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1. I N T R O D U C T I O N 

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 used 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 BIBLE (GENESIS 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 (INDIA, 1962). Appreciable amounts of vitamins, mainly of 
the B group, are present in the seeds, as indicated by the data of Table 1 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 (1.8%) and a 
water soluble fraction (25.9%). Two proteoses were also found in the seeds 
(INDIA, 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 %), 
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TABLE 1. Vitamin content of lentil seeds in mg/100 g. 

Vitamins of the B group Content Others Content 

Thiamine 
Riboflavin 
Nicotinic acid 
Choline 
Folic acid 
Inositol 
Pantothenic acid 
Biotin 
Pyridoxine 

0.26 
0.21 
1.70 

223.00 
107.00 
130.00 

1.60 
1.30 
0.49 

Carotene 
Ascorbic acid 
Vitamin K 
Tocopherol 

1.60 
4.20 
0.25 
2.00 

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 acids1 

Methionine 
Tryptophan 
Phenylalanine 
Threonine 
Valine 
Leucine 
Isoleucine 
Lysine 

Content 

0 .5- 0.8 (0.4) 
0.2- 0.8 
3.6- 6.3 (2.6) 
3.3- 5.0 (2.7) 
4 .2- 6.4(4.1) 
6.9-10.9 (4.6) 
3.7- 6.4 (3.2) 
5.7-11.6(7.9) 

Others 

Arginine 
Histidine 
Cystine 
Tyrosine 
Glycine 
Proline 
Alanine 
Serine 

Content 

4.3-9.3 
2.2-3.8 
0.6-1.8 
1.8-3.1 
2.1-5.2 
3.7-5.4 
3.5-4.8 
4.6-6.0 

1 According to DEN HARTOG (1966) 

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. 

TABLE 3. Comparative food value of lentils 

Crop 

Lentils 
Wheat 
Rice 

Protein 

1 

23.7 
9.3 
6.5 

g per 100 

Fat 

2 

1.2 
1.9 
0.4 

g 

Carbohy
drates 

3 

65.0 
78.6 
82.2 

Calories 
per 100 g 

4 

354.0 
363.0 
356.0 

Calcium 

5 

47.3 
93.1 
23.3 

mg per 100 g 

Phospho
rus 
6 

71.9 
639.21 

76.0 

Iron 

7 

5.4 
5.0 
1.3 

1 This figure seems to be too high when compared with the value of 444 mg/100 g given by 
ROHRLICH and THOMAS (1967). 
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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 (PAKISTAN, 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 ('Anicia'). 'Large 
blonde' is a cultivar of the variety nummularia Al . (BARULINA). Its 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 grex1 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 medium 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 yellow. 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 50%) 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 SCX and SC4, 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 alternate; 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 SC2 and SC3, Herbarium vadense). 
Roots: Colour brown, a primary root (4.5 cm. long), many secondary roots 

(length 1.5-10 cm). 
Stem: Herbaceous 50 cm long, colour light green, divided at the 1st node in 

2 branches. 

1 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. 

22cm 

PHOTO 1 

1=5 

22 cm 

PHOTO 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), 
PILLAI and CHAKRAVARTI (1954), PILET and GALSTON (1955), SIEGENTHALER 

(1963) and HOFINGER (1971). 
The nutritional standpoint was given attention by BAJWA and NASSIB (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 esculenta ssp. macro-
sperma, South-West Asia and partly Spain are birth regions of ssp. microsper-
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 ( INDIA, 
1962, 1969), Spain (MATEO BOX, 1961) and Pakistan (PAKISTAN, 1963). The F A O 
(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 obsolete), 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 (1956) in 
their experiments with irrigated soils of Saharian oases 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. 
c. 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 yield 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 (m2 for instance). Ref
erence to the weight1 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/m2 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/m2 and found that 
rates of 350-400 seeds/m2 brought about the highest yields. TODOROV (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, 14and 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 
1 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 8 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. 

PAPP (1967) investigating the germination of four small, six medium and five 
large-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 varieties 
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. 

It 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 tem
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 lentil 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
ly related with seed yield 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 sodium tolerance need to be 
undertaken. Further assays on depth of sowing are desirable. It 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 possible 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 Biological 
and Chemical Research on Field Crops and Herbage. 
1. temperature requirements for germination 
2. depth of sowing 
3. photoperiodic requirements 
4. temperature requirements for growth and development 
5. photosynthesis 
6. drought tolerance 
7. tolerance to saline conditions 
8. tolerance to exchangeable sodium 
9. growth curves and dry matter distribution 
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2. O R I E N T A T I O N E X P E R I M E N T S 

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 

PiLETand 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 soil 
(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 
Subs t ra ta . 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/m2). 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/m2). 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, weight/area 
132 g/m2) before being carried to the germinator. 

The sand used was Zilverzand Si02 (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 X 14 x 3.5 cm). The seeds were 
sown 1 cm beneath the sand surface. 

Ge rmina to r s . 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 10-3cal/cm2/ 
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 to an outside water tank (capacity 3 m3). 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 placed. 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. T rea tmen t s 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. 

Cultivars and 
Substrata 

'Large blonde' 
TP (top of paper) 
BP (between paper) 
S (sand) 

'Anicia' 
TP (top of paper) 
BP (between paper) 
S (sand) 

Dark 

Temperature regimes 
20 °C 

TP 20 °C 
BP20°C 

S20°C 

TP20°C 
BP20°C 

S20°C 

20-30°C 

TP 20-30 °C 
BP 20-30 °C 

S 20-30 °C 

TP 20-30 °C 
BP 20-30 °C 

S 20-30°C 

Light 

Temperature regimes 
20 °C 

TPL 20 °C 

SL20°C 

TPL20°C 

SL20°C 

20-30 °C 

TPL 20-30 °C 

SL 20-30 °C 

TPL 20-30 °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. 

2 2.3.2. Ma te r i a l and me thods 
The germination of 'Large blonde' and 'Anicia' was studied under two tem

perature regimes: constant 20°C and fluctuating between 20°C (night) and 30CC 
(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 fluctuating 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 (see 2.2.2.), both types of germinators were provided with 
shelves. It was then possible to put the seed-holding substrata on separate 
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. Resul t s 
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. 

Substrata 

TP 
BP 
S 

Average 

Substrata 

TP 
BP 
S 

'Large blonde' 

Temperature 
regimes 

20 °C 

87 
97 
95.50 

93.16 

20°-30°C 

63 
98 
94.50 

85.16 

Cultivars 

'Anicia' 

Temperature 
regimes 

20 °C 

92.50 
96 
97 

95.16 

20°-30°C 

94 
98 
99 

97.00 

Average values 

'Large blonde' 'Anicia' 

75.00 
97.50 
95.00 

93.25 
97.00 
98.00 

Average values 

'Large ' 
blonde' 

75 
97.50 
95 

89.16 

Anicia' 

93.25 
97 
98 

96.08 

Temperature regimes 

20 °C 20°C-30°C 

89.75 
96.50 
96.25 

78.50 
98.00 
96.75 

General 

84.12 
97.25 
96.50 

92.62 

General 

84.12 
97.25 
96.50 

Average ?.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. 

Sub
strata 

'Large blonde' 
Temperature regimes 
20°C 20-30°C 

'Anicia' 
Temperature regimes 
20°C 20-30°C 

Average value 
'Large 'Ani- Gene-
blonde' cia ral 

Dark Light Dark Light Dark Light Dark Light 

TP 91.00 83.00 60.00 66.00 91.00 94.00 97.00 91.00 75.00 93.25 84.12 
S 97.00 94.00 95.00 94.00 97.00 97.00 100.00 98.00 95.00 98.00 96.50 

Average 94.00 88.50 77.50 80.00 94.00 95.50 98.50 94.50 95.00 95.62 90.31 

Substrata 

Average values 

Cultivars 
Temperature 

regimes 
Illumination 

condition 

'Large 
blonde' 'Anicia' 20 °C 20°-30°C Dark Light General 

TP 
S 

75.00 
95.00 

93.25 
98.00 

89.75 
96.25 

78.50 
96.75 

84.75 
97.25 

83.50 
95.75 

84.12 
96.50 

Average 

14 

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 S 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') 2 < P < 5 % 
Cultivars (B') 2 < P < 5 % 

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

2.2.3.4. Discuss ion and conclus ions 
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. T r ea tmen t s 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. Ma te r i a l and me thods 
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. 

2.2.4.3. Resul ts 
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 10°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 5 % level of significance. 

TABLE 7. Percentages of germination of the cultivars after 11 days. 

Treatments 

10°C 
20 °C 
30 °C 
40 °C 
10°-20°C 
10°-30°C 
10°-40°C 
20°-30°C 
20 °^0°C 
30 °^0°C 

Cultivars 

'Large blonde' 

69.75 
99.00 
93.75 
27.25 
87.50 
94.00 
94.50 
94.75 
92.25 
92.25 

'Anicia' 

60.75 
93.25 
94.5 
36.50 
85.75 
93.75 
75.50 
95.25 
94.75 
92.25 

Average 

65.25 
96.12 
94.12 
31.87 
86.62 
93.87 
85.00 
95.00 
93.50 
92.25 

2.2.4.4. Discuss ion and conclus ions 
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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than the preceding ones whilst all fluctuating regimes except 10oC-40°C and 
10°C-20°C were almost equally good. 'Large blonde' and 'Anicia' showed 
some differences with each other under the constant regimes of 10 °C and 40 °C. 
The first cultivar germinated better than the second at 10°C.but this situation 
was reversed at 40 °C. The general conclusions which may be drawn from the 
study, point to the existence of the optimum temperature between 20 °C and 
30 °C and to the fact that daily fluctuations of temperature have no beneficial 
effects on the final results. It may be also concluded that daily fluctuations ex
ceeding 20 °C reduced markedly the average percentage of germination of the 
cultivars. 

The experiment provided no information on the influence of the treatments on 
the rate of germination. For this reason, the influence of three temperature regi
mes with a daily amplitude of 10 °C was investigated. 

2.2.5. Third experiment 
2.2.5.1. T r ea tmen t s and design 

The effects of three temperature regimes in which the night temperatures of 
20 °C, 23 °C and 27 °C were combined with the respective day temperatures of 
30 °C, 33 °C and 37 CC, were studied with seeds of 'Large blonde' and 'Anicia' 
which were put to germinate in the same substratum as the preceding experi
ment and also in the dark. The number of replicates per treatment was also the 
same. A completely randomized design was employed as noted in section 
2.2.3.1. It involved three cabinet-type germinators which provided the three re
quisite temperature regimes. 

2.2.5.2. Ma te r i a l and me thods 
The influence of the combinations of the night temperatures of 20 °C, 23 °C 

and 27 °C with the respective day temperatures of 30 °C, 33 °C and 37 °C on the 
germination of the cultivars was studied in conditions similar to those which 
prevailed in the second experiment. The differences are based on the number of 
germinators which were used, the way of using them and the manner of analys
ing the responses. In the current experiment, three cabinets, each one corres
ponding to one of the temperature regimes above mentioned, served as germi
nators so that no movement of the germinating seeds from one cabinet to anoth
er occurred. The experiment was concluded nine days after sowing. The record
ing of the data took into account earliness in the production of germinated 
seeds. 

2.2.5.3. Resul ts 
On the sixth day after sowing, two thirds of the observations showed more 

than 50% of germination. At this time, germination was better under the regime 
of 20°C-30°C. The final data collected after nine days confirmed the results of 
the second experiment pointing to the advantageous effect of the regime 20 °C-
30 °C. In the present experiment, this regime was found to be more beneficial 
for the germination of the cultivars than 23 °C-33 °C and 27°C-37 °C. 
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TABLE 8. Percentages of germination of the two cultivars after 6, 7, 8 and 9 days. 

Treatments 

20°-30°C 
23°-33°C 
27°-37°C 

6 

'Large 
blonde' 

53.00 
17.25 
3.00 

'Anicia' 

73.75 
54.75 
66.50 

Number of days from sowing 

7 

'Large 
blonde' 

76.00 
46.25 
13.50 

'Anicia' 

81.00 
63.25 
72.25 

8 

'Large 
blonde' 

87.00 
70.75 
23.25 

'Anicia' 

84.00 
69.75 
75.75 

9 

'Large 
blonde' 

90.50 
70.75 
53.25 

'Anicia' 

86.50 
69.75 
77.25 

2.2.5.4. Discuss ion and conc lus ion 
The regime of 20°-30°C has brought about the highest percentages of ger

mination for the two cultivars. Under this temperature condition, the germina
tion of 'Anicia' at the sixth and seventh day after sowing was better than that of 
'Large blonde'. However the last cultivar germinated faster than the other in 
the intervals 6-7, 7-8 and 8-9 days from sowing. The same tendencies appear
ed under the regime of 23 ° - 33 °C with the only exception that germination ended 
practically at the eight day after the beginning of the experiment. 

The present trial constitutes a progress in the way to the optimum tempera
ture conditions for the germination of the material. A final investigation in
volving temperatures in a range close to 20°C-30°C became necessary. As the 
average temperature of the regime 20°C-30°C (16 hours 20°C + 8 hours 30°C 
a day) is about 23 °C, the treatment pattern for the final investigation may be 
shaped up in dependence of this average. The following experiment groups 
seven temperatures ranging from 17 °C to 29 °C. 

2.2.6. Fourth experiment 
2.2.6.1. T rea tmen t s and design 

The temperature treatments under which the germination of the cultivars was 
carried out were the following: 17°C, 19°C, 21 °C, 23 °C, 25°C, 27°C and 29°C. 
The information about the experimental design and the number of replicates 
are indicated in sections 2.2.3.1. and 2.2.4.1., respectively. 

2.2.6.2. Ma te r i a l and me thods 
The study of the effects of the seven constant temperatures (17°C, 19°C, 21 °C, 

23 °C, 25 °C, 27 °C and 29 °C) on the germination of the cultivars was carried 
out in the same experimental conditions as the preceding experiment. Once more, 
emphasis was put on earliness in the responses when noting the results which 
concerned the period five-eight days after sowing. 

2.2.6.3. Resul t s 
Table 9 shows the data on the germination of 'Large blonde' and 'Anicia' 

from the fifth to the eight day after sowing. The highest percentages of germina
tion of 'Large blonde' at the fifth day were observed at 27 °C and 25 °C. The final 
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TABLE 9. Percentages of germination of 'Large blonde' and 'Anicia' five to eight days after 
sowing 

Treatments 

17°C 
19°C 
21 °C 
23 °C 
25 °C 
27 °C 
29 °C 

5 

'Large 
blonde' 

-
80.50 
79.50 
78.25 
82.00 
82.25 
73.50 

'Anicia' 

3.00 
78.75 
90.25 
83.25 
80.50 
77.25 
74.66 

Number of days after sowing 

6 

'Large 
blonde' 

5.50 
86.75 
84.25 
89.50 
87.50 
87.25 
83.75 

'Anicia' 

68.25 
86.00 
93.75 
86.50 
86.00 
82.25 
80.40 

7 

'Large 
blonde' 

82.25 
86.75 
84.25 
89.50 
87.50 
87.25 
83.75 

'Anicia' 

81.50 
86.00 
93.75 
86.50 
86.00 
82.25 
80.40 

8 

'Large 
blonde' 

88.75 
86.75 
84.25 
89.50 
87.50 
87.25 
83.75 

'Anicia' 

85.00 
86.00 
93.75 
86.50 
86.00 
82.25 
80.40 

maximum values shifted to other treatments: 23°C and 17°C. It may be men
tioned that these values were quite close to those given by 27 °C and 25 °C at the 
conclusion of the study. The 'Anicia' pattern was very regular: 21 °C and 23 °C 
caused a better germination than the other treatments throughout the period 
mentioned in Table 9. 

The data related to the fifth day were subjected to the new multiple 
range test (DUNCAN, 1955). For 'Large blonde', it was observed that the effects 
of the temperature treatments ranging from 19 °C to 29 °C were not significantly 
different (P = 5 %). In the case of 'Anicia', significant differences were found 
between the effect of 21 °C and that of each of the following treatments : 19 °C, 
27°Cand29°C(P = 5%). 

2.2.6.4. D iscuss ion and conclus ion 
The foregoing results indicate that the germination of 'Large blonde' is opti

mum in the range 19°C-29°C. A narrower range, 21 °C-25°C may be recom
mended for the germination of 'Anicia'. The cessation of the germination pro
cess occurred at the sixth day after sowing except for the treatment 17°C. Ger
mination under this treatment was very slow up to six days for 'Large blonde' 
and up to five days for 'Anicia'. Although both cultivars brought about high 
percentages of germination by the end of the study, it is permissible to emphasize 
the disadvantage of germination at 17 °C. The retardating effect of this tempera
ture on germination and its consequences on the growth of the seedlings would 
certainly effect the dry matter production of the adult plants if the germinated 
seeds were given proper growth facilities along with the batches of the other 
treatments at the conclusion of the germination study. This reasoning is con
firmed by the results of the experiment described in Chapter 4. The dry matter 
production was found to be influenced by low temperatures. It is also plausible 
to admit that the average temperatures prevailing in the lentil-growing areas of 
Morocco such as Safi (15°C to 18°C) at the time of sowing (November-De
cember) accounted for the crop being harvested so late (June). 
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The information provided by the final germination test permits the seeds of 
'Large blonde' and 'Anicia' to be pregerminated at a common temperature in 
order to obtain uniform seedling populations for further investigations on lentil. 
The temperature of 23 °C was used to pregerminate seed material of future ex
periments. 

As already mentioned in Section 2.1. the next experiment deals with the in
fluence of depth of sowing on different aspects of the growth of 'Large blonde' 
and 'Anicia'. 

2.3. DEPTH OF SOWING 

2.3.1. Introduction 
Very few data are available on the depth of sowing requirement of lentil. In 

some papers, other aspects of the cultural practices such as seed rates, furrow 
and broadcast sowing are given attention (PAKISTAN, 1963; DIMITROV, 1970; 
TODOROV, 1971). 

DÜRiGEN et al (1910) limited the depth of sowing to 2.5-4 cm. MATEO BOX 
(1963) recommended a similar range 3-4 cm. These opinions are supported by 
no experimental work. VAN DER MAESEN (1968) found that a depth of 5 cm was 
better than 0, 2, 7.5 and 10 cm treatments for dry matter production. He did not 
study the depth effects on other aspects such as leaf production, stem elonga
tion and flowering. 

Hence very little is known on the influence of depth of sowing on lentil. An 
attempt was made to further investigate into this field. 'Large blonde' and 
'Anicia' were sown at three levels of depth (1, 4 and 8 cm). Practical reasons 
such as lack of space and the difficulty of handling deeper sowing limited the 
number of treatments. 

2.3.2. Treatments and design 
The influence of depth of sowing on the cultivars was studied under three 

depth treatments: 1, 4 and 8 cm and through a randomized block design. The 
model comprised eight complete blocks represented by eight cisterns. 

2.3.3. Material and methods 
The effects of sowing at 1, 4 and 8 cm on 'Large blonde' and 'Anicia' were in

vestigated in the greenhouse C (of the Department of Tropical Crop Husbandry) 
which provided a relative humidity of 50%, night and day temperatures of 20 °C 
and 25 °C, respectively. The average solar radiation in the environment was 
estimated at 0.32 cal cm _ 2min _ 1 for the experimental period (March 17-June 
5, 1969). Seed pregerminated during 24 hours was sown in 14-liter 'polytheen' 
black buckets (25 x 25 X 28 cm, catalog No. 405 Hdf) made by Emergo N.V. 
at Landsmeer. River sand (size of the particles between 0.15 and 0.9 mm) was 
used to fill the buckets. These have five holes in their bottom to facilitate 
watering from below. At the beginning of the work and thereafter once a month, 
the sand was moistened with a solution (2.66 g/2 liters/bucket) containing 
Nutrifol. The composition of this nutrient powder is given in percent N : 18, 
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P205:18, K20:18, MgO:6, Mn : 0.13, Zn : 0,04, CurO.01, B:0,07, Mo:0.007. 
The buckets were held in eight metal cisterns (160 X 130 X 35 cm) divided into 
two rows of four. Each cistern kept six plots (three per cultivar) separated from 
each other by gravel. In the daytime the plants (five per bucket thinned later to 
four) were exposed to the natural daylight. The daytime covered a period of 
nine hours (8 a.m. to 5 p.m.) at the end of which the cisterns mounted on rails 
were pulled into two of the eight light-equiped compartments of the greenhouse. 
Two TLF 55 40W daylight fluorescent Philips lamps providing an intensity of 
0.021 cal cm - 2 m in - 1 at the plant level kept burning two and half hours before 
8 a.m. and likewise after 5 p.m. in each of the two compartments employed for 
the experiment. So, the plants were given a photoperiod of 14 hours (9 hours of 
sunlight + 5 hours of electric light). 

Weekly countings of leaves were carried out in the period 2-8 weeks after 
sowing. The weekly measurements of stem elongation which also started two 
weeks from sowing were performed until the end of the study (79 days after 
planting). The first series of data for both leaf production and stem elongation 
covered the whole population but they were later confined to four plants per 
treatment and per cultivar. Flowering was registered from the appearance of 
the first flower clusters in the plants. Harvesting took place two weeks after the 
beginning of flowering. The dry matter yield of the shoots of the plants was re
corded after the material was put in a stove at 80 °C for 48 hours. 

2.3.4. Results 
Leaf p roduc t i on 
The data, originated from the leaf counts and calculated on a per plant basis, 
were analysed statistically. The linear component of the factor depth proved to 
be significant (P = 5 %). This linearity is shown in Fig. 1. The totals of seven 
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FIG. 1. Change with depth of sowing in 
the average number of leaves present on 
the plant material. The data are pre
sented on a per plant and a per week 
basis and stand for the averages of the 
values obtained from both cultivars 
'Large blonde' and 'Anicia'. 

21 



Number of leaves FIG. 2. Change with time in the average 
number of leaves present on the plant ma-

8 0 -

70 -

60 

50 

40 

30 

20 

10 H 

v terial. The data are presented on a per plant 
Depth of sowing / basis and stand for the averages of the va-
x .x * /A lues obtained from both cultivars 'Large 
« • /, c m I// blonde' and 'Anicia'. 

8 cm 

1 1 1 1 1 1 1 1 
1 2 3 U 5 6 7 8 

Weeks from sowing 

weekly countings of leaves present on the plants of both cultivars were averaged 
for each level of depth. The cultivar effect and th? interaction depth X cultivar 
were not significant (P = 5%). 

The data in Fig. 1 indicate that there is no large difference between the treat
ments. The changes in the average numbers of leaves counted in the course cf 
the time under the three levels of depth, are shown in Fig. 2. 

The line corresponding with the 8-cm depth is slightly different from those of 
the two other treatments. Between the 5th and the 6th week after the sowing, 
there seems to be a stagnation in the number of leaves counted at 8-cm depth. 

Stem e longa t ion 
The factor depth did not cause any significant difference in the elongation of 

the main stem of 'Large blonde' and 'Anicia' plants. The interaction depth x 
cultivar was not significant either at P = 5 %. The cultivar effect, on the other 
hand, was significant (P = 0.05 %). 

The results permit the values of the stem elongation of the three depth treat
ments to be averaged (Fig. 3). 

The elongation curve of 'Large blonde' is above that of 'Anicia'. However the 
latter shows at the 11th week a tendency to decrease the discrepancy. 

F lower ing 
In most of the cases, many flowers appeared simultaneously. Flowering began 

two weeks before harvesting. At this time all treatments showed flowers and 
there was no indication that depth of sowing influenced flowering. 

Dry ma t t e r ou tpu t 
The analysis of the 48 observations (8 cisterns X 3 replicates per cultivar) of 

the experiment revealed significant differences between the depth treatments (P 
= 1%). 
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FIG. 3. Course of the elongation on a per 
plant basis of the stem of 'Large blonde' 
and 'Anicia'. The data are the averages of 
the values recorded under the three depth 
treatments. 
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TABLE 10. Average flowering time in days calculated for 'Large blonde' and 'Anicia' under 
depth of sowing of 1,4 and 8 cm. 

Depth of sowing in cm 

Cultivars 

Flowering time in days from planting 

'Large blonde' 
'Anicia' 

73.2 
78.0 

77.5 
79.0 

75.5 
78.5 

The quadratic component of the factor depth was significant at a probability 
comprised between 2.5 and 1 %. The cultivars were found to be significantly 
different(P = 0.05%). 

The average productions of the two cultivars are presented in Table 11. 

TABLE 11. Average dry matter productions in g of 'Large blonde' and 'Anicia' recorded for 
1,4 and 8-cm depth of sowing. The values between brackets represent percentages of the 
general average. 

Depth of sowing 

1 cm 

4 cm 

8 cm 

Average 

Cultivars 

'Large blonde' 

6.97 
(105.7) 

7.61 
(115.4) 

6.80 
(103.1) 

7.12 
(108.0) 

'Anicia' 

6.30 
( 95.5) 

6.66 
(101.0) 

5.20 
( 78.9) 

6.05 
( 91.7) 

Average 

6.63 
(100.6) 

7.13 
(108.1) 

6.00 
( 91.0) 

6.59 
(100.0) 
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'Large blonde' produced more dry matter than 'Anicia' for all the treatments. 
It may be also observed in Table 11 that the values of 'Large blonde' are always 
superior to the general average. 

2.3.5. Discussion and conclusions 
The depth treatments caused some difference in the responses of the cultivars 

with respect to leaf production. Although the linear effect was significant (P = 
5 %), there were no large differences between the values joined by the line of 
Fig. 1. When stem elongation is considered, the depth treatments appeared to 
have no particular effect. The same conclusion applies to flowering in this ex
periment. The situation is different with dry matter production. The values ob
tained at 8-cm depth (Table 11) were inferior to those of 1 and 4 cm. This 
suggests that too deep sowing is not advisable. 'Anicia' seemed to be more affect
ed than 'Large blonde' by the highest depth level. This is probably due to the 
small size of the seeds of 'Anicia' which are three times less heavy than those of 
'Large blonde'. There ensues a poorer food reserve in the seeds of the former 
cultivar and hence the more marked depressing effect of the deepest sowing on 
'Anicia'. 

The cultivars show no difference with regard to leaf countings. The stem of 
'Large blonde' however was generally longer than that of 'Anicia'. The last 
cultivar gave a dry matter yield inferior to that of 'Larger blonde' irrespective of 
the depth treatments (Table 11). Both cultivars showed their highest dry matter 
output at 4 cm. It may be concluded that the optimum depth of sowing is, irre
spective of the cultivar, close to 4 cm. In further experiments, a depth of 3 cm 
was chosen for practical purposes. 
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3. P H O T O P E R I O D I C R E Q U I R E M E N T S 

3.1. INTRODUCTION 

HILLMAN (1964) has defined photoperiodism as a response to the duration 
and timing of light and dark conditions. Photoperiodic studies have been carried 
out with number of tropical and subtropical crops such as rice (WORMER, 1953; 
BEST, 1961), sorghum (KEULEMANS, 1959), sesame (SMILDE, 1960), cowpea 
(WIENK, 1963) and safnower (FERWERDA, 1971). SHULKA (1955) considered lentil 
as a long-day plant on account of his trial with the cultivar '4315-1'. He found 
that continuous illumination (natural light in daytime and artificial light at 
sunset) shortened the vegetative phase by 20 days and the reproductive phase by 
nine days over the control kept under natural conditions. No indication was 
made of the environmental temperatuies. Moreover, one may point out that 
wider information might be obtained if other cultivar was involved in the ex
periment. The same criticism applies also to the work of MOURSI (1963) already 
mentioned in Section 1.3.3. He observed that the plants of the lentil cultivar 
'Giza 9' subjected to a 16-hour photoperiod flowered after 84 days whilst those 
treated with 6, 8, 10, 12 and 14-hour photoperiods came into flower after 115, 
114, 108, 100 and 90 days, respectively. 'Giza 9' behaved quasily as a neutral 
plant. It flowered under a wide range of photoperiods but the time of the ap
pearance of the flowers varied with the light duration. 

The above data appear to be insufficient to define the photoperiodic require
ments of lentil. For these reasons, it was thought useful to make a more detailed 
study of the photoperiodic behaviour of lentil cultivars 'Large blonde' and 
'Anicia'. The first two experiments were designed to determine the photoperio
dic group to which lentil belongs and at the same time to find out how long the 
plants should be exposed to short or long-day conditions to obtain the photo
periodic response characteristic for this group. The object of the third exper
iment was to determine the response curve of lentil with regard to the photope
riod. In all the experiments, the possible effect of differences in photosynthesis 
caused by differences in illumination was excluded by exposing all the treatments 
to the same duration of natural daylight for photosynthesis. Different photo
periods were obtained by exposing the plants to different periods of weak 
fluorescent light, adding insufficient quantities of radiant energy to affect photo
synthesis. 

3.2. FIRST EXPERIMENT 

3.2.1. Treatments and design 
The experiment included the following 10 treatments : 
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