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1. INTRODUCTION

Okra (Abelmoschus esculentus (L.) Moench) is a warm season vegetable
crop, which belongs to the family Malvaceae. It is widely cultivated all over the
world mainly for its immature fruits. The tender fruits are used for culinary
purposes. Okra has numerous health and nutritional benefits. It has high
antioxidant potential, is good for digestion, stabilize blood sugar and improves
eye sight and heart health. This vegetable is low in saturated fat (0.2 g/100g) and
sodium (7 mg/100g), cholesterol is absent (0 mg/100g) and also a good source of
protein (1.9 g/ 100g). The fruits are also rich in dietary fibre (12.8 %), vitamins A
(14.3 %), C (38.3 %), K (39.1 %), Bs (10.8 %), thiamin (13.3 %), folate (15 %),
calcium (8.2 %), magnesium (14.3 %) and manganese (50 %). In addition to the
tender pods, okra leaves are sometimes used for cooking purpose and in salads.
Occassionally roasted powder of okra seeds are used as a caffeine-free substitute
for coffee. The greenish yellow oil extracted from okra seeds is high in
unsaturated fats, and is suitable for using as a biofuel. Stem yield bast fibre which

has industrial value.

Weed infestation is a major constraint in vegetable cultivation and a yield
loss to the tune of 70 to 80 percent was reported by Rana et al. (2011). Heavy
infestation of weeds is a major constraint in cultivation of okra due to its wide
spacing and slow growth rate during initial stages of growth. A yield loss of about
54.1 to 90.6 percent has been reported in okra due to weed competition (Singh et
al., 1982; Jalendhar et al., 2016). Weeds are generally controlled by physical and
cultural methods. Hand weeding is the most efficient method of weed control.
However, these methods are tedious, time consuming and laborious. The easiest
way to control weeds is through herbicides, which is less time consuming and less
costly as compared to other methods. Considering the side effects of continued
use of chemicals, relying only on chemicals for weed management is not ideal.
Mulching is a proven alternative. It is a non chemical cultural method of covering
the land surface with organic or inorganic materials, often for managing weeds.

Most mulches reduce the germination and development of weed seeds through
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mechanical (DenHollander et al., 2007) and allelopathic effects (Kruidhof et al.,
2008).

Before considering a production system which is ecologically sustainable,
it is necessary to assess its possible impacts on the soil-plant-atmospheric
continuum. Changes in physical, chemical and biological properties of soil
because of management practices are good indicators of sustainability. Weed
management can influence the productivity of both crop and soil. However, the
effects of weed management practices on modifying micro environment of crops
often vary depending on the method adopted, environmental conditions, and other
management practices. The present experiment was planned to study the effects of
certain weed management practices on microsite variations and their consequent

effects on growth and yield of okra.
The experiment was planned with the following objectives:

1. To study the effect of weed management practices on microsite
variations
2. To assess the consequent effects of weed management practices on

growth and yield of okra
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2. REVIEW OF LITERATURE

Vegetables are important in human nutrition as they are considered as
protective foods. Growing vegetables is economical because they will produce
more biomass per unit area and fetch more returns per unit produce. A review on

weed management in vegetables is attempted in this chapter.
2.1 Problems due to weeds in vegetable crops

Weeds are the hidden stealers of plant nutrients, soil moisture and solar
energy. They also invade the space which would otherwise be available to the
main crop. They also shelter insect pests and disease causing organisms, impel
adverse allelopathic effects, decrease quality of farm produce and increase cost of

production (Ghosh and Kumar, 2014).

Weeds exhaust the soil resource base and boost expense of cultivation. In
India, on an average, weeds reduce crop yields by 36.5% during rainy season and
22.7% during winter (Das et al., 2012). They reduce quality of farm and animal
products such as food, fibre, oil, forage/fodder, meat and milk and also cause

problems to health in humans and animals.

Losses due to weeds are higher than those from insects and diseases.
According to Rao (2000), weeds cause more yield loss than insects and diseases,
and crop losses due to insects, weeds, diseases and other pests were 30%, 45%,
20% and 5% respectively. In addition to this, about 30 - 40 kg N, 10 - 15 kg P20s
and 20 - 40 kg K>O were removed by weeds per hectare (Das et al., 2012). The
nature of weed flora, their potency and duration of weed competition and soil and

climatic factors determines the extent of yield loss.

Research studies demonstrated yield losses of up to 66% in spring
cabbage, 51% in cauliflower, 70% in pea, 40% in okra, 60% in tomato, 62 - 82%
in potato, 95% in beetroot, 28 - 78% in carrot, 2 - 41% in root and 86% in radish
seed yield, 42% in onion, 60% in garlic and 15 - 75% in groundnut (Leela, 1987,



Ahuja et al.,1999; Singh and Bhan, 1999; Kumar et al., 2001; Sandhu et al., 2002;
Jat et al., 2011, Kaur et al., 2015).

2.2 Weed flora in vegetables

Weeds in vegetable and flower fields are in different sizes, forms and
behaviors. They belong to various families and differ in physiology, morphology
and habits of growth. Mostly the weeds are seasonal in nature, because their life

cycle is short.

Weed flora associated with vegetable crops in India during Rabi season
include Chenopodium album, Melilotus indica, Melilotus alba, Lathyrus aphaca,
Vicia sativa, Convolvulus arvensis, Cynodon dactylon, Cyperus rotundus,
Orobanche spp. and Euphorbia hirta and in Kharif season, Trianthema
portulacastrum, Echinochloa colona, Cyperus rotundus, Digeria arvensis,
Amaranthus viridis, Physalis  minima, Phyllanthus  niruri, Commelina
benghalensis, Eleusine indica, Ageratum conyzoides, Cynodon dactylon and
Celosia argentea (Kumar et al., 2012a). Bhullar et al. (2015) reported that Setaria
verticillata, Dactyloctenium aegyptium, Eleucine indica, Digitaria sanguinalis,
Echinochloa colona, Trianthema portulacastrum, Cucumis callosus, Amaranthus
viridis, Digera arvensis, Euphorbia microphylla, Phyllanthus niruri, Portulaca
oleracea, Commelina benghalensis and Cannabis sativa are the common weeds

present in vegetable fields of India.

Smith et al. (2009) reported the weed flora associated with okra are mostly
14 species of annual weeds which included Amaranthus spinosus, Celosia trigyna,
Celosia argentea, Corchorus corchorifolia, Aspilia africana, Synedrella nodiflora
etc. Iyagba et al. (2013) enlisted the cumulative weed flora composition in an okra
field in Nigeria which included Amaranthus spinosus, Celosia loxa, Ageratum
conyzoides, Aspilia africana, Chromoleana odorata, Tridax procumbens,
Commelina benghalensis, Commelina diffusa, Cyperus rotundus, Cyperus
tuberosus, Euphorbia heterophylla, Phyllantus amarus, Mimosa pudica, Sida

acuta, Boerhaavia diffusa, Axonopus compressus, Cynodon dactylon, Eleusine



indica, Eragrostis atrovirens, Paspalum conjugatum, Panicum maximum,
Sporobalus pyramadalis, Talinum triangulare, Diodia scandiens, Mitracarpus

villosus, Physalis angulate and Laportea aestuans.

Kaukovirta (1988) reported Chenopodium album, Stellaria media, Viola
spp., Poa annua and Elymus repens as the most abundant weed species in
vegetable fields in Finland. Santos et al. (2017) identified and reported the weed
flora associated with okra under organic cropping system in Brazil. They
identified 44 weed species of 17 different families, in which 38.46% were
monocot weeds and 61.54% were dicot weeds. Important species were
Commelina benghalensis, Cynodon dactylon, Eleusine indica, Phyllanthus niruri
and Alternanthera tenella. The total yield loss due to these weeds was around

51%.

Weeds like Cyperus rotundus, Cynodon dactylon and Echinochloa
crusgalli contributed to 75 % of weed flora in okra in Kerala (Rattan et al., 1981;
Sainudheen, 2000). It is reported that in Kerala, the major weeds of okra and chilli
in fields were Cynodon dactylon, Cyperus rotundus, Digitaria ciliaris, Brachiaria
distachya, Eleusine indica, Ludwigia parviflora, Cleome viscosa and Ageratum
conyzoides (KAU, 1992). Sainudheen (2000) reported that the major perennial
weeds in okra as Cynodon dactylon and Cyperus rotundus and annual weeds as
Cyperus iria, Digitaria ciliaris, Dactyloctenium aegyptium, Eleusine indica and
Ludwigia parviflora. Syriac and Geetha (2007) reported Eleusine indica,
Digitaria sanguinalis, Paspalum sp. and Eragrostis sp. as major grassy weeds
infesting vegetable crops and Ageratum conyzoides, Leucas aspera, Ludwigia
perennis, Commelina benghalensis, Cleome viscosa, Phyllanthus niruri, Vernonia
cineria as major broad leaved weeds. According to them, major sedges included

Cyperus rotundus, C. iria and Kyllinga monocephala.

According to Norman et al. (2011), most prevalent weeds in the okra field
are Cyperus rotundus, Talinum triangulare, Paspalum conjugatum, Digitaria

horizontalis, Mollugo nudiculis, Euphorbia heterophylla, Dactyloctenium



aegyptium and Cleome viscosa. Amare et al. (2015) reported that in tomato,
83.3% of the weeds were broad leaved weeds and about 8.33% sedges and 8.33%
grassy weeds. The main weed species infesting the field were Amaranthus
hybridus, Bidens pilosa, Commelina benghalensis, Cyperus esculentus, Datura
stramonium, Digitaria abyssinica, Raphanus raphanistrum and Ipomea

ariocarpa.

2.3 Critical period of crop weed competition

Critical period of crop weed competition is defined as the interval in the
lifecycle of the crop when it must be kept weed free to prevent yield loss. Crops
are very sensitive to weed competition particularly horticultural crops and it is
needed to keep crops free from weeds until the end of their critical period of weed

competition.

Importance of maintaining the fields free from weeds at critical stages for
getting maximum yield in okra was reported by Singh e al. (1982). Critical
period of crop-weed competition of some important crops includes beet (2-4
weeks after emergence), cabbage (3 weeks after planting), carrot (3-6 weeks after
emergence), cucumber (4 weeks after seeding), lettuce (3 weeks after planting),
onion (whole season), potato (15-45 days after planting), chilli (30-45 days after
transplanting), pea (30-60 days after planting), turmeric (60-150 days after
planting), groundnut (30 days after planting) (Jat et al, 2011; Bhullar er al,
2015). Generally, in direct seeded crops, the critical period of weed competition is
longer than in transplanted crops. For most of the row crops including vegetables,
the period from emergence to four weeks is considered as critical period of crop

weed competition (Bhullar ez al,, 2015).
2.4 Nutrient uptake by weeds

Weeds are more competitive in removing nutrients from the soil than
crops. Negative correlation between nutrient uptake by weeds and crops was

reported by Shetty and Hosmani (1977). In groundnut field, weeds removed as



much as twice more N, 24% more K and twice more Ca than groundnut plants,
thereby, inhibiting the crop from optimum nutrient uptake and increasing the total
nutrient requirement of groundnut crop. Chaudari et al. (2007) observed
maximum nutrient removal by weeds from unweeded control plot in groundnut
(16.45, 3.09 and 3.97 kg N, P and K ha™' respectively), with minimum crop uptake
(45.81, 17.40 and 9.94 kg N, P and K ha™' respectively). Weeds which competed
with crop for different growth factors expended greater amounts of nutrients and

thus suppressed the crop.

On an average weeds removed 52.3, 13.0 and 72.2 kg of N, P and K ha!
from groundnut field under rainfed situation at Junagadh (Jat et al,, 2011). Kumar
et al. (2012b) reported that weeds reduced wheat grain yield by 78.8% and
removed about 28.7 kg of N, 13.4 kg P20s and 21.5 kg of K20 ha! as compared
to weed free conditions. Maximum removal of N, P and K by weeds was recorded
in weedy check plot due to higher dry matter of weeds which enabled them to
absorb more nutrients. Controlling weeds reduced the uptake of nutrients by them
and made them available to crops and reduced the cost on additional nutrients
application. Integrated weed management with combination of chemical,
mechanical and hand weeding resulted in efficient weed control, and higher yields

(Gowda et al., 2012).

Mean nutrient depletion by weeds under soybean - wheat cropping system
was reported by Chander et al. (2013). According to them weeds in unweeded
check removed 71.5 kg N, 6.9 kg P and 97.4 kg K, thus suppressing crop growth
and yield.

2.5 Weed management in vegetables

Weed control in vegetable crops is essential early in the season, as the
weed competition reduced the vigour, uniformity and overall yield of the crop.
Several methods are in vogue to control weeds. The methods used to control
weeds are broadly classified into chemical methods and non chemical methods

and reviewed here.
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2.5.1 Chemical methods

Compared to other countries, pesticide consumption in India is very small.
Wheat, rice, soybean and sugarcane are the major crops using herbicides with
approximate shares of 28, 20, 9, and 7 % respectively. With the increase in labour
shortage, usage of herbicides has also increased (Yaduraju, 2012). Herbicides are
profitable where labour is scarce or expensive. Early season weed competition
results in the greatest yield reduction, and there fore, pre emergence herbicides are
used for early control of weeds. However, a major disadvantage of herbicides is
persistence of some of them in the environment causing environmental pollution.
Herbicides are grouped into two based on the time of application, pre emergence

herbicides and post emergence herbicides.

Pre emergence herbicides

Most of the pre emergence herbicides are soil active compounds and are
effective against weeds emerging from the seeds. Atrazine, alachlor, diuron and
simazine are some of the examples of pre emergence herbicides used in

agriculture (Gupta, 2010).

In Irish potato (Solanum tuberosum L.), excellent control of weeds was
obtained by the application of metribuzin + metolachlor (0.56 and 2.24 kg ha'!
respectively) as pre emergence followed by sethoxydim + crop oil (0.22 kg ha!
and 2.34 L ha' respectively) as post emergence application (Hoyt and Monks,
1996).

As per reports of Nandal et al. (2005), application of oxadiazon at 1.0 kg
ha™! one day prior to transplanting of cabbage (Brassica oleracea var. capitata L.)
recorded the lowest weed intensity, dry weight of weeds and maximum yield. The

increase in yield was 219% over the weedy check treatment.

Pre emergence application of alachlor (2.0 and 2.5 kg ha™') recorded
excellent weed control and dry matter production of weeds was lowered

comparable to weed free check at 30 and 60 DAT in brinjal (Syriac and Geetha,
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2007). According to Sheela et al. (2007) pre emergence application of fluchloralin
@ 0.4 kg a.i. ha'! reduced the weed population and improved the fruit yield over
control treatment in okra. About 87.9 per cent weed control efficiency was found
with the treatment pendimefhalin (1.0 kg ha) followed by two hand weedings in
brinjal (Sultana et al., 2008).

Panotra ef al. (2012) reported that application of fluchloralin @1.0 kg a.i.

ha! and pendimethalin @ 1.0 kg a.i. ha! as preplanting and pre emergence spray
in french bean significantly decreased the population of Anagallis arvensis,
Melilotus alba, Melilotus indica and Phalaris minor than other treatments and
significantly improved the growth and yield parameters viz. plant height, number
of branches, dry matter production, number of pods per plant and seeds per pod,
seed and straw yield. Nandwani (2013) reported that application of trifluralin (2
oz. /10 sq. ft., granular) and Pelargonic acid (5% v/v) a day before transplanting of
okra plants into the field controlled emergence of weeds with in the first two to

three weeks after application.

Pendimethalin application at the rate of 0.33 kg ha! prior to planting
performed best in terms of okra growth, and controlling weeds, and showed no
phytotoxic symptoms to okra seedlings as compared to other higher doses of

pendimethalin treatments (Adijoro and Olopha, 2013).

Arivukkarasu and Kathiresan (2014) suggested that integration of atrazine
@ 1 kg ha' followed by hand weeding at 30 DAS can be recommended for
controlling invasive weed Trianthema portulacastrum and other weed species
found in hybrid maize. The method has recorded the highest benefit-cost ratio of
3.08 showing that it is economically viable leads to higher productivity and
profitability. According to Muhammed et al. (2015) application of pendimethalin
@ 1.0 kg ha'! as a pre emergence spray gave the lowest weed count (34 no. m)
and weed dry weight (2.33 g m™) as compared to the other treatments including

hand weeding and mulching in okra.
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Post emergence herbicides

Post emergence application of the herbicide metoxuron @ 3.0 kg a.i. ha™!
at 15 and 30 DAS as band application or inter row brushing in carrot resulted in
88 and 92 % reduction in weed density respectively (Baumann and Slembrouck,
1994). Eizenberg et al. (2003) reported that the root parasitic weed Orobanche
spp. in tomato can be effectively controlled by application of Rimsulfuron at 100-
200 g a.i. ha', and sulfosulfuron at 50- 100 g a.i. ha™' at 14 DAP followed by
irrigation of 300 m? ha™ and further emergence can be controlled by application of

chlorsulfuron 3 g a.i. ha along with irrigation water at 28, 42 and 56 DAP.

Jat et al. (2011) reported that application of Fluazifop-p-butyl (Fusillade)
@ 0.25 kg a.i. ha'! as post emergence spray at 15-20 DAS proved beneficial on
controlling weeds in groundnut at Akola, Jalgaon and Khargaon. In plasticulture
vegetable production systems, tank mixed application of carfentrazone with
flumioxazin or S-metolachlor resulted in reduction of total weed density to 70 -

90% as compared to the untreated control in tomato (Boyd, 2016).

According to Singh et al. (2016), post emergence application of
imazethapyr + imazamox @ 40 g ha™' applied at 3-4 leaf stage (around 20 DAS)
in cluster bean (Cyamopsis tetragonoloba L.) recorded minimum weed density
and dry weight for both grassy and broad leaved weeds and obtained maximum

weed control efficiency (around 88.1%).
2.5.2 Non chemical methods

Interest in non-chemical weed control methods has been growing in recent
years with the increased acceptance of organic farming and environmental
concerns over negative effects of herbicides. Potential problems associated with
herbicides use are injury to non target vegetation, crop injury, residues in soil and
water, i.e., reduction of soil and water quality, toxicity to other non target
organisms, concerns for human health and safety, and herbicide-resistant weed

populations. Excessive dependence on a single herbicide could result in reduction
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of potential of the herbicide in selecting weeds and result in shift in weed flora
(Abouziena et al., 2008). Prominent non-chemical methods related to the present

study are reviewed here.
Hand weeding

Hand weeding is a conventional method of weed management which helps
to keep weed population below economic threshold level throughout the crop
period, however, it is time consuming, tedious and uneconomical in most of the

situations (Dhananivetha et al., 2017).

Rahman et al. (2011) reported that the highest bulb yield of onion (12.25
tons ha') was recorded in plots with hand weeding throughout the crop period,
which controlled all the weeds but was an uneconomical and tedious method.
Hand weeding at 20 and 40 DAS resulted in the least weed density, weed index,
higher weed control efficiency and yield in okra as reported by Jalendhar er al.
(2016).

Hand weeding at 20 and 40 DAS in okra recorded a seed yield of 16.18 q
ha!, which was statistically similar to seed yields obtained from pre emergence
application of the herbicides alachlor and metolachlor (1 kg a.i. ha') integrated
with hand weeding at 40 DAS (Sharma and Sharma, 2000). Hand weeded plots
recorded lower weed index (23.10 %) and higher yield (12.02 t ha') than other
treatments including organic mulches and pre emergence application of herbicide

in okra as reported by Muhammed et al. (2015).

Hand weeding twice at 20 and 40 DAS recorded lowest weed density and
dry matter production, resulting in higher weed control efficiency (84.29%)

and significant improvement in the yield in soybean (Paudel et al., 2017).
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Mulching

The word ‘mulch’ is derived from the German word “molsch”,
meaning soft to decay, apparently referring to the use of straw and leaves by
gardeners as a spread over the ground as mulch (Jacks et al., 1955).

Mulches modify the micro environment of surrounding crops differently
depending on mulch properties, environmental conditions, and management
practices; however, in general, organic mulches result in cooler and moist soil
compared with bare ground (Munn, 1992). Use of different types of soil covers or
mulches like straw, leaves, husk, crop residues and black plastics have been found
to conserve moisture, control weeds, moderate soil temperature and produce
increase in yield of different vegetables (Tiwari et al, 1998). Mulching has
smothering effect on weed population by acting as a physical barrier to
photosynthetic activity of weeds and hinders the growth. Competition occuring
between the main crop and weeds can be reduced through mulching creating
favorable conditions for crop growth (Sharma and Kathiravan, 2009). Mulching
affected soil physical properties. Application of mulches reduced bulk density and
soil temperature significantly and increased porosity and moisture content

compared with the control (Adekiya et al., 2017).

Mulches are used to cover soil surface around the plants to create suitable
condition for the growth. This includes temperature moderation, control of weeds
and also constitutes positive effects on crop like earliness, yield and quality.
Mulches are either organic or inorganic. Organic mulches are those derived from
plant and animal materials. The mulches which do not decompose are known as
inorganic mulches, therefore, it must be removed from the soil after usage (Monks
and Bass, 1999). The most frequently used organic mulches include plant residues
such as straw, hay, peanut hulls, leaf mold and compost, wood products such as

sawdust, wood chips and shavings and animal manures (Kumar and Lal, 2012).

Applications of mulches enhanced the soil hydrothermal regime and

thereby improved the vegetative and flowering properties of the plant and as a
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result increased the fruit yield of tomato over unmulched plot (Agele et al., 2000).
Waterer (2000) reported that mulching produced higher soil temperature and
positively affected yield of melons to about 73% as compared to the control plot.
This practice also reduced cost of production of melon as compared to

nonmulched treatments.

Usman et al. (2005) reported that in okra, mulching improved plant height,
number of leaves, pod length and pod diameter and reduced weed density, and
also was found helpful in conserving soil moisture and produced higher yield.
Goswami and Saha (2006) reported that mulching improved the yield of elephant
foot yam by about 7.1- 28.8 % than unmulched plot and also conserved soil
moisture to about 26.3 - 29.7 % in the soil. According to Kumar et al. (2014) the
contents of organic carbon, available nitrogen, phosphorus and potassium, and the
bacterial and fungal population increased significantly by mulching as compared

to unmulched plots and it also improved soil biological activities.

According to Govindappa et al. (2015), mulching was highly desirable in
crop production. It reduced soil moisture transpiration, controlled weed,
maintained optimum soil temperature and enhanced soil microbial activity and
soil organic carbon. It is also proved that mulching increased soil moisture content

and decreased soil erosion, improved soil structure and reduced the weed growth.
Organic mulching

Organic mulches are derived from plant and animal materials such as
straw, hay, peanut hulls, leaf mold, compost, sawdust, wood chips, shavings and
animal manures, grass clippings, leaves, newspapers (shredded or in layers), and
straw (Bhardwaj, 2013). Organic mulches are effective in reduction of nitrate
leaching, improvement of soil physical properties, checked erosion, provided
organic matter, adjusted temperature and water retention, improved nitrogen

balance, took part in nutrient cycle as well as increased the biological activity.
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Jodaugiene et al. (2006) reported that all organic mulches (straw, peat,
wood chips) reduced weed germination and it had very favorable effect
particularly during intensive weed emergence. It was also important to ensure that

mulches were not contaminated with weed seeds before application.

Thankamani et al. (2016) reported that mulching with paddy straw
significantly reduced the dry weight of weeds. Similar effect was found in
treatments with coconut leaves along with green leaf mulches in ginger. By using
organic mulches better weed management could be achieved, as it would nourish

the crop rhizosphere and improve the yield (Muhammed et al., 2015).

Organic mulches supplemented plant nutrients to soil when they
decomposed and thereby saved the labour cost, which was an additional benefit of
organic mulches over the plastic mulches. Plastic materials for mulching were
expensive and might not be easily accessible, on the other hand, organic materials
for mulching were almost available everywhere and could be easily collected by
farmers (Kader et al., 2017).

Sathiyamurthy et al. (2017) reported that in chilli, organic mulches
showed superior performance in plant height, number of fruits per plant, fruit
length and weight, and yield than control treatment showing that organic mulches

had favourable effect on the growth and development of the plants.
Paper mulching

Paper mulches have been considered for use in fruit and vegetable
production since the early 20" century. Asphalt-impregnated paper mulches were
successfully used in pineapple (4dnanas comosus) production in the 1920s in

Hawaii for increasing yield and quality (Smith, 1931).

Paper mulches could be made from recycled fibres and it would improve
organic matter content of the soil since they were bio degradable. The major
problem associated with paper mulching was tearing and wind blowing. Correct

laying and fast crop establishment could reduce this problem. Several types of
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papers were used as mulches like brown paper, black paper, newspaper and
crimped paper. Newspaper might acidify the soil during its degradation.
Newspaper, with eight pages thick lasted for a growing season and degraded

slowly (Grundy and Bond, 2007).

Sanchez et al. (2008) reported that mulching with shredded newspaper
recorded the lowest weed population than other treatments and the degradation
rate of mulches was the highest for treatments with newspaper, followed by
shredded newspaper and straw. Shredded newspaper treatments were best in
suppressing weeds than straw mulching and non mulching treatments and gave

higher yield than other treatments (Munn, 1992).

Newspaper mulching recorded the higher germination percentage of teak
(50.38 %) than other mulching materials including different polythene mulches

and straw mulch in teak nursery, Kerala (Sudhakara, 2013).

Splawski et al. (2016) reported that newspaper mulch decreased total weed
biomass, to greater than 90%, and newspaper + grass mulch decreased total weed
biomass to 78% compared with control treatment. Newspaper mulching retained
higher soil moisture content than black plastic and control and also resulted in
higher total numbers of marketable pumpkins. They suggested that shredded
newspaper or newspaper + grass mulches could be useful for organic or small

scale urban crop producers as an effective alternative to black plastic mulch.

Straw mulching

Ghosh et al. (2006) observed that mulching with straw (either wheat or
paddy) had a favourable effect on soil water and temperature which resulted in
early seed emergence, more number of flowers and mature pods and less weeds in
groundnut. Straw mulching produced more pod and haulm yields, 17 - 24% and
16% respectively, than other treatments which included polythene mulch (black or

transparent) and no mulch.
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Straw mulching was the better method to reduce weed germination as it
was not infected with the weed seeds itself and it reduced impact on weed
emergence by about 3.5 to 14.1 times than the plots without mulching (Jodaugiene
et al., 2006). The biomass, kernel yield and nitrogen use efficiency of maize
increased due to straw mulching. Mulching had insignificant effects on the

distribution of dry matter and harvest index of maize (Feng et al., 2009).

Li et al. (2013) reported that mulching with wheat straw significantly
reduced water loss - a fallow plot mulched with wheat straw conserved 106.9 mm
water in the 0 - 200 cm soil layer and had a fallow efficiency of 35% compared
with nonmulch plots having a low fallow efficiency of 10 - 15%. Mupangwa et al.
(2013) observed increase in soil organic carbon and decrease in soil bulk density

due to straw mulching.

The presence of straw on the soil surface reduced the maximum
temperature, and increased the minimum diurnal soil temperature. It also
increased concentration of nitrate N and available P in the upper soil layer
significantly and improved water use efficiency in alfalfa (Jun et al., 2014). Straw
mulch applied at 10 t ha' significantly increased the yield of baby corn by
68.98% as compared to weedy check. Maximum favourable effect on population
of non-symbiotic N-fixing and phosphate solubilizing bacteria was found under

straw mulch treatments (Dutta et al., 2016).

Mulching treatments influenced soil microbial parameters. Comparing
wheat straw and plastic mulch, soil microbial biomass (Cmic) content was slightly
higher in soil under straw mulch (160 mg kg!) than soil under plastic mulching
(140 mg kg"). Straw enhanced soil microbial populations, and soil bacteria and
fungi population were significantly higher in straw as compared to plastic
mulching. The number of soil bacteria was 1.2 times higher in straw than in
plastic mulching treatment while numbers of fungal CFU under straw mulching

were up to 6.6 times higher than in soils under plastic film (Munoz er al.,, 2017).
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Mulching with coir geo textiles

Coir geo textiles are made from coir fibre or yarn which is obtained from
coconut husk either by natural retting or by mechanical process. These are
permeable fabrics and able to control soil erosion, promote vegetation and protect
the earth by retaining the top soil. They can be used as mulching material to

control weeds (Coir Board, 2016).

Mulching with rubberized coir improved crop growth parameters like
plant height, leaf number and lateral spread in okra. It also facilitated early
flowering and increased fruit yield. Coir materials as mulch resulted in yield
increase from about 67 to 196%. In pineapple, rubberized coir mulch enhanced
the fruit yield. It also reduced soil temperature and improved soil moisture. Coir
materials were biodegradable and eco-friendly, and could be recommend as good
mulch material for okra and pineapple with reduced weed problem (Beena and

Anil, 2011).

Vishnudas et al. (2012) reported that the highest moisture retention
capacity was found in slopy areas treated with geotextile and crops, followed by
plots with geotextiles alone, and the control plot had the lowest moisture retention
capacity. As this method was economically viable for income generation, food
security, along with slope stabilization, it was suitable to poor and marginal

farmers in the highland region of Kerala.

Zribi et al. (2015) reported that mulching with geotextile reduced the soil
evaporation rates as compared to bare soil, and therefore, geo textiles could be
recommended for soil evaporation control over pine bark only if the mulching

material was not in contact with the wetted soil.
Plastic mulching

Plastic mulching was the most widely used mulch for weed control in
organic and conventional systems. It could be used in a wide variety of crops like

vegetables and orchards. Plastic mulching could also be used for short periods to
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disrupt early weed emergence in freshly prepared beds or for several months over
established vegetables (Grundy and Bond, 2007). It accounted for the greatest
volume of mulch used in commercial crop production. The plastic materials used
as mulch are poly vinyl chloride or polyethylene films. Owing to its greater
permeability to long wave radiation it could increase temperature around the
plants during night in winter. Hence, polyethylene film mulch was preferred as

mulching material for production of horticultural crops (Bhardwaj, 2013).

Mulching the soil with black polyethylene sheeting, on the day of planting
of tomato and eggplant seedlings eliminated Orobanche and also controlled a
large number of other annual weeds (Vouzounis and Americanos, 1998). Singh et
al. (2009) reported that use of black polythene mulch along with drip irrigation
increased the fruit yield of tomato to 57.87 t ha™ as compared to control plot
(29.43 t ha™"). It also improved other growth parameters like plant height, LAI dry
matter production, fruit weight and yield.

The use of dark colored plastic mulches increased total yield of okra
compared with bare soil and also increased soil and air temperatures (Gordon et
al, 2010). Lalitha er al. (2010) reported that plastic mulching improved soil
properties like soil temperature, moisture content, bulk density, aggregate stability
and nutrient availability. Due to the improved microclimate, plant growth and

yield were also increased under plastic mulching.

Aniekwe (2015) observed 100% weed suppression under black plastic
mulched plots than other mulching methods and unmulched plots. Besides, black
plastic mulch modulated the daily soil temperature and promoted early
germination and flowering and signiﬁcantly improved the yield in okra.
According to Parmar ef al. (2013) black polyethylene mulch improved all the
plant growth, yield and quality characters significantly over unmulch (control),
which resulted in better growth and yield in water melon and also gave high B:C

ratio.
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Singh et al. (2014) reported that mulching with black polythene extended
the harvesting of summer squash to 10 days, while in tomato and capsicum it
extended to 2 weeks and also increased yield to 31.6 % in tomato and 46.6 % in
summer squash. The treatments under plastic mulch had higher moisture content,
soil temperature, relative leaf water content (RLWC), and water use efficiency
than organic mulch and other treatments without mulch. It also increased the plant
characters like plant height, branching, fruit diameter, root parameters (length,
volume and dry weight) and yield of brinjal (Kaur, 2015). In chilli, the lowest
weed density of 13.23 m™ was recorded for polythene mulch followed by organic
mulch, which recorded 18.33 m™ at 75 days after planting and also recorded

highest B:C ratio (Sathiyamurthy ef al., 2017).
2.6 Effect of mulching on soil microflora

The soil microorganisms act as sink and source of nutrients as these are
organic decomposers and hence provide more nutrients to plants. Soil
microorganisms are also capable of promoting plant growth through different
mechanisms, such as biological nitrogen fixation (BNF), phytohormone
production, phosphate solubilization and siderophore production. They are also
known to participate in many important ecosystem processes such as the
biological control of plant pathogens, nutrient cycling, and/ or seedling growth

(Zahir et al., 2004).

Mulching had a stimulating effect on soil microbes and through this on
soil fertility (Csaba et al, 2007). According to Yadav et al. (2008), mulches
provided different kinds of ecological niches in the subsystem of crop
environment. They encouraged multiplication of micro arthropods, earthworms
and other beneficial microorganisms in the rhizosphere which brought about

changes in the status of soil fertility.

Mulching increased the soil microbial activity, population of bacteria,
fungi and actinomycetes on comparing with the plot which received chemical

weed management. Among the different organic mulches such as mango leaves,
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coconut leaves, newspaper, paddy straw and polythene, microbial population was

higher in paddy straw mulched plot than others (Muhammed et al., 2015).

Mulched soil contained more microbial population than unmulched soil.
Mulching increased organic carbon in the soil, which was the major constituent of
the food supply for microorganisms, and led to increased microbial population in
the mulched plot. Mulching and N fertilization increased the rhizospheric
microbial population which indirectly resulted in more decomposition of nutrients
into inorganic forms, therefore availability of major nutrients to the plants
increased which had a positive effect on plant growth and yield (Bhagat ef al,
2016).

2.7 Effect of weed management methods on soil microclimate
Soil temperature

Mulching influenced the microclimate largely and it was by way of
regulating soil temperature, moisture content, humidity, concentration of carbon
dioxide and wind speed. Several studies on the influence of soil temperature have
been reported. Ham et al. (1993) studied the optical properties of plastic mulch
and reported that the highest mid day soil temperature beneath the mulches was
due to high short wave transmittance (transparent) along with long wave
transmittance. The increase in temperature due to sun’s energy which passed
through the mulch and heated the air and soil beneath the mulch directly and then
the heat was trapped by the phenomenon of “greenhouse effect” (Hu et al., 1995).

Mulching with wheat straw increased the minimum temperature of soil to
about 2 - 3°C which was recorded at 8.00 hours during the emergence and early
growth period of groundnut crop, while it reduced the maximum soil temperature
to 2 - 4°C recorded at 14.00 hours during pod development stage of the crop. At
the same time black polythene mulch increased the soil temperature to 4 - 5 °C

during the whole crop season (Ghosh et al., 2006).
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Sharma and Kathiravan (2009) observed the order of soil temperature

during morning hours under different mulches as follows: transparent polythene > '

black polythene > bicoloured polythene > available field grasses > pine needle >
no mulch treatments. The maximum rise in soil temperature by 2.9°C was
observed in mulched soil as compared to unmulched soil with respect to air

temperature.

As per Eruola et al, (2012) mulching significantly improved soil
temperature and also the emergence and development of yam setts and increased
tuber yield as compared to unmulched plots. Rate of chemical reactions, water
content, and nutrient transport in soil were influenced by soil temperature, besides
it also affected physiological aspects of plants like ion uptake, root growth, and
also the composition and function of soil microbial communities. Soil temperature
extremes influenced the germination of seeds, functional activity of root system
and development of crop. The soil temperature was found to be higher by about 1
to 10°C in mulched plot as compared to no mulched plot inside and outside the

poly house (Abhivyakti et al., 2016).

Bahar and Singh (2013) reported that in maize, soil temperature at 5 cm
depth was lower in hand weeded and herbicide (atrazine @ 1 kg a.i. ha™') applied
plots than plots mulched with polythene sheet and straw, but soil temperature in

these plots were higher than unweeded control plots.
Soil moisture

Mulching has been promoted as an effective means for conserving soil
moisture. Ghosh ef al. (2006) reported that wheat straw and black polythene
mulch retained higher amount of soil moisture at a depth of 0 - 15 ¢m than
unmulched plot all over the growing period of groundnut. Among the mulched
plots wheat straw mulch conserved 10 - 20% more soil moisture than black

polythene mulch, particularly in the months of April and May.
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Sharma and Kathiravan (2009) reported that treatments with mulches
maintained correspondingly higher soil moisture contents over unmulched control
treatment. It acted as an insulating barrier and prevented evaporation from soil
surface (Kumar and Lal, 2012). Under rainfed cultivation conservation of soil
moisture is essential for favorable crop production. nsitu moisture conservation

was more in upper 0-7.5 cm layer.

In China, plots mulched with wheat straw maintained 106.9 mm water in
the upper 200 cm soil depth with an efficiency of 35.1% while those plots
mulched with plastic sheets conserved 140.9 mm water with 46.1% efficiency (Li
et al, 2013). The conservation of soil moisture through mulching is due to
modification of favourable microclimatic conditions in soil. Organic mulches
helped to prevent weed growth, reduced evaporation and increased infiltration of
rain water during crop period. Besides this, plastic mulch helped in exuding
excess water away from the crop root zone during periods of heavy rain fall. This

could reduce irrigation frequency and amount of water used (Bharadwaj, 2013).

Saikia et al. (2014) reported that in mustard, the treatment with straw
mulching stored more soil moisture than unmulched treatment. Plastic mulch
treatments had higher moisture content at depths 0-15 cm and 15-30 cm than
organic mulch and treatments without mulch (Kaur, 2015). Alliaume et al. (2017)
reported that combination of mulching and reduced tillage improved water capture
to about 9.5% and reduced runoff by 37%, resulting in reduced risk of erosion

and improved availability of water to the plants over four years of trial.

Malviya et al. (2012) reported lower soil moisture in hand weeded and
herbicide treated plots than treatments with different mulches. Similar findings

were also given by Muhammed (2015).
2.8 Effect of weed management methods on yield

Ghosh et al. (2006) after a seven year study and concluded that organic

mulch was superior to inorganic mulch and no mulch treatments. In okra, higher

22



fruit yield was from the plots with application of a pre emergence herbicide
fluchloralin @ 0.4 kg a.i. ha! followed by one inter cultivation at 40 DAS and
mulching with green leaves with one inter cultivation at 40 DAS, but these were

on par with the farmer’s practice with three to four inter cultivation (Sheela et al.,

2007).

Hand weeding twice at 25 and 45 DAS and pre emergence application of
fluchloralin @ 1 kg a.i. ha” and pendimethalin @ 1 kg a.i. ha integrated with
hand weeding at 35 DAS recorded superior yields of soybean and better control of

weeds (Peer et al., 2013).

Organic mulching produced 17 - 24% higher yield and an additional profit
of Rs. 3935 ha! than no mulch treatments. Mulching improved the yield in both
fruit crops and vegetable crops. The percentage yield increase in fruit crops
ranged from 12.61 to 64.24 % and in vegetable crops it was from 17.39 to 60.74
% (Govindappa et al., 2015). Muhammed et al. (2015) reported that polythene
mulching gave higher yield of okra (15.63 t ha') followed by hand weeding
(12.02 t ha!). According to them, pre emergence application of pendimethalin @

1 kg a.i. ha™ also improved the yield of okra.

Abhivyakti et al. (2016) recorded maximum fruit yield (37.3 t ha™') for the
treatment with black polythene mulch which was significantly higher over the no
mulch treatment (28.6 t ha™') in tomato under open condition. Hand weeding in
maize at 20 and 45 DAS gave higher grain yield (8.64 t ha') than straw (5.98 t
ha') and polythene (4.25 t ha™') mulching as reported by Abdullahi ef al. (2016).
Pre emergence application of oxyfluorfen @ 0.15 kg a.i ha™ + one hand weeding
at 30 DAS resulted in significantly taller plants, high leaf area index, high pod
yield per plant (127.16 g) and higher total pod yield (13279 kg ha) in okra
(Jalendhar et al., 2016)

Mulching with grasses in okra produced 49% and 158% higher pod yield
compared with legume mulching and the control treatments during 2015 (dry

season). During 2016 (wet season) mulching with legume material increased the
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pod yield of okra by about 56% and 122% compared with grass mulch and the
control treatment respectively. Therefore grass materials could be used as mulch
in the dry season and the legume materials could be used as mulch during the wet

season which would maximise yield (Adekiya et al., 2017).
2.9 Economics of weed management

Goswami and Saha (2006) reported higher benefit:cost (B:C) ratio of 3.12
- 3.38 in mulching with organic materials than that of inorganic or synthetic
mulches (1.88-2.09). According to Ghosh et al. (2006), combined use of wheat
straw and black polythene mulch recorded significantly higher returns than other
mulch treatments. Wheat straw mulch recorded highest net return (Rs. 21,030)
which was statistically similar to net returns with wheat straw and black polythene
together (Rs. 19,180). The lowest net return was recorded for transparent

polythene mulch (Rs. 11,515).

Application of paddy straw as mulch showed the highest net returns per
hectare (US$ 8615.1) followed by application of coconut leaves along with green
leaf mulch (US$ 7843.9) and the lowest net return was recorded under the control
treatment. Maximum benefit cost ratio (B:C) was observed for application of
coconut leaves alone and application of paddy straw. Lowest B:C ratio (0.86) was

noticed for mulching with black polythene and control (Thankamani et al., 2016).

Black polythene mulch promoted growth and development of okra and
recorded a B:C ratio of 2.77 as compared to 0.30 in the control plot (Muhammed,
2015). Maheswari et al. (2015) obtained the highest gross returns (Rs. 89,597
ha') were with the treatment orthosulfamuron @ 120 g ha™ as pre emergence at
3-5 DAT followed by orthosulfamuron @120 g ha™' as post emergence at 25-30
DAT and recorded the highest B:C ratio (1.91). Pre emergence application of
pendimethalin 1 kg ha! + 1 HW at 40 DAS recorded significantly higher yields
and net returns of Rs.17550 ha™ in summer black gram than treatment with hand

weeding at 20 and 40 DAS (Khot et al., 2015).
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Pendimethalin at 1.0 kg ha™' as pre emergence followed by quizalofop-p-
ethyl at 50 g ha' at 20 DAS in soybean was highly efficient for Sorghum
halepense and produced comparable seed and stalk yield with the highest net
returns ($711.22 ha') and B:C ratio of 1.51 than all other treatments including

hand weeding and mechanical measures (Paudel et al., 2017).
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3. MATERIALS AND METHODS

The present study entitled “Microsite variations of okra [Abelmoschus
esculentus (L.) Moench.] under different weed management practices” was
carried out at the Agronomy farm, Department of Agronomy, College of
Horticulture, Vellanikkara from March to June 2016. The materials used and

methodology adopted for the study are described in this chapter.
3.1 General details
Location

The experiment was conducted at the Agronomy farm, Department of
Agronomy, College of Horticulture, Vellanikkara, Thrissur, Kerala. The field is
situated geographically at 13° 32°N latitude and 76° 26’E longitude, at an altitude

of 40 m above mean sea level.
Climate and weather conditions

The area enjoys a typical tropical humid climate. The mean weekly
averages of important meteorological parameters observed during the

experimental period are presented in Appendix 1.
Soil

The soil was sandy clay loam in texture and acidic in reaction with a pH of
5.08. The physico - chemical properties of soil at the experimental site are

presented in Table 1.
Season

The experiment was conducted during the summer season (March- June)
of 2016.
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Table 1. Physico - chemical properties of soil

Particulars Value Method used
1.Physical properties
Particle size composition
Coarse sand (%) 31.90
Fine sand (%) 27.30 Robinson international pipette method
Silt (%) 18.64 (Piper, 1942)
Clay (%) 22.16
2.Chemical properties
1:2.5 soil water ratio
1. pH 5.08
(Jackson, 1958)
) Walkley and Black method
2. Organic carbon (%) 1.06
(Jackson, 1973)
_ Alkaline permanganate method
3. Available N (kg ha™') 165.23 ) ~
(Subbaiah and Asija, 1956)
Ascorbic  acid reduced molybdo
) phosphoric blue colour method (Bray
4. Available P (kg ha™') 12.58
and Kurtz, 1945; Watanabe and Olsen,
1965)
Neutral normal ammonium acetate
5. Available K (kg ha™!) 136.80 extractant using flame photometry
(Jackson, 1958)
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Crop and variety

Okra variety ‘Arka Anamika’ which is resistant against yellow vein
mosaic virus with a yield potential of 20 t ha™', was used for the experiment.
Plants of Arka Anamika are tall and well branched. The stem is green with purple
shade. A purple pigmentation can be seen on both sides of the petal base. Fruits

are long and green in colour.
Cropping history of the experimental site

The experimental area had been under cultivation with the fodder grass

Hybrid Napier during the previous year.
3.2 Experimental details

The study was conducted during the summer months (March to June) of
2016. The experiment was laid out in Randomized Block Design (RBD) with 8
treatments and 3 replications. The plot size was 3.6 m x 3.6 m with spacing of 60

cm x 30 cm. The treatment details are given in Table 2.

Table 2. Details of the treatments in the experiment

Treatments

T, | Mulching with mango leaves @ 5 t ha! followed by hand weeding at 45 DAS

T, | Mulching with paddy straw @ 5t ha! followed by hand weeding at 45 DAS

Ts | Mulching with newspaper (two layers) followed by hand weeding at 45 DAS

T4 | Mulching with coir fibre mat (1000 GSM)

Ts | Mulching with polythene sheet (30 micron silver top black bottom polythene)

Ts | Hand weeding at 20 DAS, 45 DAS and 60 DAS

T7 | Pendimethalin 1.0 kg ha! (pre emergence), followed by hand weeding at 45 DAS

Ts | Unweeded control
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3.6 m

Layout

Fig.1. Layout of the experimental field

3.6 m ﬂ

«—>
T; T4 Ts Ts T3 T Ts T
Ts T Ts Ts Ts T4 T T:
T3 T~ Ts T Ts T2 Ts T4

Land preparation and sowing

The experimental field was ploughed thoroughly with a disc plough and
worked with a cultivator to produce fine tilth. The gross plot size was 12.96 m*
and net plot size was 9 m?. Ridges and furrows were formed at a spacing of 60
cm. Mulch materials were spread uniformly in individual plots as per treatments.
Sowing was done on 19™ March, 2016. The seeds were pre soaked and dibbled at
a spacing of 60 cm x 30 cm at the rate of 2 seeds/hole. Planting in black polythene
sheet and newspaper mulched plots were done by making circular holes of 5 cm
diameter at a spacing of 30 cm. The seed rate was 8.5 kg ha™'. Seeds of ‘Arka
Anamika’ was obtained from the Department of Olericulture, College of

Horticulture, Vellanikkara.
Manures and fertilizers

Manures and fertilizers were applied as per the Package of Practices

Recommendations of KAU (2011). FYM @ 12 t ha' was applied as basally
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during land preparation. N:P205:K20 were applied @ 55:35:70 kg ha'! at the time
of sowing. An additional dose of 55 kg N ha™' was given in one month after

sowing.
Irrigation

Hose irrigation was done at 10 mm depth once in 3 days.
Plant protection

Incidence of termites was noticed in the plots mulched with coir fibre mat.
Soil drenching with chlorpyriphos (3%) was done against termites at 10 DAS.
Dimethoate 30% EC was sprayed against aphids at 22 DAS. Incidence of fruit
borers and leaf rollers were noticed in the crop. Collection and destruction was the

method adopted against these pests.
Weed management

Weed management was done as per treatments. Three hand weedings were
done at 20 DAS, 45 DAS and 60 DAS in the plots with hand weeding treatment.
Hand weeding at 45 DAS was done in all the treatments with mulching except for
the treatment with coir fibre mat and black polythene sheet. In the treatment
including herbicide application with hand weeding, pre emergence herbicide
pendimethalin (Stomp 30 EC) @1.0 kg ha™' was sprayed on the third day after

sowing and hand weeding was done at 45 DAS.
Harvesting

For harvesting the fruits, hand picking was adopted. The first harvest was

done at 40 DAS and fruits were harvested at 3 days interval.
3.3 Observations recorded
3.3.1 Soil analysis

The pH and content of major nutrients were estimated before and after the

experiment. Soil samples were collected, air dried, powdered and passed through
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0.5 mm sieve, and then used for analyzing the organic carbon content. Soil
samples passed through 2 mm sieve were used for analyzing major nutrients viz.,
available N, available P and available K using standard procedures detailed in

Table 1. The soil pH was analyzed in soil: water suspension of 1:2.5.
3.3.2 Microclimate studies
Relative humidity

Relative humidity at canopy level was recorded at 8.30 LMT (local mean
time) at weekly intervals using relative humidity meter (+ type K/J
Humidity/Temperature meter model: HT-3006 HA) and the mean was worked

out.
Soil temperature

Soil temperature at 10 cm depth was recorded at 8.30 LMT at weekly
intervals using a soil thermometer (EMCON soil thermometer) and the mean was

worked out.

Soil moisture content

Soil moisture content at 0 - 15 ¢cm and 15 - 30 cm depths was determined

at fortnightly intervals by thermo gravimetric method before irrigation using the

formulae
Wm - Wdx 100
PW = ——
wd
Pw = Percentage of soil moisture by weight Wm = Weight of moist sample

Wd = Weight of oven dry sample
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3.3.3 Soil microflora

Total population of bacteria, fungi and actinomycetes, nitrogen fixers, P-

solubilizers, fluorescent pseudomonads, Trichoderma sp. and microbial biomass

of the soil were analysed at sowing, flowering and final harvest. Total population

of microflora was enumerated by serial dilution and plate count technique

(Wollum, 1982). Microbial biomass carbon was analysed by fumigation and

extraction method (Jenkinson and Powlson, 1976). The soil samples were

collected from the root zone of the crop and the details of media used for the

enumeration are presented in Table 3.

Table 3. Media used for enumeration of microorganisms in soil

SI No. | Microbes Medium Reference
1 Bacteria Nutrient agar "
2 Actinomycetes Kenknight’s agar i\gg;gwal and oy,
3 Fungi and Trichoderma Martin’s Rose Bengal agar
4 Nitrogen fixers Jenson’s N- free agar Jensen, 1955
5 Phosphorus solubilizers Pikovskaya’s agar Pikovskaya, 1948
6 Fluorescent pseudomonads | King’s medium B agar Gould et al., 1985

3.3.4 Biometric observations

[—

I R

Plant height at 30, 60 and 90 DAS
No. of branches at 30, 60 and 90 DAS

Days to first flowering
Days to first harvest
No. of fruits per plant
No. of harvests

Yield/ ha

Duration of crop

Incidence of pest and diseases
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From each plot, five plants were selected randomly as the sampling unit for
biometric observations. The harvested fruits from each plot were weighed
separately and the total yield (t ha') was worked out. Incidence of pest and

diseases was observed and recorded.
3.3.5 Plant analysis

Content of major nutrients, viz., N, P and K at 30 and 60 DAS were
analyzed by standard procedures. The uptake of N, P and K were calculated as the
product of the content of these nutrients and plant dry weight and expressed in kg

ha.
Nitrogen content

Nitrogen content was determined by distillation and titration method

(Jackson, 1958).
Phosphorus content

Plant samples were digested with diacid and the P content was determined
by the method vanadomolybdo phosphoric yellow colour method (Bray and
Kurtz, 1945; Watanabe and Olsen, 1965).

Potassium content

K content in diacid digest was estimated using flame photometer (Jackson,

1958).
Relative chlorophyll content (SPAD)

The chlorophyll content in the leaves was estimated at 30 DAS and at 60
DAS using LEAF + Chlorophyll meter. The first fully opened leaf from the top
was selected for observation. Observations were taken from five leaves from a

plot and mean was worked out.
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3.3.6 Observation on weeds

Weed count

Species wise weed count was recorded using a 50 cm x 50 cm (0.25 m?)
quadrat from the sampling strip. The quadrat was placed at random in each plot
and observations were taken at 20, 45 and 90 DAS. The count was expressed in

number/ m”.
Dry matter production of weeds

Weeds collected from the quadrat were uprooted, cleaned, air dried and

oven dried at 80 + 5°C and dry weight was recorded in g/m?.
Weed control efficiency

The weed control efficiency was worked out using the formulae suggested

by Mani et al. (1973).

—_— Weed dry weight in unweeded plot - Weed dry weight in treated plot x100

Weed dry weight in unweeded plot

Weed index

Weed index was worked out using the formulae suggested by Gill and
Vijaykumar (1969).

WI = X-Y x 100
Y
X = Yield from treatment with least weeds

Y = Yield from treated plot
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3.3.7 Economics

The prevailing labour charge in the locality, cost of inputs and extra
treatment costs were considered and gross expenditure was computed and
expressed in rupees per hectare. The price of okra at current local market price

was used for computing gross return and expressed in rupees per hectare.
The Benefit: Cost ratio was worked out according to the formulae given below

Gross returns
BCR =
Cost of cultivation

3.3.8 Statistical analysis

The data were subjected to analysis of variance using the statistical
package ‘WASP 2’ (Statistical package, ICAR Goa). The data on weed count and
weed biomass and microbial count which showed wide variation were subjected
to square root (Vx +0.5) and logarithmic transformation respectively to make the

analysis of variance valid (Gomez and Gomez, 1984).
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Plate 1. General field view



Mulching with mango leaves (T1) Mulching with paddy straw (T2)

Mulching with newspaper (T3) Mulching with coir fibre mat (T4)

Mulching with black polythene (T's)

Plate 2. Application of mulches in the field



Pre emergence application of pendimethalin Mulching with black polythene

Unweeded control Mulching with coir fibre mat

Plate 3. Field view at 45 DAS
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4, RESULTS

The results of the study on “Microsite variations of okra [4belmoschus
esculentus (L.) Moench.] under different weed management practices™ conducted
in the Department of Agronomy, College of Horticulture, Vellanikkara during the

year 2016 are presented below.
4.1. Biometric observations

4.1.1. Plant height

Data on plant height of okra at different stages are presented in Table 4. At
30 DAS, the greatest plant height (47.07 cm) was recorded in mulching with black
polythene sheet. The next better treatment was paddy straw mulch (T2) with a
plant height of 43.13 ¢m, which was statically on par with mulching with mango
leaves (T1). At this stage, lower plant heights were recorded in plots treated with

pre emergence herbicide (T7) and plots with newspaper mulching.

At 60 DAS, mulching with black polythene sheet still recorded enhanced
plant height of 110.23 cm. However, it was on par with the treatments newspaper
mulching (T3), hand weeding (T¢) and pre emergence application of
pendimethalin (T7). Lower plant height was recorded for unweeded control (Ts)

and mulching with coir fibre mat (T4).

At 90 DAS also, greater plant height (123.87 cm) was recorded for black
polythene sheet (Ts) and was on par with newspaper mulch and hand weeding
(120.8 cm and 119.87 cm respectively). Plots with coir fibre mat mulching (T4)
and unweeded control plots (Ts) recorded lower heights of 102.03 cm and 100.87

cm respectively during final stage of observation.
4.1.2. Number of branches

The data on number of branches are given in Table 5. Black polythene

sheet mulching (Ts) showed the highest number of branches (3 branches/plant) at
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30 DAS. All other treatments except unweeded control were statistically on par,

unweeded control treatment recorded lowest number of branches (1 branch/plant).

At 60 DAS also, the same trend was observed for number of branches.
Higher number of branches were observed for mulching with black polythene
sheet (Ts) with 4 branches/plant. It was on par with newspaper mulching (T3)
where 3 branches/plant was observed. Paddy straw (T2), mango leaves (T1) and
pendimethalin (T7) treatments were statistically on par. Lowest number of
branches was recorded for unweeded control treatment (Ts) with one branch/

plant.

Black polythene sheet mulch continued its dominance in maintaining
higher number of branches till 90 DAS (4.33 branches/plant). Lower number of
branches were recorded for unweeded control treatment throughout the crop
period. The plots mulched with coir fibre mat (Ts) also recorded lower number of

branches (1.66 branches/plant).
4.1.3. Days to first flowering

The data on days to first flowering are presented in Table 6. On an
average, the crop took 37 days for first flowering. From the table, it is clear that
all the treatments except mulching with coir fibre mat and unweeded control
showed almost similar trend for days to first flowering. The number of days to
first flowering under unweeded condition was 43.66 days, and it was 38.33 days

for crops under coir fibre mat mulching.
4.1.4. Days to first harvest

The data pertaining to days to first harvest are given in Table 7. Number of
days taken for the first harvest ranged from 41 days to 48 days. Almost all the
treatments were on par except for coir fibre mat mulching (T4) and unweeded
control (Ts). Unweeded control treatment took more number of days for the first

harvest (48 days).
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4.1.5. Number of fruits per plant

The data on total number of fruits per plant are given in Table 8. The
highest number of fruits/plant (12.26) was recorded for mulching with black
polythene sheet (Ts). The next better treatments were mulching with newspaper
(T3) and hand weeding (Ts) which produced 10.60 and 10.46 fruits/plant
respectively, which were statistically on par with mulching with paddy straw
(10.20 fruits/plant). The plots mulched with coir fibre mat (T4) recorded 7.60

fruits/plant. The lowest number of fruits (5.26) recorded for unweeded control

(Ts).
4.1.6. Total fruit yield

The data on total fruit yield are depicted in Table 9. The treatments
significantly affected on fruit yield. The highest fruit yield of 14.58 t ha'! was
recorded in black polythene sheet mulching (Ts). The next better treatments were
mulching with paddy straw (T2), newspaper (T3), and hand weeding (Ts) with a
yield of 11.16, 11.01 and 10.69 t ha™! respectively which were. statistically on par.
Treatment with the application of pre emergence herbicide (T7) recorded a yield
of 10.06 t ha! which was on par with hand weeding treatment. The lowest yield
(1.12 t ha!') recorded for unweeded control (Ts), followed by mulching with coir

fibre mat (5.30 t ha™).
4.1.7. Number of harvests

Number of harvests for each treatment is presented in Table 10. The
number of harvests ranged from 4.33 to 10.33. Black polythene sheet mulching
(Ts) recorded the highest number of harvests. Unweeded control recorded less
number of harvests (4.33) which was on par with coir fibre mat mulching (4.66).

Number of harvests for all other treatments was statistically on par.
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Table 4. Effect of treatments on plant height of okra at different stages of growth

Plant height (cm)
Treatments
30 DAS" | 60 DAS | 90 DAS
Mulching with mango leaves @ 5 t ha™' fb.
L ding at 45 DAS 40.13% | 101.73% | 107.37%
Mulching with paddy straw @ 5t ha' fb. hand
T2 ol it 4 DA 43.13° | 102.20% | 112.13%
Mulching with newspaper f-b. hand weeding at
Ts | 45 DAS 34.53% | 106.77% | 120.80%
T, | Mulching with coir fibre mat 38.00%¢ 99.07¢ | 102.03¢
Ts | Mulching with polythene sheet 47.07* | 11023* | 123.872
T | Hand weeding at 20 DAS, 45 DAS and 60 DAS | 38.80° | 106.17°® | 119.87%
Pendimethalin 1.0 kg ha £b. hand weeding at
Ty 45 DAS 33.27° | 105.10%¢ | 115.70™
Ts | Unweeded control 37.32% | 99.67° | 100.87'

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.

*DAS- days after sowing.
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Table 5. Effect of treatments on number of branches of okra at different stages
of growth

Number of branches/plant

Treatments
30 DAS | 60 DAS | 90 DAS
Mulching with mango leaves @ 5 t ha™' fb.
2 hand weeding at 45 DAS 133 2,00~ 2.33%
Mulching with paddy straw @ 5t ha™ fb.
LY hand weeding at 45 DAS 2.00° 2.66" 3.00%
Mulching with newspaper f.b. hand weeding
Ts at 45 DAS 2.00° 3.00% 3.66%
T4 | Mulching with coir fibre mat 1.33% 1.66% 1.66%
Ts | Mulching with polythene sheet 3.00° 4.00? 4.332
- Hand weeding at 20 DAS, 45 DAS and 60 | 33m 2 0gbet 3l
DAS ' )
Pendimethalin 1.0 kg ha! £b. hand weeding
B | nat 2.00° | 2.66™ | 2.66™
Tg | Unweeded control 1.00¢ 1.00¢ 1.00¢

*In a column, means followed by common letters do not differ significantly at 5%
level in DMRT.
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Table 6. Effect of treatments on number of days to first flowering in okra

Treatments D;ys " .ﬁrst
owering
Mulching with mango leaves @ 5 t ha' £b. hand weeding at
T c
' | 45 DAS 36.66
Mulching with paddy straw @ 5t ha £b. hand weeding at
T c
2 | 45 DAS 36.66
Ts; | Mulching with newspaper f.b. hand weeding at 45 DAS 36.33¢
Ts | Mulching with coir fibre mat 38.33b
Ts | Mulching with polythene sheet 36.00°
Ts | Hand weeding at 20 DAS, 45 DAS and 60 DAS 36.33¢
T, | Pendimethalin 1.0 kg ha! fb. hand weeding at 45 DAS 35.66¢
Tg | Unweeded control 43.66°

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 7. Effect of treatments on number of days to first harvest in okra

Days to first

Treatments
harvest

Mulching with mango leaves @ 5 t ha £b. hand weeding at
T, s . @ f ¢ 42.00P¢

45 DAS

Mulching with paddy straw @ 5t ha™ £b. hand weeding at 45
T g with paddy straw @ f ¢ 42.00

DAS
T3 | Mulching with newspaper f.b. hand weeding at 45 DAS 41.66"
Ts4 | Mulching with coir fibre mat 43.00°
Ts | Mulching with polythene sheet 41.00¢
Ts | Hand weeding at 20 DAS, 45 DAS and 60 DAS 41.33¢
T7; | Pendimethalin 1.0 kg ha! £b. hand weeding at 45 DAS 40.66°
Ts | Unweeded control 48.00°

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 8. Effect of treatments on number of fruits per plant of okra

Treatments

No. of fruits

per plant
Mulching with mango leaves @ 5 t ha™! £b. hand weeding
C
T 1 at4s DAS a0
Mulching with paddy straw @ 5t ha”! £b. hand weeding at
be
T2 45 DAS 10.20
Ty | Mulching with newspaper f.b. hand weeding at 45 DAS 10.60°
Ts | Mulching with coir fibre mat 7 604
Ts | Mulching with polythene sheet 12.26°
T, | Hand weeding at 20 DAS, 45 DAS and 60 DAS 10.46P
T, | Pendimethalin 1.0 kg ha! f£b. hand weeding at 45 DAS 9.60°
Ty | Unweeded control 5.26¢

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 9. Effect of treatments on fruit yield of okra

Treatments e
(t ha™)
Mulching with mango leaves @ 5 t ha! £b. hand weeding at
T e pas 9.03¢
Mulching with paddy straw @ 5t ha™! £b. hand weeding at 45
Ty DAS 11.16°
T, | Mulching with newspaper £b. hand weeding at 45 DAS 11.01°
T, | Mulching with coir fibre mat 5.30¢
Ts | Mulching with polythene sheet 14.58%
T | Hand weeding at 20 DAS, 45 DAS and 60 DAS 10.69b¢
T, | Pendimethalin 1.0 kg ha' £b. hand weeding at 45 DAS 10.07¢
Ts | Unweeded control 1.12f

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 10. Effect of treatments on number of harvests of okra

No. of
Trgatments harvests
Mulching with mango leaves @ 5 t ha £b. hand weeding
b
T | at45 DAS 900
Mulching with paddy straw @ 5t ha /4. hand weeding at
T2 9.00°
45 DAS
Ty | Mulching with newspaper f.b. hand weeding at 45 DAS 9.00P
T, | Mulching with coir fibre mat 4.66°
Ts | Mulching with polythene sheet 10.332
Ts | Hand weeding at 20 DAS, 45 DAS and 60 DAS 9.00b
T, | Pendimethalin 1.0 kg ha' £b. hand weeding at 45 DAS 9.00P
Ts | Unweeded control 4.33¢

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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4.1.8. Duration of crop

The data on duration of the crop are given in Table 11. The treatments
were significantly different with respect to duration of crop. Crop duration varied
from 90 - 95 days. Unweeded control (Tg) and mulching with coir fibre mat (T4)
recorded lower duration (90 days). All other treatments recorded the same

duration of 95 days.
4.1.9. Incidence of pests and diseases

The data on the incidence of pests and diseases are given in Table 12.
During the initial stages of the crop, aphid infestation was noticed in all the plots
irrespective of treatments. Shoot and fruit borer incidence was noticed in all the
plots. The plants were infested with yellow vein mosaic disease during the final
stages of crop growth. With respect to incidence of pest and diseases, treatment

difference were absent.
4.2. Plant analysis
4.2.1. Uptake of N, P and K by the crop

The data regarding the uptake of N, P and K by the crop at 30 and 60 DAS
are given in Tables 13 and 14. The highest uptake of N, P and K was in the
treatment with black polythene sheet mulching and the lowest was in unweeded
control treatment during both stages of observation. At 30 DAS, the highest
uptake of N (23.29 kg ha™') was observed in black polythene sheet mulching (Ts).
Hand weeding (Ts), newspaper mulching (T3), paddy straw mulching (T2) and
pendimethalin application (T7) were statistically on par with N uptake of 11.94,
11.35, 11.09 and 10.49 kg ha' respectively. Mulching with mango leaves
recorded N uptake of 8.74 kg ha” which was intermediate among the treatments.
Mulching with coir fibre mat (Ts4) and unweeded control (Ts) recorded lower

uptake values of N (4.70 and 3.85 kg ha™! respectively).
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Table 11. Effect of treatments on duration of the okra crop

Duration
Treatments
(days)

Mulching with mango leaves @ 5 t ha! 4. hand weeding _—

T :
' | at45 DAS

Mulching with paddy straw @ 5t ha™ fb. hand weeding at
T: 95.332

45 DAS
T, | Mulching with newspaper f.b. hand weeding at 45 DAS 95.00*
T4 | Mulching with coir fibre mat 90.00°
Ts | Mulching with polythene sheet 95.66"
Te | Hand weeding at 20 DAS, 45 DAS and 60 DAS 95.00°
T, | Pendimethalin 1.0 kg ha fb. hand weeding at 45 DAS 095.3%
Ty | Unweeded control 90.00°

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 12. Effect of treatments on incidence of pests and diseases in okra

Di
Pests observed b
observed
Treatments Sh‘i")t and Aphid Yellow YEin
fruit borer % mosaic
. (Aphis .
(Earias - virus
i
vitella) §OSSyP

Mulching with mango leaves @ 5 t
T 1 . v v v
ha™ fb. hand weeding at 45 DAS

Mulching with paddy straw @ 5t
T2 i _ v v v
ha” fb. hand weeding at 45 DAS

Mulching with newspaper f-b. hand
T3 _ v v v
weeding at 45 DAS

T. | Mulching with coir fibre mat v v v

Ts | Mulching with polythene sheet v v v
Hand weeding at 20 DAS, 45 DAS

Ts v v v
and 60 DAS
Pendimethalin 1.0 kg ha' £b. hand

T7 : v v v
weeding at 45 DAS

Ts | Unweeded control v v v
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The uptake of P at 30 DAS was the highest for black polythene sheet
mulched plots (4.17 kg ha'). Mulching with newspaper and paddy straw were the
next best treatments with P uptake of 3.21 and 3.13 kg ha™'. Unweeded control
and coir fibre mat mulching recorded lower P uptake (1.62 and 1.80 kg ha™).
Regarding uptake of K at 30 DAS, black polythene sheet mulch recorded the
highest value of 16.97 kg ha'. Paddy straw mulch resulted in K uptake of 11.67
kg ha! which was statistically on par with newspaper mulching (10.85 kg ha™).
Unweeded control recorded the lowest uptake of K (5.27 kg ha™!) followed by coir
fibre mat mulching (6.88 kg ha™).

At 60 DAS also, the same trend was observed for uptake of N, P and K
with highest uptake values in black polythene sheet mulch. Mulching with black
polythene sheet recorded N, P and K uptake values of 31.48, 5.74 and 34.75 kg
ha'! respectively. The treatments hand weeding, paddy straw mulching and
newspaper mulching were on par with N uptake of 24.65, 24.11 and 23.96 kg ha™
respectively. The lowest uptake of N was observed for unweeded control (7.50 kg
ha™). The uptake of P at 60 DAS in treatments with hand weeding and mulching
with paddy straw were at par (4.77 kg ha™' and 4.41 kg ha''). The lowest uptake of
P was recorded for unweeded control (1.23 kg ha™'). Uptake of K was lesser for
unweeded control (10.81 kg ha') and coir fibre mat mulching (12.57 kg ha™).
Uptake of K in plots with pre emergence application of pendimethalin, paddy
straw mulching and mango leaf mulching were statistically on par (26.78, 25.37

and 24.53 kg ha'! respectively).
4.2.2. Relative chlorophyll content

The data on the content of relative chlorophyll are given in Table 15.
Mulching with black polythene sheet (Ts), newspaper (T3), paddy straw (T2), and
pre emergence application of pendimethalin (T7) recorded significantly superior
SPAD (Soil Plant Analysis Development) units of 54.01, 53.65, 53.04, and 52.57
respectively at 30 DAS. Mulching with mango leaves (T1) and hand weeding (Ts)
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Table 13.Effect of treatments on uptake of N, P and K at 30 DAS

Nutrient uptake at 30 DAS (kg ha)

Treatments
N P K
Mulching with mango leaves @ 5 t
* ha™! £b. hand weeding at 45 DAS 8.74 ! sl
Mulching with paddy straw @ 5t ha’
1 ! £b. hand weeding at 45 DAS 1109 Sz 1167
Mulching with newspaper fb. hand
Ts | ee ding at 45 DAS 11.35" say 10.85"
T, | Mulching with coir fibre mat 4.704 1.80F 6.88f
Ts | Mulching with polythene sheet 23.298 4.17° 16.972
Hand weeding at 20 DAS, 45 DAS
Ts | 460 DAS 11.94° 2.86° 9.76"
Pendimethalin 1.0 kg ha £h. hand
T7 | oo ding at 45 DAS 10.49° 2.594 10.37%
Ts | Unweeded control 3.854 1.62f 5278

*In a column, means followed by common letters do not differ significantly at 5%
level in DMRT.
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Table 14.Effect of treatments on uptake of N, P and K at 60 DAS

Nutrient uptake at 60 DAS

-1
Treatments (kg ha™)

N 2 K

Mulching with mango leaves @ 5 t ha’

! 234 | 3230 | 2453
' | 1 £b. hand weeding at 45 DAS 19.23 23 3

Mulching with paddy straw @ 5t ha™

24.11° 4.41% 2537
1 f-b. hand weeding at 45 DAS

Mulching with newspaper fb. hand

T3 weeding ot 45 DAS 23.96° 4.32° 27.79%

T, | Mulching with coir fibre mat 11.93¢ 1.69¢ 12.57¢

Ts | Mulching with polythene sheet 31.483 5.743 34.75%
Hand weeding at 20 DAS, 45 DAS

Te | . .d 60 DAS 24.65° 4.77% 29.99
Pendimethalin 1.0 kg ha' fb. hand

T, 21.63° 3.93¢ 26.78°

weeding at 45 DAS

Ty | Unweeded control 7.50" 1.23f 10.81°

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 15. Effect of treatments on relative chlorophyll content (SPAD units)

SPAD Meter reading
Treatments
30 DAS 60 DAS

Mulching with mango leaves @ 5 t ha™

T § , : @ 52.14% 43.05¢
f-b. hand weeding at 45 DAS
Mulching with paddy straw @ 5t ha™' fb.

Ta ¢ _ e 8 d 53.04° 48.54°
hand weeding at 45 DAS
Mulching with newspaper fb. hand

Ts . ¢ ! 53.65" 50.76°
weeding at 45 DAS

T, | Mulching with coir fibre mat 50.21% 41.31¢

Ts | Mulching with polythene sheet 54.01* 51.45°
Hand weeding at 20 DAS, 45 DAS and 60

T 5270 51.712
DAS
Pendimethalin 1.0 kg ha' fb. hand

T ) 52.5™ 45.36°
weeding at 45 DAS

Ts | Unweeded control 48.83° 38.70¢

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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were statistically on par with the above treatments. Lowest SPAD reading (48.83)

was recorded for unweeded control treatment (Ts).

At 60 DAS, black polythene sheet mulching, hand weeding and newspaper
mulching recorded higher SPAD units of 51.45, 51.75 and 50.76 respectively
followed by mulching with paddy straw (48.54). Mulching with mango leaves and
coir fibre mat (T4) recorded lower SPAD meter readings. Unweeded control

treatment recorded the lowest SPAD value (38.70).
4.3 Observation on weeds
4.3.1. Weed count

Data on observations on weed count are given in Table 16. The lowest
weed count at 20 DAS was noticed under black polythene sheet mulching (1.67
no./m?) followed by pendimethalin (18.33 no./m?). At this stage, higher weed
counts were observed in unweeded control plots (530.33 no./m?) and hand
weeding (452 no./m”). Total number of weeds in plots with coir fibre mat
mulching was 260.33 no./m*. Mulching with mango leaves (T1), paddy straw (T2)
and newspaper (T3) recorded total weed counts of 168.67, 126.67, and 45.33

no./m? respectively.

At 45 DAS, higher weed count was noticed in unweeded control plots
(355 no./m?) and mulching with coir fibre mat (291.33 no./m?). Mulching with
mango leaves and paddy straw recorded weed count of 162.67 and 94 no./m’
respectively. Pendimethalin and hand weeding treatments recorded lower weed
counts of 44 and 41 no./m? respectively. These were statistically on par with
newspaper mulching (66.67 no./m?). At this stage also black polythene sheet

mulch recorded the lowest weed count (2.67 no./m?).

At 90 DAS also black polythene sheet mulch continued its superiority in
preventing germination and establishment of weeds and recorded the lowest weed
count of 12.00 no./m?. Newspaper mulching was the next best option for

controlling weeds with a total weed count of 53.33 no./m?. Mulching with mango
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leaves, paddy straw and pendimethalin were statistically on par, recording weed
counts of 110.67, 95, 102.67 no./m” respectively. The highest weed count was

recorded for unweeded control (277.33 no./m?) treatment.
4.3.2. Weed dry weight

The data on weed dry weight at different stages of plant growth are
presented in Table 17. Unweeded control (Ts), hand weeding (Te) and mulching
with coir fibre mat (T4) recorded higher weed dry weight of 30.73, 29.65, and
27.18 g/m? respectively at 20 DAS. The lowest weed dry weight was (3.09 g/m?)
recorded for black polythene sheet mulching (Ts) followed by mulching with
newspaper (7.64 g/m?) and pre emergence application of pendimethalin (8 g/m?).
With straw mulching (T2), dry weight of weeds at 20 DAS was 12.75 g/m?,
Mango leaf mulching (T) recorded a dry weight of 14.69 g/m?.

At 45 DAS, the highest dry weight was observed for unweeded control
(485.79 g/m?) followed by mulching with coir fibre mat (366.67 g/m?). Mulching
with black polythene sheet, newspaper and hand weeding recorded lower weed
dry weights of 9.10, 16.87, and 22.43 g/m’ respectively. Pre emergence
application of pendimethalin and mulching with paddy straw recorded weed dry

weights of 72.47 and 78.10 g/m” respectively.

At 90 DAS, mulching with black polythene sheet recorded the lowest
weed dry weight of 29.48 g/m? followed by newspaper mulching, paddy straw
mulching, hand weeding and pre emergence application of pendimethalin, with
weed dry weights of 58.55, 72, 74.97, and 77.67 g/m? respectively. Unweeded
control plot recorded higher weed dry weight of 531 g/m? and was on par with

weed dry weight in coir fibre mat mulch (453.25 g/m?).
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Table 16. Effect of treatments on weed count at 20, 45 and 90 DAS

Treatments

Weed count (No. m?)

20 DAS | 45DAS | 90 DAS
- : 3
. Mulching with mango leaves @ 5 t ha 12,998k 1271 10.15¢
' | £:b. hand weeding at 45 DAS (168.67) | (162.67) | (110.67)
: : 1

2 Mulching with paddy straw @ 5t ha™ fb. 11.25¢ 9.68¢ 9 74¢d
? | hand weeding at 45 DAS (126.67) | (94.00) | (95.00)

. Mulching with newspaper fb. hand 6.75¢ 7 g1¢d 729¢
? | weeding at 45 DAS (45.33) (66.67) (53.33)
Ts | Mulching with coir fibre mat 16.05° 17.05° 13.81°
(260.33) | (291.33) | (192.00)

Mulching with polythene sheet 1.39' 1.61° 3.43

Ts g .61 | @67 | (12.00

" Hand weeding at 20 DAS, 45 DAS and 60 7125 6.35¢ 9.06¢
® | DAS (452.00) | (41.00) | (82.67)

. ] 1

. Pendimethalin 1.0 kg ha” fb. hand 427 6.56¢ 10.075
7 | weeding at 45 DAS (18.33) | (44.00) | (102.67)
Ts Unweeded control 23.01° 18.74% 16.64%
(533.33) | (355.00) | (277.33)

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.

% \x+0.5 transformed values, original values are given in parenthesis
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Table 17. Effect of treatments on weed dry weight at 20, 45 and 90 DAS

Weed dry weight (g m?)

Treatments
20 DAS | 45DAS | 90 DAS
: : |
; Mulching with mango leaves @ 5 t ha™ fb. 3 g7o%* 13.85¢ 10.70P
' | hand weeding at 45 DAS (14.69) | (192.00) | (116.67)
Mulching with paddy straw @ 5t ha™ fb. 3 63% g 70 g 44be
T2 | }and weeding at 45 DAS (1275) | (78.10) | (72.00)
Mulching with newspaper f.b. hand weeding 7 3¢ 4.02° 7 62cd
Ts | at45 DAS (7.64) | (16.87) | (58.55)
T, | Mulching with coir fibre mat 5.26° 19.07° 21.25°
(27.18) | (366.67) | (453.25
Ts | Mulching with polythene sheet (13-704;) (39 (iloe) ( ;-942;)
Hand weeding at 20 DAS, 45 DAS and 60 5 467 4.65¢ g 63be
Ts | pas 29.65) | (22.43) | (74.93)
Pendimethalin 1.0 kg ha™' £. hand weeding 5 g5¢ 8 494 g 73be
T7 at 45 DAS (8.00) (72.47) (77.66)
Tg | Unweeded control 5.59° 21.93° 23.02°
(30.73) | (485.79) | (531.07)

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.

#% \/x+0.5 transformed values, original values are given in parenthesis

56

M



4.3.3. Weed control efficiency

The data on weed control efficiency at 20, 45 and 90 DAS are given in
Table 18. At 20 DAS, higher weed control efficiency of 95.67% was recorded for
black polythene sheet mulch (Ts). Pre emergence application of pendimethalin
(T7) and newspaper mulching were the next better treatments with weed control
efficiencies of 85.20 and 79.34% respectively. Weed control efficiency of
mulching with coir fibre mat was lower (13.60%) compared to other mulching

freatments.

At 45 DAS, weed control efficiency of mulching with black polythene
sheet, newspaper, hand weeding and pre emergence application of pendimethalin
were statistically on par (98.06, 98.01, 95.09 and 85.15% respectively). Among
organic mulches mulching with mango leaves and paddy straw gave weed control
efficiency of 54.75% and 40.84% which were on par. Coir fibre mat mulching

recorded the lower weed control efficiency (10.68%).

At 90 DAS, the highest weed control efficiency was recorded for black
polythene sheet mulch (93.14%) followed by hand weeding three times at 20, 45
and 60 DAS (85.60 %). Pre emergence application of pendimethalin followed by
hand weeding at 45 DAS and newspaper mulch followed by hand weeding at 45
DAS were on par with weed control efficiencies of 79.91 and 79.75%
respectively. The lowest weed control efficiency recorded for coir fibre mat

mulching (13.11%).
4.3.4. Weed index

The data on weed index are presented in Table 19. Next to black polythene
sheet (Ts), mulching with paddy straw (T2) and newspaper (T3) recorded lower
values for weed index (23.42 and 24.47% respectively) followed by hand weeding
(26.59%) and pre emergence application of pendimethalin (30.89%). The
treatment mulching with mango leaves recorded a weed index of 37.98%. The
highest weed index was recorded for unweeded control (92.35%) followed by coir

fibre mat mulch (63.61%).
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Table 18. Effect of treatments on weed control efficiency (%)

Weed control efficiency (%)

Treatments
20 DAS | 45DAS | 90 DAS

Mulching with mango leaves @ 5 t ha

T = . § 2 25.49% | 54.75* | 55319
[f-b. hand weeding at 45 DAS
Mulching with paddy straw @ 5t ha’!

Ty ¢ pacey e 34.90¢ 40.84° 66.63¢

© | f-b. hand weeding at 45 DAS

Mulching with newspaper fb. hand

T; . = o 79.34° | 98.01° | 79.75°
weeding at 45 DAS

T, | Mulching with coir fibre mat 13.60° 10.68° 13.11°

Ts | Mulching with polythene sheet 95.67° 98.06* 93.14°
Hand weeding at 20 DAS, 45 DAS and

T 17.24¢ | 95.09° | 85.60%
60 DAS
Pendimethalin 1.0 kg ha' fh. hand ) ,

Ty . 85.20 85.15% 79.91°
weeding at 45 DAS

Ts | Unweeded control 0.00 0.00 0.00

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 19. Effect of treatments on weed index (%)

Treatments Weed index (%)

Mulching with mango leaves @ 5 t ha” fb. hand

T . 37.98°
weeding at 45 DAS
Mulching with paddy straw @ 5t ha' fb. hand

T> 23.42°
weeding at 45 DAS
Mulching with newspaper fb. hand weeding at 45

Ta 24.47¢
DAS

Ts | Mulching with coir fibre mat 63.61°

Ts | Mulching with polythene sheet 0.00

Te | Hand weeding at 20 DAS, 45 DAS and 60 DAS 26.59%
Pendimethalin 1.0 kg ha' fh. hand weeding at 45

T 30.89¢
DAS

Ty | Unweeded control 92.35"

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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4.4. Micro climate studies
4.4.1. Relative humidity

The data pertaining to relative humidity are presented in Table 20.
Mulching with mango leaves and paddy straw resulted in higher relative humidity
during the initial stages of crop growth, i.e at 21 and 28 DAS. At 21 DAS, mango
leaves recorded a relative humidity of 79.36% and paddy straw mulching recorded
79.13% which were statistically on par. During these periods, black polythene
sheet mulch showed lower relative humidity of 76.06% and 73.16% respectively.

At 42 DAS, paddy straw mulching, newspaper mulching and unweeded
control recorded higher relative humidity (78.60%, 77.66%, and 77.96%
respectively) than other treatments. The treatments hand weeding and pre
emergence application of pendimethalin were statistically on par and recorded
77.30% and 77.36% relative humidity respectively. At 63 DAS, unweeded control
recorded higher relative humidity followed by mulching with coir fibre mat and
pre emergence application of pendimethalin (77.80%, 77.30% and 76.50%
respectively). Hand weeding, mulching with paddy straw and newspaper

mulching recorded lower relative humidity.

At 70 DAS, lowest relative humidity at canopy level was recorded for
black polythene sheet mulching followed by newspaper mulching and mango leaf
mulching. All other treatments were statistically on par. During 90 DAS, coir
fibre mat mulching showed lower relative humidity of 81.73%, all other

treatments recorded almost similar relative humidity and were statistically on par.

4.4.2. Soil temperature

The data on weekly soil temperature are presented in Table 21. Black
polythene sheet mulched plots (Ts) maintained higher soil temperature throughout
the crop period. During the initial stages of crop growth (7, 14, 21 and 28 DAS)
the plots mulched with mango leaves (T1) recorded lower soil temperature than

other treatments. During 35 DAS, the lowest soil temperature was recorded for the
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unweeded control plots (Ts) followed by mulching with mango leaves. At 42
DAS, black polythene sheet mulched plots recorded higher soil temperature
(35.26°C) and all other treatments were statistically on par. During 56 and 63
DAS, unweeded control plot recorded lower soil temperature of 31.4°C and
30.3°C respectively while black polythene sheet mulch recorded higher soil
temperature of 35.7°C and 33.3°C respectively. Almost all other treatments were
statistically on par during these periods. During the end of the crop period (77, 84
and 90 DAS), soil temperature in all the plots were statistically on par except for
black polythene sheet mulching which recorded a higher temperature of 31.60,
31.43 and 31.73°C respectively.

4.4.3. Soil moisture content

The data regarding the moisture content at 15 and 30 cm depths are
presented in Tables 22 and 23. In general, all the plots with mulching recorded
higher moisture content than plots with no mulching. Among different mulches,
black polythene sheet mulching (Ts) conserved higher soil moisture content both
at 15 cm and 30 cm depths. Plots with hand weeding (Ts), herbicide application

(T7) and unweeded control (Tg) recorded lower soil moisture contents.

Soil moisture content at 15 ¢cm depth taken after 14 DAS, was higher in all the
mulched treatments compared to unmulched plots. The plots mulched with coir
fibre mat (T4) and mango leaves (T1) recorded higher soil moisture content at 15
cm depth (14.62 and 13.78%) which was statistically on par with mulching with
black polythene sheet (Ts), paddy straw (T2) and newspaper (T3) where the
moisture contents were 13.69, 13.51, and 12.52% respectively. Lower soil
moisture content was recorded for hand weeding and pendimethalin followed by
unweeded control treatment (10.58, 10.61 and 10.95% respectively). Moisture
content at 90 DAS was statistically on par in all the plots except for unweeded

control and mulching with coir fibre mat.
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At 30 c¢m depth also, mulching with black polythene sheet and coir fibre
mat showed higher moisture contents than other treatments. Hand weeding,
unweeded control plots and pendimethalin applied plots recorded lower moisture
content than mulched plots. At 14 DAS, soils of plots mulched with mango
leaves showed higher moisture content (15.64%) followed by paddy straw and
coir fibre mat mulching (14.52 and 14.61%). Lower moisture contents were
recorded for hand weeding, unweeded control and newspaper mulching (11.59,
12.24 and 12.14% respectively). At 56 DAS, higher moisture content was
recorded for black polythene sheet mulching and coir fibre mat mulching (12.79
and 11.96%) and lower moisture content in unweeded control plot (7.58%).
Moisture content at 90 DAS was statistically on par in all the plots except for

unweeded control and mulching with coir fibre mat.
4.5. Soil analysis
4.5.1. Soil pH

The data on soil pH is given in Table 24. Generally the soil was acidic in
nature. After the experiment there was a decreasing trend in soil pH as compared
to pre experimental soil. The initial soil pH was 5.08. The differences in soil pH
among the treatments were found non signiﬁc;mt. The soil pH after the

experiment ranged from 4.88 to 4.70.

4.5.2. Organic carbon

The data pertaining to the effect of treatments on soil organic carbon are
given in Table 25. As compared to the pre experimental soil, the organic carbon
content increased in all the treatments. Higher percentage of organic carbon was
observed for mulching with paddy straw (1.42%) and mango leaves (1.37%)
which were statistically on par. Mulching with black polythene was next best
treatment with an organic carbon content of 1.35%. The lower organic carbon
content was recorded for plots with hand weeding and pre emergence application
of pendimethalin (1.11 and 1.15%). Mulching with newspaper was intermediate

(1.26%) with respect to soil organic carbon content after the experiment.
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Table 22. Effect of treatments on soil moisture content (15 ¢cm)

Soil moisture content (%)

Lnentmiis 14 28 42 s6 | 76 | 90
DAS DAS DAS DAS DAS | DAS
T | Mulching with mango leaves @ 5 . a b b " "
t ha'! £b. hand weeding at 45 DAS 13.78 12.80 11.05 11.28 13.34* | 14.38
T, | Mulching with paddy straw @ 5t s . b b - "
ha! £b. hand weeding at 45 DAS 13.51 12.95 11.44 11.26° | 13.63% | 14.38
T3 | Mulching with newspaper fb. P ab b 5 . "
did woediog at 45 DAS 1252 11.93 11.28 9.61 13.65% | 13.95
b Mulching with coir fibre mat 14.62° | 12.74* | 11.62° | 11.84® | 13.27* | 11.89°
& Mulching with polythene sheet 13.69% | 13.79* | 13.75* | 13.06* | 14.12* | 14.34°
Ts | Hand weeding at 20 DAS, 45 . be be = - &
DAS and 60 DAS 10.58 10.62 10.43 9.06 13.89% | 14.21
T, | Pendimethalin 1.0 kg ha' fb. 5 . i - 4 g
hand wosdingat 45 DAS 10.61 9.82 10.22 8.62 13.35* | 13.81
Ts Unweeded control 10.95% | 9.38¢ 8.91° 7.539 | 13.45% | 11,94

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 23. Effect of treatments on soil moisture content (30 cm)

Soil moisture content (%)

Treatments
14 28 42 56 76 90
DAS DAS DAS DAS DAS | DAS
Mulching with mango leaves @ 5 t
Ty 15.64° | 12.95® | 12.68° | 11.25" | 15.82* | 14.09°
ha™! £b. hand weeding at 45 DAS
Mulching with paddy straw @ 5t
T e S @ 14.52* | 13.34* | 11.90* | 10.01°| 14.91* | 14.00°
? lha! £b. hand weeding at 45 DAS
Mulching with newspaper f.b. hand
Ts i ¢ - paper 12.149 | 11.79% | 11.12* | 9.83* | 13.76° | 13.20°
weeding at
T4 Mulching with coir fibre mat 14.61%° | 13.73% | 12.10° | 11.96* | 13.75° | 13.33°
Ts [Mulching with polythene sheet 13.78% | 13.88* | 12.65* | 12.79* | 13.68° | 13.34°
Hand weeding at 20 DAS, 45 DAS i
T | amiicn 11.59¢ | 10.14% | 833 [ 10.04% | 14.13° | 12.82°
an
Pendimethalin 1.0 kg ha! £b. hand
Ty P DASg . 12.60¢¢ | 11.19% | 9.23° | 8.34% | 14.41% | 12.54%
weeding at
Tg [Unweeded control 12249 | 835¢ | 7.78° | 7.85¢ | 12.29¢ | 10.88

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 24. Effect of treatments on soil pH

Treatments Soil pH

Mulching with mango leaves @ 5 t ha' fb. hand
Ty ) 4.74°

weeding at 45 DAS

Mulching with paddy straw @ 5t ha™' £b. hand weeding wigrs
T2 | atas DAs '
Ts | Mulching with newspaper f.b. hand weeding at 45 DAS 4.87°
T, | Mulching with coir fibre mat 4.78?
Ts | Mulching with polythene sheet 4.80°
T, | Hand weeding at 20 DAS, 45 DAS and 60 DAS 4.78*
T, | Pendimethalin 1.0 kg ha™' fb. hand weeding at 45 DAS 4.88?
Ts | Unweeded control 4.86"

Pre experiment 5.08

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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Table 25. Effect of treatments on soil organic carbon

Treatments

Soil organic

carbon (%)

Mulching with mango leaves @ 5 t ha' f£b. hand weeding

Tt 1 atas DAS e
. Mulching with paddy straw @ 5t ha™ £b. hand weeding at y
" | 45DAS
T; | Mulching with newspaper £ 5. hand weeding at 45 DAS 1.26%
T. | Mulching with coir fibre mat 1.20¢
Ts | Mulching with polythene sheet 1.35%
Ts | Hand weeding at 20 DAS, 45 DAS and 60 DAS 1.11¢
T, | Pendimethalin 1.0 kg ha™' 6. hand weeding at 45 DAS 1.154
Ts | Unweeded control 1.20¢
Pre experiment 1.06

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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4.5.3. Available N, P and K

The data on the effect of treatments on the available status of major
nutrients in soil are presented in Table 26. The content of available nitrogen was
higher in plots with black polythene mulching (144.47 kg ha™), paddy straw
mulching (143.90 kg ha™') and newspaper mulching (141.07 kg ha™) which were
on par. Mulching with mango leaves (Ti), hand weeding (Ts) and herbicide
applied plots (T7) recorded available nitrogen contents of 138.62, 135.71 and
132.61 kg ha' respectively. Lower available nitrogen content was noticed for
unweeded control (120.37 kg ha') followed by mulching with coir fibre mat
(125.09 kg ha™").

Higher available phosphorus content was observed for mulching with
black polythene sheet (16.61 kg ha). Lower phosphorus content was noticed in
unweeded control plot and coir fibre mat mulching (7.24 and 7.70 kg ha'). All

other treatments were statistically on par.

Black polythene mulch treatments showed higher available potassium
content (245.63 kg ha). Mulching with mango leaves, paddy straw and
newspaper were the next best treatments, recording 207.46, 208.13 and 208.03 kg
ha'! available K respectively and were statistically on par. Lower available K
content was recorded for unweeded control plot and mulching with coir fibre mat

(119.43 and 129.13 kg ha™).

4.6. Soil microflora
4.6.1. Total population of bacteria, fungi and actinomycetes

The population of soil microflora including bacteria, fungi and
actinomycetes are presented in Table 27. Compared to initial population of
bacteria, fungi and actinomycetes, the counts increased from sowing to harvest
with peak population at the time of flowering. The initial population of bacteria,
fungi and actinomycetes were 5.33 x10° 2.33 x 10* and 2.67 x 10* cfu/g
respectively. In general, plots with mulching recorded higher counts of microbes

during all stages of observation.
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Table 26. Effect of treatments on available nutrients in soil

Available nutrients (kg ha™)

Treatments
N P K

Mulching with mango leaves @ 5 t ha™

Ty A . @ 138.62% 13.39 207.47°
f.b. hand weeding at 45 DAS
Mulching with paddy straw @ 5t ha™

T . _ il e 143.91* 13.62° 208.13°
f-b. hand weeding at 45 DAS
Mulching with newspaper fb. hand

T _ = per J. 141.08° 13.35° 208.03°
weeding at 45 DAS

Ts | Mulching with coir fibre mat 125.09% 7918 129.134

Ts | Mulching with polythene sheet 144 47° 16.61* 245.63°
Hand weeding at 20 DAS, 45 DAS and "

To | co DAS 135.76® | 11.09 166.13°
Pendimethalin 1.0 kg ha' fb. hand

Ty _ 132.61%¢ 11.41° 169.67°¢
weeding at 45 DAS

Ts | Unweeded control 120.37¢ 7.25% 119.43¢

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT.
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At flowering, highest population of bacteria were observed in plots with
paddy straw mulching (T2), mulching with black polythene sheet (Ts), mulching
with coir fibre mat (Ts) and unweeded control (Ts) which were on par. As
compared to pre experimental soil, increment in the population of bacteria was
negligible in plots which received pre emergence application of herbicide (T7).
The bacterial population in these plots was 5.67 x 10° cfu/g as compared to 16.33
x 10° cfu/g in plots with paddy straw mulching. The plots with hand weeding and
mulched with mango leaves recorded lower counts of 10 x 10° and 7.00 x 10°
cfu/g. The same trend was observed during harvesting stage also, with higher
bacterial population in plots with paddy straw (10 x 10® cfu/g) and plots with
black polythene sheet mulching (9.33 x 10° cfu/g). The lowest population of
bacteria at this stage was recorded in plots with pre emergence application of

pendimethalin followed by hand weeding at 45 DAS (5.67 x 10° cfu/g).

During flowering, higher population of fungi was noticed in coir fibre mat
and paddy straw mulching (23.67 x 10* and 22.00 x 10* cfu/g respectively). Plots
with hand weeding and pendimethalin application recorded lower population of
fungi (6.0 x 10* and 9.67 x 10* cfu/g) than other treatments. In all the treatments,
except hand weeding, the fungi population decreased from flowering to
harvesting. However, the plots with paddy straw mulching maintained almost
uniform population. At harvesting stage, higher population of fungi was recorded
in paddy straw (21.00 x 10* cfu/g) mulch and unweeded control plot (16.00 x 10*
cfu/g) which was followed by hand weeding (11.33 x 10* cfu/g) and mango leaf
mulching (10.67 x 10* cfu/g).

Population of actinomycetes was the highest in black polythene sheet
mulched plots during flowering as well as at harvesting. The population of
actinomycetes at flowering in black polythene sheet mulched plot was 109.33 x
10* cfu/g followed by hand weeding (90 x 10* cfu/g) and paddy straw mulching
(85.67 x 10* cfu/g). Mulching with newspaper and pre emergence spray of
pendimethalin recorded lower count of acinomycetes during flowering (60.33 x

10* and 64 x 10* cfu/g). During harvesting black polythene sheet mulch recorded
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higher count of actinomycetes (79.67 x 10* cfu/g) followed by unweeded control
treatment (77.67x 10* cfu/g). Newspaper mulching recorded lower number of
actinomycetes (42.67x 10* cfu/g) during harvesting which was followed by

mulching with paddy straw (52 x 10* cfu/g).

4.6.2. Total population of nitrogen fixers, P- solubilizers and antagonists

(Fluorescent pseudomonads and Trichoderma)

Significant improvement in the population of nitrogen fixers, P-
solubilzers and antagonists (Fluorescent pseudomonads and Trichoderma) were
observed in the soil with different crop management measures (Table 28). The
population of these microbes was the highest during flowering stage. From the pre
experiment soil, fluorescent pseudomonads could not be enumerated. However,
the population reached to a maximum count of 11 x 10* cfu/g at flowering and
7.33 x 10* cfu/g during harvesting. During flowering paddy straw mulching
recorded the highest number of pseudomonads (11 x 10 cfu/g). Plots mulched
with newspaper recorded the lowest count of fluorescent pseudomonads at
flowering stage of crop (3.00 x 10* cfu/g). During harvesting stage, mulching with
black polythene sheet and newspaper mulching recorded higher count of
pseudomonads (7.33 x 10*cfu/g). Unweeded control recorded lower count of
pseudomonads during harvesting (1.33 x 10* cfu/g) followed by mulching with
paddy straw (3.00 x 10* cfu/g). Mulching with coir fibre mat and hand weeding
were statistically on par with respect to pseudomonads count during harvesting

(4.33 x 10* and 3.33 x 10* cfu/g).

Population of Trichoderma was higher in mulching with coir fibre mat,
unweeded control, paddy straw mulching and newspaper mulching (13 x 107, 13 x
10%, 12.67 x 10* and 10.67 x 10* cfu/g respectively) which were on par. Mulching
with mango leaves, black polythene sheet, hand weeding and pre emergence
application of pendimethalin were statistically on par and recorded 5.33 x 10%,
5.33 x 10%,3.67 x 10* and 3.33 x 10* cfu/g respectively. At harvest, mulching with

paddy straw was superior among treatments and recorded Trichoderma count of
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2.67 x 10* cfu/g which was followed by mulching with mango leaves and
unweeded control with count of 2 x 10* cfu/g Trichoderma in soil. Mulching with
coir fibre mat, black polythene sheet and hand weeding were statistically on par
and recorded 1.33 x 10* cfu/g Trichoderma in soil. Newspaper mulching recorded

lower count of Trichoderma (1 x 10* cfu/g).

At flowering stage, higher population of P - solubilisers were recorded in
plots with paddy straw mulching and newspaper mulching, which were
statistically on par and recorded a population of 17.33 x 10* and 17.00 x 10* cfu/g
soil. Lower count of P- solubilisers was observed in black polythene sheet
mulching (2.66 x 10* cfu/g) followed by coir fibre mat (8.00 x 10* cfu/g). The
population was statistically on par in plots with pre emergence application of
pendimethalin, hand weeding, mango leaf mulching, and unweeded control (12.33
x 10%, 11 x 10* 10 x 10%, 9x 10* cfu/g respectively). During harvesting, all the

treatments were on par with respect to the count of P - solubilisers.

Higher number of nitrogen fixers during flowering stage was found in
plots with paddy straw mulching and coir fibre mat mulching with a population of
115.33 x 10* and 114.67 x 10* cfu/g. Plots with pre emergence application of
pendimethalin recorded lowest number of nitrogen fixers during flowering (52.67
x 10* cfu/g). Treatments hand weeding, mulching with mango leaves, newspaper,
black polythene sheet and unweeded control were statistically on par and recorded
population of 83.67 x 10, 82 x 10% 81.67 x 10%, 74 x 10* and 73 x 10* cfu/g
respectively. During harvesting, plots with hand weeding and black polythene
sheet mulch recorded higher populations of nitrogen fixers (39 x 10* and 38.33 x
10* cfu/ g) and unweeded control treatment recorded lowest population (8.33 x
10* cfu/g). Pre emergence application of pendimethalin, mulching with mango
leaves, paddy straw and newspaper mulching were statistically on par and

recorded 26.67 x 10%, 26.67 x 10%, 21 x 10*, 20 x 10* cfu/g respectively.
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4.6.3. Soil microbial biomass

The data pertaining to microbial biomass carbon during flowering and
harvesting are presented in Table 29. As compared to pre experimental soil,
microbial biomass carbon (MBC) increased after the cultivation of crop. Before
cultivation of the crop, MBC in the soil was 40.68 pg g”'. MBC increased during
flowering and then showed lower values at harvesting stage. Mulching with black
polythene sheet and paddy straw recorded higher MBC during flowering (137.13
and 136.13 pg g'). Lowest MBC was recorded from plots with pre emergence
application of pendimethalin (101.33 pug g soil). The MBC in hand weeded plots
was only 104.92 pg g soil. Unweeded control treatment and coir fibre mat

mulching also recorded lower MBC of 107.9 and 105.96 pg g™

At harvest, the highest MBC was recorded for black polythene sheet
mulching (107.84 ug g™) followed by mulching with paddy straw (103.00 pg g™).
Mango leaf mulching and coir fibre mat were statistically on par and recorded
MBC of 95.94 and 94.91 pg g’ soil. Plots with pre emergence application of
pendimethalin recorded lower MBC of 83.44 ng g followed by hand weeding,
which recorded 83.97 pg g

4.7. Cost benefit analysis

The data regarding B:C ratio are given in Table 30. The highest cost of
cultivation (Rs. 414299 ha!) was for mulching with coir fibre mulching. A higher
B:C ratio of 3.02 was obtained from mulching with black polythene sheet (Ts).
Mulching with newspaper gave a B:C ratio of 2.49. Mulching with paddy straw,
pre mergence application of pendimethalin followed by one hand weeding at 45
days and hand weeding thrice at 20, 45 and 60 DAS recorded B:C ratios of 2.22,
2.46 and 2.26 respectively. Unweeded control and coir fibre mat mulching

recorded lower B:C ratios of 0.31 and 0.38 respectively.

74



SL

sisajuared Ul SON[EA PAULIOJSURI) JIWYILIRTO] ‘SIN[RA [BUISLI() 44
"IN UT [0AI] %S 18 AJUBDIJTUSIS JOJJIP JOU OP SI9)J UOWWO0D AQ PIMO[[0] SUBSW “UWN[OD B Uy

(L9°LL) (L9°'69) (00971) (L9'11) (L9'8) (0s€D) ———
881 po€8'1 01 5qS0'[ €60 €11
(L9°69) (00'%9) (00°L) (L9'6) (L9°S) (L9°S) sva |,
poqe€8’ 208’1 €80 pob6°0 pSL'0 2SL'0 Gy e Suipoom puey g}/ ey TY ('] UIRYRWIPUI]
eeLe) | 0006y | (e 1D 009 L9 o SV 09 PUe SV S ‘SVA 0T 12 Supaom puer | o
apaq qe qe p po b
sty |emm | T | mw | w | R o od o e | 1
v e 2q 2q e L
Qw% @w %wv Swww @w%w ?w%m Ao%%w Jew 21q1y 1100 m Surgop | ¥,
oqe 2q 2q e qe €
(L9'TP) (€€°09) (L9'P) (00'11) (€€L) (L9¥1) SvVd | ¢
2T9'1 pLL 1 2§90 ! %580 91T | S Je Suipaom puey g 1odedsmou pim SuryomN
(00°2S) (L9°58) (00'12) (0022) (0001) (€€91) svasye| .,
opOL’ 2qe€6' 1 ol€1 eCE'1 266°0 oIT1 | Supdam puey g/ ey/g @) mens Apped pim Surydny
(00°5S) (00°SL) (LoD (€€81) (00°8) (0001) SV St e Surpoom | 1
opoEL’T poql 8’1 00’1 @ST'1 2q06°0 660 | PuRy ‘g eyA ¢ @) soArd ofuew YIm SUIYONA
L9'C €€°C €e's Junoo [enIuy
SunsIAIRE _ SULIIMO[] | sunsaAIey _ Suramor] | Sunsaarey _ Suramopy
(,01X) $9J22AWOUNDY 01%) sun, (,01%) eLId)EY sjudueaL ],
(8/np2) wonendog

€0 Jo 21aydsozIyt ay) ur sajedAwounde pue 1dunj ‘erLjdeq jo uonemdod [£)0) U0 SJUIWILIIL JO 3T LT AqEL

93



"L UT [2AS] 2% 18 APuedrjTuSIS JOJJIP JOU OP $19)19] UOWWO AQ PAMO[[0] SUBIW “UWIN[OD B U,

9L

sisopuated Ul SaNjEA PAULIOJSURI) JTWIILIBSO] ‘SIN[BA [BUISLIQ) 44

4

(€€'8) (00°€L) (€£9) (00'6) (002) (00°€1) (€1 (00'8) jomuo papaamup) | s
8T S8l «8L°0 60 ¢0€°0 209°€ 01°0 5680
(L9°92) (L9°T8) (L99) (e€Tn) (L91) (€€¢) (00°6) (00°5) svasywe |
SIS STL1 780 80’1 2:0 0 (€L’ 2690 690 | SUIPRIM puey g/ By/ BY ('] UIEYAWIPUS]
(00°6€) (L9°€8) (00/9) (0011 (€€'D) (L9°€) (€€°€) (L99) sva | 5,
79 al6'l 9L @l0'1 5010 q88'1 poCS 0 wbL'0 | 09 PUB SVA S 'SV (T 18 Sulpadm pueH
(££°8€) (00°¥L) (00°6) (99°0) (€€'1) (g€5) (e€L) (009) oous auauiAjod g Surpomny | S|
619 98’1 «06'0 29€°0 01°0 8T°T +98°0 sqel L0
Loon) | 9viD) (00°6) (00°8) () (00€n) (€€p) (0001 yew 21q 1105 QA Surgamp | #1
80 S0'T 99°0 488°0 01°0 oLS'€ €90 w660
(00°02) (L9°18) (€€°L) (00LD) (001 (LyoD) (€€'L) (00°¢) VA St 8 Bupaam |
i q16'1 +$8°0 <11 :00°0 9T€ @S8°0 Or'0 | Pued g/ Jodedsmou  yum  Buroniy
(00'12) | (ges1D) (€€9) (e€LT) (L9D (L9zD) (00°¢) (0011 SV sy 38 Bupaom puey |
oLS'Y +90'C wSL'0 €T #CP0 9S°€ 2970 w0’ ‘qf eyns @ mens Apped yim Surgdnp
(L9'92) (00°T8) (L9°¢) (0001 (007) (g€°6) (L9v) (L9°6) SV St 18 Buipaam puey | 1
oLO'S q16'1 €50 w660 0€°0 62T 2499°0 sxpol9°0 | 9/ BUA § @) SoARD] OBuEw M BUIPNN
006 00T 001 - unoo [enu
Sunsoatel | Surtomory | Sunsaadey | Suromop | Sunsoadel | SuldIMoOl] | SunsdAtvy | SuLdIMO[Y
(,01%) s19XYy UIS013IN (01x) saasifIqnjos -4 (,01X) puriapoyoL | (;01X) speuowopnasg RLLELI LSRN B
(8/myo) uonedog

(Puriapoyd1a ] pue SPEUOWOPNISJ JUIISAION])) SISTUOTRIUR PUE SIIZI[IN]OS -4 ‘SI9XL) uadoniu jo uonendod [810) U0 SpUdWILIL) JO 1IIYYT "8 qE L



Table 29. Effect of treatments on soil microbial biomass

Microbial biomass carbon

-1
Treatments (ngg™)

Flowering | Harvesting

Mulching with mango leaves @ 5 t ha fb.

b c
& hand weeding at 45 DAS 114.91 95.94

Mulching with paddy straw @ 5t ha £b. hand

a b
Tz weeding atd5 DAS 136.13 103.00

Mulching with newspaper fb. hand weeding

c d
Ts at 45 DAS 108.97 85.97
T, | Mulching with coir fibre mat 105.96¢ 9491°
Ts | Mulching with polythene sheet 137.132 107.84%
Hand weeding at 20 DAS, 45 DAS and 60
e ef
Te DAS 104.92 83.97
Pendimethalin 1.0 kg ha' fb. hand weeding
f f
Tz At 45 DAS 101.33 83.44
Ts | Unweeded control 107.90¢ 85 .85de
Presowing 40.68

*In a column, means followed by common letters do not differ significantly at 5%

level in DMRT
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Table 30. Effect of treatments on Benefit:Cost ratio

Cost of Income
Treatments cultivation (Rs/ha) B:C ratio
(Rs/ha)
Mulching with mango leaves @ 5 t ha™
T 134659 2 2.01
' | £b. hand weeding at 45 DAS AR
Mulching with paddy straw @ 5t ha’
T . 150951 334800 2.2
’ f.b. hand weeding at 45 DAS
Mulching with newspaper fb. hand
132651 330300 249
1s weeding at 45 DAS
T4 | Mulching with coir fibre mat 414299 159000 0.38
Ts | Mulching with polythene sheet 144799 437400 3.02
Hand weeding at 20 DAS, 45 DAS and
20700 2.26
Ts 60 DAS 141817 3
Pendimethalin 1.0 kg ha' fb. hand
¥ 122644 302100 2.46
" | weeding at 45 DAS 6
Ts | Unweeded control 107224 33600 0.31

* Labour charges (Men — Rs. 449/day and Women- Rs. 349/ day)

*Cost of black polythene sheet — Rs. 6.10/ m? (100 % coverage of field)

*Cost of Coir fibre mat — Rs. 30/m?

*Cost of pendimethalin — Rs.470/L

*Sale price of okra — Rs. 30/kg
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5. DISCUSSION

The experiment entitled “Microsite variations of okra [Abelmoschus
esculentus (L.) Moench.] under different weed management practices” was
conducted in the Department of Agronomy, College of Horticulture, Vellanikkara
during 2016. The results obtained from the experiment which were presented in

the previous chapter are discussed below.
5.1 Effect of treatments on plant growth and yield

The plant height of okra ranged from 33.27 ¢cm to 47.07 ¢cm, 99.67 cm to
110.23 ¢cm and 100.87 cm to 123.87 cm at 30, 60 and 90 DAS respectively (Table
4 and Fig. 2). Mulching with black polythene sheet recorded the highest plant
height throughout the crop period. Improvement in height of plants grown under
polythene mulches was reported by Kaur (2015). According to her application of
plastic mulch significantly improved the plant height over organic mulch and no
mulch treatments in brinjal. Plant height in newspaper mulching and hand
weeding treatments were more or less the same. Among organic mulches,
newspaper and paddy straw recorded highest plant height, whereas coir fibre mat
mulching recorded lowest plant height. Unweeded control plot recorded the
lowest plant height throughout the crop period. As suggested by Usman et al.
(2005), it is obvious that reduction in plant height is due to severe crop-weed

competition.

In general, the number of branches increased from 30 DAS to 90 DAS
(Table 5 and Fig. 3). Higher number of branches were observed in black
polythene sheet during the entire crop period. Muhammed (2015) also reported
higher number of branches in okra plants under black polythene mulching.
Among organic mulches, newspaper mulching recorded higher number of
branches followed by paddy straw. Number of branches in hand weeding and
mango leaf mulched plots were more or less similar. The lowest number of
branches was in unweeded control plot, the reason could be severe infestation of

weeds in this treatment.
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All the treatments except unweeded control and mulching with coir fibre
mat started to flower by 36" day after sowing. Unweeded control treatment took
more number of days for first flowering (43 DAS) and harvesting (48 DAS) as
depicted in Tables 6 and 7. The plants under coir fibre mat took 38.33 days for the
first flowering and 43 days for the first harvest. In these treatments weed count
and weed dry matter production were very high throughout the crop growth period
(Tables 16 and 17). Similar findings were reported earlier by Olabode et al.
(2007). According to them, weedy check took more number of days for flowering
because of higher competition from weeds. Black polythene sheet, hand weeding
and pre emergence spraying of pendimethalin were good treatments considering

number of days to harvest.

Number of fruits produced per plant was significantly higher in black
polythene sheet (12.26 nos.) than other treatments (Table 8 and Fig. 4). The
number of fruits per plant ranged from 7.60 to 12.26. Mulching with newspaper,
paddy straw and hand weeding were the next bést alternatives in case of number
of fruits per plant. Unweeded control plots gave the lowest number of fruits
(5.26). Similarly plants under black polythene sheet and plants with heavy weed
infestation (unweeded control) gave the highest and lowest number of harvests
(Table 10). Except for mulching with coir fibre mat all other treatments with
mulching were similar while considering number of harvests. As reported by Arin
and Ankara (2001), polyethylene mulches are useful for encouraging crop
development during initial stages of plant resulting in early harvest and high total

yield.

Weed management practices significantly influenced the yield of okra as
presented in Table 9 and Fig. 5. Black polythene sheet mulching gave the highest
yield (14.58 t ha'). Significant influence of polythene mulching on increasing
yield of okra was reported by Aniekwe (2015). Among organic mulches,
mulching with paddy straw (11.16 t ha') and newspaper (11.01 t ha') were better
treatments for yield. Positive influence of paddy straw mulching and paper

mulching on yield of okra was reported by many workers (Muhammed, 2015;
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Dutta ef al., 2016). Yield with coir fibre mat was very low compared to other
weeded treatments (5.30 t ha'). Higher weed growth noticed in coir fibre mat
might have influenced crop growth adversely and finally yield. The fruit yield
from hand weeded plots and plots with pre emergence application of herbicide
were statistically at par (10.69 and 10.07 t ha™'). The unweeded control plot
recorded the lowest fruit yield of 1.12 t ha™ which was 13.46 tons per hectare less
than the best yielding treatment. Compared to traditional hand weeding and pre
emergence application of pendimethalin, weed management by black polythene
sheet mulching gave 3.88 and 4.51 tons more yield per hectare respectively. Yield
from plots with paddy straw and newspaper mulching followed by one hand
weeding at 45 DAS were at par with hand weeding three times at 20, 45 and 60
DAS, indicating the possibility of reducing number of hand weedings from three

to one by the application of organic mulches.

Analysis of the data on nutrient uptake (Table 13) revealed that different
weed management methods significantly influenced nutrient uptake by the plant.
In general, black polythene sheet mulch and unweeded control recorded the
highest and lowest uptake of nutrients at 30 and 60 DAS, may be due to absence
or presence of weeds respectively. In addition, increased uptake of nutrients by
plants grown with plastic mulching can be linked to increased mineralization of
nutrients. Hankin ef al. (1982) suggested that the temperature differential in soil
under mulches may be sufficient to affect the growth of microorganisms, the
amount of extracellular enzymes released to the soil, and ultimately the rate of
degradation of organic materials and release of nutrients to the plants. Among the
treatments with mulching, except for coir fibre mat, all other treatments had
higher uptake of nutrients. Consequent to increased uptake of N by the plants with
less weed competition, these plants showed higher relative chlorophyll contents
(SPAD units). Mulching with black polythene sheet, paddy straw, newspaper and
pre emergence application of pendimethalin recorded significantly higher relative

chlorophyll content at 30 DAS.
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Black polythene sheet mulching, newspaper mulching and hand weeding recorded
higher chlorophyll content at 60 DAS too. Unweeded control treatment showed

the lowest chlorophyll content during both at 30 and 60 DAS.
5.2. Effect of treatments on weed growth

Weeds found in the experimental field were typical upland weeds. The
main grass weeds observed in the field were Digitaria ciliaris and Panicum
maximum. The broad leaf weeds were Cleome burmanii, Euphorbia geniculata,
Borreria hispida, Phyllanthus amara, Sida acuta, and Alternanthera bettzickiana.

No sedges were noticed during the crop period.

At 20 DAS, the lowest weed count and dry weight was observed in
mulching with black polythene sheet (Tables 16, 17 and Figs. 5, 6). Pre
emergence application of pendimethalin @ 1.0 kg ha' was the next better
treatment considering weed count and dry weight. Among different organic
mulches, newspaper mulching was superior in controlling weeds, and recorded
lowest weed count and dry weight, followed by mulching with paddy straw and
mango leaves. Munn (1992) reported that mulching with newspaper resulted in
better control of weeds than straw mulch and bare soil. Mulching with coir fibre
mat recorded a higher weed count and dry weight due to emergence of weeds
through the holes of coir fibre mat. Hand weeded plots recorded higher weed

count and dry weight because hand weeding was done on 20" day.

Black polythene sheet mulch continued its superiority in controlling weeds
throughout the growing period as compared to other treatments. Sainudheen
(2000) reported the superiority of black polythene sheet mulching in controlling
weeds of okra, and according to him no weed growth was observed under
polythene mulching except a few, which germinated through the holes made for
sowing the seeds. The superiority of black polythene sheet in suppression of weed
growth was also reported by Aniekwe (2015). The weed count and dry weight of
pendimethalin sprayed plots increased from 20 DAS to 90 DAS showing that its

efficiency was only up to initial growth stages of crop. Similar finding was
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reported by Muhammed (2015). At 45 DAS, lower weed density and dry weight
was observed in polythene sheet mulched plots and hand weeded plots followed
by newspaper mulched plots and pre emergence application of pendimethalin.
Mulching with paddy straw and mango leaves also reduced weed density and dry
weight. Significant reduction of weed dry weight in paddy straw mulching was
reported by Thankamani er al. (2016). Among organic mulched plots, mulching
with coir fibre mat showed higher weed count and dry weight. In all other plots
with mulching, comparatively lower weed density and dry weight were observed.
Black polythene sheet mulching showed higher weed control efficiency
(WCE), more than 90 % throughout the growth period (Table 18 and Fig. 7).
Among organic mulches, newspaper mulching gave higher WCE during the entire
growth period. At 20 DAS, WCE was the highest in black polythene sheet
mulched plots followed by pre emergence application of pendimethalin. At 45 and
90 DAS, black polythene sheet mulching, hand weeding, pendimethalin spray and
newspaper mulching gave higher WCE than other treatments. About 87 % WCE
was reported for pre emergence application of pendimethalin followed by two
hand weedings (Sultana et al, 2008). Mulching with mango leaves and paddy

straw gave comparatively better WCE during the growth period.

Mulching with black polythene sheet showed lower weed index. Among
organic mulches, mulching with newspaper, paddy straw and mango leaves
recorded lower weed index (Table 19 and Fig. 8). As reported by Muhammed et
al. (2015), better weed management in okra can be achieved by organic mulching
and thereby crop yield could be increased. Hand weeding and pre emergence
application of pendimethalin also recorded lower weed index showing the
effectiveness of the treatments in reducing crop weed competition, resulting in

better yield.
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5.3. Effect of treatments on microclimate

Relative humidity at canopy level of mulched plots was higher during the
initial period of the crop than treatments without mulching. Mulching with mango
leaves and paddy straw showed higher relative humidity compared to other
mulches. During the end of the crop period, most of the treatments recorded
almost similar values for relative humidity. Yu-zhu et al. (2011), reported that
mulching improved the canopy level relative humidity and provided more

favourable micro environment for the growth and yield of rice.

During the entire growth period, mulching with black polythene sheet
recorded higher soil temperature than other treatments. Black polythene sheet
mulched plots increased soil temperature by about 1.66 to 3.65°C at different
growth stages of the crop. Ghosh er al. (2006) reported that black polythene
mulch increased soil temperature to 4-5°C during the crop period. The rise in soil
temperature may be due to solar energy trapped inside the mulch material through
green house effect (Hu er al., 1995). During the initial stages of the crop soil
temperature in the organic mulched plots were lower than unmulched plots.
Organic mulches reduced soil temperature and maintained higher soil moisture
levels than other treatment as reported by Schonbeck and Evanylo (1998). Among
organic mulches, mulching with coir fibre mat recorded higher soil temperature

than other treatments.

Weed management methods significantly influenced the soil moisture
content at different depths at different growth stages of the crop. In general, all the
treatments with mulching recorded higher moisture content at both depths than
treatments without mulching. Higher soil moisture content in the mulched plots
than unmulched plots was reported by Sharma and Kathiravan (2009). Among
organic mulching treatments, mulching with newspaper recorded lower moisture
content than other treatments. At 15 cm depth, mulching with black polythene
sheet recorded significantly higher moisture content throughout the growth period.

Hand weeded, pendimethalin sprayed and unweeded control recorded lower soil
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moisture. At 30 cm depth also, almost similar trend was observed. Black
polythene sheet mulch recorded higher moisture content during most of the crop
period. Higher moisture content under polythene mulching may be due to reduced
evaporation rate as reported by Lalitha et al. (2010). According to Liakatas et al.
(1986) plastic mulches directly affect the microclimate around the plant by
modifying the radiation budget of the surface and decreasing the soil water
loss. High moisture content in all the treatments towards the final stage of crop

was due to higher rainfall received during the season (Appendix 1).
5.4. Effect of treatments on soil chemical properties

In general, a decrease in soil pH after the experiment was observed. The
pH was 5.08 and after the experiment, pH ranged from 4.74 - 4.86. Soil pH in
different plots were not significantly different after experiment. Considerable
influence of mulches on soil organic carbon was observed. Organic carbon in the
soil before the experiment was 1.06 percent and after the experiment, organic
carbon increased, ranging from 1.11 to 1.42 percent. Mulching with paddy straw
and mango leaves recorded higher organic carbon content and were on par (1.42
and 1.37 percent respectively). Lower organic carbon content was observed in
plots without mulching. Increased soil organic carbon content in mulched plots as
compared to unmulched plots was reported by Bajoriene et al. (2013). Breakdown

of organic mulches may have added organic matter to the soil.

Nutritional status of the soil was significantly influenced by different
treatments. Available N and K were higher in mulched plots than unmulched
plots. Khan et al. (2002) reported that straw mulching application increased
available N, P, and K status in soil. Improved nutrient availability under mulched
plots than unmulched plots was reported by Agele et al. (2000). Available P
content was more or less similar in mulched and unmulched plots. Compared to
organic mulches, mulching with black polythene sheet recorded higher contents of
available nutrients. Reduced nutrient loss by less weed population and enhanced

mineralization of nutrients under polythene mulches may be the reasons.
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According to Lalitha ef al. (2010), the mineral N content (NO3’ and NHy4") in soil
under polythene mulching is higher due to high mineralization of organic N.
Breakdown of organic materials releases soluble nutrients like NO3”, NH4", Ca?*,
Mg>, K' and fulvic acid to the soil which in turn increases soil nutrient
availability. Unweeded control plot recorded low available nutrients; presumably

because of higher nutrient removal by weeds.
5.5. Effect of treatments on soil microflora

In general, total population of microbes in pre experimental soil was very
low (Tables 27 and 28). The microbial activity was enhanced by cultivation
practices. The total population of soil microbes were higher during flowering
stage of the crop and later decreased. All the treatments with mulching recorded
higher population of soil microflora as compared to unmulched plots. Stimulatory
effect of mulches on soil microbial population was reported by Csaba et al.
(2007), according to him it might be due to higher organic carbon content in the
soil under mulching which is considered as one of the major portions of the food
source for microbes. Among organic mulches, paddy straw exhibited stimulatory
influence on soil bacteria, fungi and actinomyctes. Positive influence of straw
mulching on the population of bacteria, fungi and actinomycetes was observed by

Muhammed ef al. (2015) which is in agreement with the present study.

Although the population of all the microbes under the study during
flowering stage was lower in plots with pre emergence application of
pendimethalin, the population turned out to be on par with that in unmulched soil
towards later stages. According to Majumdar et al. (2010) the microbial activity in
herbicide applied plots started to recover at 15 days after application and the
activity in those plots synchronized with plots without herbicide towards the final
stage of the crop due to the acclimitization of the microorganisms to consume the
herbicide as a source of carbon, resulted in improved population of microbes. The

same trend could be observed in the present study also.
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5.5.1 Total population of bacteria, fungi and actinomycetes

Total population of bacteria were higher in mulched plots than in
unmulched plots (Table 27 and Fig. 10). The population of bacteria was lower in
herbicide sprayed plots during both flowering and harvesting. Among mulched
treatments, paddy straw mulch recorded higher population of bacteria which was
statistically on par with mulching black polythene sheet mulch. Bhagat et al.
(2016) reported that straw mulch increased bacteria, fungi and plant growth
promoting rhizobacteria in soil and the increase in microbial population might be
due to increased organic carbon content of the soil under mulches. Increased
organic matter content in soil due to high temperature under plastic mulches

enhanced the microbial activity was reported by Kader et al. (2017).

Total population of fungi (Table 27 and Fig. 11) were higher under paddy
straw mulch during both flowering and harvesting. Bare soils (hand weeded and
pendimethalin sprayed) recorded lower fungal population. Increased activity of
rhizobacteria in the rhizosphere, rhizoplane and root interior of vegetables grown
in mulched soils compared with bare soil was reported by Khan er al. (1998).
Among different mulching treatments, newspaper mulching showed lower

population of fungi than other treatments.

Population of actinomycetes (Table 27 and Fig. 12) was significantly
higher in black polythene sheet mulched plots during both flowering and
harvesting stages. Which might be due to tolerance to high temperature. Haines
(1932) reported that optimum temperature for the growth of actinomycetes is
around 37 - 40°C. Compared to bacteria and fungus, reduction in the population of
actinomycetes from flowering stage to harvesting stage was not radical. Hand
weeding was the next best treatment at flowering which was followed by paddy
straw mulch. Lower population was found in pendimethalin sprayed plots and
newspaper mulched plots. Balasubramanian and Sankaran (2001) also reported

suppression of soil microflora during the initial stages of crop in herbicide applied
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soils and recovered later. This might be due to the toxic effects of herbicides

immediately after the application.

5.5.2 Total population of nitrogen fixers, P - solubilizers and antagonists

(Fluorescent pseudomonads (FP) and Trichoderma)

Total population of FP was significantly higher in paddy straw mulch
during flowering period followed by coir fibre mat mulching (Table 28 and Fig.
13). Black polythene sheet and unweeded control treatments were statistically on
par considering FP population. Newspaper mulch recorded the lowest count of
FP. At harvesting black polythene sheet mulch and unweeded control treatments
recorded highest and lowest population of FP respectively. Casale er al. (1995)
found that application of mulches favouring healthy growth of plants also favour

the growth of P. fluorescens in the rhizosphere.

Trichoderma population was significantly influenced by different
treatments. Population was high at flowering and decreased towards harvest
(Table 28 and fig. 14). Mulching with coir fibre mat, paddy straw and newspaper,
and unweeded control were statistically on par and recorded higher population of
Trichoderma at flowering. At harvest, paddy straw mulch recorded highest
population than other treatments. Which might be due to high carbon availability
in these plots (Zhang et al., 2014). Newspaper mulch recorded lowest population
of Trichoderma at the time of harvest. Total population of P - solubilisers was
significant during flowering. At flowering, paddy straw and newspaper mulches
recorded significantly higher population of P - solubiliser than other treatments
(Fig. 15). Mulching with black polythene sheet recorded lowest population of P -
solubilisers followed by coir fibre mat mulching. Mulching with mango leaves,
hand weeding, pendimethalin spray and unweeded control were statistically on
par. At harvest, the treatments did not differ significantly. According to Wardle et
al. (1993), all weed management strategies which influence soil temperature and
moisture contents were likely to induce significant responses by the beneficial soil

microflora.
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Total population of nitrogen fixers were significantly higher in plots
mulched with paddy straw and coir fibre mat (Fig. 16). Dutta et al. (2016)
observed a higher population of non symbiotic N-fixing and phosphate
solubilizing microbes under straw mulched treatments. Conservation of soil
moisture and increased availability of nutrients might have enhanced the
population of these microbes under straw mulching. Treatments with pre
emergence application of pendimethalin recorded the lowest population of
nitrogen fixers during flowering. Inhibition of nitrite oxidizer population during
initial stages of crop growth by herbicide application was reported by Saini ef al.
(2009). Mulching with mango leaves, newspaper, black polythene, hand weeding
and unweeded control treatment were statistically on par during flowering. During
harvesting, black polythene sheet mulching and hand weeding recorded higher
population of nitrogen fixers. Although at flowering, the population of N fixers
was lower in plots treated with pre emergence application of pendimethalin, at
harvest, the population was on par with mulching with mango leaves, paddy straw
and newspaper. At harvest unweeded control recorded lower population of
nitrogen fixers which was followed by mulching with coir fibre mat. Dutta et al.
(2016) reported lower population of microbes under weedy check, which might be
due to the detrimental effect of root exudates released by weed flora in

rhizosphere soil.

In general, all the plots with mulching favoured the population of soil
micro flora. Among mulches, paddy straw mulching improved population of most

of the microbes in soil than all other treatments.
5.5.3 Soil microbial biomass

Soil microbial biomass carbon increased after the cultivation of the crop.
Higher MBC values were recorded at flowering stage than at harvest. This might
be due to increased rhizobial effect during flowering stage of the crop. Increased
microbial activity during panicle initiation stage of rice which lead to faster

multiplication of microflora was also reported by Aparna (2000). At flowering,
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paddy straw and black polythene sheet recorded higher MBC than other
treatments (Table 29 and Fig. 17). Since, MBC is one of the general indices of soil
microbial activities, improved MBC in these treatments can be correlated with
increased population of soil microbes. Lalfakzuala et al. (2006) reported a linear
relationship between soil microbial population and MBC. Plots without mulches
(pre emergence application of pendimethalin and hand weeding) recorded lower
MBC during flowering. Mulching with mango leaves was the next best treatment
after paddy straw and black polythene sheet. This might due to higher organic
carbon in the mulched plots due to high temperature which might have increased
the MBC in soil. Great influence of soil organic carbon on soil microbial carbon
were reported by Srinivasarao et al. (2007). At harvest, black polythene sheet
mulch recorded higher MBC followed by paddy straw mulching. High
temperature and high moisture under polythene sheet mulches might have
increased MBC in the polythene mulched plots. Piao et al. (2001) observed
positive correlation with temperature and MBC. According to Kader et al
(2017), soil moisture plays an important role in the level of soil microbial biomass
carbon. They reported a strong correlation between the soil moisture and soil
microbial biomass carbon. In the present studies, it was found that mulching with
black polythene sheet and paddy straw were the best treatments to increase the

microbial biomass
5.6. Economics of mulching

The highest B:C ratio was obtained for mulching with black polythene
sheet which recorded a B:C ratio of 3.02 (Table 30 and Fig. 18). Mulching with
newspaper showed a B:C ratio of 2.49. The B:C ratio for herbicidal weed
management was 2.46 whereas the B:C ratio for hand weeding was 2.26;
indicating the possibility of substituting herbicide and hand weeding methods with
organic mulches like newspaper. Weed management by application of straw as

mulch also gave better B:C ratio of 2.22.
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6. SUMMARY

Weed competition is one of the major production constraints which lead to
low productivity of agricultural crops. Hence weed management is an important
practice to improve production potential of a crop. Different weed management
practices will modify the micro environment of the crop differently depending on
the method adopted, environmental conditions, and other management practices.
Therefore to assess the effect of different weed management practices on the
microsite variations and its consequent effect on growth and yield of okra, a study
entitled “Microsite variations of okra [Abelmoschus esculentus (L.) Moench.]
under different weed management practices” was conducted at the Department of
Agronomy, College of Horticulture, Vellanikkara during the period from March to
June 2016. The experiment was laid out in randomized block design with three
replications. The treatments comprised of four different organic mulches (mango
leaves, paddy straw, newspaper and coir fibre mat), mulching with black
polythene sheet, hand weeding, weed management by herbicide and an unweeded

control treatment.

Yield and yield attributes of okra showed significant variation due to
different weed management methods. Black polythene sheet mulching greatly
influenced the plant height. Similar trend was observed for number of branches
too. With respect to days to first flowering and harvesting weed management
practices showed its influence. Almost all the treatments except for unweeded
control and coir fibre mat mulching took almost similar number of days for first
flowering. Black polythene sheet, hand weeding and herbicide treatment were

better treatments in case of reducing number of days to first harvest.

Number of fruits per plant was higher in black polythene sheet mulched
plots. Newspaper and paddy straw mulches also improved number of fruits per
plant. Higher number of harvests and high yield was obtained in black polythene
sheet mulch. Black polythene sheet mulching recorded a fruit yield of 14.58 t ha™!
followed by paddy straw mulching, newspaper mulching (11.16 and 11.01 t ha™).

Mulching with paddy straw and newspaper recorded more yield than hand
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weeding and pre emergence application of pendimethalin. Higher uptake was
noticed under black polythene sheet and lower uptake was in unweeded control
plot. Similarly except for coir fibre mat mulching, all other treatments with
mulching recorded higher uptake of nutrients and as a consequence, these plants

showed higher relative chlorophyll content (SPAD units).

Improvement in soil organic carbon content was noticed after the
experiment. Mulching favoured the soil organic carbon content. Mulching also
improved the soil nutritional status as compared to bare soils of hand weeded,
herbicide treated and weedy check plots. Available N and K were higher in
mulched plots. Whereas available P content was more or less similar in all the
plots. A decrease in soil pH after the experiment was noticed. However, there was

no significant difference in pH due to treatments.

Considerable effect of mulches on relative humidity at canopy level was
noticed. The relative humidity of mulched plots were higher than plots without
mulching. Black polythene sheet recorded higher soil temperature than other
treatments during the entire crop period. Soil temperature in the plots with organic
mulches was lower than the plots without mulching. Weed management methods
significantly influenced the soil moisture content at different depths at different
growth stages of the crop. In general, all the treatments with mulching recorded

higher moisture content at both depths than treatments without mulching.

Different weed management practices significantly affected the soil
microflora. The microbial population improved after the experiment. The
population of soil microbes was higher during flowering stage of the crop and
later decreased. All the plots with mulching recorded higher population of soil
microflora as compared to unmulched plots. Paddy straw mulching improved the
soil bacteria and fungi both at flowering and harvesting. Population of
actinomycetes was found higher under black polythene sheet mulch during
flowering and harvesting. Almost similar trend was found in the total population
of P - solubilisers, nitrogen fixers and antagonists. Population of pseudomonads

was higher in paddy straw mulching during flowering. However, at harvesting,
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higher population of pseudomonads was found in black polythene sheet mulching.
Lowest count of nitrogen fixer was found in herbicide treated plot during
flowering. Total population of P - solubilsers and Trichoderma were found higher

under mulching with paddy straw both during flowering and harvesting.

Soil microbial biomass carbon was also influenced by different treatments.
Higher MBC was recorded for paddy straw mulch during flowering and lower in
plots with pre emergence application of pendimethalin. During harvesting higher

MBC was found in black polythene sheet mulched plots followed by paddy straw.

All the treatments managed the weeds effectively. Black polythene sheet
mulching was the best treatment considering weed control. Pre emergence
application of pendimethalin resulted in lower weed population and dry weight
during initial period of the crop and there after population and dry weights
increased. Among different organic mulching, newspaper mulching recorded
higher weed control followed by paddy straw mulching. Mulching coir fibre mat
failed to reduce weed growth throughout the crop period. Higher weed control
efficiency (more than 90 %) was found in black polythene sheet throughout the
crop period. Mulching with paddy straw and newspaper recorded lower weed

index than hand weeding and pre emergence application of pendimethalin.

Higher benefit cost ratio of 3.02 was recorded for black polythene sheet
mulching. Newspaper mulching and pre emergence spray of pendimethalin were

the next best treatmentswith respect to B:C ratio.

From the experiment, it can be concluded that different weed management
practices influenced the micro environment of the crop greatly and resultant micro
site variation influenced the yield and yield parameters of crop and also soil
quality parameters. The results also suggest the possibility of using mulches either
organic (newspaper or paddy straw) or inorganic (polythene) as a better
alternative to manual weeding and herbicidal application for weed management

and for better B:C ratio in okra.
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ABSTRACT

Okra [Abelmoschus esculentus (L.) Moench.] is a warm season vegetable
crop cultivated mainly for its immature fruits. Weed control is an expensive
management practice in okra production which can influence productivity of both
crop and soil. Weed management practices can modify the micro environment of
crops, the extent depending on the method adopted, environmental conditions, and
other management practices. The present study was taken up in the Department of
Agronomy, College of Horticulture, Vellanikkara during March to June, 2016 to
assess the effect of weed management practices on microsite variations and their
consequent effect on growth and yield of okra. The treatments comprised of four
different organic mulches (mango leaves, paddy straw, newspaper and coir fibre
mat), mulching with black polythene sheet, hand weeding, application of pre

emergence herbicide and an unweeded control treatment.

Black polythene mulching positively influenced the yield and yield
attributes of okra and resulted in greatest plant height and number of branches.
Mulching with black polythene, hand weeding and herbicide treatment reduced
the number of days to harvest. Higher number of harvests and number of fruits per
plant were obtained with black polythene mulching. This treatment recorded a
fruit yield of 14.58 t ha’!, followed by the treatments paddy straw mulching and
newspaper mulching (11.16 and 11.01 t ha™).

Crop uptake of nutrients was higher under black polythene mulch and was
lowest in unweeded control. Similarly, except for coir fibre mat mulching, all
other treatments with mulching showed higher uptake of nutrients, and
consequently, these plants showed higher relative chlorophyll content (SPAD
units). Mulching also improved the soil nutrient status as compared to hand
weeded, herbicide treated and weedy check plots. Available N and K were higher
in mulched plots while available P content was more or less similar in all the

plots.
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Considerable effect of weed management practices on soil microclimate
was noticed. Black polythene sheet recorded higher soil temperature during the
entire crop period. Soil temperature in the plots with organic mulches was lower
than the plots without mulching. In general, the soil moisture content at different
growth stages of the crop was higher in all the treatments with mulching as

compared to treatments without mulching.

Higher population of soil microflora was observed with mulching as
compared to unmulched plots. Paddy straw improved soil bacterial and fungal
populations both at flowering and harvesting, whereas, actinomycetes were higher
under black polythene mulch. At flowering, total population of P - solubilsers,
nitrogen fixers and antagonists were higher under mulching with paddy straw. At
harvest higher microbial biomass carbon was found in black polythene mulched

plots, followed by paddy straw.

Higher weed control efficiency (more than 90 %) was observed with black
polythene mulching throughout the crop period. Among different organic
mulches, newspaper mulch recorded higher weed control efficiency followed by
paddy straw mulch. Mulching with coir fibre mat failed to reduce weed growth.
Mulching with paddy straw and newspaper recorded lower weed indices than

hand weeding and pre emergence application of pendimethalin.

The highest benefit:cost ratio of 3.02 was recorded for black polythene
mulching. Newspaper mulching and pre emergence spray of pendimethalin were

next with respect to B:C ratio.

Different weed management practices significantly influenced the micro
environment of the crop, and influenced the yield and yield parameters of okra as
well as the soil quality. Use of either organic (newspaper or paddy straw) or
inorganic (polythene) mulches is a better alternative to manual weeding or
herbicidal application for effective weed management and for better B:C ratio in

okra.




