GERMINATION ECOLOGY AND MANAGEMENT OF
Portulaca oleracea L.

Thesis

Submitted to the Punjab Agricultural University
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE
in
BOTANY
(Minor Subject: Biochemistry)

By

HARNOOR KAUR
(L-2017-BS-253-M)

Department of Botany
College of Basic Sciences and Humanities

© PUNJAB AGRICULTURAL UNIVERSITY
LUDHIANA - 141 004

2019



CERTIFICATE I

This is to certify that the thesis entitled, “Germination ecology and
management of Portulaca oleracea L.” submitted for the degree of M.Sc., in the subject
of Botany (Minor subject: Biochemistry) of the Punjab Agricultural University, Ludhiana, is
a bonafide research work carried out by Harnoor Kaur (L-2017-BS-253-M) under my
supervision and that no part of this thesis has been submitted for any other degree.

The assistance and help received during the course of investigation have been fully
acknowledged.

Dr. Navjyot Kaur

Major Advisor

Assistant Plant Physiologist
Department of Plant Breeding and
Genetics

Punjab Agricultural University,
Ludhiana-141004 (India)



CERTIFICATE Il

This is to certify that the thesis entitled, “Germination ecology and management of
Portulaca oleracea L.” submitted by Harnoor Kaur (L-2017-BS-253-M) to the Punjab
Agricultural University, Ludhiana, in partial fulfillment of the requirements for the degree of
M.Sc., in the subject of Botany (Minor subject: Biochemistry) has been approved by the

Student’s Advisory Committee after an oral examination on the same.

Dr. Navjyot Kaur (Dr. Neeraj Kumar)

Major Advisor External Examiner
Principal Scientist
Department of Botany and Plant Physiology
College of Basic Sciences & Humanities CCS,
HAU, Hisar

(Dr. Shammi Kapoor)
Head of the Department

(Dr. Gurinder Kaur Sangha)
Dean Postgraduate Studies



ACKNOWLEDGEMENTS

Words are often less to reveal one’s deep regards, I sincerely acknowledge God'’s
blessings in guiding, enriching and giving me sound mind to undertake and accomplish this
research project.

I would like to express my sincere gratitude and indebtedness to my Major Advisor,
Dr. Navjyot Kaur, Assistant Plant Physiologist, Department of Plant Breeding and Genetics,
Punjab Agricultural University, Ludhiana for her inspiring guidance and constant
encouragement in planning and execution of study and research work, which helped me to
successfully complete the work in time.

I owe my sincere thanks to members of my Advisory Committee, Dr. Namrata Gupta,
Associate Professor, Department of Botany, Dr. Manjeet Kaur Sangha, Senior Biochemist,
Department of Biochemistry and Dr. Nirmaljit Kaur, Senior Botanist, Department of Botany
and Nominee of Dean, Postgraduate Studies, for their consistent cooperation throughout the
course of this study.

I am thankful to Dr. Seema Bedi, Professor-cum-Head, Department of Botany and
Dr. M. S. Bhullar, Senior Agronomist, Department of Agronomy for providing an unhindered
access to all the necessary research facilities for my research work.

Language is too inadequate medium for expressing my feelings of indebtedness and
gratitude to my beloved parents Sh. Gurmeet Singh and Smt. Tejinder Kaur for making me
stand by my own, showing me the right ways and for their ever available blessings and
affection.

God blessed me with friends- Kulveer and Simarpreet with whom | shared all the
good and bad times of my master’s degree and without them the life would have been bleak. A
special thanks to my lovely seniors Renu Sethi and Avneet Kaur whose suggestions and
selfless co-operation made the work much smoother. | am also grateful to the laboratory and
field staff Mr. Jasvir Singh, Mr. Naresh, Department of Plant Breeding and Genetics and Mr.
Beant Singh, Department of Agronomy for their unhesitant help and co-operation during my

research work.

Place:

Date: (Harnoor Kaur)



Title of the Thesis . Germination ecology and management of
Portulaca oleracea L.

Name of the Student : Harnoor Kaur

and Admission No. (L-2017-BS-253-M)

Major Subject . Botany

Minor Subject . Biochemistry

Name and Designation . Dr. Navjyot Kaur

of Major Advisor Assistant Plant Physiologist

Degree to be Awarded . M.Sc.

Year of award of Degree : 2019

Total Pages in Thesis . B5+VITA

Name of University : Punjab Agricultural University, Ludhiana-141004,
Punjab, India

ABSTRACT

The present study entitled, “Germination ecology and management of Portulaca oleracea L.”
was conducted to evaluate the effect of seed priming, various environmental factors viz.,
temperature, light, salinity, pH, moisture stress and seed burial depth on germination and
early seedling growth of this weed. The effect of different pre-emergence herbicides on
emergence of P. oleracea was also studied. Seed priming with gibberellic acid was effective
in breaking seed dormancy. Soaking of seeds in 1000 ppm GA for 24 hrs was found to be
most effective in overcoming seed dormancy. Optimum temperature required for germination
of P. oleracea was 30°C and either increase or decrease in temperature from 30°C, decreased
germination. Germination of this weed was found to be independent of light, thus it can
emerge under tree and crop canopies in both non-cropped and cropped areas. Germination
decreased with increase in NaCl concentration from 0 to 250 mM and was completely
inhibited at 300 mM NacCl. P. oleracea was able to germinate over a pH range of 6.5 to 8.5.
There was decrease in germination with decrease in osmotic potential from 0 to -0.8 MPa and
germination was completely inhibited at -1.0 MPa. Germination was inhibited by 50% at
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CHAPTER-I
INTRODUCTION

Portulaca oleracea L. (Parsley and Purslane), is an annual dicot weed
belonging to family Portulacaceae. P. oleracea, a C, species is inhabitant of South
America (Proctor 2013), North Africa (Chapman et al 1974), Western Asia (Mitich
1997). P. oleracea is a problematic weed of about 45 crops (Chauhan and Johnson
2009). It is troublesome weed in different parts of the world infesting various crops
viz., wheat (Triticum aestivum), sugarcane (Saccharum officinarum), tea (Camellia
sinensis), cotton (Gossypium hirtsutum) and various vegetable crops (Amini and
Abdi 2014). In Punjab, it is emerging as a major weed in many summer vegetable
crops like bell pepper (Capsicum annuum), summer squash (Cucurbita pepo) and
sponge gourd (Luffa cylindrica).

Besides being a weed, P. oleracea is cultivated as a vegetable crop. The
leaves of the young plants are used as salad and seeds are also edible. P. oleracea is
one of the important medicinal plants with anti-hypoxic effect (Chen et al 2009),
used in Chinese traditional medicines (Niu and Dan 2005), cure asthma (Malek et al
2004), reduce inflammation (Wang et al 2007) and has also anti-pain and
antimicrobial effects (Behravan et al 2011), antioxidant properties (Lim and Quah
2007, Chan et al 2000); and ethanol extract of P. oleracea has neuroprotective
effects against hypoxia injury (Wanyin et al 2012). The leaves of P. oleracea are
rich in a-linolenic acid and antioxidants like o-tocopherol, B-carotene, and
glutathione (Simopoulos et al 1992). Leaves of P. oleracea have high amount of
melatonin which is beneficial for human health and also prevent cancer growth
(Simopoulos et al 2005, Allegra et al 2003, Cuzzocrea et al 1999). Melatonin has
antioxidative properties and performs role in diurnal regulation as a plant hormone -
like molecule (Kolar and Machackova 2005). It is a rich source of potassium (494
mg/100 g), magnesium (68 mg/100 g), calcium (65 mg/100 g), crude proteins
(17.9%), crude fibers (20.3%) and fats (5.6%). P. oleracea and P. tuberosa are
hyperaccumulators and are adapted to grow naturally on contaminated soils by
accumulating and detoxifying high load of metals and metalloids. Tiwari et al
(2008) observed that both species of Portulaca accumulated high levels of
chromium in roots when treated with industrial effluent whereas high level of iron
accumulation was observed when plants were irrigated with tube well water.

P. oleracea is a succulent annual weed with glabrous, reddish stems that
branch radially from the central axis forming a mat up to 60 cm in diameter with
alternate, opposite leaves which are succulent, sessile and broad-rounded at the tips.

Root consists of thick taproot as well as fibrous lateral roots. Flowers are yellow



and can self-pollinate (Zimmerman 1976). Under low light intensity, P. oleracea
flowers are cleistogamous and fully expand only on bright hot days (Miyanishi and
Cavers 1980). Fruit is a capsule that contains many brownish-black and shiny seeds
of 0.5 to 0.8 mm diameter. Seeds are hydrophilous and anemophilous and viable up
to 40 years. P. oleracea is a vigorous weed that grows rapidly by vegetative
propagation. In a single cycle of reproduction, P. oleracea has ability to produce
about 10,000 seeds (Chauhan and Johnson 2009). In tropics and warmer regions, P.
oleracea completes its life cycle within 2-3.5 months while it takes 4 months to
complete its life cycle in cooler regions (Proctor 2013). Egley (1974) reported that
seed dormancy in P. oleracea was mainly related to seed age and water content.
Less mature seeds germinated more readily than mature seeds with lower water
content.

Germination of weeds is affected by various environmental factors like
light, temperature, salinity, pH, osmotic potential, seed burial depth (Karlsson et al
2008). Light is important prerequisite for seed germination of only some species.
Germination of seeds is inhibited with increasing depth of sowing, due to limited
availability of light and storage reserves; and development of secondary dormancy
at greater depths. Temperature plays a key role in seed germination, with some
weeds germinating only at particular temperature while others germinate in a broad
range of temperature. Salinity, pH and osmotic stress are also important factors that
influence seed germination and emergence of seedlings. P. oleracea has potential to
withstand extreme environmental conditions viz., high temperature, light intensity,
salinity and pH. During drought conditions, this weed operates photosynthetic
processes through CAM metabolism (Koch and Kennedy 1980) and during sufficient
water availability, it operates C, metabolism (Abdullatif et al 2016).

Crop losses due to weeds can be reduced either by manual weeding or by use
of herbicides. Some pre-emergence herbicides used for suppressing P. oleracea are
clomazone, sulfentrazone, bensulide, diethatyl, diphenamid. In US, sulfentrazone
(0.28 kg/ha) was able to control 74% of P. oleracea in pumpkin (Brown and
Masiunas 2002). Bensulide (5.6 kg/ha) was effective in controlling P. oleracea by
52-98% in lettuce, in Salinas (Italy) (Haar and Fennimore 2003). P. oleracea was
suppressed by 84% in leafy green vegetables like leafy turnip (Brassica rapa),
mustard (Brassica rapa), cabbage (Brassica oleracea), broccoli (Brassica oleracea)
and kale (Brassica oleracea) by diethatyl and diphenamid (Cavero et al 1996). In
Spain, clomazone (0.36 kg/ha) was 72% effectual in controlling P. oleracea in
pepper (Capsicum annuum). Postemergence herbicides effective for controlling P.

oleracea are imazethapyr, phenamedipham, oxyfluorfen (Proctor and Reicher 2013).



However, most of these herbicides have been found to exert severe crop damage.
Ghosheh (2004) reported that post-emergence application of oxyfluorfen (1200 g/ha)
at 3-4 leaf stage of onion was successful in controlling P. oleracea, but caused
enormous crop injury to onion. Dusky and Stall (1996) observed that crop vigor of
lettuce was reduced, leading to loss of crop yield by post-emergence application of
imazethapyr (0.67 kg/ha).

Germination of seeds and emergence of seedlings in response to various
environmental factors is a key in understanding of weed seed dynamics in soil for
improving weed management strategies. In Punjab, P. oleracea is a major weed of
vegetable crops which are dicotyledonous and very sensitive to most of the post-
emergence herbicides available in the market like nitrofen, imazethapyr, oxyfluorfen
and phendimethalin. This emphasizes the need to study the germination ecology of
this weed and to evaluate the effect of pre-emergence herbicides for formulating the
management strategies against P. oleracea infestation in vegetable crops.

The objectives of the present study were:
i. To study the effect of environmental factors on germination ecology of
Portulaca oleracea.
ii. To study the efficacy of pre-emergence herbicides for management of P.

oleracea



CHAPTER-II
REVIEW OF LITERATURE

Weeds are the major cause of low crop yields as they have ability to
compete with crops for their common resources. Weed species affect crop growth
and yield by allelopathy (Amini et al 2009) or competition (Amini et al 2014).
Portulaca oleracea (Parsley and Purslane), is an annual dicot weed belonging to
family Portulacaceae. The genus Portulaca consists of 100 species that are
distributed throughout tropics and sub-tropics but very rare in temperate regions
(Nyffeler and Eggli 2010). The family Portulacaceae consist of 21 genera and about
580 species (Uddin et al 2014). P. oleracea, a C, species is inhabitant of South
America (Proctor 2013), North Africa (Chapman et al 1974) and Western Asia
(Mitich 1997). It is a troublesome weed of wheat (Triticum aestivum), sugarcane
(Saccharum officinarum), tea (Camellia sinensis), cotton (Gossypium hirtsutum) and
various vegetable crops (Amini and Abdi 2014). In Punjab, it is emerging as a major
weed in many summer vegetable crops like bell pepper (Capsicum annuum), summer
squash (Cucurbita pepo) and sponge gourd (Luffa cylindrica).Other weeds that
infest summer vegetable crops are madhana (Eleusine indica), takri (Digitaria
sanguinalis), makra (Dactyloctenium aegyptium), nut grass (Cyperus rotundus) etc.

P. oleracea has glabrous, reddish stems that form a mat up to 60 cm in
diameter and root may consist of either thick taproot or fibrous lateral roots. Leaves
are succulent, sessile, alternate or opposite and broad-rounded at the tips.
Inflorescence is terminal, much congested and head-like, surrounded by 2-several
involucral leaves, rarely an open cyme (Walters and Figueiredo 2011). The flowers
are yellow and can self-pollinate (Zimmerman 1976). Fruit is a capsule that consist
of many brownish-black and shiny seeds of 0.5 to 0.8 mm diameter. Seeds are
usually hydrophilous and anemophilous and viable up to 40 years. P. oleracea is a
vigorous weed that grows rapidly by vegetative propagation. In a single cycle of
reproduction, P. oleracea has ability to produce about 10,000 seeds (Chauhan and
Johnson 2009).

Accurate information regarding abiotic factors that are essential for seed
germination is important for effective weed control. Seed germination is influenced
by various abiotic factors such as pH, light intensity, temperature, salt concentration
in soil, osmotic stress (Ganepour et al 2004). Seeds of P. oleracea germinate in
presence of light, indicating that they are positively photoblastic. Germination
(63%) was greatest for seeds present on the soil surface or near the soil surface as
seeds were able to receive sunlight (Chauhan and Johnson 2009). Benvenuti et al

(2001) reported that seed size may also affect germination when buried deep in the



soil as small seeds may not have enough energy reserves essential for germination.
Moist environment favour seed germination while drought inhibits seed germination
(Chauhan and Johnson 2009). The information regarding different factors that
influence seed germination is described below:

(A) Seed Dormancy: Causes and methods of breaking

Seed germination incorporates those events that start with uptake of water by
dry seed and terminate with the elongation of the embryonic axis (Bewley and Black
1994). Germination is said to be complete when radicle penetrate out of the embryo.
Seed germination usually depends on temperature, light, pH, salinity and water
availability. Requirement of temperature, light, pH, salinity and water are species-
specific (Egley and Duke 1985). Seed dormancy may be attributed to immaturity of
embryo, impermeability of seed coat to water or gas, inhibition of embryo
development because of mechanical reasons, particular requirements of temperature
or light and presence of inhibitory substances of the germination. There are three
types of dormancy, namely innate, enforced and induced dormancy. Seeds that do
not germinate even under normal environmental conditions are innately dormant
seeds while enforced dormant seeds are those which don’t germinate under
unfavourable environment. Induced dormancy has also been referred to as secondary
dormancy. In this case, the dormancy is induced upon the seed after conditions of
innate and enforced dormancy have been broken or lost from the seed.

There are many methods of breaking seed coat imposed dormancy viz.,
soaking in hot water, sulphuric acid treatment, scarification, potassium nitrate and
gibberellic acid treatment (Bhardwaj et al 2016). Yazdanshenas et al (2015)
reported that seed dormancy in P. oleracea is due to its hard seed coat. Balouchi and
Sanavy (2006) reported different methods to overcome seed dormancy in Medicago
radiata, M. polymorpha and M. rigidula. They found that 750 ppm gibberellic acid
with prechilling at 4°C was most effective in breaking seed dormancy of Medicago
radiata; whereas 96% sulphuric acid proved to be very helpful in breaking seed
dormancy in M. polymorpha and M. rigidula. Prechilling provide winter conditions
to seed which is beneficial for inducing seed germination in species like Portulaca
oleracea and Echinacea angustifolia (Macchia et al 2001). Yazdanshenas et al
(2015) dipped seeds of P. oleracea in water forl2 hrs followed by drying for 12 hrs
for a week which increased germination percentage to about 45%. Pre-chilling and
potassium nitrate were 40% effectual in increasing germination as compared to 25%
germination in control. Treating the P. oleracea seeds with potassium nitrate (0.1 g
L™, for 24 hrs provided nutrients to seed and was responsible for causing

significant increase in root and shoot growth along with increased seed germination.



(B) Environmental factors affecting seed germination
2.1 Light and temperature

Temperature and light are the major factors affecting seed germination.
Requirement of temperature and light is species specific. Some species better
germinate under constant temperature while others under alternate day and night
temperature. Positively photoblastic seeds can germinate only in presence of light
while negatively photoblastic seeds can germinate only in dark. However, some non-
photoblastic seeds can germinate equally in light and dark. Chauhan and Johnson
(2009) observed that germination of P. oleracea (population of Philippines) was
affected by interaction between temperature and light. In complete darkness,
germination was about 1 to 2% and was not influenced by temperature. But in the
light/dark regime germination was 70, 75 and 81% at 25/15, 35/25 and 30/20°C,
respectively. Burke et al (2003) observed 30, 43 and 35% seed germination of
Dactyloctenium aegyptium at 25, 30 and 35°C, respectively. Chauhan and Johnson
(2008a) observed that seeds of Eleusine indica (population from Philippines) were
able to germinate at 35/15, 30/20 and 25/15°C, with highest germination (68%) at
30/20°C and lowest germination (5%) at 25/15°C. At 12-h photoperiod, Caperonia
palustris germination decreased from 50 to 0% with decrease in temperature from
30 to 10°C. When exposed to alternate day/night temperatures, Caperonia palustris
seed germination was maximum at 40/30°C (54%) and declined to 28% at 30/20°C
and no germination was recorded at 20/10°C (Koger et al 2004). Optimum
temperature for broadleaf weed species hairy beggarticks (Bidens pilosa) and
redvine (Brunnichia ovata) weeds is 25 to 35 and 35°C, respectively (Reddy and
Singh 1992, Shaw et al 1991). Asgarpour et al (2015) observed that Chamaesyce
maculata seeds did not germinate at temperature of 20/10°C but 19.5% seeds
germinated at 25/15°C temperature and maximum germination (> 90%) was found
to occur in temperature range of 35/25, 40/30 and 45/35°C. The germination rate of
Chamaesyce maculata increased from 1 seed per day to 10 seeds per day directly
with the increase in the temperature regime from 25/15 to 40/30°C and then dropped
to 5 seeds per day at 45/35°C. Chauhan et al (2006a) reported that the rate of
germination is closely correlated with soil temperature. Tanveer et al (2013)
observed that germination percentage of Trianthema portulacastrum increased from
65 to 85% with rise in temperature from 25 to 35°C whereas germination declined to
71.25 % at 45°C. Chauhan and Johnson (2008b) reported that the seeds of Eclipta
prostrata were able to germinate at 25/15, 30/20 and 35/25°C with germination
percentage of about 76, 93 and 87 % respectively, indicating ability of this weed to

emerge throughout the year at low altitudes in tropical countries. Chauhan and



Johnson (2008c) reported that optimum temperature for germination of Digitaria
ciliaris and Digitaria longiflora was 35/25°C. At alternating temperature of 25/15°C
about 39 and 75% seeds of Digitaria ciliaris and Digitaria longiflora germinated
respectively. No seed of Digitaria longiflora germinated in dark, but few (3 to 7%)
seeds of Digitaria ciliaris germinated in dark. Optimum temperature for germination
of Rottboellia cochinchinensis is 25/15°C in both light and dark (Bolfrey-Arku et al
2011).
2.2 pH

Emergence of seedlings is also influenced by pH of soil. Some species
require optimum pH to germinate and grow while others can tolerate extremes of pH
levels (Evetts and Burnside 1972). About 70% seeds of Portulaca oleracea were
able to germinate between pH range of 5-9 (Chauhan and Johnson 2009). At pH 4,
germination was completely inhibited. In US, Burke et al (2003) observed that there
was decrease in germination of Dactyloctenium aegyptium with rise in pH.
Maximum germination (65%) was observed at pH 4 and only 5% seeds germinated
at pH 9. Eleusine indica population of Philippines was able to germinate in pH
range of 5-10 (Chauhan and Johnson 2008a). Chauhan et al (2006b) exposed the
seeds of Malva parviflora to pH range of 4 to 10 and observed 50% germination
between pH 4 and 6.3. Germination reduced from 50 to 30% when pH was increased
from 6.3 to 10. Koger et al (2004) reported increase in germination of summer
annual weed, Caperonia palustris from 30 to 50% with increase in pH from 4 to 8
and further increase in pH to 10, reduced germination to 30%. Asgarpour et al
(2015) observed that germination of Chamaesyce maculata was unaffected by the
tested levels of pH. Germination was 95% over a broad pH range from 4 to 10. This
indicates that pH would not be a limiting factor for germination of this weed.
Maximum germination (>80%) of Trianthema portulacastrum occurred at pH range
of 8-10 (Tanveer et al 2013). Rezvani and Fani Yazdi (2013) observed that seeds of
Solanum nigrum were able to germinate in wide range of pH (4-10) with highest
germination (95%) at pH 7. Chauhan and Johnson (2008b) reported that more than
85% seeds of Eclipta prostrata germinated in pH range of 4 to 10. Chauhan and
Johnson (2008c) observed that Digitaria ciliaris and Digitaria longiflora
germinated over pH range of 5 to 10 indicating that both species are well adapted to
wide range of soil conditions.
2.3 Salinity

Seed germination is also influenced by salt concentration. High salinity
inhibits seed germination by preventing water from entering the seed. The common

cations associated with salinity are Na*, CI" and Mg?* while the common anions are



Cl, SO,% and HCO5". However, Na* and Cl ions are mainly responsible for toxicity
in plants (Yadhav et al 2011). Both germination rates and root growth of seedlings
are affected by salinity. Salinity has affected about 6% of the total land area of the
world. Areas of world adversely affected by salinity are parts of USA, Australia,
Israel and Mediterranean Basin (Aringhieri 2010). In India, some parts of states viz.,
Bihar, Delhi, Haryana, Punjab, Rajasthan and Uttar Pradesh are affected by salinity.
The districts of Punjab that are adversely affected by salinity are Sri Muktsar Sahib,
Faridkot, Bathinda and Sangrur (Shakya and Singh 2010). Salinity is also a major
problem by which 6.8 mha (33%) area of cultivated land of Pakistan is affected
(Anonymous 2008). Out of 20.36 million hectare of cultivable land, 6.3 million is
affected by salinity in Pakistan (Qureshi and Barret-Lennard 1998). Chauhan and
Johnson (2009) observed that germination of P. oleracea can occur under NaCl
concentration from 0 to 200 mM. Increasing salinity from 0 to 106 mM reduced the
germination from 90 to 50% with complete inhibition at 250 mM. Chauhan and
Johnson (2008a) reported that germination of E. indica was maximum in control
(>90%) with only 25% germination at 100 mM NaCl. Chauhan et al (2006h)
reported that seeds of Malva parviflora germinated at all NaCl concentrations upto
160 mM NaCl with greatest (58%) germination at 0 mM NaCl and lowest (2%) at
160 mM NaCl. Koger et al (2004) observed that Caperonia palustris seed
germination was greater than 52% between 10 to 40 mM NaCl and was lowest
(27%) at 160 mM NaCl. Asgarpour et al (2015) observed that maximum
germination (85%) of Chamaesyce maculate occurred at 20 mM NaCl and it dropped
to 36.5% at 120 mM NaCl and was completely inhibited at 160 mM NaCl. Salinity
also adversely affects germination of Trianthema portulacastrum. Tanveer et al
(2013) observed that 80% seeds of T. portulacastrum germinated in 0-150 mM NacCl
concentration and then germination decreased to 10% with increase in salt
concentration to 250 mM. Rezvani and Fani Yazdi (2013) observed significant
effect of salinity on seed germination of Solanum nigrum. They reported gradual
decrease in germination from 90 to 22% with increase in NaCl concentration from 0
to 160 mM. Chauhan and Johnson (2008b) reported 83, 50, 37 and 0% germination
of Eclipta prostrata at 150, 194, 200 and 250 mM NaCl. Chauhan and Johnson
(2008c) observed that increase in salt concentration have greater influence on
germination of Digitaria longiflora than Digitaria ciliaris. 80% seeds of both
species were able to germinate at 0 mM salt concentration while few seeds of
Digitaria ciliaris germinated at 200 mM and no seed of Digitaria longiflora was

able to germinate at 200 mM.



4.4 Osmotic stress

When plant is exposed to osmotic stress, it exhibits a wide range of
molecular and cellular responses (Greenway and Munns 1980). Osmotic potential of
the germination media also affects seed germination. Osmotic stress delays the onset
of seed germination, reduces the rate of seed germination and decreases germination
percentage (Patane et al 2013). Polyethylene glycol is the most preferred chemical
for simulating moisture stress conditions under controlled conditions in the
laboratory because it is metabolically inactive and its large molecular mass
prevents entry of this chemical into the seed (Berkat and Briske 1982, Hohl and
Peter 1991). At -1.0 MPa osmotic potential, seed germination of Portulaca oleracea
was completely suppressed. Germination was reduced to 50% at -0.34 MPa as
compared to 80-90% germination observed at 0 MPa (Chauhan and Johnson 2009).
Chauhan (2011) reported that with decrease in osmotic potential from 0 to -0.6 MPa,
seed germination of D. aegyptium was reduced from 90 to 9%. At -0.8 MPa,
germination of this weed was completely inhibited. Germination of E. indica was
reduced from 92 to 5% with reduction in osmotic potential from 0 to -0.6 MPa
(Chauhan and Johnson 2008a). Chauhan et al (2006b) observed steep decrease in
germination (50 to 20%) of Malva parviflora (little mallow) seeds when osmotic
potential was decreased from 0 to -1.0 MPa. Germination was completely inhibited
at -0.6 MPa, which indicates that seeds are moderately sensitive to low water
potential. The seedling emergence of round-leaved mallow (Malva rotundifolia)
decreased below the soil water potential of -0.28 MPa (Blackshaw 1990). Such
conditions can occur temporarily in between the rainfall events at the start of the
growing season in southern Australia. Makowski and Morrison (1989) reported that
major infestations of round leaved mallow generally occur in regions of western
Canada where relative precipitation levels are high. Koger et al (2004) reported
linear decrease in germination of Capronia palustris (y= -9.2x+6.8, R?>= 0.94) as
osmotic potential was increased from 0 to 0.8 MPa. Chamaesyce maculata
germination decreased from 98 to 23.5% as water potential decreased from 0 to -0.6
MPa and no germination was observed at -0.8 MPa. Germination exceeded 80% at
water potentials of 0 to -0.4 MPa. These results suggest that the spread of
Chamaesyce maculata is possibly restricted to moist soils because of its inability to
germinate under low soil moisture conditions. Tanveer et al (2013) reported that
decrease in osmotic potential from 0 to -0.8 MPa decreased germination of T.
portulacastrum from 100 to 20% and 85.5 to 25% in one year and five year old
seeds, respectively. Rezvani and Fani Yazdi (2013) noticed crucial effect of osmotic

potential on germination of Solanum nigrum. With decrease in osmotic potential



from 0 to -0.5 MPa, there was sudden decrease in seed germination percentage from
95 to 0%. Chauhan and Johnson (2008b) recorded that germination of Eclipta
prostrata declined from 94 to 2% as osmotic potential was decreased from 0 to -0.8
MPa and germination was completely inhibited at -1 MPa. Chauhan and Johnson
(2008c) reported about 80% seed germination in Digitaria ciliaris and Digitaria
longiflora at 0 MPa. Germination of Digitaria longiflora was completely inhibited
at -1.0 MPa while few seeds of Digitaria ciliaris were able to germinate at -1.0
MPa. Bolfrey-Arku et al (2011) reported that maximum germination (93%) of
Rottboellia cochinchinensis occurred at 0 MPa while minimum germination (9%)
occurred at -0.8 MPa.
2.5 Seed burial depth

Seed germination depends on depth at which seed is buried. Seeds present
close to soil surface receive considerable amount of light to germinate as compared
to seeds buried at great depth. Reduction in seedling emergence with increased seed
burial depth may be due to seed size, as seeds buried too deep may not have
sufficient energy reserves required for seedling emergence (Chauhan and Johnson
2009). When seeds of P. oleracea were present on soil surface, 63-81% of seeds
germinated. Seed germination was completely inhibited at depth of 2 cm (Chauhan
and Johnson 2009). Burke et al (2003) found that 40% of American population of D.
aegyptium germinated at depth of 1 cm. Only 1% seeds were able to germinate at
depth of 6 cm. E. indica seeds (Philippines population) exhibited 82% germination
when seeds were present on soil surface. At 0.5 and 6 cm depth, seed germination
was reduced to 63 and 4% respectively. Seed germination of this weed was
completely inhibited at burial depth of 8 cm (Chauhan and Johnson 2008a). Koger et
al (2004) reported emergence of Capronia palustris seedlings was greater than 67%
for seeds placed on the soil surface and decreased with increased planting depth.
15% of seeds germinated when buried at 7.5 cm. No seedling emergence was
observed when seeds were placed at a depth of 10 cm. Tanveer et al (2013) recorded
about 80% emergence when seeds of T. portulacastrum were placed at soil surface.
As the seeds were buried deep in the soil, germination percentage was decreased
with 0% seed germination at 5 cm depth. Seed burial depth has considerable effect
on seedling emergence of Solanum nigrum (Rezvani and Fani Yazdi 2013). There
was 40% germination when seeds were scattered on soil surface but no seedling
emergence was observed at a depth of 4 cm. Chauhan and Johnson (2008c) reported
that seed germination of Digitaria ciliaris and Digitaria longiflora was highly
affected by increasing seed burial depth. Maximum germination (>90%) of both

species was observed when seeds were sown on soil surface. Germination of
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Digitaria longiflora was inhibited at depth deeper than 1 cm, while 5% seedling
emergence of Digitaria ciliaris was observed at depth of 6 cm. Bolfrey-Arku et al
(2011) reported that maximum (78%) number of seeds of Rottboellia
cochinchinensis germinated when sown on the soil surface. Germination percentage
declined to 12% with increase in seed burial depth to 4 cm. Low or lack of seed
germination when buried deep in the soil could be due to hypoxia, low rate of
gaseous diffusion (Benvenuti 2003).
(C) Herbicides for management of P. oleracea
1) Pre-emergence herbicides

Imazethapyr (0.067 kg/ha) was effective in controlling 91% of P. oleracea in
lettuce (Norsworthy and Smith 2005). Diethatyl (4.5 kg/ha), diphenamid (4 kg/ha),
and diethatyl combined with diphenamid were successful in controlling P. oleracea
in Capsicum annuum (Cavero et al 1996). Some other pre-emergence herbicides
used for suppressing P. oleracea are clomazone (0.36 kg/ha), sulfentrazone (0.28
kg/ha), bensulide (5.6 kg/ha), diethatyl, diphenamid (Sherwani et al 2015). Clomazone
belonging to isoxazolidinone is an inhibitor of the pigment-synthesis. Sulfentrazone is a
phenyl triazolinone herbicide (Theodoridis et al 1992) and it inhibits
protoporphyrinogen oxidase (protox) in plants, a key intermediate in both heme and
chlorophyll biosynthesis (Jacobs and Jacobs 1987). Deli and Warren (1970) reported
that diphenamid (N,N-dimethyl-2,2-diphenylacetamide) is a reversible metabolic
inhibitor, it’s application inhibited cell division in the root tip by limiting utilization
of substrates in the cells, therefore caused reduction of root and shoot growth. In
US, sulfentrazone (0.28 kg/ha) was able to control 74% of P. oleracea in pumpkin
(Brown and Masiunas 2002). Bensulide (5.6 kg/ha) was effective in controlling P.
oleracea by 52-98% in lettuce in Salinas (ltaly) (Haar and Fennimore 2003). P.
oleracea was suppressed by 84% in leafy green vegetables like leafy turnip
(Brassica rapa), mustard (Brassica rapa), cabbage (Brassica oleracea), broccoli
(Brassica oleracea) and kale (Brassica oleracea) by diethatyl and diphenamid
(Cavero et al 1996). In Spain, clomazone (0.36 kg/ha) was 72% effectual in
controlling P. oleracea in pepper (Capsicum annuum). At US, sulfentrazone
(0.28kg/ha) caused more than 45% crop damage to pumpkin (Brown and Masiunas
2002). In Spain, Cavero et al (2001) observed crop yield loss of bell pepper due to
clomazone (0.36 kg/ha). Hoyt et al (1996) observed that when napropamide (2 kg
ai/ha) was applied to cabbage crop infested by P. oleracea, it was able to control P.
oleracea by 93%. Fennimore et al (2001) recorded that different concentrations of
S-metolachor viz., 0.56, 0.72, 1.06 and 1.41 kg/ha were 95% effective in controlling

P. oleracea, while 3.4 kg/ha cycloate killed 96% of P. oleracea. Proctor and
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Reicher (2013) conducted experiment in 2012, which reported that isoxaben (1
kg/ha), simazine (1.4 kg/ha) were 95% effective in controlling P. oleracea while
siduron (27.4 kg/ha), dithiopyr (0.3 kg/ha), dimethenamid (0.8 kg/ha) were 50%
successful in controlling P. oleracea.
2) Post-emergence herbicides

Post-emergence herbicides are effective in killing and/or suppressing
emerged seedlings of weeds. Gorske and Hopen (1978) noticed that application of
post emergence herbicides like nitrofen and oxyfluorfen increased membrane
permeability, which caused stomatal closure, membrane disruption, synthesis of
ethylene and finally leaf abscission in P. oleracea. Post-emergence herbicides
effective in controlling P. oleracea are imazethapyr (0.067 kg/ha), phenamedipham
(0.86 kg/ha) and oxyfluorfen (1200 g/ha) (Proctor and Reicher 2013). More than
85% of P. oleracea in lettuce was controlled by application of imazethapyr (Dusky
and Stall 1996). About 45% of P. oleracea in leafy greens was controlled by
phenamedipham (0.37 kg/ha) (Norsworthy and Smith 2005). Oxyfluorfen (1200 g
ai/ha) was effectual in controlling 95% Portulaca oleracea in onion (Ghosheh
2004). However, many of these herbicides caused severe crop damage.
Phenmedipham (0.37 kg/ha) caused 54-82% injury to mustard greens (Norsworthy
and Smith, 2005). Ghosheh (2004) reported that post-emergence application of
oxyfluorfen (1200 g/ha) at 3-4 leaf stage of onion was successful in controlling P.
oleracea, but caused enormous crop injury to onion. Gorske and Hopen (1978)
treated P. oleracea plants with 0.56 kg/ha nitrofen and 0.28 kg/ha oxyfluorfen and
herbicide effect was observed after 2 hrs for 24 hrs. After 4 hrs of treatment,
stomata began to close and remained closed until leaf abscission occured 8-24 hrs
after treatment. Stomatal closure caused increase in the leaf temperature which
further elevated ethylene production and initiated leaf abscission. Proctor and
Reicher (2013) reported that best P. oleracea control (100%) was provided by
metsulfuron-methyl (0.04 kg/ha), fluroxypyr (0.31 kg/ha) and triclopyr (1.55 kg/ha).
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CHAPTER - 111
MATERIALS AND METHODS

3.1 LOCATION AND CLIMATE

The present investigation entitled, “Germination ecology and management of
Portulaca oleracea L.” was conducted at Research Farm and Seed Physiology
Laboratory, Office of Director (Seeds), Punjab Agricultural University, Ludhiana.
3.2.1 PLANT MATERIAL

Seeds of P. oleracea were collected from vegetable fields of district Sri
Muktsar Sahib during the months of June-July 2016 to 2018. Collected seeds were
cleaned and stored in airtight plastic containers till further use in experimentation.
The weight of 1000 seeds of P. oleracea was 1.40 g (Plate 1).

Plate 1: Seeds of Portulaca oleracea L.
3.2.2 GERMINATION PROTOCOL
Seeds of Portulaca oleracea were sterilized using mercuric chloride (0.1%)

for two minutes and then washed twice with distilled water to protect them from any
fungal infection. Seed germination was evaluated by placing 20 seeds in a Petri dish
lined with double layers of Whatman No.1 filter paper, which was moistened with 4 ml
of treatment solution. Germination was studied in 3 replicates and Petri dishes were
incubated at 30°C (optimum temperature) in an environmental chamber (MAC MSW -
127). Seeds germinated using distilled water only served as control. Number of seeds
germinated were counted at 24 hour intervals till 15 days after start of the experiment.
The visible protrusion of the radicle was taken as the germination criteria. 15 days old
seedlings were analysed for various physiological parameters.



Seed dormancy

The seeds of P. oleracea were dormant and exhibited only 27% germination
without any treatment. In order to overcome seed dormancy, seeds were hydroprimed
and soaked in different gibberellic acid concentrations for 24 hrs. Seeds were weighed
before soaking in water or solutions of different gibberellic acid concentrations. After
soaking for 24 hrs, seeds were dried at room temperature to restore their original
weight before soaking treatment. Seeds were treated with different GA concentrations
viz., 200, 500 and 1000 pg/ml. Stock solution of 1000 ppm was prepared by mixing
GA (100 mg) in 100 ml of distilled water. Further dilution of stock solution was used
to prepare other concentrations (Table 3.1).
Table 3.1: Details of preparation of different concentrations of GA.

GA concentration (ug/ml) | Stock solution of 1000 pg/ml | Distilled water (ml)
(ml)

200 6 24

500 15 15

1000 30 0

3.2.3 EXPERIMENTAL TREATMENTS

For following treatments, seeds treated with 1000 ppm GA which exhibited
minimum germination of 80% were used.
3.2.3.1 Light

Germination of seeds was tested by placing 20 seeds in Petri plates which
were further incubated in continuous light (24 h) using light intensity of 85 m mol m? s’
! and dark regimes (24 h). Petri plates were enclosed in two coats of aluminium foil
to completely obstruct the penetration of light. Dishes assigned to dark treatments
were immediately covered after recording data.
3.2.3.2 Temperature

Seed germination was tested under seven constant temperatures viz., 20, 22,
24, 26, 28, 30 and 32°C.
3.2.3.3 Moisture stress

To determine the impact of different concentrations of moisture stress on
seed germination, seeds were placed in Petri plates containing solutions of PEG
8000 and were incubated at 30°C. The equations of Michel and Kaufmann (1973)
were used to prepare the solutions of PEG 8000. The PEG solutions of different
water potential used were- 0, -0.1, -0.2, -0.4, -0.6, -0.8 and -1.0 MPa (Table 3.2)
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Table 3.2: Details of PEG 8000 solution preparation of different concentrations

Water potential (MPa) PEG 8000 (g/20 ml)
0 0
-0.1 1.83
-0.2 2.59
-0.4 3.66
-0.6 4.48
-0.8 5.18
-1 5.80

3.2.3.4 Salinity stress

The impact of salt stress on germination of seeds was evaluated by using
various NaCl solutions of 0, 25, 50, 75, 100, 150, 200, 250 and 300 mM
concentrations. The stock solution of 300 mM was prepared by dissolving 3.5 g of
NaCl (MW: 58.44) in 200 ml of distilled water and then the stock solution was
diluted to obtain other concentrations as given in Table 3.3.
Table 3.3: Details of preparation of different concentrations of sodium chloride
(NacCl)

NaCl concentration(mM) Stock solution of 300 Distilled water (ml)
mM NacCl (ml)
0 0 30
25 2.5 27.5
50 5 25
75 7.5 22.5
100 10 20
150 15 15
200 20 10
250 25 5
3.2.3.5 pH

To determine the effect of pH from 6.5 to 8.5 on seed germination, buffered
solutions of different pH were prepared. The buffer solution of pH 6.5 was prepared
by using 0.2 mM potassium hydrogen phthalate (Chachalis and Reddy 2000). 2 mM
of 4-(2-hydroxyethyl) piperazine-1-ethanesulfonic acid was used to prepare buffer
solutions of pH 7, 7.5 and 8 and 2 mM of tricine was used for the preparation of
buffered solution of pH 8.5 (Li et al 2000). 0.1 M HCI or 0.1 N NaOH were used to
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make final adjustment of each buffered solution. Distilled water (pH 7) was used as
a control.
3.2.3.6 Burial depth

The experiment was conducted in pots of 30 cm diameter during the
months of May-June 2018 when environmental conditions were optimum for
seedling emergence. Each pot was filled with 8 kg soil collected from those fields
which recorded no previous occurrence of this weed. The seeds were scattered on
the soil surface or covered with soil to different burial depths viz., 0, 0.5, 1, 2, 3, 4
and 5 cm. The pot surface was kept moistened throughout the study period. The
emergence was recorded over a period of one month. The experiment was conducted
using three replicates.
3.2.3.7 Efficacy of pre-emergence herbicides: P. oleracea seeds were sown on the
soil surface in pots of 30 cm diameter during the months of May-June 2018 when
environmental conditions were optimum for seedling emergence. The influence of
pre-emergence herbicides on seed germination was studied using various
concentrations of different herbicides. Pre-emergence herbicides viz., pendimethalin
(375, 563 and 750 g/ha), oxyfluorfen (120, 180 and 240 g/ha), oxadiargyl (45, 68
and 90 g/ha), sulfentrazone (180, 270 and 360 g/ha) and clomazone (200, 300 and
400 g/ha) were sprayed immediately after sowing using knapsack sprayer with fitted
flat fan nozzle.
Treatments:
a) Pendimethalin (375, 563 and 750 g/ha)
b) Oxyfluorfen (120, 180 and 240 g/ha)
c) Oxadiargyl (45, 68 and 90 g/ha)
d) Sulfentrazone (180, 270 and 360 g/ha)
e) Clomazone (200, 300 and 400 g/ha)

3.2.4 OBSERVATIONS RECORDED
(a) Per cent germination
Number of seeds germinated were counted at interval of 24 hour till period of 15
days after the start of laboratory experiment. Visible extension of the radicle was
regarded as criterion for germination.
Germination (%) = (No. of seeds germinated / total
number of seeds) x 100
(b) Germination speed
Following formula was used for calculating germination speed as stated by the
Association of Official Seed Analysts (1983):
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_ Number of seeds germinated Number of seeds germinated

[ = - —

Days of first count Days of final count

(c) Mean germination time (MGT) or mean emergence time (MET)
It was calculated as stated by Ellis and Roberts (1981):
MGT=X (Dn)/ X n
n = number of seeds germinated on day D
D= number of days calculated from the start of
germination
(d) Growth of seedlings
Root and shoot length of seedlings were measured on 15" day of germination and
seedling length was expressed in centimeter.
(e) Seedling vigour index
The following formula stated by Abdul-Baki and Anderson (1973) was used to
calculate seedling vigour index (SVI).
Seedling vigour Index | = seedling length (cm) x germination (%)
(f) Root to shoot length ratio (R:S)
Root to shoot length ratio was calculated as length of seedling root divided by
length of seedling shoot.
(g) Emergence (%)
Emergence counts were made at an interval of 7 days for one month.
Emergence (%) = (No. of germinated seeds/ total number of seeds) x 100
(h) Weed density (No./pot)

Weed count was recorded at weekly interval for one month from each pot and

density was expressed as number of plants per pot.
3.7 STATISTICAL ANALYSIS

The experiment was conducted in a completely randomized design using

three replicates. The data was subjected to analysis of variance (ANOVA) using

CPCS 1 software. Means were separated at P < 0.05 using Fisher’s Protected Least

Significant Difference (LSD) test (Cochran and Cox 1966).
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CHAPTER-IV
RESULTS AND DISCUSSION
The results of present study ‘Germination ecology and management
of Portulaca oleracea L.’ are presented here below:
4.1: Effect of seed priming with gibberellic acid on germination and
seedling growth of P. oleracea L.

About 27% seeds of P. oleracea germinated in control. Germination percentage
increased to 52% when seeds were pre-soaked in distilled water for 24 hrs. Seed
soaking in gibberellic acid caused significant increase in germination as compared to
control and increase in germination percentage was directly proportional to gibberellic
acid concentration. Germination was increased to 82% when seeds were soaked in
1000 ppm gibberellic acid for 24 hrs. There was significant increase in germination
speed due to hydropriming and gibberellic acid treatment. There was more than 3-fold
and 8-fold increase in germination speed due to hydropriming and 1000 ppm
gibberellic acid treatment, respectively. Seeds of P. oleracea started to germinate after
2 days in control but seeds either hydroprimed or treated with different concentrations
of gibberellic acid were able to germinate after 24 hrs. There was decrease in mean
germination time due to either hydropriming or different concentrations of gibberellic
acid (Table 4.1 and Fig.4.1). Seedling vigor index was low in control. Seedling vigor
index was increased due to hydropriming or seed treatment with different
concentrations of gibberellic acid. There was 2-fold, 3-fold and 4-fold increase in SVI
when seeds were soaked in 200, 500 and 1000 ppm gibberellic acid, respectively as
compared to control (Tables 4.1-4.2 and Figs. 4.1-4.2).

Gibberellic acid is a plant growth hormone that breaks both seed coat imposed
and ABA-related embryo dormancy resulting in stimulation of germination. The plant
hormone abscisic acid is produced in the embryo and it inhibits the growth of embryo
(Karssen et al 1983). Gibberellic acid is required to overcome the inhibitory effect of
ABA. Debeaujon and Koornneef (2000) observed that during seed germination of
Arabidopsis, gibberellic acid was effective in overcoming germination barriers
imposed by testa and resulted in its germination. Like in present study, germination
has also been reported to be stimulated in other weed species like Avena fatua and
Medicago radiata by soaking seeds in gibberellic acid (Balouchi and Sanavy 2006).
Cirak et al (2004) observed that exogenous gibberellic acid gets imbibed to seeds
which stimulates endogenous gibberellic acid secretion from embryo, which further
increases the synthesis of hydrolytic enzymes (o-amylase, f-amylase and maltase).
These hydrolytic enzymes are transported to endosperm leading to breakdown of

stored food thereby supplying energy required for seed germination. Increase in



germination percentage in hydroprimed seeds is due to imbibition, completion of pre-
germination processes such as repair and synthesis of nucleic acids (DNA and mRNA)

and proteins, repair of membranes and repair and synthesis of mitochondria (Bewley

1997).

Table 4.1: Effect of hydropriming and gibberellic acid on germination of

Portulaca oleracea L.

Concentration | Germination | Time to start Germination Mean

of GA (ppm) (%) germination speed germination
(days) time (days)

Control (No 26.7+5.77 2.67+1.15 2.00+0.33 3.52+1.63

treatment)

Hydropriming 51.7+2.89 1.00+0 6.72+0.63 2.10+0.20

200 60.0+5.00 1.00+0 12.00+1.00 1.00+0

500 70.0+5.00 1.00+0 15.00+1.00 1.00+0

1000 81.74£5.77 1.00+0 17.7+£1.15 1.00+0

LSD (p=0.05) 9.09 0.94 1.59 1.33

Data are meanzstandard deviation

Table 4.2: Effect of hydropriming and gibberellic acid on seedling growth of

Portulaca oleracea L.

Concentration of GA Root length Shoot Total SVI
(ppm) (cm) length (cm) seedling
length (cm)

Control 0.32+0.03 1.12+0.02 1.44+0.05 38.13%£7.22
Hydropriming 0.34+0.03 1.16+£0.04 1.50+0.05 77.65%4.49
200 0.36+0.06 1.21+0.02 1.57+0.08 94.18+4.57
500 0.41+0.04 1.34+0.02 1.75+£0.02 122.2+7.35
1000 0.47+0.06 1.64+0.06 2.10£0.09 171.45+£5.98
LSD (p=0.05) 0.08 0.06 0.11 11.00

Data are meanztstandard deviation
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Figure 4.1: Effect of hydropriming and gibberellic acid on germination of
Portulaca oleracea L.
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Figure 4.2: Effect of hydropriming and gibberellic acid on seedling vigor index
of Portulaca oleracea L.
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4.2: Effect of temperature on germination and seedling growth of Portulaca
oleracea L.

There was increase in the germination percentage of seeds as the temperature
was increased from 20 to 30°C. But with further increase in temperature to 32°C,
there was decrease in germination. Time to start germination and mean germination
time was decreased with concomitant increase in speed of germination as the
temperature was increased from 20 to 30°C. Minimum time to start germination and
mean germination time along with highest germination speed was recorded at 30°C.
There was not much difference in germination in temperature range of 24 to 26°C;
whereas steep and significant increase in germination was observed as the
temperature was increased from 26 to 30°C followed by a significant decrease in
germination with further increase in temperature to 32°C. Highest seedling length
and seedling vigor index was also observed at 30°C (Tables 4.3 and 4.4 and Figs.
4.3 and 4.4).

Temperature is the major environmental factor that governs the emergence
and timing of seed germination. Some weeds can germinate within a wide
temperature range while others germinate only within a narrow temperature range.
Temperature is essential factor that regulates germination as both upper and lower
limits of temperature are usually related with release of dormancy and initiation of
seed germination (Kruk and Benech-Arnold 2000). Some weeds can germinate only
within narrow temperature range eg. Lathyrus aphaca and Vicia sativa. Tanveer et
al (2012) observed that optimum temperature for Lathyrus aphaca and Vicia sativa
is 15-20°C, with maximum germination of Lathyrus aphaca (92%) at 15°C and of
Vicia sativa (85%) at 20°C. Weeds that germinate within wide range of temperature
are Eupatorium adenophorum (43 to 93% in temperature range of 10-30°C),
Dactyloctenium aegyptium (10 to 43% in temperature range of 15-40°C) and
Desmodium tortuosum (1 to 81.3% in temperature range of 15/10 to 45/35°C) (Lu et
al 2006, Burke et al 2003 and Singh and Singh 2009). Although, these weeds
germinated within a wide range of temperature but exhibited maximum germination
at a particular temperature i.e. 25, 30 and 30/20°C for Eupatorium adenophorum,
Dactyloctenium aegyptium and Desmodium tortuosum, respectively. Chauhan and
Johnson (2009) observed that population of Portulaca oleracea from Los Banos,
Philippines was able to germinate (70 to 81%) in wide range of temperature i.e.
25/15 to 35/25°C, with maximum germination at 30/20°C. The North-Indian
population of P.oleracea used in this study could also germinate (18-88%) in wide

temperature range of 20-32°C, but exhibited maximum germination at 30°C. The
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population of P. oleracea from London exhibited 96% germination under fluctuating
light/dark temperature of 35/20°C; but germination was reduced to 15% at 25/10°C
(Miyanishi and Cavers 1980). Temperature data recorded by School of Climate
Change and Agricultural Meteorology, College of Agriculture, Punjab Agricultural
University, Ludhiana during 2016-2018 indicates that temperature during months of
April to October is favourable for germination of this weed with average
temperature in the range of 24.2 to 33.7°C. But maximum emergence can be
expected during months of June to August as along with favourable temperature
during these months (28.0-32.4°C), sufficient moisture is also available during these
months due to rainfall (Table 4.5). Moreover, it emerges as a major weed in
vegetable fields in which adequate moisture levels are maintained by frequent
irrigation, so it may emerge in multiple flushes depending upon the prevailing
ambient temperature.

Table 4.3: Effect of temperature on germination of Portulaca oleracea L. (24

hrs photoperiod)

Temperature Germination | Time to start | Germination Mean
°O) (%) germination speed germination
(days) time (days)
20 18.33+7.64 10.0+0 0.43+0.06 10.8+0.59
22 38.33+5.77 10.0+0 0.88+0.12 10.0+0
24 51.67+2.89 8.0. 0 1.09+0.04 8.7+0.31
26 53.33+2.89 6.0£0 2.21+0.40 5.0+0.40
28 78.33+2.89 5.0+0 3.13+0.23 5.0+0
30 88.33+7.64 1.0+0 17.67+2.31 1.0£0
32 53.33+5.77 2.0+0 4.72+0.25 2.4+0.35
LSD (p=0.05) 9.55 0.1x107° 1.57 0.56

Data are meanzstandard deviation

Table 4.4: Effect of temperature on seedling growth of Portulaca oleracea L. (24
hrs photoperiod)

Temperature Root length Shoot length Total SVI
°O) (cm) (cm) seedling

length (cm)
20 0.19+0.01 0.88+0.11 1.08+0.10 19.62+8.43
22 0.22+0.04 1.32+0.15 1.55+£0.12 59.23+9.25
24 0.29+0.04 1.51+0.09 1.80+0.05 93.25%7.43
26 0.35+0.07 1.56+0.08 1.91+0.03 101.65+4.67
28 0.41+0.07 1.57+0.09 1.98+0.04 154.92+8.80
30 0.49+0.03 1.76x0.10 2.25x0.10 198.10£10.90
32 0.36+0.06 1.53+0.10 1.89+0.15 100.87+£11.94
LSD (p=0.05) 0.09 0.2 0.16 15.84

Data are meanztstandard deviation
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Table 4.5: Data of maximum, minimum and average temperature (°C) and rainfall (mm) at Ludhiana during the years 2016-2018

YEAR 2016 2017 2018 2016 2017 2018
Month Max. Min. Mean Max. Min. Mean Max. Min. Mean Rainfall | Rainfall | Rainfall
Temp | Temp Temp | Temp Temp Temp (mm) (mm) (mm)
January 17.2 7.4 12.3 18.2 7.6 12.9 18.7 6.2 12.5 19.4 46.1 18.4
February 23 9 16 23.1 9.3 16.2 22.8 9.1 16 8.8 5.2 27
March 28 14.6 21.3 27.2 12.5 19.9 29.3 13.1 21.6 41.1 40.8 0
April 36.6 19.6 28.1 36.9 20 28.5 35.8 19.9 27.8 3.0 14.8 10
May 39.6 24.6 32.1 38.8 25.1 32 39.1 24.1 31.6 25.2 31.6 19
June 39.8 28.5 33.7 36.7 26.2 31.5 37.6 27.6 32.4 86 127 141.8
July 33.5 27.3 30.4 34.6 27.5 31.3 34.3 26.6 32.4 305.5 112 376.6
August 33.3 26.2 29.7 33.9 26.7 30.3 34.1 27.3 30.7 87.6 131.4 74
September 34 25.5 29.7 33.7 23.9 28.8 32.1 24 28 15 25.4 250.6
October 32.7 19 25.9 33.3 18.5 25.9 31.3 17.1 24.2 20 0 0
November 27.7 12 19.9 24.7 11.5 18.1 26.8 11.8 19.3 02 7 26
December 22.2 8.6 154 20.9 7.5 14.2 20.6 5.5 13.1 0 24 0
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Figure 4.3: Effect of temperature on germination of Portulaca oleracea L. (24
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Figure 4.4: Effect of temperature on seedling vigor index of Portulaca oleracea
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4.3: Effect of light on germination of Portulaca oleracea L.

Light has significant effect on germination of P. oleracea as higher
germination percentage was observed in light as compared to dark at all the tested
temperatures. However, seeds were able to germinate in complete darkness. In
presence of light, germination increased from 18.33 to 53.33% with increase in
temperature from 20 to 26°C and maximum germination was observed at 30°C
(88.33%). However, in dark germination increased from 6.7 to 25% with rise in
temperature from 20 to 26°C and maximum germination (73.33%) was observed at
30°C. This indicates that although light is not necessary for germination of P.
oleracea seeds but it somehow stimulates the germination (Table 4.6 and Fig.4.5).

Light acts as a soil depth indicator, inducing higher germination of seeds
present on or near the soil surface than the seeds buried deep in the soil. Seeds that
germinate in presence of light are positively photoblastic while negatively
photoblastic seeds are those whose germination is inhibited in presence of light;
whereas some seeds are non-photoblastic as light do not affect their germination. At
30°C, 95% seeds of Leptochloa chinensis germinated in light, but in dark
germination was reduced to 20%, indicating that germination is highly induced by
light (Benvenuti et al 2004). The effect of light on germination of L. chinensis is
phytochrome-mediated and according to last type of irradiation received by seeds,
photochemical reactions tend to stabilize phytochrome in its active or inactive form.
Red-light irradiation of seeds promoted seed germination; whereas irradiation of
seeds by far-red light inhibited the seed germination in L. chinensis. Chauhan and
Johnson (2009) observed that germination of P. oleracea population from Los
Banos, Philippines was stimulated by light at all tested temperatures viz., 25/15,
30/20 and 35/25°C, with 70, 81 and 75% germination, respectively. However, only
1% seeds germinated in dark at all temperatures (25/15, 30/20 and 35/25°C).
Germination of Urena lobata was stimulated by light with 65% germination at
30/20°C in light and 46% germination in dark at 30/20°C (Awan et al 2014).
Germination of U. lobata seeds in both light and dark indicates that light is not
necessary for germination and seed can germinate when buried too deep. However,
due to small seed size (2 mm diameter) seedling emergence was observed to be low
from deeper soil layers. In present study, we observed considerable germination
(73.3%) of P. oleracea at 30°C even in dark which indicates that light is not a pre-
requisite for seed germination and thus seeds could emerge from deeper soil depth.
However, due to small seed size (1000 seed weight=1.40 g), only very less
emergence could be expected under field conditions from deeper soil layers, due to

the presence of only limited storage reserves in the seeds of this weed which would
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be insufficient to support the emergence of seedlings from greater soil depths. Thus,
weeds like U. lobata, P. oleracea whose germination is independent of light can

emerge under tree and crop canopies in non-cropped and cropped areas,

respectively.

Table 4.6: Effect of light on germination of Portulaca oleracea L.

Temperature (°C) Germination (%)
Light Dark
20 18.33+7.64 6.67+2.89
22 38.33+5.77 16.67+5.77
24 51.67+2.89 16.67+2.89
26 53.33+2.89 25.00+10
28 78.33+2.89 28.33+11.55
30 88.33+7.64 73.33+5.77
32 53.33+5.77 20+10
LSD (p=0.05) 9.55 13.51
Data are meanzstandard deviation
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Figure 4.5: Effect of light on germination of Portulaca oleracea L.
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4.4: Effect of salinity on germination and seedling growth of Portulaca

oleracea L.

There was significant decrease in germination, germination speed and
seedling vigor index with concomitant increase in time to start germination and
mean germination time with the increase in NaCl concentration. However, seeds
exhibited significant reduction in germination when concentration of NaCl was
increased in the germination media above 50 mM. Maximum germination and
seedling vigor index were observed in control. Germination was completely
inhibited at 300 mM NaCl (Tables 7-8 and Figs. 4.6-4.8). Germination was inhibited
by 50% at 163.56 mM NaCl concentration (Fig. 4.9). There was 33.3 per cent points
reduction in germination at 150 mM NaCl as compared to control. Mean
germination time and time to start germination was increased by 3.3-fold and 4-fold,
respectively at 150 mM NaCl as compared to their controls. Seedling vigor index |
was reduced by 77% as compared to control at 150 mM NaCl concentration.
Maximum root to shoot length ratio (R:S) was observed in control and significant
decrease was observed in this ratio with at 75 mM NaCl or higher concentrations
indicating higher inhibitory effect of NaCl on root growth as compared to shoot
growth (Table 4.8).

Salinity is a key factor that affects seed germination and seedling growth.
Harmful effects caused by high salinity are ion toxicity, oxidative stress, alteration
of metabolic processes, reduction of cell division and expansion and membrane
disorganization (Sidari et al 2008). High salinity prevents water from entering the
seed and thereby inhibits seed germination. High concentration of Na* and Cl~ ions
in the cells inhibit the metabolism of dividing and expanding cells, thereby retarding
the seed germination. When plant cells are exposed to salts, it results in inhibition
of water uptake, cell expansion (Munns and Tester 2008). Chauhan and Johnson
(2009) observed that population of P. oleracea from Los Banos, Philippines can
germinate under NaCl concentration from 0 to 200 mM. The present study show that
North-Indian population of P. oleracea used in this study has higher salinity
tolerance than its population from Philippines and exhibited about 17% germination
even at 250 mM NacCl. Germination of P. oleracea population from Philippines was
completely inhibited at 250 mM NaCl; whereas complete inhibition of seed
germination in this North-Indian population occurred at 300 mM. The ability of P.
oleracea to germinate under high NaCl concentrations (25-250 mM) indicate that
this weed can be problematic weed even in salt affected areas of Punjab such as Sri
Muktsar Sahib, Faridkot, Bathinda and Sangrur (Shakya and Singh 2010).

Germination of P. oleracea population from Philippines and North-India was
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reduced by 50% at 106 and 163.56 mM NaCl concentration, respectively. NaCl

concentration which caused 50% inhibition of germination in other summer weeds

infesting vegetable crops are 77.5, 194, 66 and 112 mM NaCl for Eleusine indica,

Eclipta prostrata, Digitaria longiflora and Digitaria ciliaris, respectively (Chauhan
and Johnson 2008a, Chauhan and Johnson 2008b, Chauhan and Johnson 2008c).
This indicates that P. oleracea has higher ability to tolerate salinity than Eleusine

indica, Digitaria longiflora and Digitaria ciliaris but less tolerant as compared to

Eclipta prostrata.
Table 4.7: Effect of NaCl on germination of Portulaca oleracea L.

NacCl Germination | Time to start | Germination Mean
concentration (%) germination speed germination
(mM) (days) time (days)
0 (Control) 85.0+£10.00 1.00£0 13.36+3.25 1.42+0.32
25 83.317.64 1.00+0 13.09+3.39 1.43+0.45
50 80.0£5.00 3.00+0 4.79+0.66 2.85+0.74
75 73.31£5.77 3.00+0 4.23+0.42 3.66+0.17
100 58.3+7.64 4.00+0 2.67+0.47 4.54+0.42
150 51.7+2.89 4.00+0 2.27+0.12 4.6310.45
200 30.0+5.00 4.67+1.15 1.22+0.39 5.14+0.79
250 16.7+7.64 6.00+0 0.54+0.27 6.17+0.29
300 0 0 0 0
LSD (p=0.05) 10.94 0.66 2.75 0.80
Data are meantstandard deviation
Table 4.8: Effect of NaCl on seedling growth of Portulaca oleracea L.
NacCl Root Shoot Root to Total SVI
concentration length length shoot seedling
(mM) (cm) (cm) Ieng_th length (cm)
ratio
(R:S)
0 (Control) 0.64+0.05 | 0.81+0.09 | 0.80+0.06 | 1.45+0.13 | 122.62+10.45
25 0.61+0.16 | 0.70+£0.10 | 0.88+0.24 | 1.31+0.20 | 108.07+10.43
50 0.46+0.09 | 0.54+0.03 | 0.86+0.14 | 1.00+0.10 80.3249.99
75 0.26£0.04 | 0.47+0.05 | 0.56+0.02 | 0.74+0.09 53.77+3.94
100 0.16+0.04 | 0.41+0.05 | 0.40£0.04 | 0.57+0.09 33.154+5.91
150 0.15+£0.04 | 0.39%£0.06 | 0.39+0.04 | 0.55+0.10 28.15+4.38
200 0.11+0.02 | 0.32+0.03 | 0.36+0.08 | 0.43+0.03 13.08+2.93
250 0.10+0 0.26+£0.01 | 0.39+0.04 | 0.36+0.01 5.97+2.79
300 0 0 0 0 0
LSD (p=0.05) 0.11 0.10 0.18 0.18 11.48

Data are meanzstandard deviation
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4.5: Effect of pH on germination and seedling growth of Portulaca oleracea L.

There was significant effect of pH on the germination and seedling growth of
Portulaca oleracea. Maximum germination and speed of germination were observed
in control; and a decrease in these parameters was observed with either increase or
decrease in pH (Table 4.9 and Figs. 4.10-4.11). However, more than 50%
germination was observed in pH range of 6.5-8. Germination was decreased by
about 36.7 per cent points at pH 8 as compared to control (pH 7.0). Although
decrease in germination and seedling vigor index was observed when pH was
increased from 7 to 7.5 but no considerable difference was observed in these
parameters with further increase in pH to 8.0 (Table 4.10 and Fig. 4.12). Minimum
time to start germination was recorded in control and 3-fold increase in time to start
germination was recorded at all other tested pH. Germination speed was decreased
by 3.8-fold with increase in pH from 7 to 8.0 as compared to control. Seedling vigor
index was observed to be maximum in control and a decrease was observed at pH <7
or >7. There was 71.6% reduction in seedling vigor index at pH 8 as compared to its
control. Maximum root to shoot length ratio (R:S) was observed at pH 7.0. There
was decrease in R:S with either increase or decrease in pH, although the differences
were statistically non-significant (Table 4.10).

Soil pH is considered to be a key factor affecting seed germination and plant
growth. The study conducted by Singh and Benbi (2016) reported that soils of
Punjab are moderately alkaline. 9% of Punjab farms have neutral soil pH (6.6-7.5)
and 87% farms have alkaline soil pH (> 7.5). Acidic soil (pH < 7) causes aluminium
and manganese toxicity, low nitrogen supply, phosphorus deficiency and toxic
concentrations of phenolic acids which lead to low germination and poor plant
growth (Barcelo et al 1996, Foy 1984 and Baziramakenga et al 1995). Increased
activity of H* ion in acidic soil affects ion transport mechanisms across cell
membranes. In alkaline soil (pH >7) availability of phosphorus and micronutrients is
reduced and this leads to poor germination (Gentili et al 2018). Chauhan and
Johnson (2009) observed that 70% seeds of Portulaca oleracea (population of
Philippines) germinated in pH range of 5-9; but in present study, there was decrease
in germination of P. oleracea from 88.33 to 46.67% with increase in pH from 7 to
8.5. Chauhan and Johnson (2008a) recorded 92 to 95% germination of Eleusine
indica in pH range of 5 to 10, indicating that pH is not a limiting factor for this
weed. The experiment conducted by Chauhan and Johnson (2008b) reported that
Eclipta prostrata was able to germinate (87-93%) over pH range of 4 to 10,
signifying that this weed can germinate over wide pH range. Burke et al (2003)

recorded that Dactyloctenium aegyptium was sensitive to pH as greater germination
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(60%) was observed at pH 4 and germination decreased to only 5% with increase in

pH to 9. The results of present study indicated drastic reduction in germination of P.

oleracea at alkaline pH (7.5-8.5) while it exhibited relatively higher germination

acidic pH (pH 6.5). It shows its higher ability to tolerate acidic conditions than

alkaline for germination and early seedling growth. Kovacevic and Bukovac (1974)

also reported ability of P. oleracea to grow in acidic soils.

Table 4.9: Effect of pH on germination of Portulaca oleracea L.

pH Germination Time to start Germination Mean

(%) germination speed germination

(days) time (days)
6.5 71.7x5.77 3.0+0 4.39+0.34 3.50+0.10
7.0 (Control) 88.3+5.77 1.0+0 11.60+0.26 2.32+0.19
7.5 51.7+10.41 3.0. £0 3.00+0.50 3.76x0.35
8.0 51.7+2.89 3.0+0 3.05+0.48 3.36x+0.63
8.5 46.7+5.77 3.0+0 2.72+0.10 3.30+0.52
LSD 11.26 0.18x1075 0.67 0.74
(p=0.05)
Data are meanzstandard deviation
Table 4.10: Effect of pH on seedling growth of Portulaca oleracea L.
pH Root length Shoot Root to Total SVI
(cm) length shoot seedling
(cm) length length (cm)
ratio
(R:S)

6.5 0.18+0.05 0.73+0.12 | 0.25£0.09 | 0.91+0.10 64.92+4.88
7.0 0.47+0.06 1.27£0.10 | 0.37+0.02 | 1.74+0.16 153.50+11.51
(Control)
7.5 0.18+0.02 0.69+0.10 | 0.26+£0.04 | 0.87%0.07 44.60+7.32
8.0 0.18+0.04 0.67+0.12 | 0.28+0.10 | 0.84%0.10 43.67+6.60
8.5 0.14+0.02 0.56+0.10 | 0.26%£0.03 | 0.70%0.10 32.67+6.43
LSD 0.07 0.19 NS 0.20 13.96
(p=0.05)

Data are meanzstandard deviation
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4.6: Effect of moisture stress on germination and seedling growth of Portulaca
oleracea L.

The seeds of P. oleracea were very sensitive to moisture stress as
germination decreased with decrease in osmotic potential and germination was
completely suppressed at -1.0 MPa (Fig. 4.13). There was decrease in germination
speed with concomitant increase in time to start germination and mean germination
time when moisture stress was increased from -0.1 to -0.8 MPa (Table 4.11 and Figs
4.13-4.14). Germination was decreased by 40 per cent points and time to start
germination was increased by 5.3-fold at -0.6 MPa as compared to their respective
controls. Germination was inhibited by 50% at osmotic potential of -0.51 MPa (Fig.
4.15). The highest seedling length was recorded in control and increase in moisture
stress significantly reduced seedling length. At -0.6 MPa, seedling vigor index was
reduced by 70% than control (Table 4.12 and Fig.4.14). Maximum root to shoot
length ratio (R:S) was observed in control. There was significant decrease in R:S at
osmotic potential of -0.6 and -0.8 MPa indicating higher inhibitory effect of
moisture stress on root growth as compared to shoot growth (Table 4.12).

Moisture is an essential abiotic factor responsible for imbibition of seeds and
germination of seeds. Water is required for activating enzymes responsible for
translocation of stored reserves in seed to make them available to germinating
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embryo. Intially, water transport in seed is through apoplast which is independent of
osmotic potential of surrounding environment. Later, seed cells are involved in
water movement (symplast) and difference between the water potential of the seed
and environment is essential for water movement. Water flux inside the seed
decreases as the water potential in the surrounding environment decreases, until the
water diffusion through symplast is stopped. This directly affects both germination
percentage and germination rate (Souza and Cardoso 2000). Large molecular mass
of polyethylene glycol prevents entry of this chemical into the seed and it is
metabolically inactive; therefore it is the most preferred chemical for simulating
moisture stress conditions under controlled conditions in the laboratory (Berkat and
Briske 1982, Hohl and Peter 1991). Chauhan and Johnson (2008a) recorded sharp
decline in germination of Eleusine indica from 92 to 5% with decrease in osmotic
potential from 0 to -0.6 MPa and germination was completely inhibited at -0.8 MPa.
Chauhan and Johnson (2009) recorded that germination of Portulaca oleracea
decreased from 71 to 10% with decrease in osmotic potential from 0 to -0.6 MPa;
and germination was completely suppressed at -0.8 MPa. In present study, P.
oleracea seeds exhibited 12% germination at -0.8 MPa and no germination was
recorded at -1.0 MPa. This indicates relatively higher ability of this North-Indian
population of P. oleracea to tolerate moisture stress as compared to its population
from Philippines. However, both the population had less than 50% germination at -
0.6 MPa suggesting that this weed requires moist environment to germinate.
Chauhan (2011) reported that germination of Dactyloctenium aegyptium declinded
from 90 to 9% as osmotic potential decreased from 0 to -0.6 MPa and germination
was completely inhibited at -0.8 MPa. The experiment conducted by Chauhan and
Johnson (2008a) recorded sharp decrease in germination of Eleusine indica from 92
to 5% as osmotic potential decreased from 0 to -0.6 MPa and germination was
completely inhibited at osmotic potential of -0.8 MPa. Tanveer et al (2013)
observed that germination of Trianthema portulacastrum decreased from 100 to 20%
with decrease in osmotic potential from 0 to -0.8 MPa and germination was
completely inhibited at -1.0 MPa. Osmotic potential required for inhibiting 50%
germination of summer weeds infesting vegetable crops is -0.23, -0.4 and -0.57 MPa
for Dactyloctenium aegyptium, Eleusine indica and Trianthema portulacastrum,
respectively (Chauhan 2011, Chauhan and Johnson 2008a, Tanveer et al 2013). This
indicates that germination of D. aegyptium and E. indica is more sensitive to
moisture stress as compared to P. oleracea while T. portulacastrum has

comparatively higher ability to tolerate moisture stress.
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Table 4.11: Effect of moisture stress on germination of Portulaca oleracea L.

Osmotic Germination Time to start Germination Mean
potential (%) germination speed germination
(MPa) (days) time (days)

Control 85.0+5.00 1.00+0 15.72+1.78 1.30+0.22
-0.1 75.0£5.00 1.00+0 10.17£0.72 1.97+0.05
-0.2 66.7+2.89 3.00+0 3.31+0.07 4.39%0.32
-0.4 55.0+5.00 4.00£0 2.24+0.31 5.11+0.29
-0.6 45.0+£5.00 5.33%£1.53 1.68+0.53 5.76x1.52
-0.8 11.7+2.89 7.00+0 0.32+0.06 7.22+0.39
-1.0 0 0 0 0
LSD (p=0.05) 7.15 1.01 1.33 1.08

Data are meanzstandard deviation

Table 4.12: Effect of moisture stress on seedling growth of Portulaca oleracea L.

Osmotic Root length Shoot Root to Total SVI
potential (cm) length shoot seedling
(MPa) (cm) length length (cm)

ratio

(R:S)
Control 0.71+0.04 0.81+0.09 | 0.88+0.05 | 1.51+0.13 128.25+6.44
-0.1 0.57+0.08 0.73+0.03 | 0.78+0.11 | 1.31+0.09 97.98+8.95
-0.2 0.53+0.03 0.67+0.08 | 0.80+0.08 | 1.20+0.09 80.13+9.10
0.4 0.48+0.04 0.57+0.08 | 0.85+0.07 | 1.04%0.11 57.75+11.25
-0.6 0.33+0.07 0.53+0.03 | 0.62+0.13 | 0.86%0.08 38.88+5.65
-0.8 0.22+0.13 0.39+0.06 | 0.53+0.24 | 0.61+0.19 7.10+£2.48
-1.0 0 0 0 0 0
LSD 0.12 0.11 0.21 0.19 12.71
(p=0.05)

Data are meanztstandard deviation
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4.7: Effect of seed burial depth on germination of Portulaca oleracea L.

Burial depth of seeds significantly affected germination and seedling
emergence of Portulaca oleracea. There was 43.3 per cent points decrease in
germination with increase in seed burial depth from 0 to 2 cm. Germination was
completely inhibited at depths greater than 2 cm (Plate 4.2). There was increase in
mean germination time with concomitant decrease in speed of germination when
burial depth was increased from 0 to 2 cm (Table 4.13 and Figs. 4.17-4.18). Time to
start germination increased by 2 days at depth of 2 cm as compared to its control.

Burial of the seeds in deeper soil layers is considered beneficial for seed
persistence as air exposure is reduced, high humidity levels are maintained and
seeds are protected against high temperature, granivores and herbivores (Forcella et
al 2000). However, soil depth has also inhibitory effects as it prevents penetration
of light and reduces soil gas diffusion; thereby preventing seed germination
(Benvenuti 2003). Seed size and shape also influence germination when seeds are
sown at deeper layers of soil. Large-seeded species have ability to emerge from
greater depths as they have greater storage reserves as compared to small-seeded
species to support the emergence of seedlings from deeper soil layers. The
experiment conducted by Chauhan and Johnson (2009) reported that germination of
P. oleracea population from Philippines sharply decreased from 63 to 1% with
increase in burial depth from 0 to 1 cm. In present study, North-Indian population of
P. oleracea exhibited maximum germination at burial depth of 0 and 0.5 cm.
Germination of P.oleracea, population from North-India was completely inhibited at
3 cm; whereas germination of P. oleracea, population from Philippines was
completely inhibited at burial depth of 2 cm. Inhibition of seedling emergence in P.
oleracea from greater soil depth is possibly due to small seed size (1000 seed
weight=1.40 g) and due to presence of limited storage reserves. Maximum number
of seedlings (82%) of Eleusine indica emerged from the soil surface; thereafter
emergence decreased from 63 to 4% with increase in burial depth from 0.5 to 6 cm
and germination was completely inhibited at 8 cm (Chauhan and Johnson 2008a).
Chauhan and Johnson (2008c) recorded that 98 and 94% germination of Digitaria
ciliaris and Digitaria longiflora occurred on the soil surface. Germination of
Digitaria ciliaris reduced from 98 to 5% with increase in burial depth from 0 to 6
cm; whereas germination of Digitaria longiflora decreased from 94 to 1% with
increase in burial depth from 0 to 1 cm. Seedling emergence of D. longiflora and D.
ciliaris was completely inhibited at 2 and 8 cm, respectively. When seeds of D.
ciliaris were brought from 8 cm depth to soil surface, more than 90% seed

germination was recorded. This indicates that cropped-areas can be prevented from
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re-infestation with small-seeded species like P. oleracea by shallow tillage

operations which prevent bringing seeds from deeper soil layers back to soil surface.

Table 4.13: Effect of seed burial depth on germination of Portulaca oleracea L.

Seed burial Germination | Time to start Germination Mean
depth (%) germination speed germination
(cm) (days) time
(days)
0 58.33+2.89 14.00+0 0.74+0.24 15.56+0.70
0.5 58.33+2.89 14.00+0 0.73+0.14 15.57+0.40
1 30.00+5.00 14.00+0 0.39+0.06 16.50+0.87
2 15.00+5.00 16.00+1.00 0.19+0.08 17.04+0.82
3 NG NG NG NG
4 NG NG NG NG
5 NG NG NG NG
LSD (p=0.05) 5.55 0.67 0.22 0.97
Data are meanzstandard deviation
70 -
60 -
=50 -
S
S 40 -
|-
[«B]
O 20 4
0 T T T T T T 1
0 0.5 1 2 3 5

Seed burial depth (cm)

Figure 4.17: Effect of seed burial depth on germination of Portulaca oleracea L.
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Plate 2: Seeds of Portulaca oleracea sown at different burial depths. Seeds sown
ata depthofa) 0cm, b)0.5cm, ¢)1cm,d)2cm,e) 3cm, f)4cm.
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Figure 4.18:Effect of seed burial depth on mean germination time and
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4.8 Effect of pre-emergence herbicides on emergence of Portulaca oleracea L.

The effect of five pre-emergence herbicides viz., pendimethalin (750, 563
and 375 g/ha), clomazone (400, 300 and 200 g/ha), oxadiargyl (90, 68 and 45 g/ha),
oxyfluorfen (240, 180 and 120 g/ha) and sulfentrazone (360, 270 and 180 g/ha), was
studied against the emergence of this weed. All the herbicides were very effective in
controlling emergence of P. oleracea. Emergence of P. oleracea seeds was found to
be sensitive to all the tested herbicides. Maximum emergence was observed in
control. Three herbicides viz., pendimethalin, oxyfluorfen and sulfentrazone at all
the dose rates exhibited complete control of P. oleracea and no emergence was
observed in these treatments. Clomazone at all the dose rates and oxadiargyl at its
lowest dose application i.e. 45 g/ha allowed some emergence of P. oleracea, but at
higher dose rates oxadiargyl also exhibited complete inhibition of emergence of P.
oleracea (Table 4.14).

Pre-emergence herbicides are effective in preventing germination of weed
seeds and various herbicides differ in their mode of action. Oxyfluorfen,
sulfentrazone and oxadiargyl belongs to diphenylether, aryl triazolinone and
oxadiazoles family, respectively and these herbicides are the inhibitors of
protoporphyrinogen oxidase. Clomazone belongs to isoxazolidinone family and is
pigment-synthesis inhibitor. Pendimethalin, a member of dinitroaniline family is a
root growth inhibitor (Sherwani et al 2015). Pendimethalin (0.43 and 0.86 kg/ha)
has been reported to be more than 80% effective in controlling emergence of P.
oleracea in leafy green vegetables like turnip (Brassica rapa), mustard (Brassica
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rapa), cabbage (Brassica oleracea) and kale (Brassica oleracea) (Norsworthy and
Smith 2005). Brown and Masiunas (2002) recorded more than 80 and 70% control
of P. oleracea with clomazone (0.28 and 0.37 kg/ha) and sulfentrazone (0.28 kg/ha),
Prithvi (2015)

significantly low weed density of weeds like Cynodon dactylon,

respectively in pumpkin (Cucurbita pepo). et al recorded

Digitaria
marginata, Trianthema portulacastrum, Sesanum ekamberi and Portulaca oleracea
when oxadiargyl (100 g/ha) was applied as pre-emergence herbicide. When
oxyfluorfen (0.25 kg a.i. /ha) was applied as pre-emergence herbicide, density of
weeds like  Ageratum conyzoides, Gnaphalium peregrinum, Plantago
lanceolata,Cynodon dactylon, Amaranthus viridis, Paspalum dilatatum, Portulaca
oleracea, Euphorbia hiria, Oxalis corniculata, Trifolium repens, Imperata
cylindrica and Digitaria adscendance was 110 plants per m2 as compared to 491
plants per m2 in control (Manju et al 2005). In present study, oxyfluorfen (240, 180
and 120 g/ha), pendimethalin (750, 563 and 375 g/ha), sulfentrazone (360, 270 and
180 g/ha) were 100% effective in suppressing North-Indian population of P.
oleracea. Even oxadiargyl and clomazone recorded either more than 90% or
complete control of P. oleracea.

herbicides on

Table 4.14: Effect of pre-emergence emergence of

Portulaca oleracea L.

Herbicides Mode of Site of action Doses Weed
action (g9/ha) density
(No. Pot™)
Control - 11.67+0.58
Oxadiargyl Cell Protoporphyrinogen 45 0.67+0.58
membrane oxidase inhibitor 68 0
disrupter 90 0
Clomazone Pigment- Diterpene- 200 1.00+1.00
synthesis synthesis 300 1.67+0.58
inhibitor inhibitor 400 1.00+1.00
Oxyfluorfen Cell Protoporphyrinogen 120 0
membrane oxidase inhibitor 180 0
disrupters 240 0
Pendimethalin Root growth | Microtubule 375 0
inhibitor inhibitor 563 0
750 0
Sulfentrazone Cell Protoporphyrinogen 180 0
membrane oxidase inhibitor 270 0
disrupters 360 0
LSD (p=0.05) 0.64

Data are meanzstandard deviation
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In conclusion, different environmental factors like temperature, salinity, pH, osmotic
stress and seed burial depth had significant effect on germination of Portulaca oleracea.
Seed priming with distilled water and different concentrations of gibberellic acid proved to be
effective in breaking seed dormancy of this weed. Seed germination was increased to 81%
when seeds were pre-soaked in 1000 ppm gibberellic acid for 24 hrs as compared to 27%
germination in control. Optimum temperature required for germination of P. oleracea was
30°C. However, seeds were able to germinate over a wide temperature range from 20 to 32°C.
Light was not necessary for germination of this weed as germination was observed in both
light and dark at all the tested temperatures. P. oleracea had ability to withstand high salinity
as some germination (17%) was observed even in presence of 250 mM NaCl. However,
seedlings grown under salinity stress showed reduced growth as compared to control. NaCl
concentration that caused 50% inhibition of germination was 163.56 mM. Germination of P.
oleracea was observed in all the tested pH range i.e. 6.5 to 8.5. Maximum germination was
observed in control (pH 7); and either increase or decrease in pH reduced germination of this
weed. The seeds of P. oleracea were very sensitive to moisture stress as germination
decreased with decrease in osmotic potential and germination was completely suppressed at -
1.0 MPa. Germination was reduced to 12% at -0.8 MPa osmotic potential as compared to
85% germination in control. Germination decreased with increase in soil depth and complete
inhibition of germination occurred at soil depth greater than 2 cm. Inhibition of seedling
emergence in P. oleracea from greater soil depths is possibly due to small seed size and
limited storage reserves as germination of this weed can occur in the absence of light.
Emergence of P. oleracea seeds was found to be sensitive to all the tested herbicides viz.,
oxyfluorfen (240, 180 and 120 g/ha), pendimethalin (750, 563 and 375 g/ha), sulfentrazone
(360, 270 and 180 g/ha), oxadiargyl (90, 68 and 45 g/ha) and clomazone (400, 300 and 200
g/ha). Clomazone at all the dose rates and oxadiargy! at its lowest dose application i.e. 45 g/ha
allowed some emergence of P. oleracea (more than 90% reduction in emergence as compared
to control), but at higher dose rates oxadiargyl also exhibited complete inhibition of
emergence of P. oleracea. Other three herbicides viz., pendimethalin, oxyfluorfen and

sulfentrazone caused complete germination inhibition at all the applied dose rates.
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CHAPTER-V
SUMMARY
The present study was conducted to investigate the effect of environmental
variables on germination ecology of Portulaca oleracea L. Effect of seed priming
with gibberellic acid (200, 500 and 1000 ppm) was studied to overcome the seed
dormancy in P. oleracea. Effect of different environmental factors viz., temperature

(20, 22, 24, 26, 28, 30 and 32°C), light (24 hrs light and 24 hrs dark), salinity (25,

50, 75, 100, 150, 200, 250 and 300 mM), pH (6, 6.5, 7, 7.5, 8 and 8.5), osmotic

stress (0, -0.1, -0.2, -0.4, -0.6, -0.8 and -1.0 MPa) and seed burial depth (0, 0.5, 1, 2,

3, 4 and 5 cm) was studied on germination and early seedling growth of P. oleracea.

Effect of pre-emergence herbicides viz., oxyfluorfen (240, 180 and 120 g/ha),

pendimethalin (750, 563 and 375 g/ha), sulfentrazone (360, 270 and 180 g/ha),

oxadiargyl (90, 68 and 45 g/ha) and clomazone (400, 300 and 200 g/ha) was also
studied on seedling emergence of P. oleracea.

A) Seed priming with gibberellic acid

e Germination of P. oleracea was significantly increased due to gibberellic
acid treatment.

e Soaking of seeds in 1000 ppm GA for 24 hrs was found to be most effective
in overcoming seed dormancy. Seed germination was increased to 81% as
compared to 27% in control.

B) Temperature

° Optimum temperature required for germination of P. oleracea was 30°C. But
seeds were able to germinate in wide temperature range of 20-32°C.

° There was increase in germination with rise in temperature from 20 to 30°C
and seed germination decreased with further increase in temperature to 32°C.

o There was decrease in mean germination time and time to start germination
with concomitant increase in germination speed as the temperature was
increased from 20 to 30°C.

C) Light
Seeds of P. oleracea were able to germinate in both light and dark regimes at
all the tested temperatures. This indicates that the light is not essential for
germination of P. oleracea.

D) Salinity

o Seeds of P. oleracea were able to germinate under wide range of NaCl
concentration (25-250 mm) indicating the ability of this weed to tolerate

salinity. However, there was decrease in germination with increase in



E)

F)

H)

concentration of NaCl from 0 to 250 mM.

The germination of P. oleracea was completely suppressed at 300 mM NacCl;
while concentration causing 50% reduction in germination of P. oleracea seeds
was 163.56 mM NaCl.

P. oleracea seedlings grown under salinity stress showed reduced growth as
compared to control.

Germination speed and seedling vigor index reduced with concomitant
increase in mean germination time and time to start germination with the rise
in NaCl concentration.

pH

P. oleracea was able to germinate in all the tested pH range (6.5-8.5).
Maximum germination of P. oleracea was observed in control (pH=7); and
either decrease or increase in pH from pH 7 resulted in reduction of
germination.

Seedling vigor index was observed to be maximum in control and a decrease
was observed at pH <7 or >7.

Moisture stress

Moisture stress increased the time to start germination and mean germination
time with concomitant decrease in germination speed.

There was decrease in germination with decrease in osmotic potential from 0
to -0.8 MPa and seed germination was completely inhibited at -1.0 MPa.

50% germination was inhibited at -0.51 MPa osmotic potential.

Seed burial depth

Seeds sown on the soil surface recorded maximum germination.

There was decrease in germination with increase in soil depth and complete
inhibition of germination was observed at soil depth of 3cm and greater than 3
cm.

Inhibition of seedling emergence in P. oleracea from greater soil depths is
probably due to small seed size and inadequate storage reserves as germination
of this weed can occur in the absence of light.

Pre-emergence herbicides

All the tested pre-emergence herbicides were effective in controlling
emergence of P. oleracea.

Emergence of P. oleracea seeds was found to be sensitive to all the tested
herbicides viz., oxyfluorfen (240, 180 and 120 g/ha), pendimethalin (750, 563
and 375 g/ha), sulfentrazone (360, 270 and 180 g/ha), oxadiargyl (90, 68 and
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45 g/ha) and clomazone (400, 300 and 200 g/ha).

Three herbicides viz., pendimethalin, oxyfluorfen and sulfentrazone at all the
dose rates exhibited complete control of P. oleracea and no emergence was
observed in these treatments.

Clomazone at all the dose rates and oxadiargyl at its lowest dose application
i.e. 45 g/ha allowed some emergence of P. oleracea (more than 90% reduction
in emergence as compared to control), but at higher dose rates oxadiargyl also

exhibited complete inhibition of emergence of P. oleracea.
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