of fertilizer N, estimates of N fixation were quite

consistent "

The effect of varying levels of N availability is illustrated in

Figure 1. Estimates of N fixation for lentils receiving 30 and 200 ppm

N r¿ere calculated using the rA¡-va1ue method. The Classical Difference

method was used Ëo calculate the quantity of N fixed where barley straúl

r^ras added. Lentils aecumulated a maximum of 944 mg N pot-l r,¡here N

was applied at a rate of 30 ppn" At this rate of N application, notable

accumulation of symbiotically fixed N began after harvest 2, which cor-

responds to the bud stage of development, This is in agreement with

I^Ia11ey (1983) who reported that under sirnilarly controlled conditions

and l'I fertilizer applí-cationn lentils began fixing significant amounts

of N during early flowering. Addition of barley stralr delayed fixaËi-on
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and resulted in less total accumulation of fixed N as compared to the 30

ppn N treatment, With the addition of barley strafr, notable accumula-

tion of symbiotically fixed N began after harvest 4 which corresponds to

the bloon stage of developmenË. Although accumulation of symbiotically

fixed nitrogen \'¡as rapÍd following harvest 4 u total accumulaËion

appeared to have been limited by the maturation of the lentils. Thus

lentils gronn in soil amended with barley strard accumulaËed less

syrnbiotically fixed N than lentÍls receiving 30 pprn N" Although appli-

cation of. 200 pprn N liuiËed the accumulation of fixed N, symbiotic fixa-

tion was not eompletely inhibited" At final harvest, lentils grown on

soil amended vuiÈh 200 ppn N, had accumulated 256 mg N pot-l " Fixation

appeared to begin following harvest 2 which corresponds to the initia-

tion of first flor¿er" LenËils receiving both 30 and 200 ppn N began

fixing N at the sane developnental sÈage. However, rate of accumulation

of fixed N was much less at the higher rate of N fertilizer application

and Ëhus total accumulaËion ¡¡as limited. Thus it can be concluded that

synbiotic N fixation may benefit from the addiËion of low levels of

applied N where available soil N is sËrictly liroiting. Positive effects

of applied nitrogen on symbiosis have been reported by several

researchers (Pate and Dart, L96L; Dart and tr^lildon, L97O; Agboola, L97B;

Eaglesham et al., 1983) " It has been postulated that the beneficial

effecËs of low levels of applied N on symbiosis are explained in Eerms

of an alleviation of the "N hunger" sËage of growth during early plant

development subsequent to cotyledon consumption and prior to the onset

of significant nodule fíxaiion (Pate and Dart, I96L), Although low

levels of applied N may benefit N fixation where N is sËrictly liioiting,
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high levels of applied N, such as the 200 ppm N Ereatment¡ mêy lirnít N

f i-xation.

Seed yie1d, deEermined at fÍnal harvest, v¡as lovrest r,rhere soil had

been amended with barley sËraT¡r (Table 30). This contrasts Èhe present

Saskatchewan Agriculture recommendations which suggesE that 1enti1

yields may be enhanced by nitrogen stress (Saskatchewan Agriculture,

1985). Lentíl seed yields did not differ significantly where N Þras

added at 30 and 200 ppn" Percent protein of the seed was unaffected by

N availability (Table 30).

Harvest index of 1entils, which is given by the ratio of seed to

total dry matter yield increased r,rith increasing N availability (Table

30) " This suggesËs that increasing increments of available N served to

increase reproductive growth to a greater degree than vegetative growth.

Growth Chamber experiment C indicated Ëhar lentils may benefi-t from

the application of low levels of fertilizer N. The benefit is seen in

both improved N fixaÈion as well as maintenance of maximum seed yields"

Application of high levels of ferËilizer N limired N fixation in

1enti1s. Furthermore, the increase in N supply did not result in any

yield benefits. However, it Ís important to note Ëhat lack of response

to high levels of applied fertilizer N may have been due, in part, Eo

toxic effects of urea on plant growth. NiËrogen stress, simulated by

the addition of barley strar¡r to the soil liuited boËh quantity of nitro-

gen fixed as well as yield" It is obviously desirable to retain as much

fíxation as possible in addition Ëo attempting to maximize yields. Thus

it is suggested that lenËils will benefiE from the application of 1ow

1eve1s of fertilÍzer N if soil N is lirniting to growth.
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Table 30.

Nítrogen
rate (

0(Ii!) barley
s f ra!,r

30

200

( ot-t )
Percent
Protein

23a

23a

23a

llarves t index
(%)

Effect of niLrogen application on seed yie1d, percent
protein of seed and harvest index of lentils
(Gror¿th Charnber Experiment C).

Seed yiel<1

16,

))

))

Bal

Ba

la

l"leans fo11or,¡ed
different at P

by the same lett.er in each column are not
= 0.05 (Duncan's Multiple Range Test).

significantly

35.6 b

39.3 ab

43"8 a
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+"¿ FIELD EXPERI},IENTS

4"2"I Field Experiments 1983

An experiment with lentils and nonnodulating soybeans r¡as conducted

under field conditions during the summer of 1983, The objeeEive of this

experiment I,las to determine the ef f ects of varying rates of nitrogen

fertilizer on dry matter yield, nitrogen yield and nitrogen fixation in

lentilsn In addition, where nitrogen fertilizer rdas applied at a rate

of 30 kg ha-l, a time-course study rras conducted through a series of

six harvests. The objective of the Ëime-course study r^ras to exarnine the

accumulation of dry matter, nitrogen and symbiotically fixed nitrogen in

lentils over time. Accumulation of synbiotically fíxed nitrogen hras

determi-ned usÍng the rAr-value method, the 15N Assisted Difference

method and the Classical Difference method.

Quantification of nitrogen fixaËion by a legume necessitates the

use of a nonfixing reference plant so thaË the contribution of soil and

(or) fertilizer nitrogen to the niËrogen yield of rhe fixing planr may

be determined. The success of any method used to determine symbioËical-

Ly fixed N depends largely on the choice of the nonfixing reference

cropo when employing nitrogen balance Ëechniqueso such as the 15N

Assisted Difference method and the Classícal Difference method, suit-

ability of a reference crop depends on íts utilizatíon of fertilizer and

soil N in the same quantities as Ëhe legume cropo Thus, in a time-

course sËudy, both the test crop and the reference crop nust have

similar seasonal patterns of fertilizer and soil N uptake.

Application of the rAr-value method, which is based on dífferenËial
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isoËopic dilution by the tesË legume and the non-fixing reference crop,

is also not without llmitaEions related to Ehe choice of the reference

croi)" I{itty (1983) found that when using Lhe 'Ar-value method, field

esÈimates of fixation using peas, french beans, field beans and clover,

depended on the nonfixing control used. He contended that this depend-

ency was related to differences in the N uptake patterns of lhe legurnes

and the control combinations. He based his contention on Ëhe fact that

the enrichment of mineral N in the soil falls with Èime after the appli-

cation of l5¡i. Thus, if a legume and a nonlegurne are to see the

saue soil N pool, the nitrogen uptake patterns of the two crops over the

growing season must be the same. Even if at maLurity iË is deEermined

that the test legume ancl the reference crop took up identical quantities

of soil N, the 'A'-value rnethocl üay be in error (Llitty I983). For

exarnple, if Ëhe control crop takes up nitrogerr earlier than the legune

and hence at a higher enrichment of 15N, the apparenE soil N pool

(tAr-value), which is calculaterl from the enrichment of the standard, is

disproportionately small relative to Ehat of the legune and thus nitro-

gen fixation is overestimated.

Dissimilarity of maturation date is ofEen seen to preclude simi-

larity ín nitrogen uptake patterns and thus Rennie (1982) suggesEed that

a maturation date siroÍlar to that of the legurne is a necessary prerequi-

siËe for a nonfixing control crop.

In addition to sharing identical soil N uptake patterns, either

15¡t labelled fertilizer must be evenly distrlbuÈed with depth, or

the two crops must have the same rooting patterns (Diebert et al. , 1979;

Rennie, L9B2; I{itty, 1983)" Similarity of rooEing patterns ensures that
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the legune and Ëhe reference crop feed from the same soil N pool"

Fina11y, the rAr-value procedure is based on the concept that a

p1ant, when conf ronted t¿ith tr¡ro sources of a nutrient, will absorb

nutrienr from each source in proportion to the amounts available (Fried

and Deano 1952). Furthernore, by definition, the legume and the non-

fixing control crop must assimilate fertilizer and soil N in the same

proportion (Fried and Broesharto L975; Fried and l"iiddleboe, L977)"

Stringent prerequisites for a non-fixing conÈro1 plant such as

those outlined above ensure that the reference crop provides an accurate

estimate of the contribution of soil and fertilizer N to total nitrogen

in the fixing legume. Walley (1983) demonstrated that under controlled

growth bench conditions, nonnodulating soybeans served as an appropriate

reference plant for lentils as it met the prescribed prerequisitesu

Thus nonnodulating soybeans were chosen to serve as Èhe reference crop

in the 1983 field experiments"

15u fir" co"r"" st"dv

Lentils and nonnodulating soybeans did not share similar maturation

dates" At final harvest, 86 days after seeding, lentils had set ripe

seed and r¡rere mature, r¿hereas nonnodulating soybeans had not yet fu1ly

maÈured. Degree of leaf senescence r¡ras notably affected by the differ-

ence in maturation date, and thus was reflected in total dry natter and

nitrogen accumulat.ion patterns of the two crops (Table 31, Figures 2-3).

The maximum amount of dry matter accumulated by the lentil crop was

5245 kg ha-l, attained during pod development, V5 days afEer seeding.

An apparent loss of LL72 kg h¿-l of dry maËter by the lentils, whích
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Table 31. Dry matter and nitrogen accumulation in lentils and
nonnodulating soybeans determined throughout the growing
season (Fie1d Experiments i983),

I Meutt" followed by Èhe same letter in each column not significantly
different at P = 0.05 (Duncan's Multiple Range Test).

Days | Ðevelopmental
after I stage of
seedins I lentils

ry matter accumula-
ion (ks tra-l)

Nitrogen accumula-
tion (ks rra-i )

Lentils
Nonnod

soybeans Lentils
Nonnod
sovbeans

24 | prebud
I

33 
| 

nrelua

47 
| 
ritrr ftower

6I 
I 
earlV pod developmenr

75 | pod developmenr

86 I rto" 
"u"u

5r dl

258 d

17L7 c

4010 b

5245 a

4073 b

87d

218 d

1024 c

t9B2 b

2800 a

3265 a

2"I d

12d

58c

ILz b

L29 a

TLz b

5"7 d

10 cd

28 cb

38b

62a

74 a
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occurred between pod developnent and maEurity, raas due to extensive leaf

senescence as well as some seed shatËering. Nonnodulating soybeans did

noË share Ëhe same dry rnatter accumulation pattern (Figure 2). Although

Ëhe nonnodulatíng soybean yield increase fron day 75 to day g6 was not

significant, the data suggest that the dry matter yield T^7as still

increasing at final harvest. Extensive leaf senescence, associated with

maturíty r^ras not noÈed in the field"

The maximuu rate of dry matter accumulation by the lentils occurred

between day 47 and day 61. This corresponds to the early pod filr stage

of developnenÈu

Both lentils and nonnodulating soybeans had nitrogen accumulation

patterns similar to that of the respective dry matter accumulation

patterns. The lentil crop attained a maximum nitrogen content of L2g

kg h¿-l at the pod development stage, 75 days after seeding" Loss of

L7 kg N ha-l following this harvest reflects leaf senescence and seed

shattering which occurred as maturity r,ras approached. A sínilar

decrease in the N content of nonnodulati-ng soybeans r¡ras not observed.

Although the increase in N content fron day 75 to ð,ay 86 !¡as noË signif-

ícant, the data suggest that N conËent of the above ground. portion of

nonnodulating soybeans may have still been increasing at final harvest.

Percent nitrogen derived f rom f ertilizer r^ras similar f or both

lentils and nonnodulating soybeans at each successi-ve harvest date

(Table 32). The decline in Ndff over the growing season evidences the

dilution of 15N labelled fertilizer by soil N and soil and (or)

atmospheric N in the nonnodulating soybeans and lentílse respectively,

The rAr-va1ue method is based on the concept that a prant absorbs
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nutrients from soil and from fertilizer in proportion

quantities available (Fried and Dean, L952) and rhar

and the reference crop assimilate fertilizer and soil

portion (Fried and Broeshart, I975)" Based on

similarities in Ndff values for lenUils and nonnodulat

that the tkro crops derived N from the same sources

fertiLizer, and little or no fixation occurred.

rl6

to the respective

both the test crop

N in the sane pro-

this assumption,

ing soybeans means

, namely soil and

I{ith the excepEion of the first harvesE taken at 24 days, uptalce of

fettíIizer N and the resulting fertilizer N accumulation qras greatest in

the lentils (Table 32)" Thus estimation of nitrogen fixe<l using nitro-

gen balance methods including the 15¡l AssisLed Difference met.hod and

the Classical Difference method is discredited by the fact that the two

crops did not obtain the sane quanËiLy of nitrogen from the ferÈilizer

source. 0n1y when percent utilization of the fixing system is identical

to that of Ëhe nonfixing sysEem can N balance methods accurately

quantify nitrogen fixation. At all but the first and second harvest,

percent utilization of fertilizer N by lentils was significantly greater

than the soybeans at the five percenË leve1 of probability.

Figure 4 demonstrates the difference in fertilizer N uptake

patterns between the two crops. Declining soil enrichment fo1lor¡Íng the

appli-cation of 15¡l labelled fertilizer coupled wirh different N up-

Ëake patterns can conËribute Èo error incurred when using dilution

Ëechniques (l{iÈty, 1983). Thus ít is likely that the different N uptake

patterns exhibited by the t\^ro crops contributed, to some degree, to

error in the calculatirrn of fixed N using the'Ar-value method in this

experiment.
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'Ar-values for lentils and nonnodulating soybeans are reported. in

Table 33. Decreases in the Ndff for both crops resulted in concomitant

increases in tAr-values over the growing aeason" At each of the harvest

dates, 'A' values for lentils and nonnodulating soybeans r^rere of si-milar

magnitude, indicating that insigificant fixation had occurred.

Accumulation of synbiotically fixed nitrogen, as calculated using

the 'Ar-value method, the 15N AssisËed Difference method and the

Classical Difference meËhod, is reported in Table 34.

Deternination of symbiotically fixed niËrogen using the rAr-value

method indícated that little or no fixation occurred during the growing

seasonø High levels of available soíl N (50,9 kg N tra-l) may have

inhibited fixation" Large negative values for N fixation were due to

variation in percenË nitrogen derived from ferËiLí.zet, from ¡vhich rA?-

values l^7ere calculaËed. CalculaËion of nitrogen fixed using the 15U

AssisÈed Difference uethod and the Classical Difference meËhod indicated

that significant amounts of fixed niürogen were accumulaEed by the

lentilsu As evidenced by the relatively low utilízation of fertilizer N

by nonnodulaËing soybeans, it is likely that the eont.ribution of soil N

to total N in the lenËils, as measured by the nonnodulating soybeans,

was underestimated' Underestimation of soil N would result in an over-

esËimation of N fixed' However, as soil N accumulated i.n the lenËi1s

cannot be directly measured, both N balance techniques vrere invalidaËed

by the differences in percent utilization of fertilizer N by the tr¡o

crops o

The 151¡

identifying and

time-course clearly demonstrated the Ímportance of

using a suitable reference cropo Under Ëhe conditions
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Table 33. rA' values for lentils and nonnodulatÍng soybeans determined
throughout the growing season (Fie1d Experirnents 1983).

1 M"trr" followed by the same lor^rercase letter in each column are not
signíficantly different at P = 0.05 (Duncan's lvlultiple Range TesË)"

2 1"1""rr" followed by the sane uppercase letter in each row are noË
significantly different aË P = 0.20 (t-test).

Days
af ter
seedi

Developnental
stage of
lentÍ1s

rA' Value (kg ha-l¡

Lentí1s Nonnod soy

24

33

47

6L

75

B6

prebud

prebud

first flower

early pod development

pod developmenË

ripe seed

r45.96

T42"LL

229 "29

355 "29

486 "25

555 "30

a.2

A

lt

A

A

A

¿1

c

b

105"15 b A

L52"73 b A

20L "36 b A

246 "t3 b A

574"4I a A

67L "92 a A
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Table 34. Accurnulation of sytrbioEically fixed nitrogen in lentils as
calculated using the rAr-value method, Lhe 15N Assisted
Difference method and the Classical Difference method
(Field Experiments 1983).

Days
after
seedi

Developmental
stage of
lentils

Svnbioticallv fixed nitrosen (ks ha-1
A I Va I ue
nethod

LJN Assisted
)iff" method

Classical
)iff" method

24

33

47

6t

75

B6

prebud

prebud

first flower

early pod development

pod development

ripe seed

0"2

-1.5

4.6

31

-22

-23

b1

b

b

-2"8

1"3

25

69

63

36

c

b

-3 "7

1,8

29

73

67

38

a

b

1 M"ttr" follor¡ed by the same letter in each columri not significantly
different at P = 0.05 (Duncanrs Multiple Range Test)"
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of Ehis study, nonnodulating soybeans did nor meeË all of the prerequi-

sites of an appropriate reference plant for lenti1s, and thus estimation

of quantity of N fixed r¿as suspect, particularly when N balance tech-

niques were employed.

Application of 15n labelled fertii-izer allowed for the deter-

mínation of the percentage of nitrogen derived from fertilízex ín both

lentils and nonnodulating soybeans. The data indicaËed Ëhe lentils and

nonnodulating soybeans derived the same percentage of total plant N frour

the fertilizer N source at each harvest date, These results strongly

suggest that the tr^ro crops fed from similar N sources and Ëhus, it is

likely that lentils did noE derive N from symbioËic fixarion. High

leve1s of available soil N coupled with unfavourable droughty conditions

likely resulted in the inhíbition of nitrogen fixaËion,

Nonnodulating soybeans did not meet all of the prerequisites of an

appropriate reference crop for lentils and thus did not provide suitable

estimates of the contribution of soil and fertilizer N Èo Èotal N yield

of lentils when using N balance Ëechniques. Ilowever, droughty condi-

tions may have ínfluenced seasonal growth and nitrogen uptake patterns

of lentils and nonnodulating soybeans. Thus the possibility exists

that, under favorable environmenËa1 conditions, nonnodulating soybeans

may be a suitable reference crop for lentils.

Nitrogen Fertilízer Rate SÈudy

Nitrogen r^7as applied at rates of 0,

lentils and at rates of 0, 30 and 100 kg

beans, For nonfixing plants, the 'Ar-va1ue

300 100 and 200 kg"ha-l to

ha-1 to nonnodulating soy-

has been demonstrated to be
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independent of rate of application (Legg and Allisonr l959; Legg and

Stanford, 1967; Fried and Broeshart, L975) and thus, in light of the

high cost of 15tl labelled fertilizero it was deemed unnecessary Ëo

apply nitrogen at a rate of 200 kg ha-l Ëo Ëhe nonnodulating soybeans.

However, nitrogen $ras added aL both 30 and 100 kg N ha-1 to the non-

nodulating soybeans in order to check thaË the 'Aî-value was indeed rate

independent under the conditions of this experiment.

Despite relatively high levels of available soil N (50.9 kg

lf ha-l ), supplement.al nitrogen rvas found to be an important factor in

attaining high dry matter yields (Table 35), The addition of 30 and 100

kg N ha-l significantly increased the dry matËer yield of 1enti1s.

Application of l0O kg N ha-l resulted in the highest dry natter yíeld

of 4544 kg ha-l, although this yield r{as not significantly greater

than that attained when 30 kg N ha-l IrTas added' Positive yield

responses indicated that soil and symbiotically fixed sources of N were

not adequate to meet plant growth demands. Application of 2OO kg

N ha:l did not increase yields above that of the check treatment. It

is possible that lack of response to high 1eve1s of fertilizer N qras

related to the droughty condítions which persisted Ehroughout the

growing season" Viets (L962) cited several studies in which application

of fertilizer N resulted in an increased depletion rate or an increased

total use of soil waËer. Leubs and Laag (1969) suggested that at high

levels of fertility, increased total use of soil water may lead Ëo an

early exhaustion of soil v/aËer during rainless periods. Early

exhaustion of the soil ¡n¡ater supply can result on severe rrraËer sËress

during criËical growth stages thereby liniting yield. Applicarion of
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2OO kg N.h¿-1 rnay have encouraged early luxuriant use of soil rrater,

exhausting the lirnited supply prior to rapid vegetative growth, thus

linitlng final dry matter yields, Nitrogen fertilizer application did

noË significantly affect seed yields although the data suggest that

application of 30 and. 100 kg N ha-l resulted in posirive yield

responses (Table 35) " Lentil seed yields were very hígh at all levels

of fertilizer application' The lentil plant has an indeterminaËe

flowering habít and Slinkard and Drer,¡ (1982) have suggested that some

drought stress is needed, particularly during the latEer part of the

flowering process, in order to facilitate maturation of younger pods and

maxirnize seed yields. Thus the relaËively hígh seed yields aËtained

duríng the 1983 field season may have been due, in part, to drought

stress u

Harvest índex, which is given by Ëhe ratio of seed yield Èo total

dry matter yield, nas not significantly affected by the rate of nitrogen

applied (Tab1e 35). However, slight decreases in harvest index when

rates of 30 and 100 kg N h¿-l r¡rere applied nay indicate that supple-

mental nitrogen had a greater stimulus on vegetativeo rather than repro-

ductive growtho The highest harvesE index r¿as obtained when nitrogen

\^ras added at a raËe of 200 lcg N ha-l. If , as Luebs and Laag ( 1969)

suggest rnay occur, high 1eve1s of fertility led to an early exhaustion

of soil water, lentils receiving 200 kg N ha-l may have been subjecËed

to a moisture stress earlier in the season than the other treatments.

This early I,Iater stress may have resulted in the favored production of

reproductive rather than vegetative growth. This possibility is

supported by Slinkard and Drew (1982) who have suggesËed thato due to an



Lentils may need

t25

some mois ture s tress Eoíndeterminate growth habit,

encourage seed set,

at rates of

Total plant nitrogen accumulation paralled dry matter accumulation

(ra¡te 35) " Maximum N contents v/ere attained when nitrogen \^7as applied

30 and 100 kg ha-I. Application of 200 kg N ha-l did

not significantly increase crop content over Ehe check" Ni t rogen

accumulated in the seed reflected seed yields and was not significantly

affected by supplemental

that Ehe application of

content.

niErogen (table 35). However, daEa suggests

100 kg N ha-l resulted in Ehe highest seed

Dry matter and nitrogen yields of soybeans are reporLed in Table

36. Application of supplemental nitrogen led to significant dry maEter

yield reduction.

luxurious water

IT I ike ly tha t supp lementa I nitrogen encouraged

consumption, depleting the limiced soil r¡later supply

prior Eo stages of rapid growth and dry matter accumulation" It has

been demonstrated that application of excess N fertilízer may result in

increasing increments of LoEal soil waLer use (Viets, 1962) and thus,

where úrater is limited, higher rates of nitrogen have the greafest

depressive effects on yield.

yields for allVery lor¡ seed nonnodulating soybean treatments

evidence the fact lhat nonnodulating soybeans were harvested prior to

1S

maturity (Table 36), As with dry matter yíelds, seed yields decreased
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30significantly wirh

kg N ha-l also led

tion was not signif

the addition of I00

to a reduction 1n

icant "

kg N ha-l .

seed yield

The addition of

although this reduc-

Total nitrogen accumulation and seed nitrogen accumulation

reflected dry matter yields and seed yields, respectively (Table 36).

FertiLízer nitrogen applied at a rate of 100 kg. N.ha-l served to

decrease both total N and seed N accumulation.

Percent nitrogen derived from fertiLízer in both lentils and non-

nodulating soybeans increased with increasing increments of applied N

(tabte 37) " When comparing a nodulating legume to a nonnodulating

control, it is generally expected that Ehe fixing system has lower Ndff

values, indicating the diluËíon of 15u labelled ferti rízer N by

atmospheric N" \nlhere nitrogen hTas added at a rate of 30 kg N"ha-l ,

lentils and nonnodulating soybeans derived similar amounts of nitrogen

from the fertiLízer source. However, where nitrogen was added aE a rat.e

of r00 kg N.ha-I, nonnodulating soybeans had a lower Ndff value than

the lentils' This may suggest thaL the Eiüo crops were not feeding from

lhe same soil N pool and thus the nonnodulating soybeans were not valid

controls at the 100 kg N.ha-I rate of fertiLízer application"

Lentils accumulated more fertili-zer nitrogen than the reference

crop (Table 37)' Applicarion of 100 kg N ha-l resulted in the accumu-

lation of 27.7 kg hJ of fertiLízer nitrogen in the lenËi1s whereas

nonnodulating soybeans accumulated only 9,8 kg ha-l . Again, dif-

ferences in toEal fertilízer N accumulation may reflect different N
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demands" The large discrepancy in fertiLízer N accumulation may also

indicate that the N uptake patterns of the Lwo crops rdere dissimilar.

Different maturaLion dates further indicate that N uptake patterns vTere

not the same as it is unlikely that periods of high N demands exerted by

the two crops coincided with one another. Although the quantity of fer-

tíLizer nitrogen accumulated by the lentils and nonnodulat.ing soybeans

was not significantly different (p = 0"05) for the 30 kg N ha-l trear-

mentr the time-course study had demonstrated differences in N uptake

patterns.

Percent utilization of fertilizer N by lentils increased f.rom 19.4%

when 30 kg tl ha-l vias applied to 30.6"/" when 100 kg N ha-l r^ras

applied (Tab1e 37). No further increases resulted from Ëhe application

of 200 kg N ha-l. Although percent utilization of N fertiLízer has

been demonstrated to increase with increasing rates of applied N (A11os

and Bartholemew, 1959; Diebert et aL", L979; Vasilas and Ham, Ig84) ,

it is more usual to observe decreases in percent utilization of ferti-

Lízer N r,/ith increasing N raËes, as r^/as reported by Regitnig (1979) 
"

Percent utilizarion of ferti.Iízer nitrogen by Èhe nonnodulating

soybeans \^/as not significantly affecËed by an increase in the rates of

applied u (ra¡le 37).

At both 30 and 100 kg N ha-I, percenL utilization of fertilízer N

t/as greater for lentils Ehan for nonnodulating soybeans, Significant

differences (p = 0.05) in the percent utilization of fertiLíze'r N

invalidates the use of N balance methods for determining the quantity of

symbiotically f ixed niËrogen"



tAt-values, calculated

i30

for both lentils and nonnodulating soybeans,

are reported in Table 38" Lentil tAt-values decreased in response to

added N" Both soil and symbiotically fixed dilure 151¡ labelled

fertilízer N" Thus, 'A'-(soil) values are indeed independent ofif

fertiLize-r N rates,

lenLil tAt-values as

as with the nonnodulating soybeans, the decline

ferrilizer N rates increase indicales a decrease

1n

IN

symb io t ic

tions of

nitrogen fixation. Decreased N fixation in response to addi-

fertilizer N has been demonstrated in a number of crops (Atlos

and Bartholemew, 1955; McAuliffe et al", 1958; Munns,1968; Richards and

Soper, I979)" Nonnodulating soybean'A'-values were not affected by the

rate of fertiLízer N applied

Lentil and nonnodulating

different (P = 0.20) where

soybean tAt-values r¡¡ere not s ignif icant 1y

N was applied at a rate of 30 kg ha-l 
"

Lack

leve I

of significant difference suggests that even at this relatively 1ow

of fertilízer application, lentils did not symbiotically fix

nitrogen" At nitrogen fertílízer rates of 100 and 200 kg ha-l, lentil

tAt-values \^7ere

bean tAt -va1ues.

significantly lower (p = 0.10) than nonnodulating soy-

Lorver tAt-values resulted from the fact that lentils

derived a greater percentage of total crop N from the fertiLizer than

did the nonnodulating soyb€ânso

Symbiotically f ixed ni trogen r¡ras determined by Ehe 'At -value

method, Ehe 15t¡ Assisted Difference method and the Classical

Difference method (table 39). The 151¡ As s is ted Difference method
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Table 38. Effect of nitrogen application on rA'-values of lentils
and nonnodulating soybeans (¡'iet¿ Experiments 1983) "

1 M"urr" fo11or"¡ed by the same letter in each column not significantly
differenË at P = 0.05 (Duncanrs Multiple Range Test).

2 t-test "

Nitrogen Applied
( kg ha-l )

'A' -Va 1ue ( kg tra-1 ¡

Lent i 1

Nonnodulating
sovbean

30

100

200

555 "3 al

316 .8 b

251.6 b

584 "2 a2

608 "4 a



Tabl-e 39. Effect of nitrogen application on the accumulaËíon of
symbiotically_fixed nitrogen as calculated using the rAr-value
method, the l5w Assísted Difference method and the
Classical Difference method (Field Experiments 1983),

L32

Nitrogen
applied
(kg rra-l¡

Synbiotically fixed nitrogen (kg tta-l)
rAt-vafue method rJN Assisted

Difference meËhod
Classical

Difference nethod

0

30

100

200

-11

-91

-ro2

aL

b

7.2

36

4L

7'2

3B

64

a

b

1 }4."tts followed by the same letter in each column not significanËly
different at P = 0,05 (Duncants Multiple Range Test)"
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and the Classical Difference method differed in estimating quantity of N

fixed. Differences in Ëhe two methods are atLributable to the higher

recovery of f ertiLízer N by the lenti1s. use of these L\,/o N balance

techniques was discredited by the facE that lentils and nonnodulating

soybeans did not have the same percent utilization of fertilizer N.

'A'-values for the nonnodulating soybeans receiving 30 kg N ha-l

and 100 kg u ha-l r¡/ere not significantly different. Thus calculation

of symbiotically fixed nitrogen using the'A'-value method vras not

significanLly affected by the rate of fertiLízer applied Ëo the refer-

ence crop" Estimates of quanËity of N fixed reported in Table 39 viere

calculated using nonnodulating soybeans treated with 100 kg N ha-l as

the control. calculation of symbiotically fixed nitrogen using the 'A'-

value method led to large negative values of fixed N, particularly for

lentils receiving 100 kg m ha-l and 200 kg N ha-l

us ing this method \¡iere due to variation related to

. Errors incurred

the parameters frorn

the percentage of Nwhich the tA'-values \dere calculated, most notably

derived f rom f ert i.Lizer,

Direct evidence regarding the quanEity of N symbiotically fixed by

lentils r^¡as not obtained. However, in lighL of the lentil yield

increases associated with added fertilizer N, it can be concluded Ëhat,

under the condition of this experiment, N fixation did not adequately

meet the nitrogen demands of lenCils.

Calculation of the quantity of N symbiotically fixed using both the

15l.tr Assisted Difference method and the Classical Difference method

was discredited by the fact that the tvlo crops did nor utilize the same

percentage of applied fertilízer N. use of the 'A'-value method for
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determining N fixed was also suspect as the lenrils \^/ere more adepL at

utilizing applied fertiLíze'r N than rüere Lhe nonnodulating soybeans,

particularLy at high rates of fertilizer N application. However, where

N was applied at a raLe of 30 kg hr-l, lenLils and nonnodulating soy-

beans shared similar Ndff values which may suggesr that the lentils did

not symbiotically fix niErogen at this rate of f.ertiLízer N application.

It is unlikely that symbiotic fixation r^/as operative at Lhe higher

levels of applied N" Droughty conditions coupled with relatively high

levels of available soil N 1ike1y resulted in the inhibition of

symbiotic fixarion"

4"2"2 Field Experiments 1984

The effecË of nitrogen application on nitrogen fixation, nitrogen

accumulation and yield of lenEils v/as srudied during the 1984 growing

season under field conditions. Two experimenËa1 locations, designated

Haywood and Morden r,r'ere used in this study" studies conducted by

chowdhury et a1" (L974) and sekhon et a1. (1978) indicared ËhaL appti-

cation of fertilizer N did not benefit lentil yield. However, nitrogen

rates used ín these sËudies did not exceed 25 kg N ha-l. McEwen

(I970) suggested that application of small amounts of fer:íIízer N may

have little or no effect on the yield of legumes if the application of

fertiLízer N does not exceed the amounts usually fixed from the atmos-

phere. That is, small dressings of fertirízer niLrogen may lessen

fixation of atmospheric nitrogen by rhizobia so that Ëhere is no net

gain in nitrogen available f.or crop useo ResulLs from the previous

yeat' s study indicated Ëhat lenÈi1s may benefir from the addit.ion of
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suPPlemental nitrogen" The experiments described here further tested

the effecEs of fertiLizer nitrogen, applied aË varying rates, on lentil
production"

In addition, an experiment in which lentils and nonnodulating soy-

beans were grown in lysimeEers rras conducted at Lhe Haywood site. Both

crops received l5u labelled fertilizer applied at a rate of 30 kg

N ha-l . Lys imeters r^¡ere utilized in order to f ac ilitate the excava-

tion and examination of 1entil and nonnodulating soybean roots. The

ob j ec t ive of the lys ime Ler s tudy r¡¡as to de termine the extent to which

consideraËion of root N may influence the determinaEion of symbiotically

fixed nitrogen.

The application of 15u labelled ferti Iizer facilitated Ëhe

determination of symbiolically fixed N" Accumulation of symbiotically

fixed nitrogen r¡¡as calculaEed using the rAr-value method, the 15W

Assisted Difference method and the Classical Difference method. Non-

nodulating soybeans served as a reference cropo In addition, nitrogen-

ase activity I¡/as evaluated throughout Lhe growing season us ing Ehe

acetylene reduction technique"

On June 2nd, a severe windsËorm s\lept the Haywood site, causing

considerable damage to the newly emerged lentils. The 1enti1s, which

had reached a height of approximately five centimeters r,,rere completely

stripped of leaves and, in some cases, shorn off aL ground level. The

nonnodulating soybeans had germinated aL this time buE had not yet

emerged and lhus f¡rere undamaged by the storm. Although lentils

recovered from the effects of the sLorme damage to the crop r,zas exten-

s ive and regrowth r¿as s low.
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Very 1ittle crop cover existed at the time of the windstorm and

evidence of soil drifËing was noted" The effects of soil drifling were

particularly notable in the area of the lysimeter experimenL as the 1ip

of the exposed lysimeters served to collect drifting soi1. Although it

is not known to what degree the soil drifring may have influenced

experimental results, it is likely that some cross-contamination of

treatment plots, treaEment subplots and lysimeters occurred. In addi-

tion to encouraging variability amongst treatments, cross-contamination

of l5U labelled treatment subplots and lysimeters may have diluted

the 15tq labelled soil pool and thus led Ëo an underesEimation of the

contribution of ferLiLízer N to toEal crop N and an overestimation of

crop tAr-values.

0n July 7th, a hailstorm occurred at the Haywood site damaging boLh

lentils and nonnodulating soybeans. The 1enti1s, having recovered from

the previous storm, $rere only 5-7 "5 cm in height and had initiated

branching. Many of the lentil plants v¡ere knocked to the ground and

some leaf loss r^/as noted. The nonnodulating soybeans had reached the

2-3 trifoliate leaf stage at the Lime of the storm and many of these

leaves \rere either dislodged or badly shredded by the hail. Both

lentils and nonnodulating soybeans recovered from this second storm and

although some dry maËEer was lost, very few plants nere damaged beyond

recovery. Lentils at Haywood required 91 days to mature whereas the

crop aL Morden matured ín 74 days" It is thought Ehat Ëhe damage caused

by the t$7o storms at Haywood prolonged the duration of the growing

season as vegetative regrorvth following each storm lengthened the vege-

tative stage.



t37

During the latter part of the growing season, grasshoppers infested

the Haywood site causing considerable damage to both lentí1s and non-

nodulating soybeans " while plants T¡rere not completely stripped, some

areas of the experimental site were visibly damaged. It is likely that

the considerable variation in dry matter yields obtained at rhis

location was due, in part, to Ehe damage caused by the grasshoppers"

Finallyr the Haywood site tended to be somewhat droughty throughout

much of the groruing season and is likely that a moisture deficit limited

growth. Although growing season precipitation was belor¿ the long-term

average at Morden, available soil moisture appeared to be sufficient to

support boLh 1enti1 and nonnodulating soybean growth"

15r¡ rurtifl""r n"t" -

Dry matter yields r¿ere determined at bloom and at ripe seed stages

of lentils at both experimental locations. Additional harvests aE

Haywood for treatments receiving niErogen aL rates of 0 and 30 kg

N ha-l and at Morden for Ëhe check treatment \^7ere conducted for the

purpose of determining nitrogen fixaËion. Dry matter yields for lentils

and nonnodulating soybeans are reported in Table 40 and 4I, respec-

t ive ly,

Lentils and nonnodulating soybeans did not share similar maturation

dates. At both sites, lent.ils reached maturity prior to nonnodulating

soybeans" Leaf senescence, associated with approaching maturity, \^7as

extensive by lentils, whereas loss of dry matter appeared to be much

less by the nonnodulating soybeans. Difference in maturation date and

thus degree of leaf senescence was reflected in the dry matter accumula-
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Table 40" Effect of nitrogen application on dry matter yierd of
lentils deËermined throughout the growing season
( r'ie t¿ Experimenrs 1984 ) .

LocaLion and
ni trogen
ra Le
(i<e N ha-t)

Dry MatEer Yield (t<g tra-l¡

Harves La

I
Harves Ë

2

Harves t
J

Harves t
4

Harve s t
5

Haywood 0

30

90

180

338 a2 c

336a C

690a8

776 a B

924

875

1057

1397

a

a

a

AB

AB

A

A

1126 a A

1000 a AB

I 050

II20

1389

1180

ö

A

A

A

a

a

Morden 0

30

90

180

861 C 2453

3 041

3114

317 2

B

B

B

a

a

a

C 3656 B 5072 A 3923

4348

4662

4936

B

A

A

A

a

a

a

1 D"y, after seeding and physiological stage of lentils:
Haywood - Harvest 1 = day 49, bud; Harvest 2 = day 58, early bloom;

Harvest 3 = day 66, bloom; Harves| 4 = day 74, early pod;
Harvest 5 = day 91, ripe seed.

Morden - Harvest 1 = day 48, bud; Harvest 2 = àay 57, bloom; Harvest 3
= day 65, early pod; Harvest 4 = day 73¡ pod development;
Harvest 5 = day 79, ripe seed.

2 M"".r" followed by the same lowercase letter in each column within a
site are not significantly differenL at p = 0.05 (Duncants Multiple
Range Test, t-test).

3 M"urr" followed by Ehe same uppercase letter in each ror,7 are not
significantly different at P = 0"05 (Duncanrs Multiple Range Test,
r-test).
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Table 4l " Effect of nitrogen application on dry matter yield of
nonnodulating soybeans determined throughout the growing
season ( fiet¿ Experiments 1984) .

Location and
ni trogen
ra te
(ke N ha-l)

Dry Matter Yield (t<g tra-l¡

Harves tj
1

Harves t
2

Harve s t
J

llarves t
4

Harves t
5

Haywood 0

30

90

529 a2 v3

503 a D

710 a C

890aC

712

103 7

a c

BCa

947 aB

1268 a B

I819

r992

2 088

a A

a A

Morden 0

30

90

1060 E 1580

1807

o D

a D

2078 C 3014 B 38r2

2522

3827

a A

A

a

1 R"f"r to Table 40 f.or corresponding days after seeding.

2 M"tn" follor¿ed by the same lor,rercase letter in each column within a
site are not significantly different at p = 0.05 (Duncants Multiple
Range TesL, t-test).

3 M"un" followed by the same uppercase letEer in each row are noE
significantly differenE aL P = 0.05 (Duncan's MulEiple Range TesË,
r-rest).
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t ion patterns of the t\"/o crops . Rennie (tgAZ ) sugges ted that a nonf ixing

reference crop should have a maturation date similar to that of the

legume, as dissimilarity of maturation dare often precludes similarity

in N uptake patterns, a necessary prerequisite for the control cropo

In generalr lenLil dry matter yields obtained at Haywood v¡ere

extremely lovr despite relatively high levels of available soil N03-N.

Low yields \rere att.ributed to a combination of Ehe early damage to the

crop by the June 2nd windstorm, the July 7th hail storm, the later

grasshopper infestation and the droughty conditions which persisted

throughout the growing season. In contrast, lentil dry maLter yields

obtained at Morden v/ere relatively high and were consistent wiLh yields

obtained during the 1983 field season.

Supplemental nitrogen did noË lead to significant dry matter yield

increases of lentils at either experimental site. High levels of avail-

able soil N03--N at the Haywood sire eTere sufficient to meet the N

demands of the low yielding lenLils" Thus it was apparent that factors

other than N availability limited lentil growth aL this site. Although

pos itive yield responses to nitrogen addit.ion aE Morden \.rere not

statistically significant, nonsignificant yield increases were obtained

both at bloom and at ripe seed, suggesting Ehat soil and symbiotically

fixed sources of N may not have been sufficient for optimal growth.

At Haywood, the maximum raEe of dry matter accumulation occurred

between the bud and early bloom stage for lentils receiving niLrogen at

raLes of 0 and 30 kg ha-l. This is consistenE with a study conducted

by Walley (1983) in which it was reporled that under controlled growth

bench conditions, maximum rate of dry matter accumulation occurred as
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lentils made the transition from vegetative to reproductive growth. In

contrast, Ehe maxÍmum rate of dry matter accumulation for lentils at

Morden receiving no fertilizer N occurred later in the growing season,

corresPonding to the period between early pod and pod developmenL stages

of growth. This ís consisËent Írith results obtained during the 1983

field season in which maximun dry matter accrrrnulation occurred during

the early pod fill stage of development. Moisture did noE appear as

limiting at the Morden site as at the Haywood site and thus, rlue to the

indeterminate flowering habit of lentils, some vegetative as well as

reproductive growth may have been stimulated even in Èhe latter growLh

sEages. In particular, the flowering stage \^ras not limited resulting in

the production of a Large number of pods and thus rapid dry matter

accumulation was likely due to the rapid filling of immature pods.

Nonnodulating soybeans did not respond significanLly to the appli-

cation of fertilizer niErogen at either experimental location. At

Haywood, yields r\7ere relatively 1ov and Ëhus high levels of soil

N03--N malz have met crop N demands. However, it should be noted Ehat

at all but the firsE harvest at Haywood, additions of fertilizer N

appeared to íncrease yields, although not slgnificantly. Laclc of

significance may reflect varlability caused by adverse environmental

conditions ral-her than the absence of real yield responseso

Yields obtained at Haywood for both lentils and nonnodulating soy-

beans were similar throughout the growlng season with Èhe exception of

Ëhe final harvesË. Data indicate that nonnodulatlng soybeans outyielded

lentils at final harvest, reflecting differences in dry natter accumula-

tion patterns and leaf senescence, In contrast., lentil .lry matEer
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yields aL Morden were consistently higher than nonnodulating soybean

yields. Increased lentil yields may be indicative of improved niLrogen

nutrition due to N fixation"

The accumulation of nitrogen in the aerial portions of lentils is

reported in TabLe 42. lulany of the trends reported for dry matter yields

are reflected in nitrogen accumulation patterns. Generally, nitrogen

yields were much lower at Haywood than at Morden. NiLrogen yields

obtained at Morden r¡/ere in keeping with those reported for the 1983

growing seasono Although trends at Haywood suggested a positive

resPonse to supplemental nitrogen at bloom and ripe seed, significant

responses vrere not obtained" Lack of significant response r,ra6 not

surprising in light of the facL that both dry matter and niErogen yields

rrTere very low aE this site. Subsequently, lenti1 N requirements v¡ere

very 1ow and thus soil and symbiotically fixed N were sufficient to meet

any N demands.

In contrast, significant nitrogen yield responses to applied N were

obtained at the Morden site where higher yielding lentils placed a

greateï demand on N supply. Application of 90 and 180 kg N ha-l

significantly increased the accumulaLion of nitrogen in lentils

harvesLed aÈ b1oom" ApplicaEion of 30 kg N ha-l did not result in a

significant N yield increase at this harvest" This is in keeping with

results obtained by McEwen (I970) who reporEed that sma1l dressings of

fertilizer N may have no measurable effect on the yield of legumes.

McEwen suggested that small dressings oÍ fertilizer niErogen may lessen

fixation of atmospheric N so Lhat there is no net gain in nitrogen

available to the p1ant" Similar results were reporËed by Richards and
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Table 42' EffecL of nítrogen application on nitrogen accumulation in
lenEils determined throughout the growing season (piet¿
Experiments 1984).

I Ruf"t to Tabte 40 for corresponding days after seeding and
physiological stage of lentils,

2 M".rrc followed by the same lowercase letter in each column within a
site are not significantly different at p = 0"05 (Duncan's Multiple
Range Test, t-test),

3 M""n, followed by the same uppercase letter in each rorv are not
significantly different at P = 0"05 (Duncanrs Multiple Range Test,
E-tes L) "

Location and
ni t rogen
rate
( t<e Ìì ha-l )

Nitrogen Accumulation (kg ha-l¡

Harvestr
I

Harve s t
2

Harvest
J

Harvest
4

Harves t
5

Haywood 0

30

90

180

8"2 a2 c3

8"1 a C

16"2 a B

19.3 a B

2I"2 a AB

22"2 a B

36.0 a A

28"I a A

25"5 A

21.9 a B

23.5 a

28"7 a

3l "5 a

to ,l

A

A

A

A

Morden 0

30

90

180

59.5 D 68.7 b CD

74"7 b B

90"8 a B

01"0 a B

CB.3ÕJ TO2 "6 AB 107.4 b A

120"0 ab A

I20 "2 ab A

144"2 a A
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Soper (I979 ) who found that addition of N fert íLízer to fababeans

resulted in a reduction in symbiotic fixation r,¡ith no corresponding

increase in N uptake. Thus N yield responses Eo the application of 90

and 180 kg N ha-I , suggest that these amounts exceeded the amount of

nirrogen symbiotically fixed by the check treatment. Furthermore, it

can be concluded that N yield of the check treatment r,r'as limited by Lhe

dependence on soil and symbiotically fixed sources of N" At final

harvesL, only Ëhe application of 180 kg N ha-l resulted in a signifi-

cant increase in N yield" Yield increases resulting from Lhe applica-

tion of 30 and 90 kg N ha-l were not statisrically significant.

Ilowever, daEa suggest that even sma11 dressings of fertilízer N may lead

to increased N yield in lentils.

Nitrogen accumulation by lentils at Haywood was most rapid betr¿een

bud and early b1oom, corresponding to the maximum rate of dry matter

accumulat ion. Simi 1arly, maximum N accumulation rate at Morden

corresPonded with the maximum dry matter accumulation rate and occurred

between early pod and pod developmenË"

Nitrogen yield of nonnodulating soybeans r¡/as not significantly

affected by Lhe application of fertiLízer N at the Haywood site (table

43) " Limited dry maEter production and relatively low N yields limited

the crop N demands and thus high levels of soil N03--N appeared to

meet nonnodulating soybean N requirements, Application of 90 kg N

ha-I led to a significant increase in final N yields at Morden.

Application of 30 kg N ha-l did no¡ significanrly affecr N yield.

Comparison of nitrogen yields at Haywood for lenËil-s and non-

nodulating soybeans revealed that N uptake by the Llro crops ü/as not
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Table 43, Effect of nitrogen application on nitrogen accumulation
in nonnodulating soybeans determined throughout Lhe growing
season (fiet¿ Experiments 1984) "

Location and
ni t rogen
rate
(te N ha-l)

Nitrogen Accumulation (kg ha-l;

Harves t I
I

Harve s t
2

Harve s t
J

Harves t
4

Harve s t
5

Haywood 0

30

90

Iz.0 a2 c3

11.6 a C

I8.7 a B

17"5 a B

14.r

20 "5

BC

B

I5 .9 BC

20.5 B

30.1 a A

27"3 a A

35 "0 a

Morden 0

30

90

28"1 C 30 .8

37 "6

C

a A

37"6 C 50.4 B 67"3 b Ã

56.1 b A

81.5 a

1 R"f"r to Table 40 for corresponding days after seeding"

2 Muurr" followed by the same lov¡ercase letter in each column within a
site are not significantly different at P = 0"05 (Duncan's Multiple
Range Test, t-tesE).

3 M""n" followed by the same uppercase letter in each rorri are noE
significantly differenr at P = 0"05 (Duncan's Mul!iple Range Test,
t-test).
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significantly different (P = 0.05) at corresponding levers of N fer-

tilizer application. This suggests that lentils at the Haywood site

fixed little or no aEmospheric nitrogen. In contrast, at l,forden, lent11

N yields were significantly higher (P = 0.05) than nonnodulating soybean

yields which received N at similar rates" The difference in nitrogen

yields suggests Ehat symbiotically fixerl nitrogen contributed signifi-

cantly to the total N yield of lentils at Ì.lorden.

At Haywood, the maximurn rate of nitrogen accumulation for non-

nodulating soybeans occurred between day 74 and day 91, as opposed to N

accumulation by lentils which reached a maximum between day 49 an<l day

58. Sinilarly, maximurn rate of N accumulation by nonnodulatíng soybeans

at Morden occurred later in the season than by lentils. Nonnodulating

soybeans accumulated N at a maximum rate between day 73 and day 79,

whereas lentils reached a maximurn rate of N accrrmulation between day 65

and day 73. Differences in l{ accumulatíon patterns may have been due,

in part, to the fact that t.he lentils matured more rapidly than the non-

nodulating soybeans, Diebert et al. (L979) reporEed that soybeans tend

to utilize proportíonately more N durirrg latter growth stages than other

crops. Witty (1983) has reported thaÈ the enrichrnent of mineral N in

the soil falls with time aft.er Ehe application of l5n and thus if a

legume and a nonlegume are to see the sane soil N pool, the nitrogen up-

take patterns of the two crops over Ehe growing seasorr must be the sane,

In calculating rAr-values, the rnagnitude of error incurred due to

differences in N uptake patterns is dependent on Èhe raËe of decline in

soil enrichment (ttlitty 1983). Rate of decline \^ras not evaluated f or

this experiment and thus the magniLude of error could not be determined.
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However, ir is possible that because the nonnodulating soybeans took up

N later than the 1enEi1s, enrichment of the soil N pool was 1ower.

Lentil seed yields I,rere deEermined at final harvest and are

reporLed in TabLe 44, Yields aË Haywood T^rere very 1ow, reflecting the

adverse growing conditions whereas those obtained at Morden lvere

extremely good. No significant seed yield responses rüere obEained at

either site although data obtained at Morden suggesE that yields

increased in response to increasing increments of supplemental N.

Accumulation of nitrogen in the seed r¡/as also not significanLly

affected by the rate of nitrogen application (Table 44). However, non-

significant responses to applied N at Morden suggest that supplemenEal N

may be necessary for maximum seed N conEent"

PercenL protein in the seed was not significantly affected by the

application of fertilizer N at either experimental locaEion (Table 44).

Values for percenL protein obtained in t.his experiment were in keeping

with the average of. 25 percent reported by Summerfield (l9Bl).

Harvest index, given by the ratio of seed yield to total dry matter

yie1d, v¡as unaffected by the raLe of nitrogen addition (faUte 44). An

exeeption exists al Haywood where the harvest index declined signifi-

cantly v¡ith the addiLion of 180 kg N ha-1. The decline in harvest

index indicates that Ehe high rate of fertiLízer N favoured vegetative

rather than reproductive growth. Harvest index at Morden was unaffected

by rate of fertilízet N addition. Thus increases in dry maEter produc-

tion due to increased fertiLi-zer addition \ras coupled with increased

seed yields. Harvest index at Morden was higher Lhan aE Haywood at all

levels of N applicaËion, indicating that lentils aE Morden yielded
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Table 44" EffecE of nitrogen application on seed yield, seed
nitrogen accumulation, percenE protein and harvest
index of lenLils ( nield ExperimenLs I 984) .

Location and
ni t rogen
rat e
(ke N ha-l)

Seed yield
( t<g tra-t )

Seed nitrogen
ac cumu la t i on

( t<g tra-t )

Pe rcent
pro te in

Harvest
index

(7")

Haywood 0

30

90

I80

345 aI

381 a

447 a

293 a

12 "4

16 .1

19.0

13.9

aa aLL 6J

26 "3

26 "5

29.6

3L a

33a

30a

24b

Morden 0

30

90

180

1846

2020

2r93

2285

76"4 a

84.0 a

9I"2 a

102 "0 a

25"8 a

25"9 a

25"9 a

27"8 a

47a

46a

47a

46a

I M".rr" followed by the same lelter in each column within a site are
not significantly different at P = 0.05 (Duncan's Multiple Range Test).
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proporLionately higher than at Haywood"

Determination of fertilízer derived niËrogen was facilitared by the

use of 15t{ labelled ferti Lizer. Percent nitrogen derived from fer*

tíLízer (tc¿ft) in both lentils and nonnodulating soybeans is reported in

Table 45. The decline in Ndff over the growing season at all levels of

fertilizer N evaluated, evidences the dilution of 15lt labelled fer-

tíLízer by soil N, and soil and (or) atmospheric N in rhe nonnodulating

soybeans and lenti1s, respectively.

Where nitrogen ferEilizer was applied at a rate of 30 kg N ha-],

a greater proportion of niLrogen in Lhe nonnodulating soybeans r{/as

derived from fertíIízer N than in the lentils as evidenced by the higher

Ndff values, This suggests that at this rate of fertilízer applicatíon,

lentils derived some of the total crop N requirements from aËmospheric N

which served to dilute 15N labelled fertilizer derived N. However,

the addition of 90 kg N ha-l resulted in similar Ndff values for the

two crops at boEh Haywood and Morden" Thus it is suggesled that at

higher 1eve1s of fertilízer application, lentils and nonnodulating

soybeans derived nitrogen in similar proporlion from the same sources,

namely soil and fertiLizer N. IË follows that symbiotically fixed

nitrogen did not conEribute to the toEal N yield of lenLils.

Application of increasing increments of supplemental nitrogen

resulted in signficant increases in Ndff values for both lentils and

nonnodulating soybeans" Thus, increases in ferLilizer N availability

resulEed in concomittant increases in the contribution of LertíItzer N

to total crop N.

Application of supplemental N resulled in significant increases in
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Table 45. Effect of nitrogen application on percent nitrogen derived
from fertíLízer in lentils and nonnodulating soybeans
determined throughout the growing season (Eiet¿ Experiment
r984) "

Location and
ni t rogen
ra te
(t<e N ha-I)

Percent nitrogen derived from fertíLízer

Harve s t r

1

Harve s t
2

Harves t
3

Harve s t
4

Harves t
5

[Iaywood
lent i ls 30

90

180

13 "2 A2 10.2 AB 11.0 b3 AB

40"3 a A

7"6 B 7"3 c B

29"0 b B

55"1 a

Nonnod
soybeans 30

90

I7 "4 AB 18"2 A L5 "4 ABC I2.O C 12.8 b BC

25.0 a

Morden
lent i 1s 30

9

10.5 A 7"7 b B

27"6 a

Nonnod
Soybeans 30

90

18.3 A 13 .l

26 "I

b B

I R"f"t Ëo Table 40 for corresponding days after seeding and physio-
logical sLage of 1enti1s"

2 M""rr" followed by the same uppercase letter in each rorù are noË
significantly different at P = 0"05 (Duncants Multiple Range Test,
t-test).

3 M".rr" followed by the same lowercase letter in each column
wirhin a site and crop are not sígnificantly different at p = 0,05
(Duncan's Multiple Range Test, t-fest) "
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fertilízer níLrogen accumulation in both crops (fa¡te 46)" FertiLizex

nitrogen accumulation tended to be very low at Haywood, reflecting poor

dry matter and nitrogen yields. Accumulation of ferLilizer nitrogen by

lenLils and nonnodulating soybeans was not significantly differenL (p =

0"05) throughou! the growing season at levels of fertiLízer N evaluated.

Lack of significant differences may be Eaken to indicate that lentils

and nonnodulating soybeans shared identical ferti Lízer N uptake

patterns. However, it is more likely that the lack of statistical

significance occurred as a result of very 1ow levels of fertilízer N

accumulation accompanied by a relatively high degree of variation

amongst replicates.

Applicarion of 30 kg N ha-l at Morden resulted in the accumula-

t ion of s imi lar amounts of f.ert íLízer N in Lhe t\.{o crops , as determined

at final harvest. llowever, a significant difference (p = 0.05) in the

values obtained at harvest 2 indicate that fertilizer nitrogen upEake

patterns of the two crops \,/ere not the same " The data sugges t that non-

nodulating soybeans accumulated fertíIízer N earlier in the growing

season than lentils. The fact that fertilizer N accumulation ín non-

nodulating soybeans did not increase significantly following harvest 2

is particularly surprising in lighË of the fact that total nitrogen

accumulation by this crop Ì,ias greatest between harvest 4 and harvest 5

(Tab1e 43). Such a discrepancy may indicate that, following the second

harvest, nonnodulating soybeans fed from a soil N pool v¡hich excluded

15u labelled ferlilízer such as that which may have existed lower in

the soil profile. Alternatively, nonnodulating soybeans may harre Eaken

uP all of the fertiLízer N they could early in the season and vrere
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Table 46" Effecc of nitrogen application on fertíIizer nitrogen
accumulation in lentils and nonnodulating soybeans
determined throughout the growing season
(r'iet¿ Experiments 1984).

Location and
n i t rogen
ra !e
( t<e N tra-I )

FertiLízer nitrogen accumulation (kg ha-l¡

Harve s E r

I
llarve s t

2

Harve s t
J

Harve s t
4

Harve s t
5

Haywood
lentils 30

90

180

1.1 82 I.9 AB 2"3 b3 A

11"5 a A

1.7 AB 2.0 c AB

9.0 b A

l6.l a

Nonnod
soybeans 30

90

2.0 B 3.2 A 3,1 A 2"4 AB 3"5 b A

8"9 a

Morden
lentils 30

90

2"7 B 9"2 b A

33.0 a

Nonnod
Soybeans 30

90

7"0 A 7"4 b A

2I"7 a

I R"fer to Table 40 for corresponding days afLer seeding and physio-
logical sËage of lenti1s.

2 M"rn" followed by Ehe same uppercase letter in each ror,/ are not
significanLly different at P = 0"05 (Duncan's Mulriple Range TesE,
t-Ëest).

3 M"urr" followed by the same lowercase letLer in each column
within a site are not significantly different at P = 0.05 (Duncants
Multiple Range Test, t-test)"
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unable Lo uËilíze fertíli-zer N beyond harvest 2.

Lentils accumulaLed significant amounts of fertilízer nitrogen

between harvest 2 and harvest 5 indicating that lentils fed from a soil

N pool which included 151¡ labelled ferti rízer. This may suggesE

that lentils and nonnodulating soybeans did not feed from the same soil

N pool" This possibility is further evidenced by the fact that lentils

accumulaËed significantly more (p = O.OS) fertilízer N applied at a rate

of 90 kg ha-l than nonnodulating soybeans.

Only when percenL utilization of fertilizer N by the fixing system

is identical to that of the nonfixing system can N balance methods

accurately quantify nitrogen fixation, At Haywood no significant

differences (p = 0.05) existed between the percent utilization of

fertilizer N by lentils and nonnodulating soybeans (Table 47). However,

as indicated earlier, lack of significant differences may have been an

artifac! of low leve1s of fertiLízer recovery coupled with high vari-

ability between replicaËes rather than an indication that lentils and

nonnodulating soybeans utilized similar amounts of fertilizer N. At

Morden, percent utilization of fertilizer N by lentils and nonnodulating

soybeans $/as significantly different at harvesE 2 where N had been

applied at a raEe of 30 kg ha-l and at final harvest where N had been

applied at a rate of 90 lcg N ha-l. No significant differences existed

between the percent uËilization of fertilizer N applied at a rate of 30

kg N ha-l as determined at final harvest, Data suggesL thatr ât

Morden, lentils uEilized a greater percent of applied fertíIízer N later

in the growing season than nonnodulating soybeans, invalidating Ehe use

of N balance sheets for the determination of symbiotically fixed N.
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Table 4l " Effect of nitrogen application on percent utilization
of fertíIízer nitrogen by lentils and nonnodulating
soybeans, deEermined rhroughout the growing season
( fiet¿ Experimenrs I 984) "

Locat ion,
crop and
nitrogen raEe
(ke N ha-I)

Percent uLilization of fertilízer nitrogen

Harve s E I
I

Harvest
2

llarve s t
3

Harve s Ë

4
Harve s t

5

Haywood
lenti ls 30

90

_ !8s

Nonnod
soybeans 30

90

3"8 82 6"4 AB 7"1 a3 t

12.8 b A

5.8 AB 6.8 b AB

10"0 a A

-g-.-2- '!- -
ll"6 a A

9.9 a

6"7 B 10.6 A 10.4 A 8.2 A3

Morden
lenEils

Nonnod
Soybe ans

30

_9_ _

30

90

8.9 B 30.7 a A

36"6 a_ _

24.7 a Ã

24"1 a

23.3 A

1 R"f"t to Table 40 for corresponding days after seeding and physio-
logical stage of lentils.

2 M""r," followed by the same uppercase leEEer in each ro\,r are not
signif icantly dif ferent at P = 0.05 (Duncanr s l"lulEiple Range Test,
t-test).

3 M""r," follorved by the same lowercase letter in each column
¡¿ithin a site are not significanLly different at p = 0.05 (Duncan's
MulLiple Range Test, t-tesË).
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tAt-values for both lentils and nonnodulating soybeans increased

throughout Lhe growing season (Table 48). Increases reflect decreases

in percent Ndff due to accumulation of soil, and soil and (or)

symbioEically fixed nitrogen by nonnodulating soybeans and lenti1s,

respectively.

At Haywood, increasing increments of applied fertili-zer N did not

significantly affect lentil 'A'-values. However, lack of significance

v/as 1ike1y due to the exLreme variability caused by adverse environ-

mental condiËions. The data suggest that increasing increments of

applied N resulted in decreased lenEil 'Ar-values" The application of

borh 90 kg N ha-l and I80 kg N ha-l resulted in similar reductions.

Thus it is suggested Ehat the higher rates of applied fertíLLzer N may

have inhibited fixation" Similarlyr ât Morden, lenti1 'A'-values

decreased v¡ith the addiEion of 90 kg N ha-l which again suggesÈs that

this rate of N applicaLion may have inhibited fixation.

Nonnodularing soybean 'A'-values were not significantly affected by

the applicarion of fertíLízet N. This is in keeping with a number of

studies in which iË was demonstrated that 'A'-values of nonfixing crops

vüere independent of the rate of ferEilízer application (Legg and

Allison, 1959; Legg and Stanford, 1967; Fried and Broeshart, I9l5)"

Lentil rAr -values reflecE both soil and symbiotically fixed

nitrogen whereas nonnodulating soybean 'At-values reflect only soil

nitrogen" At Haywood, where N was applied at a raLe of 30 kg N ha-lr

lentil 'A'-values $¡ere higher than those calculated for nonnodularing

soybeans, indicating that fixed nirrogen may have contributed ro Lhe

total N yield of 1enti1s. However, dif f erences in 'A'-values \4rere
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Table 48" Effect of nitrogen application on 'Ar-values for lentils and
nonnodulating soybeans, determined fhroughout the growing
season ( Fie ld Experiment s I 984 ) .

Location,
crop and
nitrogen rate
( ke N tra-I )

' A' -va lue ( kg tr a-l ¡

Harve s t r

I
Harve s t

2

Harve s t
3

Harve s t
4

Harve s t
5

Haywood
lentils 30

90

180

2æ"0 Ã2 276"4 A 255 "9 a3

135.8 a A

426 "6 A 469"0 a A

24L "8 a A.

l.!2=5 a _.

206.8 a AB

285.1 a

Nonnod
soybeans 30

90

1.56.6 BC 137.5 C 168.2 ABC 232,8 A

Morden
lentils 30

9

267 "7 B 364"4 a A

267 "7 b

Nonnod
Soybeans 30

90

137.0 B 207 "0

260 "0

a A

I Refer to Table 40 for corresponding days after seeding and physio-
logical stage of lenrils "

2 lulerr," followed by the same uppercase letter in each row are not
significantly different at P = 0,05 (Duncan's Multiple Range Test,
t-test).

3 Me"tr" followed by the same lowercase letter in each column
for each crop within a site are not significantly differenË at p =
0.05 ( Duncanrs l"lu1tip1e Range Test, t-test) .
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stalistically significant only at harvest I and harvest 2, and only at

the I0"/. level of probability, as indicated in Table 484" similarly,
tAt-values calculated for lentils and nonnodulaEing soybeans \¡/ere not

significanLly different at rares of 90 and 180 kg N ha-l. sraristical

analysis which indicated that significant differences between rAt-values

calculated for lentils and nonnodulating soybeans did not exist suggests

that no measureable fixation occurred. However, lack of statistical

significance may have been an artifact of the variability associaLed

with the calculation of'A'-values, namely the determination of Ndff and

rate of 15U labelled fertiLízer added rather than a real indication

that fixation did not take place, Extreme variability encounEered aË

the Haywood site r./as 1ikely due, in part, Lo Ëhe June Znd windsEorm

which may have cross-contaminaLed I5u 1"be11ed rreatment subplots,

Lentil'A'-values at Morden, where N had been apptied at a rate of

30 kg N ha-l , I47ere signif icanrly greater than nonnodulating soybean

'A'-values (p = 0"20). However, where N was added at a rate of 90 kg N

ha-l , 'A'-values \rere not significantly different. Thus evidence

suggesÈs thaË high rates of fertilizer N inhibiEed fixation at this

site"

symbiotically fixed N was calculaEed using the lAt-value method,

the 151¡ Assisted Difference method and the Classical Difference

method (tables 49-5I) " The I5N Assisted Difference method and the

Classical Difference method differed only slighEly in the calculation of

symbiotically fixed N. Differences in the two methods reflect different

amounts of fertilízer recovery by lentils and nonnodulating soybeans.

Use of these two N balance techniques is descredited by the facË that
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Table 484" Level of significance assocíated r,rith differences between
lentils and nonnodulating soybean 'Ar-values determined
by the t-test procedure (field Experimenrs 1984)"

Locat ion,
and nitrogen
ra Ee
( ke N tra-I )

Level of significance (Z)

Harve s t
I

llarves t
2

Harve s t
3

Harve s t
4

Harve s Ë

5

Haywood
30

90

180

l0 l0 N. s.I

S.N.

N.S" N. S.

N" S.

N.S"

Morden
30

90

20 20

N. S.

I 1Ar-value means for lenEils and nonnodulating soybeans are
not significantly differenE at P ( 0.20"
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Table 49" Effect of nitrogen application on Lhe accumulation of
symbiotically fixed nitrogen as calculated using thetAt-value method, deËermined throughout the growing season
(¡'iet¿ Experiments 1984).

Locat ion,
and niErogen
ra te
( t<e ¡l tta-l )

Symbiotically fixed nitrogen (kg tra-l)

Harve s t r
1

Harve s t
2

Harve s t
J

Harve s t
4

Harve s t
5

Haywood
30

90

180

1.t 82 8.6 AB 6.9 a AB

-4.8 a A

6"6 AB 12.7 a3 g

-6"0 a A

-6"9 a

Morden
30

90

4"0 B 47 .6

-8"0

A

b Dl)

I R"fer to Table 40 for corresponding days after seeding and physio-
logical srage of lentils.

2 M""r," followed by the same uppercase letter in each ror,¡ are not
significantly different at P = 0,05 (Duncanrs Multiple Range Test,
Ë-test) "

3 M""n" followed by the same lowercase letter in each column for
each crop within a site are no! significantly different at p = 0,05
(Duncan's Multiple Range Test, t-test).
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Table 50. Effect of nitrogen application on the accumulation of
symbiotically fixed nitrogen as calculaEed using the
I5¡¡ A"sisred Difference method throughout the giori.,g
season (fiet¿ Experiments i984)"

Locat ion,
and nitrogen
ra te
(ke N na-l)

Symbiotically fixed niLrogen (kg h¿-f ¡

Harve s t 1

I
Harve s È

2

Harve s t
J

Harve s t
4

Harve s E

5

Haywood
0

30

90

-3 "8 a2 s3

-2"6 a A

-2"5 a B

3"I a A

7"I a A

2.5 b A

9"6 a Ã

2.1 b A

-6"6 a B

2.8 a A

-3"6 a

Morden
0

30

90

3r "4 37"9 a B

41"4aa B

45"7 A 52.2 A 40"1 ab AB

62"2 a A

27"5 b

I Ref"r to Table 40 for corresponding days afLer seeding and physio-
logical stage of lentils.

2 Mu.n" followed by the same uppercase letter in each rohr are not
significantly different at P = 0"05 (Duncan's Multiple Range TesE,
t-test).

3 M".n" followed by the same lowercase let.Ler in each column
v¡ithin a site and crop are not significantly different at p = 0.05
(Duncan's Multiple Range Test, t-test).
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Table 5I " Effect of nitrogen application on the accumulation of
symbiotically fixed nitrogen, as calculated using the
Classical Difference meEhod, deEermined throughout
the growing season (fiet¿ Experiments 1984)"

Locat ion,
and niLrogen
ra te
( te N tra-l )

Symbiotically fixed nitrogen (kg ha-r)

Harve s t r

I
Harvest

2

Harve s t
J

Harve s t
4

Harve s t
5

Haywood
0

30

90

-3.8 a2 n3

-3"5 a A

-2"5 a A

1.8 a A

1,I a A

1.7 b A

9.6 a A

1.4 b A

-6"6 a B

1.4 a A

-3"4 a

Morden
0

30

90

3T.4 B 37.9 a B

37"1, a B

45.1 A 52"2 A 40"I a AB

63"9 a A

38.8 a

I R"fer to Table 40 for corresponding days after seeding and physio-
logical stage of 1enti1s.

2 M""rr" followed by the same uppercase letter in each rohr are not
significantly different at P = 0.05 (Duncanrs Multiple Range TesE,
t-test).

3 M""rr" follorued by the same lowercase letter in each column within
a site and crop are not significantly different at P = 0.05 (Duncanrs
Multiple Range Test, t-test)"
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same percent

uLílízation of ferEilizer N.

Calculation of symbiotically fixed nitrogen using the rAr-va1ue

meËhod was statisrically valid for harvest I and harvest 2 at Haywood

and where N was applied at a rate of 30 kg N ha*l aL Morden" Values

other than these vrere noE staListically va1id, as significanr differ-

ences did not exist between lentil and nonnodulating soybeantA'values,

and thus it must be concluded that no measureable amounEs of N fixation

occurred. Calculation of symbiotically fixed N at Haywood, where

applicable, indicated thaË very litt1e nitrogen was symbiotically fixed.

Horvever, at Haywood toEal crop N accumulation was very loru and Ehus the

8"6 kg of symbiotically fixed N accumulated aL harvest 2 accounted for

447. of the total lentíl N yield. Ar Morden, only 4 kg of symbiotically

fixed N had been accumulated by the bloom sËage. However, significant

amounts of N were fixed following the iniriation of flowerings resulting

in a total accumulation of 47.6 kg of symbiotically fixed N. Thus, at

final harveste symbiotically fixed N accounted for 40% of the toËal N

yield of lentils receiving fertilizer N aL a rate of 30 kg N ha-I.

Application of 90 kg N ha-l completely inhibited N fixation at t4orden,

as evidenced by the lack of sÈatistically significanE differences

between lentil and nonnodulaEing soybean tAt-values.

A further evaluaLion of nitrogen fixation was accomplished through

the use of the acelylene reduction Eechnique. Micromoles of ethylene

produced at each harvest are reported in Table 52" No attempt was made

to quantify N fixaEion using this technique as such determination can be

erroneous and misleading. Rennie et a1" (1978) suggested that because
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Table 52. Effect of nitrogen application on symbiotic niErogen fixation
(C2U2 reduction) at different developmental stages of
lentils ( fiet¿ Experimenrs 1984) "

Location and
n i t rogen
app 1 ied
( ke N tra-t )

F
di

mol plant-r hr-r of ethylene produced at
fferenË developmenLal stages

t{aywood Budl Early bloom Early pod Ripe seed

0

30

90

t80

I .31 a3

0.69b

0.30c

0.09c

0

0

0

0

33a

13b

l5b

llb

0 "04a

0.04a

0.02a

0 "02a

0.02a

0.03a

0 "02a

0.0Ia

Morden Bud2 B loom Pod development Ripe seed

30

90

180

22a

0.98a

0.06b

0"03b

1.59a

1 "06a

0.06b

0 "05b

0"04a

0.02a

0.05a

0"04a

0 "03a

0 "03a

0 "02a

0 "03a

1 D"yr after seeding at Haywood: Bud = 49, Early bloom = 58,
Early pod = 74, Ripe seed = 91.

2 Dry" after seeding at Morden: Bud = 48, Bloom = 57,
Pod development -- 73, Ripe seed = 79.

3 M""r," followed by the same lower case letter in each column are not
significantly different at P = 0.05 (Duncanrs Multiple Range Test),
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CZHZ reduction is a short-term kinetic measurement, the existence of

diurnal and seasonal variations in nitrogenase activity makes extrapola-

tion to total dinitrogen fixed over the growing season questionable"

Sprent (tglZ) reporLed that factors such as lighE inEensity, surface

soil moisture and soil temperature may affect nitrogenase activity and

thus acetylene reduction. In addition, Bremner (1965) confirmed that it

is not valid to convert CZHZ reduction values to N2 fixed using a

theoretical conversion factor of 3. Thus the acetylene reduction tech-

nique was employed only as a qualitative evaluation of N fixing acti-

vity. An examination of lhe micromoles of ethylene produced at each

harvest indicated that nitrogenase activity \¡ras very 1or¿ at boÈh sires.

Regitnig (1983) reported that ethylene production of root nodules of

soybeans ranged from 0"04 ro 9.57 micromoles under similar conditions,

Ethylene production at Haywood indicated EhaË active fixat.ion only

occurred during bud and early bloom, and that the occurrence of N fixa-

tion was inhibited with increasing increments of applied fertiLízer N,

as was suggested by the deEerminaEion of symbiocically fixed N using the

'A'-value method. Ethylene production at llorden also indicated that

active fixation occurred during bud and bloom and Ëhat Lhe occurrence of

N fixation \^/as inhibited with increasing increments of applied fer-

tilizer N. Although the 'A'-value method indicared Lhat N fixation was

inhibited at high levels of fertilizer N, it also indicated that lentils

accumulated significant amounts of symbiotically fixed N between bloom

and ripe seed where low levels of fertilizer N rúere applied" This

appears to be in direct contras E to the evidence supplied by the

acetylene reduction technique. However, it is ímportant to note that
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harvest dates for both 'At-va1ue measurements and acetylene reduction

measurements r¡/ere relatively far apart. Furthermore, it is possible

thaE the acetylene reduction technique may have underestimated N fixa-

tion activity at pod development due to environmental factors affecting

nítrogenase accivity at the time of measurement. AlternaËively, values

obtained using the CZHZ technique may indicate that calculation of

symbiotically fixed N using the 'A'-value technique was in error.

Little can be concluded regarding the effect of fertilizer N on

niErogen fixation due to the fact lhat nonnodulating soybeans served as

an inappropriate control for 1enti1s. The tv/o crops did noL share

similar maturation dates nor did Lhey exhibiL similar nitrogen and dry

matEer accumulation patË.erns. Furthermore, evidence of different fertí-

Lizer uptake pa!Ëerns suggests thaË the tr^io crops díd not feed from the

same soil N poo1.

Despire difficulLies encountered in determining N fixation, posi-

rive lenti1 dry matter, nitrogen and seed yield responses at Morden

indicate that nitrogen fixation did noE meet lentil N requirements and

thus lentils may benefit from the addition of fertilizer N.

Lygimeter Study

Dry matter yields of the shoots and roots of both lentils and non-

nodulating soybeans \i/ere determined and are reporLed in Table 53. The

exEremely loru yields for both crops are consistent \,rith yields obtained

in the 15u Ferti rízer Rate - Time course study conducËed at this

site " LenLil shoots atEained a maximum dry matter yield of 1460

kg.h¿-l aË bloom. Significanr lentil dry matter r¡/as lost from the
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shoot through leaf senescence and (or) grasshopper damage. Nonnodu-

lating soybean shoots attained a maximum dry matter yield ol 1447 kg, 74

days after seeding. Significant increases in nonnodulating soybean

shoot. yields after day 66 indicate that lentils and nonnodulating

soybeans did not share similar growth patterns.

Although not sEaEiseically significant., dry matter yield of lentil

roots increased until early pod development" Bet\reen early pod and ripe

seed rooL yields decreased by 563 kg ha-l. The decrease in yield at

maturity 1ikely represents a loss of integrity and sloughing off of

older roots. Nonnodulating soybean roots aEtained a maximum dry matter

yield of 2288 kg ha-l 66 days after seeding, decreasing significanrly

to 1398 kg ha-l at final harvest. Similar Eo the lenri1s, rhe

apparenÈ loss of rooE dry matter r^/as 1ikely due to sloughing off of

older roots.

Dry matter yield of rooLs v/as consistanEly greater than Ë.he

corresPonding shoot dry maEEer yields of both lentils and nonnodulating

soybeans. Contribution of shoot dry matter to total dry matter of the

tv¡o crops is reported in Table 54. At bloom, 66 days after seeding,

1enti1 shoots conEributed a maximum of 43"3 percent to the total dry

matter yie1d. In contrast, nonnodulating soybean shoots accounted for a

greater proportion of total dry matter at each successive harvest and at

final harvest accounted for 48.5 percent of the toLal dry matter.

I,lith the exception of the first harvest, Lotal dry maEter yield of

lentils and nonnodulating soybeans ü7as very similar although the dis-

tribuË ion of dry matter between shoots and rooLs r.ras not.

The accumulation of nitrogen in the shoots and roots of Ëhe tr^¡o



Table 54" Contribution
yield of lent
1984)"

of shoots to Cotal dry natter
ils and nonnodulaEing soybeans

168

and nitrogen
(Fie1d Experiments

Days
af ter
s eeding

49

5B

66

74

91

Dry maEter
( Percent

yíeld of
of total

shoo t s
yield)

t rogen
( Percent

LenË i 1s Nonnod soybean Lent i 1s

accumulation in shoots
of total N accumulatert)

16.8

37 "8

43,3

29.5

39"4

26"5

23.6

27 "L

42.3

48"s

27 .0

45.4

50. 0

44 "7

s0.0

Nonnod soybean

35. 0

35.9

34"0

53" r

48. B
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crops is reported in Table 53" Crop N, calculated from Kjeldahl N and

dry rnatter yields, closely reflected dry rnatter yield trends. The maxi-

murn rate of nitrogen accumulation in lentil shoots occurred between bud

and early bloom, corresponding to day 49 and clay 58, respectively, In

contrast, the maxirnum rate of N accumulation fn nonnodulating soybean

shoots occurred between day 66 and day 74" Thus, when considering

nitrogen accumulated in the aerial portion of lentils and nonnodulatí.ng

soybeans, data suggest that 1ent1ls and nonnodulating soybeans do not

share sinilar N uptake patterns. Witty (I983) contends Ehat a similar N

uptake pattern to the fixing legume is a necessary prerequisite for a

nonfixing control crop an<1 thus, on Ëhe basis of shoot N accumulatlon,

nonnodulating soybeans are rejected as an approprfate reference crop for

lentils. However, determination of Ëotal N in the t\¡ro crops Índicates

that the maximum rate of N accumulation in both lentils ancl non-

nodulating soybeans occurred between day 49 and <lay 58. Thus determina-

tion of total crop N indicated that lentils and nonnodulating soybeans

may have shared sinilar N uptake patterns although the partÍtloning of

nitrogen between shoots and rooÈs was not sirnilar.

The contribution of nitrogen accumulated in the shoots to total N

1s reported in Table 54. Percent nitrogen in lentll shoots \^/as greater

than Ëhe percent l.l in the roots, Thus at final harvest lentil shoots,

whích accounted for only 39"4 percent of Èhe total dry matter yield,

contributed 50 percent of the total crop N. Lentil shoot N made a

greater conErlbution to total N earller 1n the growing season than

nitrogen in Èhe shoots of nonnodulatlng soybeans.

Throughout the growing season, nitrogen in the shooEs of lentils



170

accounted for less than half of the total crop N. Generally, under

field condiLions, only the aerial portion of the crop is harvested for

determinaLions of symbiotically fixed N" Hence conclusions drawn and

reported in regards to quantity of nitrogen symbiotically fixed by a

legume where only aerial portions are harvested t mãy be based on a

relatively sma11 proporEion of the total crop N"

Percent niLrogen derived from fertiLi-zer is reported in Table 55,

Ndff values for the rooEs of both lentils and nonnodulating soybeans

I¡/ere significantly lower than shoot Ndff values. Data suggest that fer-

tiLizer nitrogen was preferenLially accumulated in the shoots of both

crops whereas soil, and soil and (or) symbiotically fixed N was prefer-

entially accumulated in the roots.

Comparison of Ndff values for lentils and nonnodulating soybeans,

calculated using shoot N and total plant N, indicated lack of statis-

tical significance at the five percent 1eve1 of probability. Lack of

significant differences suggest that 1iËEle or no fixalion took p1ace.

Fertilízer nitrogen accumulation, reported in Table 56, tended to

be very low in both lentils and nonnodulating soybeans, reflecting poor

dry matter and nitrogen yields. Accumulation of fertiLízer N in both

shoot and toËal plant by lentils and nonnodulating soybeans vras not

significanLty different (p = O.O5) at any harvest" Lack of significant

differences may indicaLe that lentils and nonnodulating soybeans shared

similar fertilízer N uptake patterns. However, it is more 1ike1y that

lack of statistical significance occurred as a result of very low leve1s

of fertiLízer N accumulation accompanied by a relatively high degree of

variation amongsË replicates" Data suggesE thaE lenLils accumulated



Table 55. Percent nlËrogen derlved
of lentils and nonnodulat
1984)"

from fertilizer ín
ing soybeans (Field

t7L

shoots and roots
Experinents

Days
after
seedi

49

58

66

74

9r

evelopnental
tage of
entils

Bud

Eariy bloom

Bl ooro

Early pod

Ripe Seed

Shoot

19.7 aI

L7 "4 ab

ll.9 c

11.8 c

13,0 cb

Percent Nit,ro en Derived from Fertilizer

Lentils

Total Shoot

5.6

6. i

5.4

4"6

5.1

d

a

a

a

a

9.3 ab

Il"2 a

8.7 ab

7.8 b

9"1 ab

2L.3 a

10.8 b

9"6 b

6"7 b

6"2 b

Means followed by the
cantly different at P

same letter in each column are
= 0.05 (Duncan's llultiple Range

not signífi-
TesÈ),

Nonnod sovbeans

6.8 a

3.5 b

3.7 b

3"0 b

4.3 b

Total

11.8 a

6.3 b

5.8 b

4.7 b

5.5 b
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Table 56. FertiLízer nitrogen accumulalion in shoots and roots of
lentils and nonnodulating soybeans (piet¿ Experiments 1984),

I M".rrc followed by the same letter in each column are not signifi-
cantly different at P = 0"05"

Days
af ter
s eed in

Developmental
stage of
lentils

FertiLi-zer Nitrogen Ac.cumulation (kg trt ha-l )

Lentils Nonnod soybeans

Shoot Root Total Shoo t RooË Total

49

58

66

74

91

Bud

Early bloom

B loom

Early pod

Ripe Seed

1.9 cl

4"4 a

3.4 ab

2"5 bc

2"9 bc

1.4

1"8

I "5

1.2

1.1

ab

a

ab

b

b

3.3

6"2

4"9

3"7

4.0

b

a

ab

b

b

I.4 a

1"6 a

I.6 a

I"7 a

10

0"8 a

0.9 a

I"2 a

0.9 a

0"9 a

aa

2"4 a

2"8 a

2.6 a

2.I a
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more f ertiLízer I'I than nonnodulating soybeans.

Utilization of fertilizer N by both crops was extremely lorv (Table

57 ) " It is 1ikely tl'raE poor yields limited total N demands ancl rhus

supplemental nitrogen was not utilized Eo a great extent. In adrlition,

the June 2nd windstorm may have removed significant anounts of the

fertilizer N whích had been applied to the surface and incorporated to a

depth of l0 cm.

Percent utilization of applied fertilizer N by the nonfixing

conËrol crop must be identical to that of the test legume for N balance

techniques to accurately quantify synbiotically fixed N. Percent

utilization of ferrilizer N by lentils and nonnodulating soybeans, as

calculated using shooE N and total N, \,Ías significantly differenE (P =

0' i0) at day 58. The daLa indicate that percent utilization of fer-

tilizer niirogen was consistently higher for lentils than nonnodularing

soybeans at a1l other harvests. However, these differences urere not

s tatis tically significant. However, âs Índlcated earller, lack of

statistically significanL dÍfferences may have been an artifact of low

levels of fertilizer recovery coupled with high variability between

replicates rather E.han an indication Ehat the crops utilize<l the same

percent of the applled ferLilizer N.

rAf-values were calculated using shoot and total plant Ndff values

for both lenrils and nonnodulating soybeans (Table 58). I^Ihere conËribu-

tion of roots $Ias included in the calculations, 'Af -values \^rere higher

for both crops. rAf-values increased in response to the low rooE Ndff

values " Levels of signif icance associated r^rÍth dif f erences betr,¡een

1enti1 and nonnodulating soybean fAr-values determined by the T-tesl
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Table 57. Percent utilization of fertilizer nitrogen by shoots and roots
of lentils and nonnodulating soybeans (Field Experiments I9B4)"

Percent utilization of fertilizer nitrogen

Days
af ter
s eedin

49

5B

66

74

9l

evelopmental
Eage of
enti 1s

Lentils

Bud

Early bloorn

Bloom

Early pod

Ripe Seed

Means followed by Èhe
differenLatP=0"05

same letter in each column are noE
(Duncan's Multiple Range Test),

Nonnod s ovbeans

Total

si gnifi cant 1y

Shoot

6.3

14"6

11"3

8.3

9.7

c1

a

ab

bc

bc

It.0 b

20"5 a

16.2 ab

12"4 b

13.4 b

4.9 a

5"3 a

5" 3 a

5.8 a

4"2 a

Root

4"7 ab

5.9 a

4"9 ab

4"I b

3.7 b

Total

2"8 a

3.0 a

4"2 a

3.0 a

3.0 a

7"8 a

8.1 a

9 "4 a

8.8 a

7.I5 a
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Table 58" rA'-values for lentils and nonnodulating soybeans determined
throughout the growing season, calculated using shoot and
total plant sample( fiet¿ Experiments 1984) 

"

Days
af ter
s eed ing

Deve 1 op-
menta I
stage of
lentils

'A' -va lue ( t<g tra-l ;

Lent i 1 Nonnod soybean

Shoots Total Shoo t s Total

49

58

66

74

9I

Bud

Early bloom

B loom

Early pod

Ripe seed

135 "9 br

148 "4 b

233.7 a

227 "9 a

20I "4 ab

294.5 ab

243 "2 b

326.4 ab

357 "9 a

303.3 ab

T12 "3

322.0

283 "3

424 "4

473 "0

b

ab

ab

ab

227 .3

532 "0

492 "3

620 "4

556.5

b

ab

ab

ab

a

I M".rr" followed by the same letter in each column, are noE signifi-
cantly different at P = 0"05 (Duncanrs Multiple Range Test).
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procedure are reported in Table 58A. rAr-values calculated from shoot

Ndff values for lentils and nonnodulating soybeans \^/ere not significant-

1y different even at the terenty percent leve1 of probability for the

first three harvests. Thus ít must be concluded t.hat no fixatlon

occurred. Lentil rAr-values determined at early pod and ripe seed were

significantly lower than nonnodulating soybean 'A' values. These

results reflecÈ the fact that lentils derived a greater proportion of

the plant N from the fertilizer and thus it can be concluded that the

two crops did not see the same soil N pool.

rAr-values calculated using both toEal plant and shoot Ndff values

further evidence the fact Lhat the Ewo crops did not see the same N

pool. At all but the first harvest, lentil rAr-values vrere consistently

lower than nonnodulating soybean 'A'-values. An assumption basic to Lhe

fA'-value rnethod is that the test crop and the nonfixing reference crop

assinilate soil and fertilizer N in identical proportion (nrierf and

Broeshart, 1975; Fried and Míddleboe, 1977)" The data indicate that

under Èhe conditions of the lysimeter experinent, this assurnption \,ras in

error, invalidating Èhe use of the rA'-value metllod f or the quantif í.ca-

Èion of symbiotically fixed N.

In order to illustrate the problems encountered in evaluating fixed

N using an inappropriate control crop, symbiotically fixed N was deËer-

mined using the 'Af-value method, the l5N Assisted Difference rnethod

and Ehe Classical Dífference method (Table 59). Significant negative

values f or symbiotically f ixed N \4rere calculated when the 'A'-value

method was ernployed. Clearly these estimat.es are in error, demon-

straLÍng the imporËance of uslng a reference crop which assirnilates soil
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Table 584. Level of significance associated wirh differences between
lenEi1 and nonnodulating soybean 'Ar-values determined by
the t-test procedure (Fie1d ExperimenLs 1984).

Day s
af ter
seed ing

Level of significance

Shoo t s Total plant

49

58

66

74

9l

NSl

NS

NS

5

5

NS

l5

5

5

5

1 rAt-value means for lencils and nonnodulating soybeans are not
significantly different at P ( .20"
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and fertiLizer N in identical proporÈion to Ehe fixing p1ant.

Data suggested that differences existed between the percenE

utilization of fertilizer N by the t\¡¡o crops and thus litt1e confidence

can be placed on the determination of symbiotically fixed nitrogen usfng

N balance techniques" Little difference existed between the calculation

of symbiottcally fixed N uslng the 15U Assisted Difference method

and Ëhe Classical Difference method. Differences which did occur

reflected different amounts of fertllizer recovery by lentils and non-

nodulating soybeans. Higher estimates of symbiotically fixed N at

harvest I and harvesL 2, when total plant N was used in calculatlons

raLher t'han shoot N alone, resulted frorn the fact that lentils had a

much greater amount of N in the root portion of the plant early in the

season than the nonnodulating soybeans.

Although the lysimeter experiment failed to determine Ëhe quantity

of nitrogen symbíotically fixed by lenËils, the study served to íllus-

Ërate the large contributíons which rooting systems may make to total

crop N. Thus it is recommended that care be taken in evaluating and

reporting the quantity of nftrogen syrnbiotically fixed by a legune,

particularly if calculations are based on nitrogen accumulaÈed in Ëhe

aerial porËion of lhe crop.
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5" SUMI"fARY AND CONCLUSIONS

Field and growEh charnber studies were conducted to evaluate the

effect of various soil conditions, lncluding nitrogen and moisture

availability on the yfeld and synbiotic nitrogen ffxing potential of

1enÈils, In addÍtion, methods of estimatlng the quantity of nitrogen

syrnbiot,ically fixed were evaluated.

In both field and growEh chamber studies, supplemental N was found

to be an importanE. factor in aLtaining high dry matter and seed yield of

1entils. Grorvth chamber studies revealed that nitrogen stress,

si¡nulated by ammending the soil with barley sEraþr, limited dry natter

and seed yÍe1ds whereas increasing incrernents of supplemental N, up Èo a

maximum of 360 ppn N, continued to promote yield increases. Similarly,

in field studies where environmental conditions r^rere not lirniting, ,lry

matter yíelds continued to increase with applications of up to 180 kg

N ha-I. Although seed yield responses Eo applied N under field

conditions i,rere not statistically significant, results suggest that

increased N supply resulted in concoflLitant seed yield increases.

Applieation of 100 kg N ha-l increased seed yield by as much as 475 kg

N ha-l, resulting in a maximum seed yield. of 2,459 kg ha-l.

Although high levels of applied N generally resulted in posiËive

yield responses, low levels of applied N did not significantly affect

dry rnatter or seed yield in either growth chamber or fleld experinents.

It r¡ras concluded that low levels of applied N, coupled wÍth available

soil N, depressed synobiotic nitrogen fi-xation so that there was no net

gain in the quantity of N avaj-1ab1e to the lentils" Application of
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higher rates of fertflizer N, coupled wÍth soil N, exceeded the quantity

of nitrogen norrnally fixed by lentlls and Ëhus yield responses were

obtained. Grov¡th chamber studies revealed that nitrogen stress, simu-

lated by the addition of barley strav/ to the soll, limíted lentil yields

as compared Eo yields obtained on unanmended soil. It is apparent from

these results that lentils are not capable of syrnbiotically fixing

enough atmospheric nitrogen to meet optinum plant growLh requírements.

Supplemental nitrogen is required to produce maximum seed yÍeld on soils

low to medium 1n available N03-N. Amounts as low as 30 kg N ha-l

may benefit yields where available soil N is strictly l1miting.

In a growlh chamber sLudy, moisture avaÍlability was also found to

be an importanE factor in attaining high dry matter and seed yielcl of

lenlils " Dry matter yiekls \,rere signif icantly decreased by rnoisture

stress; the degree of reduction dependent on the physiological stage at

which stress \{as applied. The lowest dry matter yield was obtaine<l

where lentils were stressed for the longest duration, namely from the

prebud growth stage. This reduction was due to both reduced leaf and

total plant size produced in response to the lirnited \^rater supply.

Lentils which were stressed at bloom and early pod developrnent had, to a

large degree, completed vegetative growth at the time of the stress and

thus significant reductions in total dry matter were aLtributed pri-

marily to reduced seed yields. Physiological stage at which sÈress was

applied did not influence Ehe degree to which seed yields were reduced.

It was concluded that several possible rnechanlsms, including restricte<l

number of flowers, abortlon of floral structures and reduced seerl size,

may have conlributed to reduced seed yields. Furthermore, the extenL Ëo
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v¡hich each mechanism conEributed to reduced seed yields r,ras like1y

dependent on the developmental stage at which stress \^/as applied" From

these results, it is appareût that moisture stress may elicir a compli-

cated response mechanism in 1enti1s, and may result in a reduction in

bofh dry matter and seed yield.

Quancity of nitrogen symbiotically fixed in lentils was estimated

using three methods: I) ttre 'A'-value method; 2) the 15n Assisted

Difference method; and 3) the Classical Difference method. Employing

these methods necessitated the use of a non-fixing reference cropo In

all studies conducted, nonnodulating soybeans served as t.he reference

crops Under field conditions, difficulties were encountered in quanti-

fying symbiotically fixed N due to Ehe fact that nonnodulating soybeans

did not meet all of the requirements of an ideal reference crop for

lentils. In both years of field experimentat.ion, lentils and nonnodula-

Ling soybeans did not share similar maturation dates, nor did they

exhibit similar nitrogen accumulation paEterns. Generally, it was found

that lentils utilized a greaLer percentage of the applied fercilizer N

than the nonnodulating soybeanso The differences which existed between

the lentils and Lhe nonnodulating soybeans rendered estimation of the

quantity of nirrogen symbiotically fixed suspect, particularly where N

balance techniques, which are based on the assumption Ëhat boEh the test

crop and Ehe reference crop utilize identical quantities of soil and

fertilizer N, vrere employed. In contrast, the tAt Value method assumes

only Ëhat soil and fertiLízer N is utilized by the two crops in similar

proportions, and thus it was concluded that thetA'Value method r^ras a

more reliable meËhod of estimating the quantiry of nitrogen symbiotic-
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a1ly fixed under field conditions. Under conditions of the growth

chamber, nonnodulating soybeans met al1 of the requirements of an appro-

priate control crop and subsequently little difference existed between

the three methods used to estimate quantity of N fixed.

Both growEh chamber and field studies revealed Ëhat throughout Ehe

growing season, nitrogen in the lentil roots may account for as much as

fifty percenE of the total crop N. Generally under field conditions,

only the aerial porEion of Lhe crop is harvested lor the determination

of symbiotically fixed N. Hence conclusions drawn and reported in

regard to the total contribution of symbiotically fixed N to 1enti1 N

yield where only the aerial portions are harvestedr may be based on a

relatively small proportion of the cotal crop N.

Despire difficulties encountered in determining the quantily of N

symbiotically fixed by lentils under field conditions, dry matEer and

seed yield responses to applied fertíLízer N indicated that symbioEic N

fixation alone did not meet lentil N requiremenEs. Yietd responses to

applied N under growth chamber conditions were obtained ar rates as low

as 30 ppm which suggested that lentils derived only a smal1 quantity of

N from symbiotic fixation. Studies showed that alLhough addition of

supplemental N generally increased the Eotal nitrogen in the dry matLer,

both the percent of the total N derived from fixation as well as the

actual quantiEy of N derived from fixation decreased with increased N

fertiLizer application" In addition, growth chamber studies demon-

sErated chat N availability in the soil may influence the onset and

duration of active fixation. Where N was applied at a rafe of 30 ppm Nr

notable accumulation of symbiotic niErogen fixaEion began aË the bud
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stage of developnent. Nitrogen stress delayed Ehe onset of active fÍxa-

tion until the bloo¡n stage and subsequently reduced the quantity of N

synbiotically fixed. Thus ít i¡ras concluded that some nitrogen may be

required to proaoLe early establishment and functioning of a syrnbioEic

nltrogen fixing system in 1enËi1s.
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