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THEOREMES

I
L’utilisation de la prégermination comme moyen d’assurer I'uniformité du
matériel végétal soumis A influence des traitements a pour effet d’accroitre la
précision des résultats des expériences.

La these

1T
Le cultivar de lentille "Large blonde’ est une plante de jours longs tandis
qu’Anicia est plutst une plante indifférente.

La thése

I
On sous-estime le rythme relatif de croissance des jeunes plantes lorsquon le
calcule & partir du poids sec des semences.

4%
L’opinion de RINGOET d’aprés laquelle le coefficient de transpiration varie
avec la teneur en eau du sol est discutable.

RINGOET, A. Recherches sur la transpiration et le bilan d'eau de
quelques plantes tropicales. LN.E.A.C, Sér. sci. 56, p. 125 (1952),
pE Wit, C. T. Transpiration and crop yields. Versl. landbouwk.
onderz, 64.6, 88 pp. (1958).

A
Les limites de la tolérance de la lentille 3 la salinité se trouvent & des concen-
trations comprises entre 8.4 et 13.1 mmhos/cm.

La thése

VI
La diminution sensible de la production de matiére séche au niveau de sodium
échangeable correspondant 4 un *ESP’ de 10 suggére que la lentille ne puisse pas
survivre dans des milieux caractérisés par un fort pour centage de sodium échan-
geable,

La thése



VI
Cette affirmation de KANDE: Les acides aminés soufrés constituent le facteur
limitant primaire des protéines de la lentille et du pois chiche, doit étre prise en
considération quand il s’agit d’équilibrer des rations 4 base de ces 1égumes secs.

KANDE, J. Valeur nitritionnelle de deux graines de légumincuses.
An. Nutr. et Alim, 21(1), 45-67 (1967}.
VIII
La municipalité de Chicago a fait dépendre la construction d’un aéroport sur
le lac Michigan du résultat d’enquétes écologiques. Cet exemple mérite d’étre
suivi.
Superjet airports run into trouble, U.S. News and World Rep.
March 22 (1971).

IX
Bien qu’elles s’appuient sur des méthodes différentes, les philosophies idéalis-
tes de JEAN-JACQUES ROUSSEAU (1712-1778) et d’ANTOINE CARITAT, MARQUIS
DE CONDORCET (1743-1794) visent un objectif commun: "amélioration morale
de I'homme,

P. M. SaINT-CLAIR
Wageningen, e 30 juin, 1972
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PREFACE

La préparation de la thése a bénéficié de la contribution de plusieurs person-
nes appartenant soit au monde cadémique, soit aux services administratifs.
Comme il est difficile de les mentionner toutes, je crois utile de souligner que
tout apport a été grandement apprécié.

Plus particuliérement celui du Professeur Dr J. D. FERWERDA & qui je dois
notamment le choix de la lentille comme sujet de recherches. Cette option a la
vertu de renforcer Ioriginalité de la thése. En effet, la littérature concernant
cette légumineuse est fort modeste, bien que la plante soit cultivée dans beau-
coup de pays du monde, surtout dans les régions surpeuplées du sous-continent
indien. 1l est aussi & porter au crédit du Professeur Ferwerda des suggestions en
rapport avec l'orientation & donner aux expériences et des critiques relatives
Uinterprétation des résultats. L’expérience acquise en traitant les aspects inclus
dans le présent ouvrage pourra toujours servir 3 guider des recherches sur les
possibilités d’adaptation d’espéces ou de cultivars 3 une région donnée.

Je remercie le Ministére de I'Education et des Sciences du Royaume des
Pays-Bas d’avoir bien voulu consentir des fonds pour mener les travaux 3 bonne
fin,

Je ne saurais passer sous silence la compréhension dont a fait preuve Drs
I. P. L. GorTer lorsqu’il sagissait de remplir les formalités d’admission a I'Uni-
versité agronomique de Wageningen.,

Jexprime ma gratitude envers Dr P. GaAsTRA et Dr J. BENSINK qui ont mani-
festé un grand intérét pour tout ce qui toucha & la thése, et qui ont formulé
respectivement des critiques concernant la photosynthése et le résumé (de la
thése) en néerlandais.

Je dois rappeler les services rendus par Dr J. BEKENDAM et Mr A, vaN GEFFEN
de I'Institut national d’essais de semences.

J'adresse mes sincéres remerciements au Professeur Dr C. T. DE WIT pour ses
importantes suggestions relatives & la photosynthése et A I'évapotranspiration.

A Pexpérience sur la photosynthése est aussi associée 'assistance de Ir. J.
GOUDRIAAN, de Drs F. W, T. PENNING DE VRIES, de Mr W, LOUWERSE et de Mr
VAN DER ZWEERDE. ,

Les facilités d’équipement fournies par Dr B. DEINUM (Section pour I’étude
des plantes de grande culture et de la culture fourragére) et Dr It P. A. M.
Hopmans (Section pour 'étude des cultures horticoles) ont permis de faire
progresser les travaux de la thése.

Le concours de Dr A. vaN Diest et de Dr A, R. P, JANSE aététrésutile 3 la
réalisation des essais sur la tolérance 2 la salinité et au sodium échangeable.
L’aide complémentaire dispensée par les étudiants T. K. GLas et T. 8. STEENHUIS
4 eu aussi toute son importance.,

Les conversations engagées avec Ir L. J. G. VAN DER MAESEN sur ses voyages en
Afrique et en Asie méritent d’étre évoquées. Elles m’ont permis d’avoir une



idée de la culture de la lentille dans ces régions et des recherches s’y rapportant.

La contribution apportée par Ir. F. WESTPHAL 2 la classification botanique
des cultivars utilisés pour les expériences a été fort appréciée,

Dans I'interprétation statistique des résultats, jai tenu compte des intéres-
santes suggestions faites par Ir S. H. JUSTESEN, Ir. J. R. VERDOOREN et M. KEULs.

Dans la préparation de la version finale du manuserit, les remarques faites
par Dr M. FLacH et Ir J. P. M. BINk ont été prises en considération.

Des remerciements sont dus au Professeur J, E. LEGATES (Université de la
Caroline du Nord) qui a corrigé le style du manuscrit.

Mes remerciements s’adressent également & Melle E. J. vAN DK etd Mme
J. SnuDERs-TIMMER qui ont dactylographié une partie du manuscrit.

A MM. R. BOEKELMAN et J. VAN ZEE je dois respectivement la préparation des
graphiques et celle des épreuves (photographiques).

A Pexécution des travaux dans les cabinets de croissance et dans les serres
sont liés les services rendus par Mr S. BOLTIES ¢t ses collaborateurs, MM, J.
Monepe et L. DE Nbs. :

Pour terminer, je voudrais remercier de fagon générale tout le personnel de la
Section de Phytotechnie tropicale de I'Université de Wageningen d'avoir créé
autour de moi une atmosphére de détente qui compense 'austérité du travail
scientifique et fait honneur & cette maxime de Socrate: ‘Lorsque l'esprit est
tendu, il faut le détendre pour mieux le tendre’.
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1. INTRODUCTION

1.1 OUTLINES

1.1.1. History and distribution

There is much evidence to suggest that lentil is one of the first plants brought
under cultivation by man (PAKISTAN, 1963). The property of dried lentils to keep
well helps appraise the ancientness of the crop. Lentils were eaten, collected or
cultivated in the Near East in the 6th or 7th millenium BC. The crop was known
to the Assyrians, being cultivated along with other vegetables in the garden of
King Merodach-Baladan of Babylon (8th century BC.). A paste of cooked
lentils was discovered in a Thebes tomb built in the 12th dynasty period, proving
that like peas, lentils were vused as food in ancient Egypt. Archaelogical finds in
Greece permitted to date back the use of lentils to the early Bronze Age. Hero-
dotus reported that lentils constituted like grain, onions, leeks and millet a
major food for the Callipidae, a Graeco-Scythian tribe (BROTHWELL, 1969).

Lentils are mentioned in sacred literature. The sanskrit names of lentil are
given by KIRTIKAR (1933). It is reported in the first book of the Old Testament
of the BigLE (GENEs:s 27) that Esau sold his birthright to Jacob for a dish of
lentils.

The oldest cultivation areas are located in Western Asia, Egypt and Southern
Europe. From these, there was a northwards distribution to Europe, eastwards
to India, China and southwards to Ethiopia (PURSEGLOVE, 1968}.

Lentil is now being cultivated in the Mediterranean area, in Africa (North
and South-East), in the Middle East, in Southern Asia, in North America (USA
and Mexico) and South America. According to FAO statistics, 1.723,000 ha
were covered by lentil in the world in 1970 whilst the total production was estim-
ated at 1.058,000 tons. India is the largest producer, followed by Ethiopia and
Pakistan (Fao, 1971).

1.1.2. Composition and uses

In nutritive value, lentil occupies a place second only to Bengal gram (Cicer
arietinum) and black gram (Phaseolus mungo) among the pulses commonly
consumed in India (IND1A, 1962). Appreciable amounts of vitamins, mainly of
the B group, are present in the seeds, as indicated by the data of Table I collect-
ed in India (INDIA, op.cit.).

The seeds represent also an interesting source of proteins. An Indian strain is
reported to contain about 30 %. Lentil proteins are similar to those of beans and
peas and consist of globulin (44.0%), glutelin (20.6 %), prolamin (1.87) and a
water soluble fraction (25.9%). Two proteoses were also found in the seeds
(IND1A, op.cit.).

It was observed in Teheran that the percentage of proteins in lentils (27-30 %)
was higher than that of black chick peas (22-28 %), white chick peas (18-28 7,),

Meded, Landbouwhogeschool Wageningen 72-12 {1972) 1



TaBLE 1. Vitamin content of lentil seeds in mg/100 g.

Vitamins of the B group Content Others Content
Thiamine 0.26 Carotene 1.60
Riboflavin 0.21 Ascorbic acid 420
Nicotinic acid 1.70 Vitamin K 0.25
Choline 223.00 Tocopherol 2.00
Folic acid 107.00

Inositol 130.00

Pantothenic acid 1.60

Riotin 1.30

Pyridoxine 0.49

TaBLE 2. Amino Acids present in lentil proteins expressed in g/16 g N after HARVEY (op.cit.);
the data of WasserMANN (op. cit.) are put in brackets.

Essential amino acids? Content Others Content
Methionine 0.5~ 0.8 (0.4) Arginine 4.3-9.3
Tryptophan 0.2- 0.8 Histidine 22-3.8
Phenylalanine 3.6- 6.3(2.6) Cystine 0.6-1.8
Threonine 1350027 Tyrosine 1.8-3.1
Valine 42— 64(4.1) Glycine 2.1-5.2
Leucine 6.9-10.9 (4.6) Proline 3.7-5.4
Isoleucine 37-64(3.2) Alanine 35438
Lysine 5.7-11.6 (7.9 Serine 4.6-6.0

1 According to peN HartoG ([966)

cow-peas (22-29%) and mung beans (22-25%). The percentage of proteins
found in the Persian strains is comparable with those indicated by Indian and
Pakistanese sources (IRAN and INDIA, 1969).

The amino acid composition of the total proteins of lentil seeds is given by
WASSERMANN (1967) and HarvEY (1970).

The food value of lentils was compared in Pakistan with that of wheat and
rice (PAKISTAN, 1963). The data are presented in Table 3,

TasLE 3. Comparative food value of lentils

gper 100 ¢ mg per 100 g
Crop Protein Fat Carbohy- Calories Calcium Phospho- Iron
drates perl00g rus
1 2 3 4 5 6 : 7
Lentils 23.7 1.2 65.0 3540 47.3 71.9 5.4
Wheat 9.3 1.9 78.6 363.0 91.1 639.2! 5.0
Rice 6.5 0.4 82.2 356.0 233 76.0 1.3

! This figure seems to be too high when cornpared with the value of 444 mg/ 100 g given by
RoHRrLICH and THoMAS (1967), -

2 ‘ Meded, Landbouwhogeschool Wageningen 72-12 (1972}



Lentil contains then more proteins than wheat and rice. It is not without
_ reason it is called the poor man’s meat in Pakistan (PAKISTAN, op.cit.). It con-
tains also more iron than the two cereals whilst its energetic value is similar.

Data collected in Spain pointed also to the dietetic importance. The digesti-
bility of lentils is considered superior to that of the other pulses (MaTEO Box,
1963).

The importance of lentil is not restricted to the use of the seeds for human
nutrition. It is often employed as green manure. In Pakistan it contributes to the
improvement of nitrogen-deficient soils where sheep graze. The wool production
is closely related to the N-fixing property of lentil (PaxIsTAN, 1963}). In India,
lentil husk and bran are given as feed to livestock, especially to dairy cows.
Lentil hay and straw is also used for this purpose (INDIA, 1962).

Lentil starch has an industrial importance. It is used in textile and calico
printing industries because its viscosity keeps well across a wide range of tem-
peratures.

1.2. CLASSIFICATION

Lens esculenta MOENCH belongs to the Order Rosales, Sub-Order Rosineae,
Family Leguminosae and Sub-Family Lotoideae. Many botanists consider this
Sub-Family as an independent Family termed Papilionaceae (LAWRENCE, 1951).
The latter is also designed by the name Fabaceae and transferred to the Order
Fabales (DE WiT, 1963). BARULINA (1930) has given the following description of
lentil: Plant annual, 15-75 cm high, pubescent with short hairs; the degree of
pubescence varies in the separate varieties. Stem almost erect or slightly climb-
ing, with anthocyan over the whole surface or only at the base, more rarely
green. Leaves compound, even-pinnate with 2—8 pairs of leaflets, Leaflets oval
or linear, stipules semi-hastate or lanceolate, entire. Peduncle shorter than leaf,
with 1-4 flowers. Flowers 5-8 mm long; colour of corolla varies from white to
blue or pink; of most frequent occurrence is a white standard with violet-blue
veins of different intensity. Ten stamens, nine of them united in a tube, while one
is free. Seeds flattened or almost globose, 3-9 mm in diameter greatly various
in colour, ranging from light green to perfectly black.

The same author has also proposed a key to determine the varieties. The
species are divided in 2 subspecies (ssp.): macrosperma (large-seeded) and mi-
crosperma (small-seeded).

a- ssp. macrosperma (BAUMG, pro var,) BARUL.

Pods large, flat {(15-20 mm long, 7.5-10.5 mm width). Seeds large 6-9 mm in
diameter, flattened, Flowers large (7-8 mm long), white (standard with blue or
light blue veins) rarely light blue; 2-3 flowers on peduncle, Calyx-teeth longer
than corolla. Height of the plant 25-75 cm.

b- ssp. microsperma (BAUMG. pro var.) BARUL.

Pods small (6-15 mm long, 3.5-7 mm width). Seeds small or medium-sized
(3-6 mm in diameter). Flowers small (5~7 mm long), violet-blue, light blue,
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white or pink. Peduncle with 1-4 flowers. Height of the plant 15-35 cm. The
material used in the experiments, which will be described later, comes from both
sub-species: macrosperma ('Large blonde’) and microsperma (CAnicia’). *Large
blonde’ is a cultivar of the variety nummularia Al. (BARULINA). Tts characteris-
tics are: Pods green when unripe; ripe, straw-coloured. Seeds yellow-green and
with dark green marbly pattern.

An attempt has been made to find out in which grex! and in which variety
*Anicia’ has to be located. It has been concluded that it suits to the description
given by BARULINA (1939) for grex europae s. and variety dupuyensis s. Grex
europae: Flowers 2-4 on peduncle, white with light blue veins.

Calyx-teeth much longer than corolla. Leaflets of medlum size. Plant most
frequently light-green (yellow-green) coloured.

Variety dupuyensis: Erect habit. Pods before maturity with purple patches,

Seeds 4-5mm. in diameter, yellow-green with dark-green marble and dark
purple spots. Cotyledons yeliow. This description is comparable with that of
*Anicia’ given below. Specimens grown under greenhouse conditions (day and
night temperatures 26°C and 20°C respectively, relative humidity 509;) are
described according to the method recommended by PORTER (1959) are kept at
Herbarium vadense, Wageningen,

al — Lens esculenta MOENCH. ssp. macrosperma (BAUMG.) BARUL. var. num-
mularia Al. cv. Large Blonde. (Reference SC,; and SC,, Herbarium vadense).

" Roots: Colour brown, a primary root (8.5 cm long), many secondary roots
(length 3-8 cm).

Stem: Herbaceous, 60 cm long, colour light green; the stem is divided at the
2nd node in 3 branches.

Leave: Colour light green, arrangement zlternate; pinnately compound with
an average of 13 leaflets in a branch; leaflets (length 16 mm) oval, entire, apex
obtuse, base acute; 2 stipules lanceolate (length 3 mm).

Flowers: Length 8 mm; colour white, calyx colour light green, slightly
pubescent, 5 sepals longer than corolla; corolla (6 mm long) white, standard
white with violet stripes; 10 stamens.

Pod: Unripe light green; ripe, straw-coloured; flat, large, average length 18
mm, width 8,5 mm.

Seed: Flattened, colour yellow-brown, diameter 7.5 mm.

Cotyledons: yellow.

bl ~ Lens esculenta MOENCH, spp. microsperma {BAUMG.) BARUL. var, dupu-
yensis Barul. cv. Anicia. (Reference SC, and SC,, Herbarium vadense).

Roots: Colour brown, a primary root (4.5 cm. long), many secondary roots
(length 1.5-10cm).

Stem: Herbaceous 50 cm long, colour light green, divided at the Ist node in
2 branches.

* The varieties of Lens esculenta MOENCH, ssp. microsperma (BAUMG.) are grouped by Baru-
LiNA (1930} in six greges or morphologic-geographical subdivisions. CArLES (1939) used the
term race instead of grex.
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Leaves: Colour light green, arrangement alternate; pinnately compound with
an average of 10 leaflets in a branch; leaflets (length 11 mm) oval, entire, apex
.obtuse, base acute; 2 stipules lanceolate (length 2,5 mm).

Flower: Length 6 mm, colour white; colour calyx light green, calyx more
pubescent than Large blonde calyx, 5 sepals; corolla white, length 5 mm,
standard white with violet stripes; 10 stamens.

Pod: Unripe light green; ripe yellow-brown; small, length 12.5 mm, width
6 mm,

Seed: Small, colour dark-green marble pattern, diameter 4 mm.

Cotyledons: Yellow,

: 1=5

. 3} "{"’-&
2Ty

22cm

Puoto 1

2201’]’1

Proto 2

Photos of four-week old *Large blonde’ (photo 1) and *Anicia’ (photo 2} plants are pre-
sented above, These pictures were used as vertical projections of the canopy of plant samples
used in the photosynthesis experiment which is described in Chapter 8.
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1.3. REVIEW OF LITERATURE

1.3.1. General aspect

Lentil served as material for several kinds of research. Its botanical aspect was
the subject of the investigations of CHAKRAVARTI (1953) and Papp (1966). Au-
xinic and enzymatic studies were conducted by PiLET (1951, 1953 and 1971),
PiLLAl and CHAKRAVARTI (1954}, PiLET and GALSTON (1955), SIEGENTHALER
(1963} and HorINGER (1971).

The nutritional standpoint was given attention by Baswa and Nassie (1967),
and KroBeR {1968). Genetic work has been carried out by MukHOPADYAY and
SHARMA (1963), and WILsON (1970),

A larger amount of information bears on ecology, cultural practices, phy-
siology, selection and plant breeding.

1.3.2. Ecology and cultural practices

According to BARULINA (1930) the genus Lens is typically Mediterranean, The
Mediterranean countries are the centres of origin of Lens escilenta ssp. macro-
sperma, South-West Asia and partly Spain are birth regions of ssp. microspet-
ma. The soil and climatic conditions prevailing in the above mentioned areas
may provide some indications on the ecological requirements of lentil,

General information was published in Marocco (Foury, 1954), India (IND1A,
1962, 1969), Spain (MATEO Box, 1961) and Pakistan (PakisTAN, [963). The Fao
(1959) has summarized data on lentil from Cyprus, Egypt and Greece. The
response to factors like temperature, frost, shade, drought and salinity was not
identical in these three countries, Lentil was found to be moderately resistant to
high temperature and drought in Cyprus and Egypt and more resistant in Greece,
As the criteria used for this assessment are not indicated, the above information
lacks of precision. In Pakistan (PAKISTAN, 1963) recommendations were com-
piled on suitable soils, methods of sowing, manuring and control of pests and
diseases. Loamy soils are reported to favour cultivation, Furrow sowing (30 cm
from line to line and 22.5 cm from seed to seed) and broadcast are indicated as
methods of sowing. Advice about manuring only concern the soils of West
Pakistan (because of their low fertility). It refers on the use of farm manure,
compost (800-1200 kg/ha), superphosphate (80 kg/ha) and muriate of potash
(80 kg/ha) during the preparation of the land. The pests and diseases mentioned
in the publication are the gram caterpillar { Heliothis obsoleta), white ants (Clo-
termes sp.), weevil {Bruchus sinensis), gram cut worm {Agrotis flammatra) and
rust (Uromyces fabae). As far as control is concerned, the farmers are suggested
to contact their Agricultural officers.

MaTeo Box (1961) pointed out that lentil tolerates lower temperatures than
chick pea, but is seriously affected by intense and long hoar-frost, that the soil
range in which cultivation is possible is rather broad, provided the soil is reason-
ably fertile and does not suffer from excess of moisture. The author did not
specify the temperature conditions under which lentil and chick-pea have
thrived. In India (InDIA, 1962) excess of moisture In rich soils caused an excess-
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ive vegetative growth at the expense of seed yield. Repp and KiLLian (1936) in
their experiments with irrigated soils of Saharian oascs saw some differences
" between the white lentil from Syria and the red one from Egypt. Although both
‘were moderately drought-resistant, they observed that the resistance of the
Egyptian lentil was lower than that of the Syrian. This difference was due to a
lower transpiration of the Syrian lentil. Their appraisal of drought-resistance
was based on the following classification:
a. Very drought-resistant: plants which were able to produce new leaves and
flowers after four weeks of drought. They were also wind-resistant.
b. Moderately resistant: plants which matured early and the resistance of which
was observed mainly in the vegetative parts.
¢. Weakly resistant.
No criterium was given to differentiate b and c. :

Sur and SeN (1965) found that the yield curve of broadcast sowing of lentil at
seed rates of 11.25, 16.80, 22.50 and 30 kg/ha, was above that of furrow-sowing
(furrows 15, 22.5, 30 and 37.5 cm. apart) at seed rates (calculated from the curve)
of 21,26, 34 and 52 kg/ha.

The two methods were compared through these two curves drawn against the
seed rates. It followed that broadcast sowing brought about a larger seed yield
than furrow sowing within the theoretical common range of seed rates. The
highest yicld of the experiment (1500 kg/ha) was obtained with broadcast sow-
ing at a seed rate of 30 kg/ha. As the weight of the seeds is not given it becomes
difficult to calculate the number of seeds per unit of area (m? for instance). Ref-
erence to the weight! of the seeds of the cultivars *Large blonde’ and *Anicia’
permits to suppose that the seed rate of 30 kg/ha corresponds to a density of 40
to 120 seeds/m? depending on the size of the seeds. It may be argued that the
results of this experiment would be more reliable if the seed rate treatments were
balanced.

DimiTrov {1970) sowed lentil at rates of 200-400 seeds/m?* and found that
rates of 350-400 seeds/m? brought about the highest yields. Toporov (1971)
observed a comparable result: the optimum rate was 300 seeds (yield 1450 kg of
seeds/ha). Both results were registered in Bulgaria but difference in the environ-
mental conditions might interfere with the treatments under study.

VAN DER MAESEN (1968) noted that sowing at a depth of 5 cm led to a higher
dry matter production than sowing at 0, 2, 7.5 and 10 cm.

Irrigating lentil fields at 10-day intervals in Shiraz (Iran) accounted for the
ratio grain/straw being superior to that observed under 4, 7 14 and 17-day int-
ervals (IRAN and INDIA, 1969),

1.3.3. Physiology

Experimental data on lentil physiology are assembled in the last 20 years.
SHUKLA (1953 and 1955) obtained a shortening of the vegetative cycle by three
! The 1000-seed weight of "Large blonde’ is 83 g and that of "Anicia’ is 28 g. This is in accord

with the ranges given by BARULINA (1930} for the bold type of lentil (1000-seed weight be-
tween 40 and 82 g) and the small-seeded one (1000-seed weight between 11 and 40 g).
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weeks either by vernalization (6 °C~9°C during 32 days) or continuous illumina-
tion. This result is of little interest when the practical aspect of the problem is
considered. The duration of the vernalization period can be excessive under
certain natural conditions. CHAKRAVARTI (1964) also applied vernalization. The
seeds remained five weeks at a temperature of 4° to 6°C before sowing. Veget-
ative growth registered through the number of leaves at the beginning of
flowering and compared with the control was significantly reduced. Vernalized
plants produced more dry matter up to eight weeks. PILET and WENT (1956),
working on germination in darkness with eight temperatures (5. 7.5, 10, 14, 17,
20, 23.5 and 27°C) and in light with nine (6, 8.5,11, 15, 18,21.5,24.5 and 27.5°C)
remarked that germination occurred within the first four days in darkness and
in light except for the three lowest temperatures, The optimum temperature for
dark germination was 20°C and for light germination 24.5°C. The percentage
of germination of seeds maintained alternately 16 hours in darkness (at tem-
peratures ranging from 14 to 27°C} and in light (at temperatures ranging from
15 to 27.5°C) was recorded after 15 days. It was found that a regime of 16 hours
dark at 20°C and § hours light at 24,5°C provided also optimum conditions.

It can be observed that only constant temperatures were tested. More in-
formation might be obtained if the natural differences between day and night
temperatures were simulated and studied. The highest temperature used (27.5°C)
was too low to draw valid conclusions on the best germination conditions of
lentil. The light treatment applied with the optimum germination conditions
might have been too short when compared with the actual conditions in the
lentil-growing areas.

Parp (1967) investigating the germination of four small, six medium and five
[arge-seeded lentils at temperatures ranging from 5 to 45°C found that the op-
timum temperatures ranged from 15 to 25°C and that the small-seeded varicties
required a lower optimum temperature than the others.

Moursi (1963) conducted some experiments in Egypt on the effect of light
durations on the grouth of the lentil cultivar 'Giza 9’ along with four other
legumes (Egyptian lupin, fenugreek, gram and horse bean). Lentil plants treated
with 16-hour light period flowered within 84 days. The other light durations 6, 8,
10, 12 and 14 hours caused flowering after 115, 114, 108, 100 and 90 days, res-
pectively. The 10-hour treatment was found to be the best for dry matter accu-
mulation, the 16-hour for stem elongation.

Tt may be noted that only one lentil cultivar was brought under investigation,
Morevoer no mention was made of the temperatures which prevailed in the en-
vironment in the time of the study.

VAN DER MAESEN (1968) observed that under 12-hour light conditions a tern-
perature regime of 29°C during the day and 23°C by night gave larger dry mat-
ter output than a regime of day and night temperatures of 32°C and 20°C
respectively,

This work was limited to two treatments.
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1.3.4. Selection and plant breeding

Since 1966, the Regional Pulse Improvement Project organized by the Iranian,
Indian and American governments is undertaking a series of investigations into
© different aspects of lentil cultivation (yield trials, varietal improvement, virus
and insect controls (IRAN and INDIA, 1966, 1967, 1968 and 1969; IRAN, 1969).

The yield trials in Karaj (Iran) were hit by a root disease caused by a complex
of fungi. In Punjab (India), the plantings were completely destroyed by lentil
wilt. In spite of these retarding circumstances, data are being accumulated on
the material. The characteristics tested through breeding are plant size, plant
type, number of days to flowering and maturity, number of seeds per pod, pod
and seed size, seed colour, disease and drought resistance.

Boev (1970) has carried out yield trials with two Soviet cultivars and three
Bulgarian leatil populations. He remarked that the Bulgarian red-seeded popul-
ation produced the highest yield (1250 kg/ha).

SINGH and SINGH (1969) noted that bunch number and pod number are close-
Iy related with seed vield and considered these characters as very important for
yield-increasing investigations.

1.4. NEED FOR FURTHER RESEARCH AND SCOPE OF THE
PRESENT INVESTIGATIONS

1.4.1. Need for further research

The review of literature shows many gaps in the knowledge on lentil which
may impair the optimum use of this crop. Investigations are necessary to deter-
mine with more precision its soil, temperature and moisture requirements,
Studies on drought, salinity and exchangeable sodivm tolerance need to be
undertaken. Further assays on depth of sowing are desirable. Jt is also impor-
tant to study the effects of fluctuating temperatures. The optimum germination
temperature requires more precision. Photosynthesis and photoperiodism, in-
vestigated separately may bring about a better understanding of the behaviour
of the crop under natural conditions. A study of growth and development of
lentil in terms of growth curves and dry matter distribution may lead to a better
understanding of the yield potential and may provide a better basis for selection
and plant breeding works.

1.4.2. Scope of this thesis

The thesis is based on a number of aspects of the ecology and the physiology
of lentil which were subjected to further investigations and chosen on account of
their importance for a better understanding of the ideal conditions for the
cultivation of the crop, as summarized in the preceding section. As the climatic
conditions in the Netherlands are not suitable for field trials with lentil, all ex-
periments were carried out in growth cabins, growth chambers and greenhouses
under controlled conditions, Therefore it was not pnssible to investigate the
seed production on a quantitative basis.
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The following subjects were covered within the time available for the thesis
and with the experimental facilities provided in Wageningen by the Depart-
ment of Tropical Crops Husbandry, the Department of Field Crops Husbandry
and Grassland Cultivation and the Department of Soils and Fertilizers of the
Agricultural University, the Seed Testing Station and the Institute for Blologlcal
and Chemical Research on Field Crops and Herbage.

. temperature requirements for germination

. depth of sowing

. photoperiodic requirements

. temperature requirements for growth and development
. photosynthesis

. drought tolerance

. tolerance to saline conditions

. tolerance to exchangeable sodium

. growth curves and dry matter distribution

DGO -] AL b LR e
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2. ORIENTATION EXPERIMENTS

2.1. GENERAL INTRODUCTION

The uniformity of the plant material contributes very much to the precision
of pot experiments and to the reliability of their results. It is common experience
that irregular germination and emergence may result in large differences be-
tween individual plants. This is undesirable for experiments involving such plants
and this is more so when pot trials with a limited number of plants per pot are
concerned. For that reason, germination and depth of sowing have been investi-
gated before the other aspects of lentil cultivation. The information collected on
the optimum germination conditions and on the optimum depth allowed further
research to be carried out with more precision in order to obtain more reliable
results.

2.2, GERMINATION EXPERIMENTS

2.2.1, Introduction

Lentil germination has been scarcely investigated. In addition to the works of
PiLeT and WENT (1956) and Papp {(1967) already discussed (see 1.3.3.), the ex-
periment of VAN DER MAESEN (1968) may be mentioned. He studied the effect of
eight constant temperatures regularly ranged from 10 to 45°C and three chang-
ing temperatures fluctuating daily between 15°C (night) and 25°C (day), 20°C
(night) and 30°C (day) and 25°C (night) and 35°C (day). It was found that the
best constant temperatures for germination were 20° and 25°C whilst the best
fluctuating regime was 15°C (night) and 25°C (day).

The present studies comprise four experiments carried out with 'Large blonde’
and "Anicia’. The basic objective was to determine more precisely the optimum
germination conditions. Germination was understood as the emergence and
development from the seed embryo of those essential structures which indicate
the ability to develop into a normal plant under favourable conditions in soii
{INTERNATIONAL SEED TESTING ASSOCIATION, 1966). This process is governed by
the environmental factors provided the necessary internal conditions of the
seeds are satisfied. General information regarding the influence of substratum
and of light on germination is needed in an attempt to find out the optimum
conditions. This last objective was the subject of the first experiment.

2.2.2. Description of the material

Substrata. The substrata used in the experiments were filter paper and sand.
The paper used varied with the treatments which were termed according to the
international nomenclature (INTERNATIONAL SEED TESTING ASSOCIATION, Op.cit.)
These were: TP (top of paper) and BP (between paper). In the TP (top of paper)
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condition, the seeds were placed on discs of filter paper T-300 {diameter 10 cm
water-absorbing capacity 2.13 g (water)/g(paper), weight/area 300 g/m?). The
discs were put on a 2 mm layer of porous paper T-10 D(10.2 X 26.5 cm, water-
absorbing capacity 2.20g/g, weight/area 730 g/m?). For each treatment (4 x 25
seeds) a set of four discs of T-300 paper with the layer of moist T-10 D paper
was used. The above was held by an aluminium germinator tray (27.5 x 11.2 x
1.8 ¢cm) and then brought to the germinator.

For the BP treatments, the seeds were put between two layers of folded filter
paper ZH-1224 (23 x 26,5 cm, water-absorbing capacity 2.16 g/g, we:ght/area
132 g/m?) before being carried to the germinator.

The sand used was Zilverzand Si0; (size of the particles 0.05-0.8 mm). The
material was brought to one third of its water-holding capacity (10 g water/100 g
sand) and placed in aluminium trays {17.5 % 14 x 3.5 ¢m). The seeds were
sown 1 cm beneath the sand surface.

Germinators. Two types were used: room-type and cabinet. The room-
type germinator (3.50 X 3 X 2.30 m) was light-equiped. Light was supplied
eight hours a day by eight 40 W TL 33 Philips lamps, two of which being located
at the ceiling. The six others, divided into two groups of three, faced two series
of shelf-holding metal frameworks {3 x 1.80 X 0.75 m) designed for receiving
the germinator trays. The light intensity was 1000 lux {4.44 x 10~ %cal/cm?/
min), at the treatment level. The relative humidity was maintained above
90% by water flowing down the walls of the room. The fluid came from and
returned 1o an outside water tank (capacity 3 m®). The temperature inside the
germinator was settled by warming or cooling the water of the tank. The day-
temperature was concomitant to the light period, )

The germination cabinet (2.10 X 0.66 x 0.75 m) had no light equipment. It
was divided into 18 shelves on which germinator trays could be piaced. The
door, the walls and the bottom were fitted with an electric heater (iron wires), A
water bath was kept in the lower part of the cabinet where an opening facili-
tated ventilation. This opening was situated above the water level, A glass plate
{0.61 x 0.70 m) covered the water bath. Air came in the germinator through
the opening, spread over the water bath and caused the relative humidity to
reach values higher than 90%;. The desirable temperature regime was obtained
with the mechanism set in motion by an electromagnetic valve installed at the
bottom of the germinator and synchronized with a contact thermometer. When
the valve was closed, the heater was switched on and the temperature increased.
When it was open, the heater was switched off. Cold water coming from a pipe
‘passed through 31 vertical cooling units situated along the walls of the cabinet
and caused a decrease of the temperature. The temperature conditions were reg-
ulated by the contact thermometer switched on the desired treatment.

2.2.3. First experiment
2.2.3.1, Treatments and design
The treatments are summarized in Table 4 They were displayed in a comple-
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TaBLE 4, Treatments of the preliminary experiment presented as combinations of substrata
and dark or light conditions.

Dark Light
Cultivars and Temperature regimes Temperature regimes
Substrata 20°C 20-30°C . 20°C 20-30°C
*Large blonde’
TP (top of paper) TP 20°C TP20-30°C  TPL20°C.  TPL20-30°C
BP (between paper) BP 20°C BP 20-30°C
S{sand) S 20°C $ 20-30°C SL 20°C SL. 20-36°C
*Anicia®
TP (top of paper) TP 20°C TP 20-30°C TPL 20°C TPL 20-30°C
BP (between paper) BP 20°C BP 20-30°C
S (sand) S20°C 8 20-30°C SL 20°C SL 20-30°C

tely randomized design which was also used in the other germination experi-
ments. Each treetment comprised 100 seeds divided in four replicates of 25,

2232, Material and methods

The germination of *Large blonde’ and *Anicia’ was studied under two tem-
perature regimes: constant 20°C and fluctuating between 20°C (night) and 30°C
(day) and under dark and light conditions. Three substrata: TP (top of paper),
BP (between paper) and sand were used. Light was given eight hours a day. It
was the same for the day temperature of 30°C under dark and light conditions,
The dark treatments were placed in two germination cabinets switched on the
requisite temperature regimes (constant 20°C and fluctnating between 20°C by
night and 30°C in daytime). The light treatments were held in two room-type
germinators providing likewise the above mentioned temperature regimes. As
previously indicated (se¢ 2.2.2.), both types of germinators were provided with
shelves. It was then possible to put the seed-holding substrata on scparate
shelves. The replicates of the two cultivars under the same substratum condition
were however put in the same shelf. The germination ceased after ten days and
the percentage of germination of ’Large blonde’ and *Anicia’ was recorded for
the different treatments.

2.2.3.3. Results _

As the design of the experiment was not completely balanced with respect to
the substratum treatments, the results are collected in two separate tables.

Table 5 shows the main effects and interactions of all the substrata (A), the
cultivars {B) and the temperature regime (C). From this it appears that the aver-
age germination for the TP treatment was inferior to that of BP and of S, This
discrepancy was mainly due to the low value shown by "Large blonde” at the
20°-30°C temperature regime. The average germination of ‘Large blonde’ at
20°C was somewhat better than that at the 20°-30°C regime. In the case of
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TABLE 5. Average percentages of germination for ‘Large blonde’ and *Anicia’ after 10 days as
influenced by the substrata and the temperature regimes.

*Large blonde® *Anicia’ Average values
Temperature Temperature
regimes regimes
Substrata 20°C  20°-30°C 20°C 20°-30°C ’Large ‘Anicia’ General
blonde'
TP 87 63 92.50 94 15 93,25 84.12
BP 97 98 96 98 97.50 97 97.25
S 95.50 94.50 97 99 95 98 96.50
Average 93.16 85.16 95.16 97.00 29.16 96.08 92.62
Average values
Substrata Cultivars Temperature regimes General
*Large blonde®  'Anicia’ 20°C 20°C-30°C

TP 75.00 93.25 89.75 7850 8412
BP 97.50 97.00 96.50 98.00 97.25
S 95.00 98.00 96.25 96.75 96.50
Average 89.16 96.08 94.16 91.08 92.62

TABLE 6. Average percentages of germination of "Large blonde® and Anicia’ after 10 days as
influenced by the substrata TP and S, the temperature regimes, dark and light conditions.

*Large blonde’ 'Anicia’
Tempetatare regimes Temperature regimes
20°C 20-30°C 20°C 20-30°C

Sub-
strata  Dark Light

Dark

Light Dark Light

Average value

‘Large ’Ani- Gene-

blonde’

Dark Light

cia ral

TP 91.00 83.00
S 97.00 94.00

Average 94.00 8850

60.00
95.00

71.50

66.00 91.00 9400 97.00 91.00 7500 9325 84.12
1060.00 98.00 9500 9800 96.50

94.00 957.00 97.00

80.00 9400 95.50

98.50 94.50 95.00 95.62 90.31

Average values

Temperature Illumination

Substrata Cultivars regimes condition

Large

blonde’ ’Anicia® 20°C 20°-30°C Dark Light  General
TP 75.00 93.25 89.75 78.50 84.75 83.50 84.12
S 95.00 98.00 96.25 96.75 97.25 95.75 96.50
Average 85.00 95.62 93.00 87.62 91.00 89.62 90.31
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*Anicia’, the contrary is observed but with a smaller difference between the re-
gimes. The comparison of the average germination of ’Anicia’ with that of
*Large blonde’ is affected by the response of *Large blonde’ to the TP treatment.

When the data were subjected to the analysis of variance (F test) it was ob-
served that none of the main effects and of the interactions reached significance
at the probability of 5%,

Table 6 shows the main effects and interactions of two of the substrata (A”),
the cultivars (B’), the temperature regime (C') and the illumination (D’). The
average results for *Large blonde’, *Anicia’ and the temperature regimes for TP
and S and the general averages for TP and § are obviously identical to those of
Table 5. The only new information brought out by Table 6 is the influence of the
illumination, which appears to have no clear effect on the germination of lentil.

The following effects were found to be significant:

Main effects Significance
Substrata (A") 2P <5Y%
Cultivars (B") 2<P<5Y

The effects of the interactions were not significant (P = 5%).

2.2.3.4. Discussion and conclusions

The data of the present experiment indicate that the overall effect of sand on
germination was more beneficial for the cultivars than TP (top of paper). They
also point to the conclusion that the average percentage of germination of
*Anicia® was significantly superior to that of *Large blonde’. As already men-
tioned (Section 2.2.3.3.) this discrepancy appeared to be dependent of the low
values registered for *Large blonde® under TP 20°C~30°C conditions.

As the germination of the cultivars was not influenced by light, further ex-
periments may be carried out in darkness. The small effects of the temperature
regime and of its interaction with the other factors suggest that a wider range of
temperature treatments should be investigated.

2.2.4. Second experiment
2.2.4.1. Treatments and design

*Large blonde’ and *Anicia’ were put to germinate in sand and dark conditions
under four constant temperatures 10°C, 20°C, 30°C and 40°C and six fluctuat-
ing regimes: 10°C (night) — 20°C (day), 10°C (night) — 30°C (day), 10°C (night)
- 40°C (day), 20°C (night) - 30°C (day), 20°C (night} — 40°C (day) and 30°C
(night) — 40°C (day). Four replicates of 100 seeds each were used per treatment
for each cultivar. This held also for the third and the fourth experiments. The
experimental design was similar to that of the preceding experiment.

2.2.4.2. Material and methods

The effects of the four constant temperatures and the six changing tempera-
ture regimes indicated in 2.2.4.1. on the germination of the cultivars *Large blon-
de’ and *Anicia’ were investigated in trays filled with sand and kept in darkness.
Details concerning the trays and the sand have been already given in Section
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2.2.2. Four germination cabinets {described also in 2.2.2.) were employed. Each
of them provided one of the four constant temperatures (10°C, 20°C, 30°C and
40°C). The trays which contained the seeds which had to be subjected to any of
the fluctuating temperature regimes (night temperature of 10°C combined with
day temperatures of 20°C, 30°C and 40°C, night temperature of 20°C combined
with day temperatures of 30°C and 40°C and night temperature of 30°C asso-
ciated with a day temperature of 40 °C) were kept in daytime in the cabinet which
was switched to the requisite temperature. By night, they were moved to another
inside which the proper (night) temperature was supplied, Day and night tem-
peratures were given eight and 16 hours (a day) respectively. This last method
was also applied to the third and the fourth experiments. The present study was
concluded after 11 days and the percentages of germination for the different
treatments were recorded.

2243, Results

The data collected at the conclusion of the experiment are presented in Table
7. The extreme constant temperatures (10°C and 40°C) gave the lowest values.
The combinations of 40°C with lower temperatures were better for the germina-
tion of the cultivars than the constant regime (of 40°C.) The treatment 16°C
{night) — 40°C (day) seemed to be more favourable for *Large blonde’ than for
*Anicia’. The statistical analysis of the results showed that the constant tempera-
ture regimes differed significantly from the fluctuating ones (P = 0.05%). There
was no difference between the cultivars at the 59 level of significance.

TasLe 7, Percentages of germination of the cultivars afier 11 days.

Cultivars Average

Treatments *Large blonde’ *Anicia’

10°C 69.75 60.75 65.25
20°C 99.00 93.25 96,12
30°C 93.75 94.5 94.12
40°C 21.25 36.50 31.87
10°-20°C 87.50 85.75 86.62
10°-30°C 94.00 ' 93.75 93.87
10°-40°C 94.50 75.50 85.00
20°-30°C 94.75 9525 95.00
20°-40°C 92.25 94.75 93.50
30°-40°C 92.25 92.25 92,25

2.2.4.4, Discussion and conclusions

The results of this experiment confirm those of vAN DER MAESEN (1968). The
highest average percentages of germination of 'Large blonde’ and *Anicia’ were
obtained at a constant temperature of 20°C and at a regime fluctuating between
20°C (night) and 30°C (day). The constant regime of 30°C was slightly worse
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