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ABSTRACT.

The experiments were conducted at the Sugarcane Research 
Institute, Udawalawe to study the effect of depth of seed bury on 
germination and emergence of weed seedlings.

Seeds of five selected weed species were allowed to germinate 
at different depths (from surface to 20 cm) in wooden boxes filed 
with sterilized soil. The soil boxes were kept in a green house to 
provide favourable environment for germination and emergence of 
seedlings. The temperature within the green house was 30 ± 2°c.

f in addition, separate seed batches of same weed species were 
germinated at 30 ± 2°c under spontaneous change of day and night 
illumination and complete dark to observe their germination 
characteristics under various light regims.

« * •

There was no relationship of percentage germination, mean 
germination time and the rate of germination to the 1000 - seed 
weight. However, weed seeds showed discontinuous germination 
extending period sometimes more than 40 days for final germination 
%<» occur. Also, there was wide difference (0.05 to 0.39 seeds 
day :) among the species of their rate of germination. The 
percentage germination, mean germination time and the rate of 
germination were always high at the spontaneous change of day and 
night illumination than that of complete dark. The most of emerged 
seedlings had come from surface soil. More than 70% * 80% oi 
emerged seedlings of the tested weed species were recorded above 
4cm soil depth. Also, seeds at greater soil depth took longer time 
to emerge their seedlings. In generally, larger seeded weed
species could produce seedlings from greater soil depth.
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Chapter 01

INTRODUCTION.

Problem of weeds in world food production and the losses of 
yields due to weed competition has been well documented by many 
authors for various crops (Rao,1983; Mortimer,1989). Apart of the 
low productivity due to weed competition, weed control practices 
itself contribute considerable weight to the production cost (Table 
1.1) . This is more critical under the present system of intensive 
market oriented commercial crop production, where the reduction of 
cost of production is important for the products to be competitive 
under open market situation. Weed control is one of the major area 
where this can be achieved. Thus, effective and economic weed 
control programme not only increases yield in absence of crop - 
weed competition but also reduces weed control cost as well.

Table 1.1. Weed control in some field crops and plantation
crops.

Type of crop Cost of weed control
1. Field Crops Rs/ha/season % Total cost
Rice - Irrigated 630 6.14 (4-8)

Rainfed 570 6.28 (3-9)
Soybean (irrigated) 500-1250 11.18
Chilies (irrigated) 900-1100 7-15
Bombay Onion(irrigated) 3000-3500 10 -1.5 1
Red Onion (irrigated) 600-1800 4 15 |
Ground nut 4050
Green gram 1370 21' 1
Cowpea 1220 1 i

| 2. Plantation Crops
I Coconut 500 5
I Rubber(immature period) 3000 10
1 Sugarcane 4300 10.2
■Tea - Young tea 3000-3600 1H 2C
1* * ■ Mature tea 3600-42001 « * w . •; r• t. V
Source: Senanayake, 1992.



At the beginning of the season all individuals of the weed 
population are represented as seeds or perinnat ing port ions 
distributed through the top soil (Naylor, 1970; Wilson, 1987). The 
portion of these propagules which germinate depends on the species 
and environmental condition. After germination some of the seeds, 
die before emergence and yet more die before establishment (Grime 
et al., 1981; Marks and Hawachuku, 1966; Kremer, 1989). Later size 
of these established weed population will provide a good indication 
of their likely competitiveness with growing crops.

There are number of factors which regulate germination and 
emergence of weed seedlings from soil seed bank. The depth of seed 
buried in soil is intimontely related to its germination and 
longevity. By cultivation, the soil surface is disturbed and such 
events as better aeration, stimulation of nitrate production by the 
soil organism and change in the moisture level, all favour the 
breaking of seed dormancy and the stimulation of seed germination. 
Seeds that are light sensitive, including those of many of the 
grasses are brought up from lower zone to higher light levels by 
turning the soil.

The process of germination eventually lead to the development 
Of the embryo into a seedling. However physical properties of soil 
may interfere the amount of light the seed received for germination 
jand may retard the movement of seedlings. Nevertheless, the safety4*>f recrement site of seedlings is determined not only by the 
necessary elements that is provided for seed germination and 
seedling establishment but also by the hazards that it exclude. 
Therefore, the location of seeds in the soil seed bank has direct 
influence on the germination and emergence of weed seedlings. As 
Such, this study focused on the effect of depth of seed ouried on 
the germination and emergence of weed seedlings.
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An increasing awareness of the ecological relatjunship of 
weeds as well as difficulties understanding of the systemic 
interaction among the numerous agronomic, socioeconomic and 
cultural variable that affect pattern of vegetation manigement. 
Should aid in developing an emphasize on weed management which is 
not merely the removing of undesirable vegetations from a cropped 
land. Thus, investigation of ecological principles on the 
germination, emergence and establishment of weeds, though it 'has 
been given little attention would given useful guidelines in 
diBveloping effective and economic weed management programme.

3



Chapter 02

REVIEW OF LITERATURE,

2.1. Weeds and their role in agricultural systems.

2.1.1. Weeds.

Agriculture has been a major force influencing the evolution 
of weeds. By pushing succession back to.early stages, agricultural 
activities have maintained plant communities at their immature 
stages. Most of the vegetational components of these communities 
have wide diversity, and special adaptability and terms "weeds". 
Therefore, the weeds are not easy to define in general terms on the 
basis of narrow sets of taxonomic, morphological or phenological 
properties.

There are number of definitions given to weeds. In ecological 
tom, weeds have been defined as "wild plants that grow in habitat 
frequently disturbed by human activities" (Baker, 1965) . In 
agricultural term, weeds can be defined as "a natural hazards to 
the activities of man" (Mortimer, 1989). "A plant growing where it 
ia not wanted" is an another definition given to weeds (Mortimer, 
1989). European Weed Research Society has defined "any plant or 
yagetation interfering with the objectives of people" as weeds. In 
•horter term, this can be expressed as "a plant out ot place". 
However, the potential threat that weeds pose to crop productivity 
is indicated in all these definitions.

The world relies on just 12 - 15 major crop species. However, 
shout some 250 plant species are regarded as iiqportant weeds, of 
which only about 75 are thought to be responsible for 90% of crop 
losses attributable to weeds (Mortimer, 1989). whatever the weeds
in Agro - ecosystem it may have common characteristics, notably the

#
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ability to persist in the face of repeated habitat disturbance and 
periodic and near total destruction of above ground biomass. This 
characteristic may be achieved by a variety of means. Therefore, 
weeds are an integral component of agro - ecosystems, and thus 
greatly influence the organization and functioning of these 
systems. Hence, the examinations of the relationships among weeds, 
crops, animals, soils and humans in agricultural systems is a 
meaningful ecological approach to study the role of weeds and their 
management in farming systems.

2,1.2. Damages caused by weeds.

Weeds are generally more harmful than useful, even after taken 
their possible beneficial effects into account. The estimated 
total yield losses in the world due to weed competitions is 
equivalent to 287.5 millions tons per year (Koch et al., 1982). 
This total amount of food being lost could be attributed to 25% of 
potential production in the developing countries, 10% in those with 
an international level of agricultural technology, and 5% in the 
developed countries, on an average of 11.5% overall.

Reduction in crop yield has a direct correlation with weed 
competition. Generally an increase in 1kg of weed growth 
^.rresponds to reduction in 1kg of crop growth depending upon the 
degree of competition. For example, a study conducted in five 
asian countries showed that proper weed control increased the yield 
of rice by 45%. In extreme weedy situations, weed control tripled 
the yield of rice (Rao, 1983) .

Weeds compete with crop plants for nutrients, soil moisture, 
sunlight and space. Weeds remove plant nutrients more efficiently 
than crop plants. In drought situation, they thrive better than 
crop plants, when lelt uhcOhtrolled, some weeds can grow better

5



than crop plants and inhibit tillering and branching. They can 
curtail sunlight and adversely affect photosynthesis and plant 
productivity (Rao, 1983) .

In a long term trial conducted by Kolbe (1977), it was found 
that for every 1% increase in yield, weed infestation should be 
eliminated to the extent of 3% in winter barley, 2% in winter 
wheat, 0.05% in maize, 1% in potatoes, 3% in tomatoes and, 8% in 
apples. In a review on yield losses due to weeds, Mani et al., 
(1968) reported the reduction of yield in different crops due to 
weed competition (Table 2.1.). This shows that crops differ 
appreciably in competitive ability with weeds.

Table 2.1. Yield losses in some crops due to weed competition.
Crops Yield losses 1 

(%) |
wheat 6.3-34.8 I
Rice 9.1 - 51.4 I
Corn 29.5 - 74 I
Millet 6.2 - 81.9 1
Peas 25.3 - 35.5 1
Carrot 70.2 - 78 I
Groundnut 29.7-32.9 1
Linseed 30.9 - 39.1 1
Sugarcane 14.1 * 71.7 I
Cotton 20.7 - 61.0 1

Source: Mani et al., 1968

In addition to the reduction in crop yield, the following 
damaqes could be caused by weeds, 

i Reduction in land value, 
li Limited choice of crops., 

lii. Loss of quality of crop produce, 
iv Reduced human efficiency.
v Increased costs of insect and disease control.
vi Problems through aquatic weeds, such as;/ - ' (a) flooding. ,



(b) seepage into adjoining areas.
(c) breaks in canal banks.
(d) inadequate delivery of irrigation water to farms 

located at a distance from the main wat'M source.

2*1.3. Control of weeds in agricultural systems.

Controlling of weeds is not merely the scope of removing 
Hidesirable vegetation in an agricultural system. This implies 
that weeds have to be controlled to the extent which gives the most 
aconomic return for the inputs. However, the farmers choice of 
sontrol methods can be based on either their own experience or an 
recommendations by an advisory body. In any case, the farmer has 
to choose and carry the cost as well as harvest the result. As 
proposed by Doll (1976) that Hthe maintenance of weed populations 
it levels which do not cause economic losses" was an appropriate 
definition of weed control especially for the traditional farmers. 
However, any weed control programme should economical and 
necessarily effective as well to eliminate yield losses due to weed 
compet i t i on.

The challenge in modern agriculture is to produce in economic 
fcrop yield while preserving and enhancing local, regional and
i

global environmental sustainability (Poul and Robertson, 1989).
This philosophical shift has resulted in the development of the
concept referred to as sustainable agriculture. Thus, an
initiative was launched to promote the investigation towards the
development of an integrated weed management systems.
nevertheless, weed control can not be taken in isolation. It has
interrelation with other cultural ope*rat ions ass ate w:'h crop
husbandry. Therefore, economic and effect ive weed c'ntr. 1 can only
be /-achieved through an integrated approach whi :h includes t he *
Application of numerous altcrnative weed control measures. However

7



knowledge on weed ecology would give guidelines to integrate varies 
mean of weed control strategies towards effective and economic weed 
management programme.

2.2. Weed seeds and their propagative roles.

2.2.1, Seeds.

A seed represents the end of the flowering process and the 
beginning of a new plant. It contains the new plant in miniature 
end everything needed for dispersal/ survival/ renewal/ and 
germination. In addition, seeds provide the beginning for the 
harvest of food, but also the beginning of one of the greatest

9

deterrents to crop yield/ the weeds.

The size and shape of seeds is extremely variable, it depends 
OH the form of the ovary, the condition under which the parent 
plihnt is growing during seed formation and obviously on the 
species. Other factors which determine the size and shape of seeds 
are the size of the embryo# the amount of endosperm present and to 
what extent other tissues participate in the seed structure.

The normal seeds contain materials which its' utilize during 
fete process of germination. These are frequently present in the 
eQdosperm. The endosperm may contain a variety of storage material 
such as starch# oils# proteins or hemicelluloses. Some time, the 
endosperm is greatly reduced, its formation is entirely suppressed. 
In these cases, the reserve materials are present elsewhere, tor 
ensnple in the cotyledons of the embryo. In some plants# the 
storage materials are contained in the perisperm or the seed may 
contain both endosperm and perisperm. The perisperm originates
fr^p the nucellus.*

8



2.2.2. Seed production of weeds.

Weeds produce large number ol seeds during its life cycle. 
This is a mechanism for the survival of species under the 
environmental hazards. Thus, the production of abundant and small 
seeds is a common adaptation that ensures a high probability of 
dispersal and reinfestation.

Annual and biennial weeds depend on seed production as the 
sole means of propagation and survival while perennial weeds are 
less dependent on this mechanism. A single plant of an annual weed 
can produce enough seeds in one season to cover an entire area of 
one acre with this weed species in the next year. For example, one 
plant of hedge mustard (Sisymbrium altissinum) produces over a half
million (511,208 to be exact) seeds, which are enough, if evenly

*

scattered, to sow eleven seeds on every square foot in an acre of 
land or enough to sow 3,200 seeds on every acre of a 160 acre farm. 
Similarly, redroot pigweed (Amarunthus retroflexus), purslane 
(Fortulaca oleracea) and black nightshade (Solanum nigrum) produce 
198;t05, 193,213 and 178,000 seeds per plant, respectively, while 
black mustard (Brassica nigra) produces 58,363 seeds per plant 
(Mlienscher, 1935) .

Some weed species have an ability to produce seeds between 
intervals of normal disturbance associated with a cropping 
U  uation. wild oats (Avena fatua) germinate at the same time the 
crop was sown but shatter their mature seeds before harvest. Many 
weeds can produce large number of viable seeds even after having 
been cut off soon after flowering. A few seeds may produce seed 
through apomixis, i.e. without fertilization. weeds like ferns 
reproduce by spores rather than by seed (Kao, 19«j ; .

9



I
2.2.3. Seed dissemination of weeds.

Most weeds are good travellers. They use various forces r 
agent8 to transport and scatter themselves from place to place, of
all the agents by which weeds are disseminated, wind, water.

1animals and man play important roles.

Many weeds have modifications or adaptations which aid them in
*

gftting scattered by the wind. Seeds or small fruits with tufts or 
hair or wing - like appendages are carried by the wind over long 
distances. The lighter seeds may drift for miles. The various 
modifications of seed structure that equipped them for windi
dissemination are termed as saccate, winged comate (hair 
covered), parachute, and plumed.

Many weed seeds are light or are covered with an oily film so 
that they float on the surface of water. Such seeds are frequently 
washed into the streams by surface run off during heavy rains or 
they are picked up by overflowing streams and are carried to other 
fields lower down the valley. Some weeds have air filled 
ommbranous seed envelops or corky adjuncts of mature fruits which 
can float on the surface of water. Flood waters, running streams, 
and irrigation water are important in the spread of weed seels, 
pillions of weed seeds pass a given point of an irrigation canal in 

. In addition, some weed seeds can remain viable even after 
a long time of storage in water.

Weed seeds are also disseminated by animals. Many seeds pass 
through the digestive tracts of animals without loss of viability. 
Birds also consume large quantities of weed seeds and scatter them 
in droppings. The dispersal of seeds in the form of incompletely 
digested materials passing thr OUqh » h* in.tluils IS IITi.’d IS 
nndozoochory. Seeds also stick tc 'he fur. foutheis and »h« muddy 
ftPt #of birds and animals, and are cairu*d t rom place to pijce.

10



Seeds of many weed species have specialized structures like 
hooks* spines, barbs, and awns which tend to cling to man's 
clothing and foot wear or agricultural implements used by man. 
They are carried in packing materials and in soil and sand or 
gravel used in construction. Man often carries weed seeds of 
interest from one part of the country to the other and from one 
country to another. It was due to man's indifference or 
carelessness that many weeds are 'imported' through various means. 
Tte movement of commercial seeds and grains is an important means 
of weed seed dispersal by man.

2*3. Soil seed bank.
4

2.3.I. Introduction,

Weeds are always present in agronomic systems and most owe 
their beginning to weed seed in the soil. Therefore, soil acts as 
•' medium for seed storage and the growth of weedy plants, when 
Seeds are present in the soil, it is called as "soil seed bank".

The density of seed bank ranges from 0 in newly developed
Soils to 4,1*60 to 137,700 seed per square meter. Seed density is
influenced by past farming practices and may vary from field to 
k
f ftjftld and between areas within fields. But seed bank do have a 
number of similarities. Generally, they are made up of numerous 
species, although several species may comprise 70% to 90% of the 
total seed bank (Milton, 1943). This large set may be followed by 
S second smaller subset of species that may comprise 10% to 20% of
the seed reserve (Wilson, 1987).

• ■

The species composition-of living vegetation is typically a 
reflection of the species diversity of propagules buried in the 
soil; Both the magnitude affiT‘composition of these banks reflects'

11



past and present weed management practices as well as the crops 
grown (Table 2.2). Comparatively there are between 100 and 1000 
■Md8 m 3 in forest soils, 100 and 1,000,000 seeds m : in grassland 
and in arable soils 1,000 and 1,000,000 seeds m * (Mortimer, 1989).

Kelly and Bruns (1975) compared the kind and number of seeds 
in the soil in grassland and adjacent land that had been cropped 
for 5 years. Seed density was fourfold greater in the cropped land 
compared with the grassland.

Thompson and Grime (1979) divided the seed bank into several 
groups. The first group consists of transient seeds, which are 
usually from grasses and generally do not persist longer than one 
year. Grass seeds are produced during late spring and summer,

Table 2.2. Weed seeds in agricultural soils.

location Crop
history

Soil
depth
(cm)

Average no. 
of seeds 

collected 
(seeds m 2)

Total 
number of 
species

England Vegetables 0 - 15 4,100 76
Scotland Potatoes 0 - 20 16,000 80
Golorado Barley-corn - 

sugar beats 0 - 25 137,700 8
Illinois Corn-soybeans -

corn 0 18 10,200 25
llebrasaka Corn-field bea 

ns-sugar beats 0 - 15 20,400 19
bashington Potatoes-wheat 0 - 30 51,000 23

Source: Wilson, 1987

geminate in the fall, or overwinter and germinate in the early 
Spring. These seeds usually escape burial in the soil and remain 
at or near the soil surface. The second group consist of the 
persistent seed bank, which is represented by species from a wide 
range of habitats. A portion of the seeds remain dormant and 
becpmes incorporated into a persistent seed bank. Seed become 
httiridd in the soil, and as'long as the cropping pattern remains

12



:he same, the seed bank changes little from season to season.
I

The depth of cultivation has important implications not. only 
for seed survival but also on the vertical distributions of seed in 
;he soil. In grasslands, a majority of the seed bank is located 
within 2cm of the soil surface and nearly the entire seed 
population is located in the upper 10cm of soil (Hayashi and

etomato, 1971). In cultivated soils the majority of the seeds are 
In the upper 15cm of soil, and they may be found as deep in the 
isoil as the soil cultivated (Idris and Beshir, 1979). wicks and 
tSonerhalder (1971) compared the distribution of seeds in the soil 
profile following different methods of seedbed preparation. TheJfirst seedbed method consisted of tandem disking, plowing and 
planting. This method left weed seed distributed in the upper 30cm 
of the soil, with 25% of seeds in the upper 0 to 7cm. A second 
method was a reduced tillage system called ridge planting, which 
consisted of planting corn along the old corn row. Reduced tillage 
of the soil left 50% of the weed seeds in the upper 0 to 7cm of the 
soil« as compared with the extensively tilled soil where seeds were 
'distributed fairly evenly through the upper 30cm of soil.

» The popularity of no - or reduced - tillage systems of crop 
iproduction is increasing, and as the intensity of tillage declines, 
'(he seed bank moves closer to the soil surface (wicks and
lasterhalder, 1971) . Seeds are then in a better position to1

i  «

terminate and interfere with crop production; while conversely, 
under good weed management, the seed bank could be more easily 
reduced. Design of planting and weed control systems that 
capitalize on the shallow seed bank will undoubtedly improve the

e  *

effectiveness of reduced * tillage cropping systems (Wilson, 1987} .

Seed size and shape, the changing pattern of dormancy within 
the species and nature of cultivation practices are all important 
in*'determining the size of the seed bank. The small seeds of' r •
nnsdow * grasses and. dicotyledonous species enter the soil profile

13



readily on dispersal being aided by activities of invertebrates, 
behavioral studies have shown that earth worms are selective in 
:aking seeds according to seed shape, size and surface texture 
(Mortimer, 1989) . The seeds of some grass weed species possess 
:richomes and hygroscopic awns that aid burial but typical 
indisturbed soil profiles display a concentration ol seeds in the 
ipper layers which diminishes with depth (Mortimer, 1989) .

Pew studies have addressed the rates of decline of buried 
seeds at differing depths but they are likely to be very different. 
In blackcurrant plantations the percentage loss of groundsel seed 
,per annum at 7cm was 38% in comparison to 60% in the top 1cm layer 
(Mortimer, 1989). Rotary cultivation once a year which disturbed 
but did not invert the soil profile tended to equalize the seed 
distribution, the difference between the layers being 42% to 30% 
respectively (Mortimer, 1989). Experiments demonstrate that the 
soil seed bank can be reduced by applying effective herbicides;►
however, when herbicide use declines, the seed bank rapidly 
increases and under optimum, conditions can approach the original 
within one year (Wilson, 1987).

2.3.2. Biology of soil seed bank.f

Seeds enter the soil seed bank through several avenues. Most 
weeds produce large quantities of seeds that, if allowed to mature, 
are rapidly added to the seed bank. Therefore, if plants are 
allowed to mature and produce seeds, their seeds remain an integral 
$ait of the soil seed bank. Seeds can also enter a field from 
outside sources. The dissemination of seeds by water, wind, 
animals, and humans is an important consideration in introducing 
new species to an area. Once the species has been introduced, if 
thd meeds can germinate and*tfce seedlings develop and mature, the 
seeds produced will beoome $>atr of the seed bank.

14



Seeds are lost from the seed bank as they are eaten by 
rodents, insects and microbes; as they decay, or as they germinate 
and either emerge or die. The longevity of dormant seeds varies 
considerably depending upon the species, depth of seed burial, soil 
type and tillage (Wilson, 1987).

In a project originated by Duvel (1946) , seeds of 107 species 
were buried and exhumed at various intervals. Seeds from 36 
species failed to germinate after one year of burial, seeds from 35 
species failed to germinate after 1 to 39 years, while seeds of 36 
species were viable after 39 years. A more recent buried seed 
experiment has further substantiated that certain seeds buried in 
undisturbed soil have the potential to remain viable for 
considerable period of time (Burnside et al., 1981).

Some early experiments reveled that there was a tendency for 
seed to remain viable longer period when buried at 106cm than those 
buried at 20cm depth (Toole and Brown, 1946)

Dormancy is a state in which viable seed fails to germinate 
even under conditions of moisture, temperature and oxygen 
favourable for plant growth. It is also a type of resting stage 
for the seed. It controls the time of the year that a species 
germinate or delays germination for years, thus guaranteeing viable 
eeed in the soil for several years. When the conditions for4
germination are not favourable, seeds can become dormant to survive 
in the soil. Many annual weeds produce dormant seed that germinate 
under a narrow range of environmental conditions. Therefore, seed 
dormancy is a remarkably efficient survival mechanism oi weeds. 
Seeds of weed species of Boraginaceae, Convolvulaceae, 
Cucurbitaceae, Leguminasae, and Graminae have a long dormancy 
period often running into several years (Sen and Bansal. 1978).
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Metabolic activity in dormant seeds is at a low level and
teds of many species can survive for long periods when buried in 
;he soil.

I

.4. Weed seeds germination.

The term germination is used to refer to a fairly large number 
f processes, including the germination of seeds, and of spores of 
acteria, fungi and ferns as well as the process occurring in the 
.alien grain when the pollen tube is produced.

The process of germination involve breaking of seed dormancy 
ind 'subsequent germination. It is under hormonal control and the 
isturally occurring hormones, auxins, gibberellins, and cytokinins 
unction as germinate agents via the inhibitor - promoter 
oaplexes. Of these, gibberellins are the predominant germination 
iganta early in the germination phase. during the food . - reserve 
legradation stage. Cytokinins exert their influence later on the 
.nitiation of cell proliferation and expansion (Rao, 1983).

The germination of weed seeds involves the inception of rapid 
fetabolic activity within the seed, resulting in a perceptible 
£r<j*th of the embryo: first the radicle and then the aerial parts 
ippaaring from inside the testa. Then there follows an underground 
slbngation of the seedling that relies on the food reserves in the 
seed* and finally the emergence of the aerial parts from the soil.

*

2.4.1. Factors affecting germination.
• •

For germination, seeds*,o£.both crops and weeds must have their 
viability, adequate* soil 'moisture, favourable temperature and
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lupply of oxygen. Weed seeds, however, possess a variety of 
pftcial germination mechanisms adapted to changes in temperature, 
Oil moisture, aeration, exposure to light, depth of burial of

V

eeds, etc. (Rao, 1983) . when conditions are unfavourable for 
armination, they can remain dormant or delay germination.

&.4.1.1* Viability and life span of seeds.
*

1 Seeds are fairly resistant to extreme external conditions, 
i;roivi<led they are in a state of desiccation. As a result seeds can 
letain their ability to germinate, or viability, for considerable 
liariods. The length of time for which seeds can remain viable is 
nttramely variable and depends both on the storage conditions and 
lit the type of seed. In general, viability is retained best under 
noBiflitions in which the metabolic activity of seeds is greatly 
educed. The period for which seeds remain viable is determined 
enetically and by environmental factors (Mayer and Mayber, 1963).

1.4.1.2. Water.If *0f The first process which occurs during germination is the 
Intake of water by the seeds. This uptake is due to the process of 
* imbibition*. The extent to which imbibition occurs is determined 
sy three factors; the composition of the seed, the permeability of 
the seed coat to water, and the availability of water in liquid orI 0
gtsnouB form in the environment.i

An adequate amount of available soil moisture is essent ial for 
[weed seeds germination. In general, the plants of xei ic or 
Lhaltophytic character can germinate at lower moisture levels thanP * * • •
I plants from more mesic habitats (Reng, 1984). Germination, with
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adicle emergence may occur under quir e dry condi’ i: ns. The 
Iternate wetting and drying of the soil surface als. favours t he 
cimulation of weed seed germination (Peng, 1984).

.4.1.3. Gases.

Germination is a process related to living cells and requires 
n expenditure of energy by these cells. Energy - requiring 
rocess in living cells are usually sustained by process of 
xidation, in the presence or absence of oxygen. These process; 
espiration and fermentation, involve an exchange of gasses, an 
•utput of carbon dioxide in both cases and also the uptake of 
•xygen in the case of respiration. Consequently seed germination 
8 markedly affected by the composition of the ambient atmosphere. 
!08t seeds germination in air (20% of oxygen and 0.03% of carbon 
lioxide) .

Most seeds will show lower germination if the oxygen tension 
s decreased appreciably below that normally present in the 
itmosphero. The effect of carbon dioxide is usually the reverse of 
.hat of oxygen. Most seeds fails t.r germinate if the carbon 
lioxide tension is greatly increased (Xayer and Xayber. 19ti,.

1 B

Many weeds germinate under aerobic conditions while sc.me 
equi re anaerobic conditions *Pu.>, i * 1) • Soil distur banco has a 
beneficial eflect on germination iut- ji^ater oxygon ava i 1 ab i 1 i t.y 
*nd aeration. The quantity c t v xygen in the soil is greatly 
inf uenced by porosity of the soil, depth of the soil, and 
nicrobial act ivit ies.



i.4.1.4. Temperature.

Different seeds have different temperature ranges within which 
.hey germinate. At very low temperatures and very high 
.emperatures the germination of all seeds is prevented. The 
precise sensitivity is very different according to the species. A 
rise in temperature does not necessarily cause an increase in 
lither the rate of germination or in its percentage. Germination 
IS a whole is therefore not characterized by a simple temperature 
coefficient. The germination is a complex process and a change in 
riemperature will affect each constituent step individually, so that 
the effect of temperature which is observed will merely reflect the 
.overall resultant effect.

In the range of temperatures within which a certain seeds 
germinate, there is usually an optimal temperature, below and above 
which germination is delayed but not prevented. The optimal 
’temperature for germination is the temperature at which the highest 
percentage of germination is attained in the shortest time.
*

Under field conditions in a temperature zone, the breaking of 
jdormancy by a varying temperature is required initiate seed 
|germination. The temperature alternations also favour the 
'germination and emergence of the non - dormant viable seeds (Peng, 
1964). The temperature requirement for the germination of a weed

* b«ed range from 5 c 22 c in a north * temperate climate. In 
subtropical and tropical regions weed germinate all the year round, 
at temperatures from 20 c * 3b c (Peng, 1984).
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».4*1.5. Light.I
Among cultivated plants, there is very little uvidonce for 

/ight as a factor influencing germination. The seed of most 
cultivated plants usually germinate equally well in the dark and in 
i:he light. In contrast among other plants much variability in the 
kehaviour toward light is observed (Mayer and Mayber, 1963) . Daily 
.liuminations have also been shown to effects being similar to
B.h08e of photoperiodism in flowering.

■ > 
h

Soil turn over during ploughing and other land preparation 
imposes the seed to light and induces germination (Rao, 1983) .

(.0. Emergence and establishment of weed seedlings.

The process of germination eventually leads to the development 
i>f the embryo into a seedling. when dormancy ends, the normal 
isequence of events is emergence of the radicle, which signifies 
ihftt germination has occurred. Subsequently, the growth of

i inderground primary root, emergence of the soot from the soil, and
i

3eedling establishment, accompanied by photosynthesis and 
Independent growth. Emergence in most early successional 
lieotyledonous plants is epigeal, characterized by protrusion of 
tom cotyledons above the soil surface. This is distinct from 
hypogeal emergence in which cotyledons remain below ground. Upon 
emergence, cotyledons quickly become photosynthetic and leaf 
surface area enlarges rapidly.

In describing seedling establishment., Haper (19//) developed 
the concept of the "safe site" as a zone in which c n-liMons 
appropriate for germination and survival are found. The safe site 
prdtades stimuli to break dormancy and encourage germination. It 
also provides resources tor termination and est.ablishment and
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prevents hazards such as predators, competitors, pathogence and 
toxins. While a seed reaches a safe site by chance, information 
lbout safe site requirements could be used to predict occurrence of 
>e6d infestations, and also to manipulate the environment to 
'•remote or suppress weed germination.

The species composition of emerged seedlings has been shown to 
•ary with the season (Robert et al., 1980). Each spring there was 
(flush of seedlings associated with rising soil temperature, 

ilubsequent flushes were associated with cultivation and rainfall, 
ihren when temperatures were optimal for germination, the lack of 
noil moisture prevented emergence (Wilson, 1987).
I
i

After, their germination, a rapid growth with early and 
sxtgnsive development of roots, particularly the primary roots, 
ustablishes the weed seedlings in the native habitat. The 
!>KMninent, large primary roots and leaf areas and in some cases, 

expansive, foliar - type cotyledons of the small seedlings,
i

:ontribute much to the establishment of most weed species. In the 
'Sramlneae, the multiple shoot development from the auxiliary, buds 
sarly in the seedling stage is another feature (Peng, 1984).
i

A seedling can only reach the surface if the food reserve in 
-he seed is sufficient for respiration and growth until the plants 
fre able to photosynthesis. When ground is cultivated, germination 
lay be promoted in seeds present at depths greater than that from 
successful emergence can occur and these seedlings will die. In 
addition, the pre - emergence death and no emergence can be taken 
place due to the activities of parasites, predators and microbes on 
t$ie seedlings before they emerge.

The established small seedlings of many different weed 
species, forming mixed populations of plants, exert competit ion 
against each other. Primarily, competition is a physical 
phenomenon - to interact or compete with each other in striving for

•m A  ■  »
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light, water and nutrients. The severity of this physical type of 
r'ompetition depends on such factors as differential responses of 
different species to the environment, the growth habits of the 
»eedlings, soil factors, the botanical composition and standing of 
ihe plants. This often results in the emergence of a few dominant 
species, and in a high seedling mortality of those losers in 
ronpetition due either to the production of albino seedlings, or to 
'lip premature drying up of the cotyledonary leaves, or to the 
liability to the stand erect or to other unknown physiological 
ĵAiees. The severity of competition increases with the growth and 
[lip increasing differentiation of the seedlings. At a certain 
jttege, when the death - rate reaches a maximum, the competition 
gradually decreases (King, 1966 quoting Verma, 1938).
I

* For the purposes of weed management, it is imperative to 
■ rePognize weed seedlings as distinct from vegetative sprouts. The 
l seedling represents the most vulnerable stage in the life cycle of 
i plant, and is generally the easiest stage to disturb mechanically 
i3r to control with herbicides. Because the timing of this stage is 
critical to survival and competitive success. Therefore, weed 
scientists have devoted major efforts to develop control practices

c>

directed at weed seedlings.

2.P. Bffpct of depth of seed buried on germination and emergence.

The depth of the seed buried in soil is intimately related to
■ts germination. Quoted by King (1966) from Hant's observations,

•  ■

the greater the seed's weight, the greater is its ability to grow 
through the soil. In loose and sandy soil, emergence is possible 
with seeds planted at a greater depth than in heavy and clay soil. 
Heeds which normally emerge from a depth of only a few millimeters, 
cdn germinate successfully in deeper layers of soil, providing the 
temperature is optimal at* these levels and the soil is not too
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compact. The soil pressure seems to have little influence on the 
retardation of germination occurring under such compact conditions, 
.although the lack of air resulting from the soil pressure is 
ihjportant (Peng, 1984) . The optimum depth for the emergence of 
Iliads varies with different species. By compiling data from 
aiservations with 31 species, King (1966) showed that it ranges 
£fom 0.05cm to 2.5cm and is roughly in proportion to the 1000 - 
ilfad weight in grams. By cultivation the soil surface is 
tSftiturbed, and such events as better aeration, stimulation of 
iAfrrate production by the soil organisms and changes in moisture

a  L

fLevels all favour the breaking of seed dormancy and the stimulation 
3$'seed germination. Seeds that are light - sensitive, including 
time of many of the grasses, are brought up from lower zones to 
Ihlglher - light levels by turning the soil. Holm and Miller (1972) 
>ri£orted results from a recent experiment where freshly - harvested 
i#ds of several common weeds showed little or no promotion of
l^hnaination by light. However, after the seeds had been buried
\7.5cm deep in soil for a period of six months, germination became 
entirely dependent on exposure to light. The freshly - harvested 
seeds were made light - requiring by treating them with certain 
growth substances (Peng, 1984).

iiI
i

Roberts and feast (1972) examined depth of seed burial in
[

undisturbed and cultivated soils and found seedling emergence was 
greatest from cultivated soil at shallow depth of burial. Seedling 
emergence declined with soil depth and was generally higher in 
cultivated compared to undisturbed soil.

Depth of seed burial affects germination and emergence in 
Aeveral ways. Downybrome seeds germinated and emerged from soil 
depths of 2.5cm, but did not emerged from a 10cm depth (wicks et 
al., 1971). in a similar experiment the seeds of 12 weed species 
were buried and emergence was greater from a 1cm soil depth than 
frdoi a  depth of 20cm (Van, 1969) .
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The aeration of soii is also important in gcveimiM word seed 
■arroination. Even in the most quiescent state, the t«ur icd weed
^esd caries on a feeble, hardly detectable respiration iPeng,
1 i1984) . In many seeds, the seed - coats must imbibe wa»*?r before?
Iftey permit oxygen to diffuse through them readily, jnd a few seeds' | known to be able to germinate in the total absence of oxygen, 
"tie buried seeds readily become fully imbibed and in fact have the 
aapacity to withdraw water from the soil with a force equivalent to 
loi* 965atm, as is indicated by the experiments of Shull (1916) 
*ith Xanthium seeds. One reason for the increased of germination
following tillage is improved aeration. Other factors such as
*

light, soil PH, and soil nitrate levels also, in some ways 
Influenced weed seed germination. Moreover, the seed structures ofi
certain species actually facilitate germination. The spirally 
!misted awns attached to seeds of some weed species have the

a

Inaction of turning the seeds when moisture is absorbed. This 
lotion helps the seeds to drop into any depression or crevice of 
toil surface, to be buried further, and germination is facilitated 
King, 1966).

Herbicides of various kinds inhibit germination to a greater 
it lesser extent. Many of the commonly used substances, such as, 
!f4*Df affect germination at comparatively low concentrations. The 
|x>re effective, such herbicides have been used in order to prevent 
£i6 germination of weed seeds in agricultural crops.
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Chapter 03

MATERIALS AND METHODS.

•1. Location.

The experiments were conducted at Sugarcane Research 
nstitute, Udawalawe during June to October, 1996.

The five selected weed species were examined for seed 
atnination and emergence of seedlings. These species were both 
rasses and broad leaves weeds. The selected weed species were,

i Borreria hispida
ii Dactyloctenium aegyptium

■

iii Echinochloa colonum
iv Euphorbia heterophylla
v Euphorbia hirta

*

The seeds were collected from matured panicles of wild 
opulation of plants growing within the Research farm of SRI and 
he seeds were gathered from as many different plants of a species. 
11 seeds had been dried and stored at 4 c in a refrigerator about
•9 months period until the experiments were commenced.

Experiment I

The seeds of each weed species were germinated separately in 
Itexile soil in wooden boxes measuring 60cm x 20cm x 20cm depth, 
rhe bottom of the boxes were fixed to make a gradient from top to 
X>ttom in one end to the other as shown in the diagram.
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Figure 3.1. The diagram of the box used to germinate weed seeds.

Sterile soil was spreaded on the bottom of the boxes to make 
.Qft thick soil layer parallel to the slope. Then the seeds of each 
*006 species were sown uniformly on the soil layer. Then the boxes 
rape filled to the top with sterilized soil. Thus, seeds were

v

Ll lowed to germinate uniformly at different depths. The 
:^perature within the soil boxes were 30 ± 2°c. The soil
collected from the field were sieved by 2mm mesh and steam boil led
for 48 hours for sterilitzation.

• »

Bach boxes were watered regularly as required. Emerged 
ieadlings were counted and removed daily until no emergence was 
recorded during 14 consecutive days. Also, the distances from O' 
iepth of the boxes to each emerged seedlings were recorded. Thus 

of each emerged seedling were calculated. Finally, the 
profiles of soil in each box was examined to find out the fate of 
regaining seeds.

The soil, used to germinate weed seeds and to fill the wooden 
tastes# was analyzed to determine the texture by hydrometer method. 
It was silt loam soil and contained 8.94% of clay, 17.73% of sand 
and 73.33% of silt. The Surface compaction of soil (soil st reanth) 
in a box was also measured and it was about 60 80 KPa at: field
caQSsity.
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Experiment II

Pive representative samples of 100 seed of each weed species 
n  weighed separately by an analytical balance to get 1000 - seed
b ht--F

I

The above five samples of each set of weed seeds were 
nated separately in between two moist filter papers placed in 
tridish under normal day and night illumination. Similarly 
ier three representative seed samples of each weed species were 
nated in complete dark. Each petridishes were watered 

larly as required. Germinated seeds in each replicate were 
ited and removed daily until no further germination is recorded 
.ng 14 consecutive days. Seeds were taken as germinated when 
8 is a visual signs of radical emergence.

These data were used to calculate mean germination time and 
i of germination of each weed species.

Data analysis.

1. Thousand seed weight.

The weight of each 100 seeds samples (five replicate) were 
Ited together and divided it by 5 to get average weight of 100 
bds of each species. These values were multiplied by 10 to
|culate 1000 seed weight as follows.

9

E(R. J X 10
1000 - s.w. = — ------b

r - weight of a 100 seed sample 'q)
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1,4.2. Percentage germination.
The number of germinated seeds in each replicate •: it" a-ed 

Mple) were added together and the values worn divide.i ty tiv«-
rO calculate percentage germination of each species as follows.
t

% germination
E(No. of germinated seeds R )

5

•4*3. Mean germination time (t50) and Rate of germination (R9) .

The mean germination time can be defined as 0the time taken to 
|$b% of the final fractional germination to occur" and the 
IjJfciprocal of mean germination time gives the rate of germination.
i f

The mean germination time for each replicate was calculated as 
201 lows and the average value of the five replicates was taken asor •
rJbe tsc for one species

No. of germinated 
seeds in each day

Time taken for 
the '-Termination^

Total No. of germinated seeds

if" The rate of germination for one replicate of one species was 
Calculated by following equation and * h.- average value ft f ^ r- 
replicates was taken as the R; for particular species.
t *1

R. of a one replicate5 t



3.4*4* Standard deviation.

Standard deviation measures the degree to which individual 
values vary from the mean (average) of all values in the data list.. 
The standard deviation of the sample data was calculated with help 
of following formula.

Where,
n = number of items in list

V. = the ith item in list*AVG = average of values in list

E (V, - AVG)4
n • 1

3.4*5. Depths of seedlings emerged.

The depths from which the seedlings emerged, were calculated 
by a geometrical theorem ("Samanupathika niyamaya") as follows.

< ---------------- -----x-------------------->
< ---------b--------- >

Therefore, the depth; h
y (b a)

x
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Chapter 04

RESULTS AND DISCUSSION.

There was a wide difference among t.he tested weed species in 
their 1000 - seed weight, percentage germination, mean germination 
time and the rate of germination (Table 4.1). Seeds had been 
collected from matured panicles. Therefore, this variation may 
perhaps be duo to the incomplete physiological maturity of seed, 
inherent dormancy mechanism associated with seeds, or genetical 
characteristics of the species.

Also, there was no relationship of percentage germination, 
mean germination time and the rate of germination to the 1000 * 
seed weight (1000-sw) of the tested weed species (Table 4.1). 
Although the percentage germination was less (14%), the species 
with smaller seeds Euphorbia hirta (1000-sw = 0.05g) showed a 
higher rate of germination (0.38 seeds day *) . The relatively 
larger seeded Borreria hispida (1000-sw = 2.83g) showed a same rate 
of germination (0.39 seeds day*), but its percentage germination 
was high (52.6%). Also, larger seeded Euphorbia heterophylla 
(1000-sw = 5.88g) showed a very slow rate of germination (0.05 
seeds day but its percentage germination was high (38.4%) . This 
indicates that there is no apparent, relationship of percentage 

termination and the rate of germinat ion to the 1000 * seed weight. 
However, some authors (King, 1966; Wilson, 1987) have reported that 
higher the 1000 ■ seed weight which is an indication of amount of 
food reserve available for germinat ing seeds, th« greater the 
percentage germination and rate of germination.

It also appears in the table (4.1) that the seeds of 
tested weed species have germinated under the both natural da, 
night illumination and also at complete dark. However, 
percentage germination, meap germination time and the rate of

f ive 
and 
the
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germinat ion were always high <jt the spontaneous change 'd 'l.iy uni 
night illumination than at complete dark. Theref r« . m  m p. p.* 
Stated that natural day and night illumination is t uv r.ir .it! »• i»-i 
the germination of weed seeds. Further, the species Ki;/.horh;u 
heterophylla showed higher percentage germination M8.4*) at 
natural day and night illumination than germination at dark.
However, many authors have reported varied germinat. ion responses of 
different weed species to the external environmental conditions 
(Mayer and Mayber, 1963; Rao, 1983; Peng, 1984; Wilson, 19H7). 
Some species need light induction while some other species are 
indifferent or could germinate only at complete dark. Thus, there 
is wide variation of germination characteristics among different 
weed species to the external environmental conditions. Also, there 
was a variation in germination characteristics not only among 
different weed species but also within the seeds harvested from 
same panicle. This is an important ecological mechanism to survive 
tteed species under frequent disturbances of habitat conditions like 
agricultural systems.

In addition, freshly harvested seeds of some weed species do 
not require light for germination but light is an essential factor 
for germination when thy bury under the soil for certain period of 
time (Horm and Miller 1972; Peng. 1984). This pave the way for
weed seeds to remain viable in greater soil dept.h where germinat ion

*

aqd emergence of seedlings can not be taken place and allow to 
germinate and produce seedlings when they come to the surface by 
soil cultivation. This is a uselul strategy of weed seeds to 
persist in the soil seed bank.

Table 4.2 shows the depth of emergence of the five selected 
weed species with their 1000 seed weight. In generally, *arger 

were able t.o emerge from ji eater depth. Ihi:* m  ta.
attributed to the aval labii ity ■ * sufficient am* un? 
matorial in the seeds to emerge Horn gre»’«-i hi K i r. j

! t
A
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Harper, 197/;). Highest number of emerged seedlings d /<(’/ r cr j j 
hispida at different depth could be attributed i f i»s recorded 
higher percentage germination (52.6% light and 16.5% Jark) and the 
greater seed size (1000-sw 2.8ig). The ma jor fractions of 
emerged seedlings of the two grasses species;
Dactyloctenium aegyptium (46.66%) and Echinochloa colonum (45.45%) 
were recorded from the surface seeds. The species Echinichloa 
colonum had emerged even at 6 cm soil depth, but Dactyloctenium 
aegyptium failed to emerge beyond 3 cm soil depth. However, more 
than 70% of Echinochloa colonum had emerged from 0 * 5 cm depth. 
In the case of two broad leaves weed species, the percentage 
emergence from surface seeds were 2.32 and 7.14 for Borreria 
hispida and Euphorbia heterophylla respectively. However, these 
two broad leaves weed species had emerged even at 8 cm soil depth. 
Therefore, it appears in this study that larger seeds are able to 
emerge from greater depth. This confirm the similar results 
ireported by Harper (1977) . However, more than 70% of the emerged 
seedlings of Borreria hispida and more than 80% of the emerged 
seedlings of Euphorbia heterophylla had recorded between 0 * 4 cm 
depth.

There were only 03 emerged Euphorbia hirta seedlings. Thus 
valid conclusion can not be made on this results. The recorded 
germination of this species in germinat. ion study was 14%. Thus. 
Siich a low seedling emerge of this species is not clear.

The seeds were allowed to germination and seedling emergence 
in a loose soil (compaction was 60 • 80 KPa at field capasity) with 
silt loam textural consistency. But most of dry zone soil corm*:, 
under the category of Redish Brown Earth with sandy clay loam 
textural consistency. Thus, due to the higher soil compact, ion. 
this type of seedling emergence in gri-afer soil depth -in huiJly b* 
expected under field condition.

Then, there is gradual decline in the percentage < t emergence



with soil depth. This can be attributed i|,- Kh'-rtagc (f
necessary growth tactors such as light, air. etc. with 1 n *r i ng 
soil depth for germination and emergence of wend seedlings.

Dactyloctenium aegypt. ium seeds which were only above i cm 
depth had given seedlings. This can be attributed to its smaller 
seed size (1000 seed weight was 0.23 g).

It also appears in the table 4.2 that none of the tested weed 
species had produced emerged seedlings from the seeds beyond 9 cm 
soil depth. This can be attributed to the nonavailability or 
inadequate supply of growth factors; i.e. light, temperature, 
aeration, etc. for germination and emergence of seedlings from the 
seeds at greater soil depth.

The seedlings of Borreria hispida and Euphorbia heterophylla 
emerged at a range of 0 to 7 cm and 0 to 8 cm depth respectively. 
Due to the larger seed size (1000-sw = 2.83g and 5.88g
respectively) . the amount of food reserve available was adequate to 
supply energy to penetrate the seedlings from greater depths. 
Borreria hispida showed its maximum percentage of emergence 
(21.51%) at 4 cm depth while Euphorbia heterophylla (28.57%) was at
1 cm soil depth.

* Echinochloa colonutn emerged only at 0. 3cm. 4cm, 5cm and 6cm 
depths with maximum emergence (45.45%) at zero depth. The total 
number of emerged seedlings of this species was comparatively less. 
This can be attributed to the recorded low rate of germination (2% 
in light and 1% in dark) of this species (Table 4.1).

Although Dactyloctenium aegyptium seeds have emerged in rhe 
soil box, they did nor germinate in the perridishos. Similarly. 
Euphorbia hiita seeds germinated in feiridishos. bur did nor «m<rjt 
in £be soil box. The reasons lor such a differences were n* » 'MearA
in these experiments.
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Table 4.3, 4.4, 4.b and 4.6 doser ibc t hi? re 1 »i» i ' nsh i j of 
depth of emergence to the days af»or sowing fur R t ?*•::.» .*?: s; : i.j. 
Dactylocten ium acqypLium, Ech:::ochloa o.;U'!:ur: mi *•*•;/n- m :.j
heterophyl la respectively. in generally, all f<-*.r * • si , d ....
Species had taken longer time tc emerge from gn*.i» • r i*p»h. in 
other way, the seeds which were placed at shallow 1« p» h e Mild 
produce quick seedlings. Also, there was discontinuous emergence 
extending period more than 40 days for some species. This is 
ecologically importance for the survival of species specially under 
unpredictability in habitat condition.

The first appeared seedling of Borreria hispida was at "0" 
depth and took 3 days after sowing for emergence. However, it took 
9 days to emerge first seedling at 7cm depth. The first, seedling 
of 2cm depth took 4 days, 3cm depth took 4 days, 4cm depth took 5 
days, 5cm depth took 7 days and 6cm depth took 8 days. Thus, there 
was a gradual increase of time taken for emergence of seedlings 
when increasing depth of seed bury. Similar pattern was observed 
in other species too. This delay of emergence at greater depth can 
be attributed to the resistance enforced by soil over seedling
emergence.

Some seedlings of Borreria hispida ind Fuplu rhu her < / hyi la 
bad germinated at higher soil depths, hr did m' entire. ni* d 
jthem had dead and rotten, some were gr own up abuut .‘j *n t e;m. 
^Phis may be due to lack of food reserved, high soil oompuo» i. n and 
activities of microbes, parasites uni pr**ia*.rs n h* .*»• *• i. i n gs .

While examining at. soil pi-diie. i* W1S ‘s,'!Vo1 r>*c,t ' h,‘ 
seeds of Borreria hispida which were at 20cm depth had germinated 
and the shoots were penetrated uptc 6cm 8.b cm heigh? through the 
soil. Similarly. Euphorbia hctcrophylia seeds whi *h 11(:m
depth had germinated and the shoe’s wen- jene* rated he. |ht
through the soil. When considering s« » d . . *1 f
heterophyl la is heavier than Bui/«*.*: a fa. .....  ? « hi.» u±iy; h. r.•!



■ f  iperhaps be duo to the vari.it. r. s e e d  vig<. r anicn>j d i f f e r e n t  

species.

There wore some viable seeds of the tested it
depths without, germination. This is an examp.*- tii r h»* se.-d 
dormancy enforced by external environmental conditions. Under such 
circumstances, the dormancy will remain until the seeds expose t o  

favourable environment for germination by turning the? soil or any 
other activities. This is a greater survival mechanism of weeds. 
Thus, they can produce vigorous and healthy plants by crossing with 
next generations when germinate at next season. This is also an 
another important mechanism to face the natural selection 
successfully and to survive. Also, this is very important in weed
control as some plant species may incorporate in this way and can 
become weediness in agricultural systems. Development of tolerable 
weed species to control practices such as chemical selection and 
crop mimicry are some of the example for such situation.
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Chapter 05

CONCLUSIONS.

1. The natural day and night illumination is favourable for weed 
seed germination than complete dark.

2. The weed seed size has no relationship to the percentage 
germination and the rate of germination.

3. Weed seeds which were at lower soil depths only can
germinate and produce seedlings.

• •

4. The seedlings of larger weed seeds can penetrate through 
greater soil depths than seedlings of smaller weed seeds.

. Weed seeds at greater soil depths take longer time for 
germination and emergence of their seedlings.

*

42



REFERENCES.

Baker, H.G. (1965). Characteristics and modes of origin of weeds.
In: The Genetics of Colonizing Species, ed. H.G. Baker and
G.L. Stebbins, Acadamic press, New York, pp. 147-168.

• •

Brenchley, W.W. (1978). Buried weed seeds, J. Agric. Sci., 9,
237.

Burnside, O.C., Penster, C.R., Evetts, L.L. and Mumm, R.F. (1981). 
Germination of exhumed weed seeds in Nebraska, weed Sci., 
29, 577.

*

r ll, J.D. (1976). Reaching traditional fanners with improved 
weed management in Latin America, in Proc. 1976 Br. Crop 
Prot. Conf. * Weeds. Brighton, England. 809.

Grime, J.P., Mason, G., Curtis, A.V., Rodman, J., Bonda, S.R., 
Mowforth, M.G., Neal, A.M. and Show. S. (1981). A 
comparative study of germination characteristics of local 
flora. J. of Ecology. 69: 1017-1059.

taper, J.L. (1977). Population biology of plants. Academic press,) New York, pp.892.

Hayashi, l. and Numato, M. (1971). viable buried seed
population in the Miscanthus and Zoysia type grass lands in 
Japan - ecological studies on the buried • seed population in 
the soil related to plant succession, vi.. Jpn. J. of Kcol..
20. 243.

43



HO In, R.E. and Miller, M.R. (1972). Hormonal control of weed 
seed germination, weed Sci., 20(3): 209 212.

Idris, M. and Besliir, M.E. (1979). On the di str ibu» ion and 
dynamics ol weed population in Sudan Gezirj, i'ri»c. symp. 
Weed Res. Sudan, 18, 15.

Kelley, A.D. and Bruns, V.F\ (1975) . Dissemination of weed seeds 
by irrigation water, weed Sci., 23, 486.

King, L.J. (1966). Weeds of the world, Biology and control, 
Leonard Hill Books, New York and London, pp. 526.

Koch, W., Beshir, M.E. and Unterladstatter. (1982). Crop losses 
due to weeds. In: Improving Weed Management, FAO, Rome.

>Kolbe, W. (1977) . Long * term studies on relations between weed 
cover and yield increase with chemical weed control (1967 
1976). Pflanzenschutz - Nachrichten, Bayer. 30: 121-137.

Kondap, S.M., Reddi, M.R. and Ramakrishna, K. (1980). Studies on 
yield reduction due to Cyperus rotundus in different crops. 
Abst. Conf. Ind. Soc. Weed Sci. pp. 25.

Acremer, R.J. (1993). Management of weed seed bank with micro 
organisms. Ecological application., 3(1): 42-52.

Mani, V.S., Gautam, K.C. and Chakraborty. T.K. (1968). Losses in 
crop yield in India due to weed growth. Pans(C). 14: 142-
158.

Marks. M.K. and Hawachuku, A.C. (1986). Seed bank
characteristics in a group of tropical weeds.. weed
Research. 126: 151-157.

44



Mayer, A.M. and Poljakoff - Mayber, A. (1963). The germination 
of seeds, Pergamon press LTD. Oxford, London.

Milton, W.E. (1943). The buried viable seed content of ,i vidland 
calcareous clay soil, j. Ecol.. 31, 155.

Mortimer, A.M. (1989). The biology of weeds, in: Weed control
hand book of British, ed. R.J. Hance and K. Holly,________,
Oxford, pp. 1-41.

Muenscher, W.C. (1936). Weeds, The Macmillan Company, New York, 
pp. 577.

Naylor, R.E.L. (1970). The predication of Black Gram Infestation. 
Weed Research. 10(3): 296-299.

*
*

fPaul, E.A. and Robertson, G.P. (1989). Ecology and the 
agricultural science: a false dichotomy? Ecology. 70: 1594- 
1597.

Peng, S.Y. (1984) . The biology and control of weeds in sugar 
cane, Elsevier science publishers B.V., Amsterdam, The 
Netherlands, pp. 336.

4ao, V.S. (1983) . Principles of weed science, Oxford & IBM 
Publishing Co. Pvt. Ltd., New Delhi, pp. 540.

Roberts. H.A. and Feast. P.M. (1972). Fate of seeds of some 
annual weeds in different depths of cult wated ani
undisturbed soil. Weed Res., 12, 316.

Roberts. H.A. and Potter. M.E. (1980). Emergence patterns of 
weed seedlings in relation to cultivation and rainfall, weed
Res. 30. 377.

45



Senanayake, Y.D.A. (1992). Current status of weed science in Sri 
Lanka and future needs, Tropical Weeds, J. of the w s s s l.
1(1): 61*69.

Sen, D.N. and Bansal, R.P. (1978). Seed adaptive mechanisms in 
arid zone weeds. Abst. All India Weed Sci. Conf. pp. 40.

Shull, C.A. (1916). Measurement of surface forces in soils. Bot. 
Gaz., 62: 1*31.

Thompson, K. and Grime, J.P. (1979). Seasonal variation in the 
seed banks of herbaceous species in ten contrasting 
habitats, J. Ecol., 67, 893.

Toole, E.H. and Brown, E. (1946) . Final results of the Duvel
buried seed experiment, J. Agric. Res., 72, 201.r

Van Rign, P.J. (1969). The effect of soil depth on emergence on 
weed seedlings, in ecological aspects of weeds control in 
cotton in the Ord River Valley, Aust. J. Exp. Agric. Anim. 
Husb., 9, 19.

Wicks, G.A., Burnside, O.C. and Fenster, C.R. (1971). Influence of 
soil—type and depth of planting on downy brome seeds, Weed
Sci., 19, 81.

Clicks, G.A. and Somerhalder, B.R. (1971). Effect of seedbed 
preparation for Corn on distribution of weed seeds. Weed
Sci., 19, 666.

Wilson, R.G. (1987). Biology of weed seeds in the soil. In: weed 
Management in Agroecosystems: Ecological approaches, ed.
Miguel A. Altieri and Matt Liebman. CRC Press. Inc..
Florida, pp. 354.

46



National Digitization Project 
National Science Foundation

■ Institute : Sabaragamuwa University o f Sri Lanka

1. Place of Scanning : Sabaragamuwa University o f Sri Lanka, Belihuloya

2. Date Scanned : . .1 .OA.r. A-CJ..........................................................

3. Name of Digitizing Company : Sanje (Private) Ltd, No 435/16, Kottawa Rd,

Hokandara North, Arangala, Hokandara

4. Scanning Officer

Name

Signature

. . . S . B . - . G ....S&cL'
*

Certification of Scanning
I hereby certify that the scanning of this document was carried out under my supervision, according to 
the norms and standards o f digital scanning accurately, also keeping with the originality of the original 
document to be accepted in a court o f law.

Certifying Officer
Designation : ................J r r \p. ZOfr fki. :

“This document/publication was digitized under National Digitization Project of the 
National Science Foundation, Sri Lanka ”


