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GENERAL ABSTRACT
Powdery mildew (Podosphaera pannosa) is a major disease of roses which reduces yield and
quality through growth of mycelia on different parts of the rose plant which affects their salability.
The disease is wide spread where roses are grown both in greenhouse and field. This study was
carried out to evaluate the effects of Bacillus spp and sodium nitrophenolate on powdery mildew

of roses in greenhouse conditions.

The trial was done in an already established bush of roses in the greenhouses at Kikuyu in Kiambu
County and at Naivasha in Nakuru County both are in Kenya. The experiment was conducted on
a variety known as A one which is grown in different farms in Kenya. Weekly foliar application
of Real subtilis® (Bacillus subtilis) at the rate of 2ml/L, Hatake (Bacillus amyloliquefaciens)
3.00/L, Atonik® (sodium nitrophenolate) 1ml/L and Meltatox® (Dodemorph acetate) 2.5ml/L. In
the second experiment, foliar application of Bacillus amyloliquefaciens was done at different
concentrations and at various intervals of application as follows 1.5¢/L, 4 days, 3.0g/L, 4 days,
4.5¢/L 4 days, 1.5¢/L, 7 days, 3.0g/L, 7 days, 4.5¢g/L, 7 days, 1.5¢g/L, 10 days, 3.0g/L, 10 days,
4.5¢/L, 10 days and no treatment as control. The experiment was laid out in arandomized complete
block design with four replications for each treatment in plots with 44 plants. Data was collected
on incidence and severity of powdery mildew on weekly basis while data on stem length, bud
diameter, bud length and marketable grade were collected daily for twenty weeks and six weeks

for the first and the second experiments respectively.

In the first experiment, Bacillus subtilis, B. amyloliquefaciens, sodium nitrophenolate and
dodemorph acetate significantly reduced incidence of powdery mildew from 83% to 55% with
dodemorph acetate posting the best results followed by B. amyloliquefaciens, sodium
nitrophenolate and Bacillus subtilis. In the second experiment, at different rates and at various
intervals Bacillus amyloliquefaciens reduced incidence of powdery mildew with the rate of 1.5g/L
at four and seven day intervals gave better results than ten days interval. Disease severity was
reduced significantly from 15.8% to 2.1% by application of dodemorph acetate and B.
amyloliquefaciens while application of B. subtilis and sodium nitrophenolate did not significantly
at P <0.05 reduce severity of powdery mildew. Applications at the rate of 1.5g/L and 3.0g/L at
four days and weekly applications had the highest reduction in severity in the second experiment.

Dodemorph acetate had the highest area under disease progress curve (932) followed by Bacillus

Xii



amyloliquefaciens (988) in the first experiment while application of Bacillus amyloliquefaciens at
the rate of 1.5g/L at the interval of seven days showed the highest AUDPC (799.8). Application
of the test products did not significantly affect the yield and quality paramenters in the first
experiment but in the second experiment, foliar application of Bacillus amyloloquefaciens at
different rates and at various intervals improved the quality. Marketable stems significantly
increased in the second experiment after the application of Bacillus amyloliquefaciens at different
rates and at various intervals. Foliar application of Bacillus Spp and sodium nitrophenolate
controlled powdery mildew of roses. Application of the same products did not have significant
effects on quality and yield parameters of flowers such as flower bud length, stem length and bud
diameter and number of stems produced in the first experiment, however, there was improvement

in yield and quality in the second experiment.

Growers of roses should be encouraged to apply Bacillus spp and sodium nitrophenolate in
managing powdery mildew. The optimal concentration of Bacillus amyloliquefaciens should be
established and how sodium nitrophenolate induce resistance to plants against phytopathogens

should be investigated.

Keywords: Rosa hybrida, Podosphaera pannosa, Bacillus subtilis, Bacillus amyloliquefaciens,

sodium nitrophenolate.

Xiii



CHAPTER ONE: INTRODUCTION

1.1 Background information

Roses (Rosa Spp.) are one of the most popular garden plants and the most economically important
ornamental crop traded as cut flowers worldwide (Wen et al., 2006; Debener and Linde, 2009;
Leus etal., 2018; United States Department of Agriculture-USDA, 2020). About 70% of the trade
is done in the European Union markets. Large scale production is reported in countries such as
Ecuador, Kenya and Colombia (Blom and Tsujita, 2003; International Association of Horticultural
Producers-AlPH, 2019). Roses are grown for cut flower markets which are largely for its aesthetic
value (Farooq and Kama, 2020; Tiwari et al., 2020). It is estimated that annual production for cut
flowers ranges between 18 trillion stems, potted rose plants to be 80 million and garden roses to

be 220 million (Pemberton et al., 2003; Agricultural and Food Authority-AFA, 2019).

In Kenya, roses is one of the major cut flowers grown and exported. Kenya is the leader in export
of rose cut flower to the European Union (EU) with a market share of about 38% (Kenya trade.org,
2022). About half of the total export goes through the Dutch auction, although direct sales are also
available. In some countries like United Kingdom, supermarkets are the main outlets for rose
flowers (Kenya Flower Council, 2020). More markets are also coming up and they include Russia,
Germany and Asian continent. About a quarter of the produced flowers are delivered directly to
these markets which give opportunity for value addition through grading, sleeving, labelling and

bouquet making (Adeola et al., 2018).

The main growing areas are Mt. Kenya, Nairobi, around Lake Naivasha, Kericho, Nakuru, Kitale,
Athi River, Kiambu, Thika, Eastern Kenya, Uasin Gishu and Trans Nzoia. According to Kenya

Flower Council, an estimate of 500,000 people including over 90,000 flower farms employees



depend on floriculture industry which in turn have got impact on livelihoods of over two million

people. Production level comprises of small, medium and large scale farming (KFC 2020).

Roses grown in the greenhouse are affected by many fungal diseases including powdery mildew
caused by Podosphaera pannosa (Sphaerotheca pannosa) which can easily be seen on the leaves,
stems and upcoming shoots, floral parts and buds. The disease is associated with grayish or whitish
patches on the affected parts of the plant (Eken, 2005; Matysiak, 2021). Powdery mildew causes
leaf chlorosis, leaf curling, premature leaf drops and in severe cases death of affected plants (Shetty
et al., 2012; Scott, 2021), which leads to serious economic losses on productivity, quality and

marketability of the produce (Suthaparan et al., 2010; Lima et al., 2019).

McGrath et al. (1996) pointed out that the most common method of disease control in roses is use
of fungicides, however, their continued use may result in environmental pollution and
development of resistant strains of the pathogen. Fungicides have also shown negative impacts on
the beneficial microorganisms and insects, and this calls for softer alternatives to fungicides. Eken,
(2005) and Khakimov etal., (2020) contends that in the recent past, bio-fungicides have been used

in the management of powdery mildew disease.

1.2 Problem statement

Powdery mildew is one of the major diseases of roses grown in greenhouses. The greenhouse
environment is ideal for the growth and development of the disease all year round. The high level
of repetitive fungicide application needed to lower the powdery mildew pressure normally result
to faster fungicides resistance (Daughtrey and Benson, 2005; Kumar and Chandel, 2018; Wanasiri
etal., 2020). It is estimated that 40% of pesticide usage is directed in controlling powdery mildew

in greenhouses which depicts high increased cost of production (Debener and Byrne, 2014;
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Sambucci et al., 2019). Continuous application of manmade fungicides has given rise to the growth
of resistance of some of the most crucial pesticide molecules such as dimethyl inhibitors and
sterner restrictions on usage of others (McGrath, 2001; Gao etal., 2009; Ishii etal., 2021). Growers
continue to incur losses on production and quality of roses which in turn lowers their income due
to powdery mildew infections. It is estimated that 30%-42% production losses may occur when
infection levels are high (Sudheendra, 2014; Linde and Shishkof, 2014). Annual monetary losses
amounting to approximately Kenya shillings 74.5 billion have been reported (AFA, 2019). Other
monitary losses results from labour charges, acquisition and application of fungicides to treat the
disease. Millions of stems are lost due to powdery mildew infections and loss to biodiversity
(Debener and Byrne, 2014; Ribes et al., 2018). There are also reports of losses due to rejection of
flowers in the European Union markets as aresult of non compliance to sanitary and phytosanitary
standards (Pizano, 2019). Losses resulting from rejection due to excess residue on the products
have been reported (Toumi et al., 2016). Several strategies which includes biological control
agents, such as Tilletiopsis pallescens (Kenand Leslie, 1997; Amin et al., 2018; Tahir etal., 2018;
Verma et al., 2020), anhydrous milk fatand soybean oil emulsion Chee etal., (2011, 2018); Kamel
and Afifi, 2020; Wurms et al., 2021), synthetic fungicides (Scarito et al., 2007), sodium
bicarbonate (Salamone et al., 2009; Shetty et al., 2021) have been used in an effort to manage
powdery mildew in greenhouse rose crop in Kenya and globally. However, the pathogen is still
causing losses due to resistance to current molecules and inability of rose growers to fully explore
other methods of disease management. Therefore, there is need for use of safer alternatives for
disease control with no negative effects to both the environment, human beings and non target

organisms.



1.3 Justification

Because of the losses incurred by growers and the negative effects of fungicides on workers,
environment and other animals, it is important to explore other means of management of
greenhouse powdery mildew on roses such as biological control agents like Bacillus subtilis,
Bacillus amyloliquafasciens and sodium nitrophenolate. These microbial antagonists do not harm
animals, human beings and they also help in the conservation of the environment and increases
consumer acceptability (Tjosvoldo and Koike, 2001; Kumar and Chandel, 2018; Abhiram et al.,
2018). They are also easy to apply by the farmer as well as enhancing botanical progression and
improve yield of the crop, have no residual effects, hydrolyses faster, have long term effects on
the target organism and exhibit numerous modes of action (Whipps, 2001; Almoneafy etal., 2012;
Abhiram et al., 2018; Campos et al., 2019). Several reports have been fronted by various
researchers indicating that Bacillus spp and sodium nitrophenolate have been used in managing
various diseases of plants (Abbas et al., 2019; Drobek et al., 2019; Saxena et al., 2019). An
effective control will save rose growers from huge losses incurred in terms of money and labour
and in return increase production level and income to workers. It is against this background that
the evaluation of Bacillus subtilis, Bacillus amyloliquefaciens and sodium nitrophenolate is to be

conducted to determine their effects on the control of the disease.

1.4 Objectives of the study
The broad objective was to improve the quality of roses through management of powdery mildew
using Bacillus Spp and sodium nitrophenolate.

The specific objectives were

I.  To evaluate potential of Bacillus subtilis, Bacillus amyloliquefaciens and sodium

nitrophenolate in the management of powdery mildew on greenhouse roses.
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ii. To evaluate the effect of Bacillus subtilis, Bacillus amyloliquefaciens and sodium

nitrophenolate on quality of rose flowers.

1.5 Hypothesis
I.  The antagonistic activities of Bacillus subtilis, Bacillus amyloliquefaciens and sodium
nitrophenolate on powdery mildew of roses enhances management of the disease.
ii.  The quality of rose flowers is improved through application of Bacillus subtilis, Bacillus
amyloliquefaciens and sodium nitrophenolate due to enhanced production of growth

hormones and improved tolerance to biotic and abiotic stress.



CHAPTER TWO: LITERATURE REVIEW

2.1 Taxonomy and morphology of rose plant

The term ‘rose’ is used to describe all members of the genus Rosa, subgenus Rosa. The Rosa genus
belongs to the family Rosacea which is associated with pear, plum, apple, quince, blackberry,
strawberry and cherry (Liu et al., 2020). The genus is further divided into four subgenera of which
genus Rosa includes nearly all the species (Nybom et al., 2005; Khan et al., 2020). Roses are one
of the key, diverse and commonly grown ornamental crops with more than 150 species and over
20,000 varieties (Cai et al. 2005; Mercurio, 2007; Ahmad et al., 2012; Elfina et al., 2020;
Khandaker et al., 2020) which are in different colours such as white, yellow, pink, purple, orange
and red. The subgenus Rosa is devided into sections, the actual number is still debatable (Suprun
et al., 2020). Generally, roses exhibit taxonomical challenges and nomenclatural complexities of
which this genus have resulted in reports of about 100 to 300 rosa species, whereby uncountable
number of varieties exist (Suprun et al., 2020). These taxonomic challenges come as a result of
high variations in the characteristics used in distinguishing the species and are aggravated by the

simplicity by which the species naturally hybridize.

Rose stems can be erect, climbing or trailing (Garbez et al., 2018). Perennial woody shrubs with
erect stems that give new shoots continuously are the ones used as cut flowers for commercial
purposes. A shoot is composed of 8-15 seconding units each made up of an auxiliary bud, a leaf,
a node and internodes (Bloom and Tsujita, 2003). Roses have compound leaves arranged in odd-
pinnate whereby the middle leaves in hybrid teas exhibit J-T leaflets, while asiastic may have up
to 19 leaflets (Torre et al., 2003; Irish, 2010; Shahrin et al., 2015; Shamso et al., 2019).
Morphology of the roots differs based on whether the rose was rooted from seed, cutting (own

rooted) or rootstock (grafted). Root morphology is also affected by nutrition and agronomic



activities such as pruning (Yim et al., 2020). In most species of Rosa, flowers have five petals
which may be solitary, panicled or corymbose (Leus et al., 2018; Cheng et al., 2021). Rose fruit
is achene with pollen grains which are elliptical in shape with length: width ratio of 2:1 (Nybom

and Werlemark, 2017).

2.2 Growing requirements and establishment

Seed propagation is generally used for breeding of new varieties and in the production of rootstock
(Izadi et al., 2012; Shivakumar et al., 2018). Germination of rose seeds exhibit challenges and
those progenies derived from the seed show variations in traits which also give different
characteristics from parent plants (Zlesak, 2006; Khan et al., 2020). Roses requires temperature of
28°C daytime mean maximum and 15°C night mean minimum, 10 hours day light, good air
circulation, well aerated growing media, relative humidity of 75%, clean and abundant water (Xie
et al., 2019; Cola et al., 2020). Root substrate pH should be around 6.0 (Valentine and Francis,
2009; Barbosa et al., 2019) as this affects the solubility of nutrients (Smith et al., 2004; Papafotiou
etal., 2007), uptake of nutrients and have influence on root formation (Harbage et al., 1998; Noori
and Muhammad, 2020) with implications on overall status of the plant. Rose crop is sensitive to
salt levels therefore, the electron conductivity (E.C.) should be maintained between 1- 2. Salt level
for instance of any value greater than or equal to 3.0 may result in reduced yield and quality of the

crop (Bar-Yousaf et al., 2009; Barbosa et al., 2019; Khalaj and Noroozisharaf, 2020).

Rose crop may be established from propagated plantings through grafting or in vitro plantlets
(Krasimira, 2015; Davoudi Pahnekolayi etal., 2019). Rose crop may be grown in the soil systems
whereby the soil should be rich in organic matter (about 30% on the top 40cm) (Blom and Tsujita

2003). Soilless media is gaining popularity among the rose growers depending on the resource



base of the company. Soilless system (hydroponics) is being used because the nutrients and the
media can be recycled and it is environmentally friendly. Common materials used as growing
media are pumice, vermiculite, perlite, peat, saw-dust and coconut fiber (Othman etal., 2019). For
soil systems, beds are raised and planting is done at 18cm to 22cm between plants and 30cm
between the rows on raised beds. In the case of soilless media, planting is done at17.5cm to 20cm
between plants and 30cm between rows. Commercial cut-flowers production is done in the
greenhouses covered with polythenes or glasshouse to protect the crop from rains which may gain

entry into the flower buds thus giving room for fungal infections.

2.3 Constraints to production of roses

Commercial rose production is facedwith a lot of constraints which include both biotic and abiotic
factors. Abiotic factors which limits yield of roses are temperatures, relative humidity, light,
salinity and mineral nutrients (Lorenzo et al., 2000; Bayat et al., 2018; Barbosa et al., 2019). In
greenhouse and hydroponic systems, roses are supplied with adequate nutrients which ensures
proper growth and development of the plant (Cabrera, 2003; Bilal et al., 2020). Tetranichus spp,
Planococcus citri, Francliniella occidentalis, moths (caterpillars), aphids and whiteflies are some
of the common insect pests which infest roses (Yao et al., 2017; Rodriguez et al., 2019;

Hoogendoorn et al., 2018; Singh and Kaur, 2020).

Roses just like any other crop are attacked by many pests and diseases which affect yield and
quality. Some of the key pests which infest greenhouse rose crop includes Western flower thrips
(Frankliniella occidentalis) which is the most common specie of thrips attacking greenhouse roses.
This pest is polyphagous and has several host plants such as apricot, carnations, gladiolus,

strawberry, watermelon, chrysanthemum, pepper (Gosh and Hasan, 2021). Thrips feed on the



flower petals causing injury to the tissues. They also leave speckles which act as entry point for
pathogens. These damages renders stem unmarketable. Thrips undergo six development stages
namely egg, two larval stages, pre-pupa, pupa and adult (Reitz, 2011; Hegde et al., 2020; Tol et

al., 2021).

Another pest of importance in rose production is mealybugs (Planococcus citri). Mealybugs inflict
injury to the plant by sucking sap resulting to dwarfed plants with short stems and small flower
buds which does not meet export quality. In high levels of infestation, death of plants may result.
Mealybugs also secret honey dew on the leaves where dark particles develops thus lowering
surface area for photosynthesis in the leaves (Smith et al., 1997, Mansour et al., 2018; Cocco et
al., 2021). Physical presence of mealy bugs renders stem unsellable. Rose aphids is another key
pest which damages the crop by sucking sap from the plant resulting to stunted growth and reduced
yield. They also produce honey dew where dark particles develops which lowers surface area for
biochemical reactions in botanicals (Legarreaet al., 2012; Tun et al., 2020). Two spotted spider
mites is the most destructive pest of greenhouse rose crop. They feed on the under-side of the leaf
by sucking sap from the plant. In high infestations, the plants become stunted, yellowish and of
poor quality. They also form webs which restrict the growth of shoots and expansion of leaves
(Ghosh and Hasan, 2021). Whiteflies are also major pests of greenhouse rose crop which inflict
injury to the crop by sucking sap leaving the crop stunted with poor stems. Scales (young ones)
presence on the underside of the leaf will definitely make such stems unsellable. White flies also
secrets excess sugar in the form of honey dew where dark particles develops which lowers surface
area for biochemical reactions in botanicals resulting to poor trapping of light which is necessary
for normal growth of the plant. This in turn affects the overall growth of plants hence reduced yield

and quality stems (Perring et al., 2018).



Among the biotic factors, phytopathogens like Peronospora sparsa (Downy mildew), Botrytis
cinerea (grey mould), Podosphaera pannosa (powdery mildew), Diplocarpon rosae (black spots
of roses), Phragmidium mucronatum (rust of roses), Agrobacterium tumefaciens (crown gall),
Prunus necrotic virus (ringspot virus of roses) are some of the serious pathogens which affect
greenhouse production of roses (Anita and Shamim, 2014; Liu etal., 2018; Salgado-Salazar etal.,
2018; Murero, 2020; Salcedo et al., 2021) Another bacterial diseases which affects roses is

Ralstonia solanacearum but has not been reported in Kenya (KEPHIS, 2015).

2.4 Powde ry mildew of roses

2.4.1 Host range and distribution

Powdery mildew infects a variety of crops such as legumes where the causal agent is Erisyphe
poligony, which has world wide distribution where legumes are grown. In okra, the disease is
caused by E. cichoracearum, in the family Curcubitaceae Podosphaera xanthii (Castagne) U.
Braun & Shishkoff is the causal organism and has worldwide distribution where curcubits are
grown both in greenhouse and field conditions (Labo et al., 2019; Mostafa et al., 2021; Zhang et
al., 2021). In Brasicacea it is caused by E. cruciferarumand has worldwide distribution where the
plant grown (Kumar et al., 2015), Podosphaeraaphinas is the causal agent of powdery mildew in
strawberry, the disease has world wide distribution and affectplants grown both in the greenhouse
and field (Sargent et al., 2019; Carisse and Fall, 2021). In celery, powdery mildew is caused by
Erysiphe heraclei DC and is found everywhere celery is grown (Ahmed et al., 2021). Grapevine
powdery mildew is caused by Erysiphe necator affecting cultivated and wild species is distributed

world wide (Kunova et al., 2021; Sanghavi et al., 2021). In tomatoes and pepper grown both in

10



greenhouse and in the fields are affected by powdery mildew caused by Leveillula taurica (Jacob
et al., 2007). Cereal crops such as wheat, corns are affected by powdery mildew caused by
Blumeria graminis (Pietrusinsk and Tratwal, 2020; Khan et al., 2021; Luo et al., 2021; Yuan et

al., 2021).

2.4.2 Causal agent of rose powdery mildew

Powdery mildew of roses is caused by Podosphaera pannosa which belongs to the phylum
Ascomycota in the class Leotiomycetes, order Erysiphales, genus Podosphaera and the specie P.

pannosa (CABI, 2021).

Research by Kumar and Chandel, (2017) found that shapes and sizes of structures of powdery
mildew such as mycelium, conidia, and conidiophores were morphologically different among
isolates collected from six different rose growing regions of India. Mycelia were found to be on
the surface, hyaline, branched and septate while conidia were found to be cylindrical to ovoid,
hyaline and aseptate. Upright stalks, hyaline, aseptate and unbranched conidiophores were found
in some isolates. Similar reports were published by Gastelum et al., (2014) and Faheem et al.,
(2016). Genetic similarities were reported in research findings by Kumar and Chendal, (2017)
through molercular characterization. A consistent report were made by Devi and Prakasan, (2015)
working with different isolates of Leveillulataurica causing powdery mildew in chilli using RAPD
markers. The similarity index was between 11 to 29 per cent. Leao et al., (2019) reported that all

samples collected, and sequencing indicated 100% similarity with those deposited in GenBank.
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Figure 2. 1: Life cycle of Sphaerothecapannosa causing powdery mildews on roses (Agrios, 2005)

2.4.3 Symptoms of powde ry mildew

Symptoms of powdery mildew of roses is recognized in different parts of the plant as whitish grey
powder. The initial signs begin as blister-like raised areas then followed by a dense thick mass of
powdery mycelium, conidiophores and spores (Agrios, 2005). On older leaves, as the fungus
grows, they appear as large white patches that cause little distortion which may eventually turn
necrotic. Insevere outbreaks, the whole crop canbe rendered unmarketable as a result of damages
such as yellowing of leaves and death of tissues, alteration of flowers, curling of foliage,

defoliation, twisted new young shoots and stunted growth (Janice et al., 2011; Sangani et al.,

2018).
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When flower buds are attacked, they may fail to open or open improperly. All species and cultivars
of roses are susceptible to powdery mildew infections. The growing tips of the crop may be
malformed and killed, though the death of the entire plant is not common. Tissues of rose crop
usually become resistant as the crop ages (Agrios, 2005). In some resistant varieties, they may
show a hypersensitive reaction whereby the invaded dead cells appear as black-to-rusty on the leaf
surface with minimal evidence of mildew growth. Other symptoms include scabies like lesions,
‘witches brooms’, twisted and distorted young shoots and premature leaf colouration (Agrios,
2005; Laoe et al., 2019; Yeluguri et al., 2021). At times symptoms often escape early detection
where there are no systems in place for frequent monitoring of symptoms which can develop on
foliage in lower or mid canopies. This kind of scenario has a bearing on reports of rapid spike of
powdery mildew when the level of infections goes up to 70% from 10% in seven days (Yeluguri

et al., 2021).

The disease causes reduced production of flowers and weakening of the plant by infecting the
young leaves, stems and flower buds (Agrios, 2005). Podosphaerarosae is a biotrophic obligate
parasite which attacks and survives in the tissues of living cells of specific host plant. Wrinkles on
tender foliage are the initial evidence of the disease infections on the plant. There after the disease
appear as whitish grey powder covering various parts of the plant as foliage, stems and flower buds

(Gastelum et al., 2014; Yeluguri et al., 2021).

Yield losses resulting from powdery mildew infections depends on the favourable environmental
conditions and ranges between 20% to 40% (Gastelum et al., 2014). According to Linde and
Shishkoff (2003) the most serious and widespread fungal disease is powdery mildew
(Sphaerotheca pannosa var. rosae). It attacks plants grown both out doors and greenhouses for cut

flower production (Leus et al., 2006). It causes severe yield and quality reductions due to the
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formation of white powdery pustules that appear on above ground parts of the plant (Yan et al.,
2006; Laoe et al., 2019). Flowers showing symptoms of diseases such as grey mould, powdery
mildew, downy mildew, rust and black spots as well as those infested by various pests like spider

mites, thrips, caterpillars, mealy bugs, aphids and scale insects are not marketable (Reid, 2009).

2.4.4 Epidemiology of powde ry mildew of roses

Powdery mildew of roses affects the aerial parts of the plant, giving white to grey white patches
of powdery fungus. The disease interferes with normal growth of the plant thus reducing quality
and may destroy the plant (Shetty et al., 2012). Powdery mildew is an obligate parasite and can
only survive on a living host. It lives on the outer surface of host plants with whitish hyphae
mycelium that form appresoria to penetrate epidermal cell walls and produce haustoria to absorb
nutrients from leaf tissue (Linde and Shishkoff, 2003). Wind is main agent of dissemination of
spores to other plants. Sporulation takes place on plant parts such as shoots, leaves and petals
where a large number of microscopic spores (conidia) are formed. In cold periods, the fungus
survives as cleistothecia which absorbs water and bursts open during warm humid weather to
release small sac or ascus with 8 spores (ascospores) (Naik and Kulkarni, 2018). These structures
are carried by air current to healthy plants and can cause infections. When conidia and ascospores
land on the surface of host plant, they form appressorium, which at the bottom forms hypha which
penetrates the epidermal cells forming a feeding structure known as haustoria. The fungus grows
and forms a dense hyphae both on the surface and in the plant cells. The hyphae later form
conidiophores with conidium at the end of the structure. Continous production of conidia make

them easily carried away by wind to new site of infection. Vegetative hyphae produce conidia of
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spores at their tips, giving a powdery appearance to the infected leaves. Sexual spores are

occasionally produced in colonies (Linde and Shishkoff, 2003; Agrios, 2005).

Environmental conditions influence the germination of spores. The optimal conditions are a
temperature of 21°C and an average relative humidity of 97% (Xu, 1999; Kumar and Chandel,
2018). Under wet conditions, conidia can withstand a long period of low temperature. Both spores
and mycelia are sensitive to extreme heat and direct sunlight. Some reports indicate that water
might damage the viability of conidia and thus reduces infection by the pathogen (Wheeler 1973;
Linde and Shishkoff, 2003; Rex and Deepika, 2020). However, leaf wetness in the first six hours
after infection does not inhibit the germination of conidia (Linde and Shishkoff, 2003).
Germination of mycelium takes place on plant tissue. Due to elongation process, conidiophores
are formed which may burst to release conidia to the air which may cause reinfection of growing
shoots. Some conidia may overwinter to form clestothecia on the stems or debris and survive
between crops as hyphae or fungal strands in the living cells of the host or weed (Agrios, 2005;

Kumar and Chandel, 2018).

2.5 Management of powde ry mildew
There are many methods used in managing powdery mildew in roses worldwide. These methods

may include conventional means such monitoring and sanitation, cultural methods, host resistance,

biological means, plant extracts, natural products and chemical control.

Monitoring for disease presence or the weather pettern enhances better control of the greenhouse
diseases (Traversari etal., 2021). Sanitation involves growing in a clean environment both inside

and outside the greenhouse, removal of diseased plant parts, debris and weeds from the greenhouse
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(Salgado-Salazar et al., 2018). Diseased plant parts should be removed and placed in plastic bags

to avoid dissemination of spores in the greenhouse.

Cultural methods such as aerations and ventillations are important aspects in the disease
management in greenhouse environment. Increasing the carbon dioxide levels in the greenhouse
also impede the presence and infection of the podery mildew (Bika etal.,2021). Improved lighting
due to polyfilm coverings in the greenhouse grately reduces the spread of the pathogen (Kumar
and Chandel, 2018; Kruidhof etal., 2020). Powdery mildew severity and formation of conidia are
affectedby supplemental ultra-violet-B (UV-B) radiation and lighting when the plants are exposed
for a given time period during the growth of the plant (Suthaparan et al., 2010; Michie etal., 2013;
Matysiak, 2021). Provision of adequate nutrition through organic and inorganic materials have
resulted to management of the disease (Ribeiro et al., 2015; Ramos et al., 2020).

Host resistance has been used in managing powdery mildew of roses. This involves identification
of genes and alleles which transfer resistance (Kusch and Panstruga 2017; Smulders et al., 2019,
2020; Menz et al., 2020; Fang et al., 2021; Vieira et al., 2021; Yuan et al., 2021). Growing
cultivars with resistance traits is desirable and effective in the management of greenhouse powdery
mildew. Resistant cultivars are limited in their availability for commercial production. Host
resistance can be achieved through breeding for resistance and should be both quantitative and
qualitative. Report by Koh et al (2005) suggests that in susceptible cultivars, conidia will develop,
penetrate the host epidermal cuticle and cell wall and establish haustoria within the epidermal cells.
In non-susceptible cultivars, resistance is based on gene for gene resistance in which specific
resistance gene in a host species confer resistance to specific genotypes or races of the pathogen.

According to Dewitte et al., (2006), Chandran et al., (2020) roses with resistant genotypes are able
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to withstand the infection of powdery mildew through morphological barriers, papillae formation
and through formation of abnormal haustoria.

According to Singh et al., (2017) biological means heve been deployed in managing powdery
mildew in greenhouse crops. This involves application of biocontrol agents to the diseased crop
and lowers the population of pathogens in the greenhouse. Application of Trichoderma harzianum
significantly reduced the disease severity and incidences of powdery mildew greenhouse (Marzani
etal., (2021). Application of Trichoderma isolates reduced powdery mildew by 53.4% (Sawant et
al., 2017). Similar results were posted by Manjunatha et al., (2020) who reported that mulberry
powdery mildew were significantly reduced by application of potential Trichoderma isolate.
Several species of Bacillus have been used in the management of powdery mildew in different

crops (Li et al., 2015; Gao et al., 2017; Punja et al., 2019).

Anumber of plant extracts have been deployed in the management of powdery mildew in many
crops. Garlic and ginger extracts showed high inhibitory effects on the germination of conidia of
powdery mildew of roses in vitro. These extracts when applied to the greenhouse crops, they
showed high reduction on disease severity index (Marzani etal., 2021). According to Manjunatha
etal., (2020) ginger extracts at different concentrations reduced incidence and severity of powdery
mildew in mulberry plants. Powdery mildew of roses and cucumber were controlled by compounds
from garlic (Kumar and Chandel, 2018; Abd Elwahed et al., 2019). Germination of conidia of
powdery mildew of okra caused by Erysiphe cichoracearum were inhibited by extracts of garlic
(Jadav and Kadvani, 2019). Application of extracts from Ocotea quixos and Piper carpunya
inhibited germination of conidia in vitro and controlled the development and growth spores of

Sphaerotheca pannosa powdery mildew of roses (Cardenas et al., 2016).
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Natural products such as sodium and potassium bicarbonates have been tested and proved to be
effective in eliminating spores of the disease on roses (Salamone et al., 2007). According to reports
by Salamone et al., (2007) essential oils from oregano and cloves and sodium bicarbonates controls
rose powdery mildew. Potassium silicate when sprayed at interval of 12 days 5 times reduced
severity of powdery mildew of tomato (Yanaretal., 2011; Dallagnol etal.,2020). Anhydrous milk
fat and soybean oil emulsion control powdery mildew in greenhouse roses and tomatoes (Chee et
al., 2011). The use of anti-transpirants are effective in controlling powdery mildew in roses by
forming a film of thin layer on the leaf surface which prevent the movement of moisture into and
outside the leaf. This will also protect the leaf from fungus penetration (Hagiladi and Ziv, 1986).
Some growers have used these anti-transpirants in combination with other fungicides where
reports indicate that they have worked well. The effectiveness of the same relies on the fact that
the physiological function of the plant is not interfered with and the plants needs to be watered
thoroughly before application (Hagiladi and Ziv, 1986). Silicon has been tested and proved to be
inducing resistance to plants against fungal pathogens in various species of crops, for example,
Blumeria graminis f.sp. tritici in wheat and Sphaerotheca fuligenea in cucumber. Several reports
confirm that roses treated with silicon had reduced levels of infection from powdery mildew

(Menzies, 1991; Remus-Borel et al., 2005; Shetty et al., 2011, 2021).

Grapefruit seed extract reduced the levels of rose powdery mildew in the field at 2000ppm (Toppe
et al., 2007). According to Hamza et al. (2013) and Stan (2014) many natural substances such as
diatomite and bentocide have been used as pesticides. Diatomite is one of the naturally occurring
sedimentary rocks basically comprising of fossilized remains of fresh water diatoms. Its
composition is approximated to be as follows, 3% magnesium, 2% iron, 19% calcium, 33% silicon,

and 5% sodium plus other rare minerals. Hamza et al. (2013) reported that bentocide which is also
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a natural substance has been employed by many farmers against plant pathogens instead of using

synthetic fungicides.

Biopesticides such as “compost tea” equally provides good control for powdery mildew of roses
(Samin et al., 2014; Seddigh and Kiani, 2018; Istifadah et al., 2020). Fungicides plays an integral
part in the management of powdery mildew both in the greenhouse and garden rose production. It
is regarded as the weapon of the last resort where integrated pest management system is applied.
The aim is to protect the crop from infection and to eradicate the already existing spores from the
crop. The essence is to begin with less toxic compounds in the management programme.
Vapourized sulphur and nano-sulphur (Gogoi et al., 2013) indicates that sulphur can be used in
controlling powdery mildew in many crops. Synthetic chemical products are used in control of

powdery mildew in commercial rose production (Scarito et al., 2007).

2.5.1 Management of plant diseases with antagonistic organisms

Biological control can be defined as a method in which living organism is used to control pest or
disease by introducing or managing the natural enemy populations or reducing the reproductive
rate of such organisms in a crop (Sterling, 2014). This method employs three strategies. Inundation
is a strategy whereby commercially produced individual predators or antagonists to a pest are
released in large numbers with a view to reducing population of the pest. Classical or inoculation
is strategies in which exotic individuals are released into a new agro ecosystem with the hope of
regenerating and establishing in populations which will have long-term effect on the pest
population. Conservation biological control is a strategy in which the habitat for naturally
occurring antagonists is enhanced to enable them work effectively and efficiently (Abrol and

Shankar, 2012).
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There is growing evidence that a number of biological control agents can be antagonistic to
powdery mildew fungus and other pathogens causing plant diseases (Twamley et al., 2019;
Srivastava etal., 2021). Such antagonists includes AcremoniumalternatumLinc: Fr. (Malathrakis,
1985), Ampelomyces quisqualis Ces. (Sundheim, 1982; Menge and Makobe, 2016; Altin and
Buku, 2018; Banupriya et al., 2019), Sporothrix flocculosa Traquair, Shaw and Jarvis (Belanger
et al., 1994; Hajlaoui and Belanger, 1993), and Trichoderma harzianum (Kamal et al., 2008;
Ghorbanpour et al., 2018), have been reported to attack mycelia and reproductive structures of the
mildew fungi. Tilletiopsis pallescence (Hijwegen 1986; Kclecan et al., 1990) is yeast like fungus
which occur naturally on the leaves which affect powdery mildew in various species of crops. The
ballistospore forming yeast acts on sporulation and hyphal growth of the mildew. Foliar
application of yeast like isolates controlled Xanthomonas axonopodis pv. vesicatoria and viral

diseases of pepper in the greenhouse (Lee et al., 2016).

2.5.2 Management of plant diseases using Bacillus spp

Bacillus are gram-positive rod shaped bacteria capable of forming steady quiescent structures
known as endospores in an environment of low nutrients. Such spores can stay for long period in
unfavourable conditions (Niazi, 2014; Andric et al., 2020). Today a lot of efforts are made in the
field of researchto come up with environmentally amiable substitute for managing phytopathogens
and increasing plant performance which are an advocacy for integrated crop management (ICM)
(Souza et al., 2015).

Species of Bacillus are one of the highly researched as biocontrol agents which helps in
suppressing plant disease causing organisms through competition or antagonistic actions (Khan et

al., 2018; Saxena et al., 2019; Miljakovic et al., 2020). Bacillus spp have been used due to their
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ability to resist desiccation and good survival at increased temperatures because of their nature of
forming endospores and promotion of plant growth (Zhang etal., 2017; Abbas et al., 2019; Afzal
et al., 2019; Elsisi, 2019).

Bacillus spp produces a number of antifungal agents, which has capacity to destroy cell walls of
plant pathogenic fungi. These agents includes mycobacilin, subtilin, bacilysin, subtilosin, TasA
and numerous enzymes produced by Bacillus subtilis making it a potential for biocontrol
(Thangavelu and Mustaffa, 2012). A number of species of Bacillus have been reported to show
positive impacts in various crops by reducing the population of disease causing organisms. There
is a general knowledge that B. subtilis, B. amyloliquefaciens and B. cereus enhance vegetal
development as well as protecting them against pathogens (Fedele et al., 2020; Pan et al., 2021).

Antagonistic ability of B. amyloliquefaciens have been used to lower the population of Ralstonia
solanacearum which had negative impact on the bacterial wilt and better growth of tomato plants.
A strain of Bacillus amyloliquefaciens had antifungal activity against twelve different fungi
causing plant diseases through dual culture. These fungi included Alternaria panax, Botrytis
cinerea, Colletotrichumacutatum, C. orbiculare, Corynespora cassicola, Fusariumoxysporum,
Phytophthora capsici, Penicillium digitatum, Rhizoctonia solani, Stemphylium lycopersia,
Pyricularia grisea and Sclerotinia sclerotiorum (Seung et al., 2013; Dadrasnia et al., 2020).

Xu et al. (2017) selected an isolate from Bacillus spp as a potential biocontrol agent which is
crucial in managing diseases of banana. They contended that NJN-6 a strain of Bacillus
amyloliquefaciens was an important plant growth promoting rhizobacteria (PGPR) that has the
capacity to produce secondary metabolites antagonistic to a number of disease causing organisms
which resides in the soil. Hence, application of strain NJN-6 notably reduced incidence of

Fusarium wilt and enhanced the growth of banana plants. The strain releases some viable
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compounds that showed initial protection to disease causing organisms in the plants (Yuan et al.,
2013; Fu et al., 2017; Roslan etal., 2020). HK34, which is a strain of Bacillus amyloliquefaciens,
induced resistance to Panax ginseng against Phytophthora cactorum by native Bacillus

amyloliquefaciens (Byung et al., 2015; Punja et al., 2019).

2.6 Management of plant diseases using nitrophenolates

.Sodium nitrophenolate is a phenolic compounds with the following as its active ingredients
sodium para-nitrophenol, sodium nitro-guaiacol and sodium ortho-nitrophenol. These compounds
induces plant activity without causing chemical poisoning and deformations to the plant and
improves plasma streaming of the cells in the plant (Drobek et al., 2019). Nitrophenolates increases
yield as a result of increased level of inherent auxins and heat tolerance from the effects of external
spraying (Datta et al., 1986; Quintero-Calderon et al., 2021). Nitrophenolate mixtures have been
used in various crops to increase crop yield, quality, bushing and root system (Arora et al., 1981;
Purba et al., 2019). Wojdyla (2004) contend that nitrophenolates when applied at concentration
of 0.1% against powdery mildew of roses, chrysanthemum rust, black spots of roses and rust of
willow plants, there was significant level of reduction in infections by pathogens. These products
work in the plant or plant rhizosphere through nutrient use efficiency, tolerance to abiotic stress

and quality traits and availability of confined nutrients in the soil or rhizosphere. (EU, 2019).
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CHAPTER THREE:
MANAGEMENT OF POWDERY MILDEW OF ROSES USING BACILLUS SUBTILIS,

BACILLUS AMYLOLIQUEFACIENS AND SODIUM NITROPHENOLATE

3.1Abstract

Powdery mildew of roses is a serious disease of rose crop grown both in field and greenhouses.
The disease results in heavy losses in quality and monetary value at farm level as well in the
market. The disease is managed mainly by application of synthetic fungicides, which have negative
impacts on environment, human beings and non-target organisms. In this study, the effect of
Bacillus spp and sodium nitrophenolate on incidence and severity of powdery mildew of roses in
greenhouse condition was investigated. Bacillus subtilis and B. amyloliquefaciens were applied at
2ml/L and 1.5g/L respectively while sodium nitrophenolate and dodemorph acetate were applied
at Iml/L and 2.5ml/L. Inthe second experiment, foliar application of Bacillus amyloliquefaciens
was done at different concentrations and at various intervals of application as follows 1.5¢/L, 4
days, 3.0g/L, 4 days, 4.5¢9/L 4 days, 1.5¢g/L, 7 days, 3.0g/L, 7 days, 4.5¢/L, 7 days, 1.5¢g/L, 10 days,
3.00/L, 10 days, 4.5¢/L, 10 days and control. Data on incidence and severity of powdery mildew
was collected on weekly basis by counting the number of leaves with powdery mildew symptoms
for incidence and percentage of leaf area covered by powdery mildew for severity. Incidence and
severity were reduced by application of Bacillus subtilis, B. amyloliquefaciens, sodium
nitrophenolate and dodemorph acetate. Dodemorph acetate had the highest reduction in incidence
(11.3%) followed by B. amyloliquefaciens (11.8%) while sodium nitrophenolate and B. subtilis
had 15.3% and 17.3% respectively. Disease severity was reduced from 15.8% to 2.1% with
dodemorph acetate having the highest reduction followed by B. amyloliquefaciens, sodium
nitrophenolate and B. subtilis. In the second experiment, all rates at various intervals of Bacillus
amyloliquefaciens reduced incidence and severity of powdery mildew with the rate rate of 1.5¢/L,
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4 days showing the highest reduction on incidences. Rates of 1.5¢g/L. and 3.0g/L applied at intervals
of four and seven days had the highest reduction on severity. The study revealed that foliar
application of Bacillus spp and sodium nitrophenolate controls powdery mildew of roses,
therefore, growers should embrace their usage for they will benefit due to reduced losses from
disease infections. Establishment of the optimal rate of application of Bacillus amyloliquefaciens

will save time for growers on conducting trials in the field.

Key words: Powdery mildew, Bacillus Spp, sodium nitrophenolate, management, roses
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3.2 Introduction

Powdery mildew fungi (Erysiphales) are important group of phytopathogens affecting various
plants consisting of over 500 species which infects over 1500 plant genera (Braun, 1987; Sulima
and Zhukov, 2022). In roses, the disease is caused by obligate biotrophic fungi Podosphaera
pannosa var.rosae and it has worldwide distribution where roses are grown. It is a problem for
both greenhouse and field produced roses. The management of the disease relies haevily on
repeated foliar application of synthetic fungicides which have worked well in controlling the
pathogen (Ribeiro etal.,2015; Kumar and Chandel, 2018). The application of fungicides has been
continuous and disregarded safety to the environment, farm workers and non-targeted organisms.
Seconded applications has also lead to the development of resistance to various molecules which
were effective in the management of the disease (Perlin et al., 2017; Belsky and Joshi, 2020;

Lazaro et al., 2021).

The negative effects of fungicides on human health, environment and other living organisms have
called for exploration of saferalternatives (EI-Baky and Amara, 2021). These alternatives includes
microbial fungicides (Moreno-Gavira et al., 2021), botanical fungicides (Yoom et al., 2013),
nanotechnologies (Atiq et al.,2020). Microbial based and botanica fungicides have advantages of
ease of handling, saferto the user, leave no residues to the environment, enhance plants growth
and productivity as well induce resistance against phytopathogens (Campos et al., 2019; Qiuntero-

Calderon et al., 2021).

This study was to evaluate the potential of Bacillus subtilis, Bacillusamyloliquefaciensandsodium

nitrophenolate in the management of powdery mildew of roses in greenhouse conditions.
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3.3 Materials and methods

3.3.1 Description of the experimental site and the crop

The first experiment was conducted at Magana Flowers Limited which is one of the flower farms
in Kenya, located in Kiambu county. The farmis elevated at 1942 M above sea level (ASL), it lies
on the latitude and the longitudes of -1.2543249 E and 36.6770272 S respectively. The second
experiment was done at Rift Valley Roses which located in Nakuru County, Kenya. Elevation of
the farm is at 2250 M ASL and it lies on latitude of 362816E and longitude of 003627 S (Google
Map, 2020). The two experiments were conducted in greenhouses with already established bushes
of roses. The size of the greenhouse was 0.56 ha (first experiment) with a single variety of roses
known as A one. Flowers were planted in troughs and hydroponic system of feeding was practiced.
The variety where the experiment was performed is called A one which is grown in Kenya. In the
second experiment, roses are planted on soil in a greenhouse of 3.0 Ha. The same variety as in
experiment one was used (A one). In the first experiment, age of the crop was three and half years
old while in the second experiment, the crop was three years old. The greenhouse environment
was maintained by application water to regulate temperature and relative humidity. The
recommended agronomic practices such as fertigation involved dilution of stock solution which
contained KNO3, CaNO3, MgSO,, MgNO3, KSO4, M.K.P, NH4SO4, ZnSO4, HNO3, H3PO4. The
nutrients were injected in the growing media through drip irrigation. Contest®, Evisect®, Arima®,
Karate®, Match® were pesticides used for controlling insect pests during the period of experiment.
Teldor®, Topguard®, Funginex® and Switch® were used for controlling grey mould while Ridomil
Gold®, Milraz® and Afrizeb® were fungicides used for controlling downy mildew. Other

agronomic practices such as weeding, pruning and dessuckering were applied to maintain the crop.
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The first experiment was excuted between the months of March and July, 2019 while the second

experiment was carried out in the months of September and October, 2020.

3.3.2 Experimental design and layout

The experiment involved application of five different treatments which included Real subtilis®
(Bacillus subtillis) from Real IPM, Hatake (Bacillus amyloliquefaciens), Atonik® (sodium
nitrophenolate) from Arista Life Science and Meltatox® (dodemorph acetate) from O- BASF kenya
limited as the commercially used fungicide for roses and used as positive control for the
experiment and water in the control plots. Foliar application of these products which contains
Bacillus subtilis, B. amyloliquafaciens, sodium nitrophenolate and dodemorph acetate at the rate
of 2ml/L, 3g/L, ImlL and 2.5ml/L respectively. The rates given are recommendations from the
manufacturer. In the second experiment, foliar application of Bacillusamyloliquefaciens was done
at different concentrations and at various intervals as follows 1.5g/L, 4 days, 3.09/L, 4 days, 4.50/L
4 days, 1.5¢/L, 7 days, 3.0g/L, 7 days, 4.5¢g/L, 7 days, 1.5g/L, 10 days, 3.0g/L, 10 days, 4.5¢/L, 10

days and negative control.

Rose bushes in the greenhouse were used for this experiment whereby four beds were randomly
selected within the greenhouse and divided into plots. Each plot had 44 plants giving a total of 176
plants per treatment. The crop was planted at 20 cm X 30 cm with plant density of eight plants per
square meter in both farms. Two meters space was left between plots and a polythene separator
used during active spraying to prevent products from drifting to other plots. The treatments were

laid on a randomized complete block design with four replications per treatment.
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3.3.3 Application of treatments
Different stages of growth (shooting, bud formation, colour break and mature stems) with disease

symptoms were treated with the test products. Four different crop cycles were monitored for this
study. Monitoring was done for five months and 6 weeks for the first and second experiments
respectively. Each plant was foliar sprayed for complete and thorough coverage of all appropriate
plant parts using a motorized sprayer 16 L (Sea grow®) type in the application of test products.
After application of each treatment, the knapsack sprayer was thoroughly rinsed with clean water
to avoid mixing of different rates which may give wrong results. Clean water with a pH range of
6-8 was used asthis ensured neutrality of water in the sprayer. Amino gold was used asa surfactant

at the rate of 0.7ml/L of water for all treatments.

3.3.4 Assessment of incidence and severity of powde ry mildew

Weekly assessment began after seven days from the first application of the treatments and
continued for twenty-eight weeks in the first experiment. In the second experiment, weekly
assessment was done over a period of six weeks. Assessment was done for six weeks since the
effect of the treatments was observed within the first week of applications. Disease incidence was
determined by counting the number of infected plants over the total number of plants assessed per
treatment in each replicate. Plants showing whitish powdery on the leaves or red blotches under
the leaves were tagged and followed for ease of monitoring. The tagged plants were maintained

throughout the experiment period. Plant disease incidence was calculated using the formula below.

Total Number of Infected plants

Plant Disease Incidence = x 100

Total Number of plants Assessed

Disease severity was determined by the percent of photosynthetic area infected by powdery

mildew using the scale of 1-5 by estimating as a percentage of the total leaf area of a single plant
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which have powdery mildew symptoms where 1=0-10% (very low infection), 2=11-25% (low
infection), 3=26-50% (moderate infection), 4=51-75% (high infection), 5>75% (severe infection)
(Awet et al., 2016; Bem et al., 2013). Thirty plants in each plot were randomly sampled and
marked for study in this parameter. Stems of the same age were marked and followed from the
time of marking until maturity. All compound leaves in every stem were assessed for disease
progression. Plastic markers were used in the sampled plants for monitoring the progress. Plants
with all stages of growth were critical for sampling to ensure that there were stems to monitor from
the beginning to the end of the experiment. The following formula was used in calculating the

disease severity:

Number of Individual Rating 100
X
Number of Plants Assessed = Maximum scale

Plant Disease Severity (PDS) =

Area under disease progress curve AUDPC measure the rate at which the pathogen spreads in the
tissues of the plant. The AUDPC was calculated based on disease scores from severity using the

formular below

AUDPC = (yHTyiH)(ti + 1 —t1) where yiis the proportion of disease on the ith observation, tiis

the time (days) of observation (Mirela et al., 2013).

3.4 Data analysis
Data on disease incidence and severity was subjected to analysis of variance (ANOVA) using

PROC ANOVA procedure of Genstat® (Lawes Agricultural Trust, Rothamsted Experimantal
Station 2006, version 15) and differences among the treatment means compared using Fisher’s
least significant difference (LSD test). All analyses were conducted at significance value of P

<0.05.
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3.5 Results

3.5.1 Efficacy of Bacillus spp and sodium nitrophenolate on incidence and severity of
powdery mildew

Foliar application of Bacillus subtilis, Bacillus amyloliquefaciens, sodium nitrophenolate and
dodemorph acetate reduced incidence and severity of powdery mildew. Incidence of powdery
mildew started reducing steadily from week eight after treatments application to week 16 after
treatments application (Table 3.1). Incidence of powdery mildew started to increase thereafter with
all treatments applied. Application of Bacillus amyloliquefaciens and dodemorph acetate
significantly P <0.05 reduced the incidence of powdery mildew from 83% to 55%; with Bacillus
amyloliquefaciens showing the highest reduction in powdery mildew incidence. Mean treatments
indicate that application of Bacillus amyloliquefaciens and dodemorph acetate had overall better
reduction on incidence of powdery mildew of roses.

Severity of powdery mildew differed significantly P <0.05 among the five treatments tested (Table
3.2). However, there was no significant difference in application of Bacillus subtilis and sodium
nitrophenolate in reducing the severity of powdery mildew of greenhouse roses. Plots treated with
Bacillus amyloliquefaciens and dodemorph acetate were observed to have reduced severity of
powdery mildew over time from 15.8% to 2.1%; with dodemorph acetate recording the highest
level of reduction. Application of dodemorph acetate reduced disease incidence the most compared
with control in area under disease progress curve (Table 3.3). This was followed by application of

Bacillus amyloliquefaciens, sodium nitrophenolate and Bacillus subtilis in that order.
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Table 3. 1: Incidence of powdery mildew on roses after treatments application of Bacillus subtilis,

B. amyloliquefaciens and sodium nitrophenolate

Weeks after treatment application

Treatments

4 8 12 16 20 Mean
Bacillus subtillis 27.62 217 10.9° 8.8v 17.3° 17.3°
Bacillus amyloliquefaciens 23.42 13.00 5.0¢ 5.6¢ 11.8¢ 11.8¢
Sodium nitrophenolate 2512 18.4%  10.4b 7.4p 15.30¢  15.30¢
Dodemorph acetate 21.42 12.3° 5.9¢ 5.3¢ 11.3¢ 11.3¢
Control 26.32 28.72 28.68  23.3 26.72 26.72
Mean 24.8 18.8 12.2 10.1 16.5 16.5
LSD (P <0.05) 7.3 7.7 3.5 1.9 4.7 5.02
CV (%) 19.2 26.4 18.6 12 18.6 18.96

Means within column with differentsuperscript indicates significant differenceat P <0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)

Table 3. 2: Severity of powdery mildew expressed as percentage after application of Bacillus
subtilis, B. amyloliquefaciens and sodium nitrophenolate

Weeks after treatment application

Treatments

4 8 12 16 20 Mean
Bacillus subtillis 21.492 27.29% 18.40bc 12.08P 10.63¢  17.98°
Bacillus amyloliquefaciens 16.212 15.76° 7.43¢ 5.35bc 3.68¢ 9.69°
Sodium nitrophenolate 17.272 23.06° 19.79p 13.06° 1111  16.86P
Dodemorph acetate 15.082 14.79p 12.64bc 3.12¢ 2.08¢ 9.54b
Control 21.772 40.002 47.042 42.992 45.972 39.622
Mean 18.4 11.5 21.1 15.3 14.7 16.2
LSD (P <0.05) 11.2 11.5 11.2 5.69 6.35 9.19
CV (%) 39.7 30.8 34.3 24.1 28 31.38

Means within column with different superscriptindicates significant difference at P<0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)
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Table 3.3: Effect of Bacillus subtilis, B. amyloliquefaciens and sodium nitrophenolate on area
under disease progress curve (AUDPC)

Treatments Rate AUDPC
Bacillus subtilis 3.0ml/L of water 1426.0%
Bacillus amyloliquefaciens 1.5g/L of water 998.0°
Sodium nitrophenolate 1.0ml/ | of water 1259.020
2.5ml/L of water

Dodemorph ecetate 932.0p
Control 1751.02
Mean 1273.0
LSD (P <0.05) 446.1
CV (%) 22.7

Meanswithin column with different superscript indicates significantdifference; LSD- least significantdifferences (P
<0.05); CV-coefficient of variation.

3.5.2 Frequency and rate of application of Bacillus amyloliquefaciens on incidence and

severity of powdery mildew
The results showed that application of Bacillus amyloliquefaciens at all rates and at various

intervals had significantly P <0.05 reduced incidences of powdery mildew of roses over time.
Week five and six had the lowest incidences of powdery mildew as the bacteria had well
established in the plants. Application of dodemorph acetate significantly P <0.05 reduced
incidence of powdery mildew over time compared with the negative control. Four days and weekly
application intervals of Bacillus amyloliquefaciens at different rates had better reduction on
incidence compared to the ten days interval. Disease incidence significantly increased at P <0.05
in areas of negative control over the weeks (Table 3.4). Concentration means indicates that
applications at the rate of 1.5g/ L of water had better reduction in incidence of powdery mildew as
compared to other rates at various intervals. Applications at4.5g/L of water had the highest level

of incidence as shown by the treatment means (Table 3.5).
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Table 3. 4: Incidence of powdery mildew of roses at different rates and intervals of application of
Bacillus amyloliquefaciens

Weeks after treatment application

Treatment 1 2 3 4 5 6 Mean
B. amylol 1.5¢/L, 4 days  12.0¢ 12.32  8.0d 9.7¢ 4.7¢ 3.0d 8.2b
B. amylol 3.0g/L, 4 days  14.0%c 13.32  10.3« 9.7¢ 6.0de 4.0d 9.6°
B. amylol 4.5¢g/L, 4 days  17.02 12,72 11.0bcd 10.7be 6.0de 3.7d 10.20
B. amylol 1.5¢g/L, 7 days  13.0%¢ 12.72  10.0c 9.7¢ 6.0de 3.7d 9.2b
B. amylol 3.0g/L, 7 days  11.0¢ 14.02  10.0c 8.7c 7.0cd 4.3d 9.20
B. amylol 4.5¢/L, 7 days  11.7¢ 15.02  10.3 10.3b¢ 7.3 5.3« 10.00
B. amylol 1.5g/L, 10 days  16.3% 14.00  12.74c 11.7%¢ 9.0 7.3 11.8°
B. amylol 3.0g/L, 10 days 12.7¢ 1272 15.0° 12.3¢ 7.3« 57¢  11.00
B. amylol 4.5¢g/L, 10 days 14.3dc 13.02 153 13.7° 10.0pc 8.30c 12.4b
D. acetate 2.5ml/L, 7 days 12.0¢ 14.02  12.7abc 11.70c 13.00 10.76 12.4P
Control 14.Qabe 1172 12.0%c 20.72 33.02 39.3 218
Mean 13.5 13.2 11.6 11.7 9.94 8.67 11.44
LSD (P <0.05) 3.52 4.94 4.04 3.7 4.46 33 3.99
CV (%) 15.4 21.9 20.5 18.6 26.4 20.5 20.55

Means within column with different superscript indicates significant difference at P<0.05; CV-coefficient of variation; LSD-Least
significant difference at (P <0.05)

Table 3. 5: Incidence of powdery mildew of roses after application of different concentrations of
Bacillus amyloliquefaciens

Weeks after application of different concentrations

Concentration

1 2 3 4 5 6 Mean
1.5g/L 13.82  13.02  12.00 10.3> 6.6° 4.7° 10.07°
3.0g/L 12,68 13.3@ 11.8 102> 6.8c 4.7° 9.9
4.50/L 1432 13.68 1222 116> 7.8 5.8 10.88P
2.5ml/lL 12.00  14.00 1272 117> 13.00 10.7>  12.35°
Control 14.06¢ 1172 12.00 20.72  33.08 39.32 2178
Mean 135 132 116 117 9.9 8.7 11.43
LSD (P <0.05) Con. Weeks 35 3.7 4.1 3.2 3.8 3.1 3.56
CV (%) 191 202 261 201 2715 26.2 23.20

Means within column with differentsuperscript indicates significantdifferenceat P <0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)
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Severity of powdery mildew was significantly at P <0.05 reduced by Bacillus amyloliquefaciens
applications at different rates and intervals. Reduction was gradual over the weeks with week six
recording the least severity. Disease severity was low in plots treated at four days and weekly
applications compared to ten days with weekly applications giving better reduction. Applications
at the rate of 1.5g/L of water and 3.0g/L of water showed higher levels of reduction in severity
according to the treatment means. Untreated plots had the highest severity level going up to 77.1%.
Application of dodemorph acetate also significantly at P <0.05 reduced severity of powdery

mildew over the weeks of experiment (Table 3.6 and Table 3.7).

Table 3. 6: Severity of powdery mildew of roses at different rates and intervals of application of
Bacillus amyloliquefaciens

Weeks after treatment application

Treatment

1 2 3 4 5 6 Mean
B. amylol 1.5¢g/L, 4 days ~ 13.58 12.92  6.4¢ 4,54 1.3 0.8 6.6°
B. amylol 3.0g/L, 4 days 13.72  10.8¢  6.1¢ 5.1 2.4b 0.9° 6.5°
B. amylol 4.5g/L, 4 days 1598 9.2 7.6k 7.qbd 150 110 7.1b
B. amylol 1.5¢g/L, 7 days 12.82  9.62 7.Qcde 5.6¢d 1.90 0.50 6.4°
B. amylol 3.0g/L, 7 days = 11.5¢  11.82  7.3¢ 5.9« 2.5 0.7 6.6°
B. amylol 4.5¢g/L, 7 days ~ 10.42  10.62  7.6%e 5.5 1.9 0.8 6.1°
B. amylol 1.5¢g/L, 10 days 11.92  10.32  9.9bcd 7.90cd 4.1b 1.6° 7.60
B. amylol 3.0g/L, 10 days 14.42 12,92  12.8® 1056 3.7b 1.3° 9.3
B. amylol 4.5¢g/L, 10 days 13.7¢  10.92  11.9acd 8.6Pc 5.50 2.01> 8.8°
D. acetate 2.5¢/L, 7 days ~ 12.12 7.9 11.18bcd 10.2>  9.1° 9.7 10.0
Control 1062 1058  15.02 30.12  59.92 7712 339
Mean 128  10.7 9.44 9.17 854 878 9091
LSD (P <0.05) 6.11 523 451 3.76 8.69 939 6.28
CV (%) 282 288 281 24.1 50.8 628  38.63

Means within column with differentsuperscriptindicates significant difference at P<0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)

34



Table 3. 7: Severity of powdery mildew of roses after application of different concentrations of
Bacillus amyloliquefaciens

Weeks after application of different concentrations

Concentration 1 > 3 2 5 5 Mean
1.5g/L 12.7a 10.9a 8.1b 5.9¢ 2.4¢ 0.96¢ 6.8°
3.00/L 13.2a 11.82 8.7° 7.2¢ 2.9pc 0.98¢ 7.465
4.5¢/L 13.32 10.2a 9.1° 7.1¢ 3.0pc 1.3¢ 7.33°
2.5ml/L 12.1a 7.92 11.1 10.2b 9.1° 9.7° 10.020
Control 10.62 10.52 15.02 30.12 59.12 77.02 33.722
Mean 12.8 10.7 9.4 9.2 8.5 8.8 9.9
LSD (P <0.05) 49 3.9 4.4 3.6 6.4 6.7 4,98
CV (%) 21.7 27.1 34.3 28.8 54.7 55.3 37.98

Means within column with differentsuperscriptindicates significant difference at P<0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)

Application of Bacillus amyloliquefaciens at different rates and intervals controlled powdery
mildew better than dodemorph acetate. Plots treated weekly at the rate of 1.5g/L controlled
greenhouse powdery mildew of roses on higher level compared with other rates and intervals of
applications. Areas with negative control registered highest level of powdery infection followed
by dodemorph acetate. Applications at different rates and intervals of ten days showed high levels
of AUDPC when compared to applications at different rates and at various intervals. In general,
application at the rate of 1.5g/L proved to have high effecton powdery mildew at different intervals

(Table 3.8).
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Table 3. 8: Area under disease progress curve of powdery mildew of roses at different rates and
intervals of application of Bacillus amyloliquefaciens

TREATMENT Rates and Interval AUDPC
Bacillus amyloliquefaciens 1.5¢/L of water, 4 days 825¢
Bacillus amyloliquefaciens 3.0g/L of water, 4 days 845.3¢
Bacillus amyloliquefaciens 4.5¢/L of water, 4 days 878.9¢
Bacillus amyloliquefaciens 1.5¢/L of water, 7days 799.8¢
Bacillus amyloliquefaciens 3.0g/L of water, 7 days 835.1¢
Bacillus amyloliquefaciens 4.5¢/L of water, 7 days 803.3¢
Bacillus amyloliquefaciens 1.5g/L of water, 10 days 964.3¢
Bacillus amyloliquefaciens 3.0g/L of water, 10 days 1194.1¢
Bacillus amyloliquefaciens 4.5¢/L of water, 10 days 1123.8¢
Dodemorph acetate 2.5g/L of water, 7 days 1749.4b
Control 3647.52
Mean 1242
LSD (P <0.05) 424
CV (%) 41.2

Means within column with different superscript indicates significant difference; LSD- least significant differences;
CV-coefficient of variation.

Figure3.2: T6P. M before Bacillus Figure3.1: T6P. M after Bacillus
amyloliquefaciens (3.0g/L, 4days amyloliquefaciens application
application
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Figure 3. 4: T4 P. M before Bacillus Figure 3. 3: T4 P.M weeks after Bacillus
amyloliquefaciens application amyloliquefaciens (1.5g/L) application

3.4 Discussion

Results of this experiment show that Bacillus spp has effect on powdery mildew of roses under
greenhouse conditions in different agro-ecological zones. This is evident by reduction in the
disease incidence and severity. Bacillus Spp has been used in managing various diseases of plants
across the world. Results posted here concurs with those posted by (Lim et al., 2017) where a
strain of Bacillus velezensis G341 controlled various phytopathogenic fungi by preventing
mycelial growth of Alternaria panax, Botritys cinerea, Colletotricum coccodes, Fusarium
oxysporium, Magnaporthe oryzea, Phytophthora capsici, Pythium ultimum, Rhizoctonia solani,

and Sclerotinia scletiorum.

Bacilomycin D which was extracted from Bacillus velezensis HN-2 inhibited mycelia growth of
Colletotricum gloesporioides (Penz) by secretion of iturin which is a member of the lipopeptins
(Jin et al., 2019). Results by Roslan et al. (2020) confirmed that Bacillus amyloliquefaciens PEP3
inhibited growth of spores of Phytophthora cacisi with 2.00£0.1 cm inhibition zone. Kumari et al.

(2021) isolated five different strains of Bacillus species and found that all the species had
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antifungal activity on Sclerotium rolfsii through release of phenolic acids and hydrolytic enzymes
which inhibited the growth of the mycelia of the fungi. Elsisi (2019) found out that squash sprayed
with bio-agents B. subtilis being one of them reduced severity and incidence of powdery mildew
of squash grown in greenhouses. Application of B. subtilis on cucumber plants under greenhouse
conditions reduced powdery mildew incidence and severity (Punja et al., 2019). Research
conducted by Rotich et al. (2019) indicated that Bacillus thuringiensis reduced powdery mildew
by parasitism on the hyphal cells and spores of powdery mildew on Cornus florida. It was
established that LJO2 a strain of Bacillus amyloliquefaciens controlled powdery mildew by

inducing systemic acquired resistance on cucurbits (Li et al., 2015).

Results presented in this experiment shows that all the test products Bacillus spp, sodium
nitrohenolate and dodemorph acetate decreased the area under disease progress curve (AUDPC)
compared to control. Dodemorph acetate and Bacillus amyloliquefaciens showed higher reduction
compared to Bacillus subtilis and sodium nitrophenolate. Weekly application of Bacillus
amyloliquefaciens at the rate of 1.5g/L of water posted better results compared to the other rates
atvarious intervals. This results are in agreement with the findings by Tanaka et al. (2017); Sawant
etal. (2017); Punja etal. (2019) which indicated that application of Bacillus spp and Trichoderma

spp reduced severity and AUDPC of powdery mildew.

Antifungal lipopeptides was shown to be the principal compound enhancing antagonism roles on
fungal cells (Cawoy et al., 2015). Some of the antifungal components released by species of
Bacillus includes fengycins, iturins, surfactins, mycobacillins, mycosubtilins, subsporins and
bacillomycins (Ortiz and Sansinenea, 2019). Tsegaye et al. (2019) postulates that Bacillus species
also release hydrolytic enzymes such as amylase, cellulose, protease, lipase and chitinase which

enable them to work against fungal infections. Species of Bacillus also produce volatile organic
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compounds-VOC ( Vinodkumar et al., 2017; Gotor-Vila et al., 2019; Roslan et al., 2020) which
possess antifungal properties to phytopathogenic fungi such as Alternaria alternata, A. solani,
Botrytis cinerea, Cladosporium oxysporum, Fusarium oxysporum, Moniliophtora perniciosa,
Paecilomyces lilacinus, P. variotii, and the oomycete Pythium afertile (Gao et al., 2017). Findings
by Guevara-Avendano et al. (2019) showed that isolates (HA, SJ, SO, SX, HB and SJJ) from the
avocado rhizobacteria emitted VOCs which inhibited mycelial growth of Fusarium solani on
avocado plants. Effectiveness of VOCs components is different among various strains of Bacillus.
Bacillus velezensis strain ZSY -1 released four main VOCsas pyrzine017, benzothiazole, 4-chloro-

3 methyl and phenol-2, 4-bis (1,1-dimethylethyl) (Gao et al., 2017).

Sodium nitrophenolate, a growth regulator have been proved to work against phytopathogens in
varying degrees. Research by Wojdyla (2004), Sharma et al. (2014), Bulgari etal. (2015) pointed
out that growth promotors and regulators induce plant resistance to abiotic and biotic stresses. A
combination of sodium nitrophenolate compound with foliar fertilizers has been reported to lower
the duration of infection of Phytophthorainfestans in potato production and also promoted growth
of the crop (Sawicka, 2003). According to Sawicka and Skiba (2009) in vitro treatment of potato
with nitrophenolates delayed incidence of P. infestans by 3-7 days while according to Glosek-
Sobieraj et al. (2018) foliar application of sodium nitrophenolate on potatoes reduced severity of
late blight. Study by Cwalina-Ambroziak et al. (2015) pointed out that application of sodium
nitrophenolate reduced severity of early blight of potatoes crop and incidences of dry rots on potato

tubers.

Synthetic growth regulators when applied to the plants help in strengthening of the cell walls and
inducing resistance to unfavourable environmental conditions and phytopathogens (Mikos-Bielak,

2005).
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3.5 Conclusion

Foliar application of Bacillus spp and sodium nitrophenolate significantly reduced the symptoms
of powdery mildew of roses in all the experimental plots compared with the negative control plots.
Both incidence and severity were reduced by foliar application of the test products in both first
and second experiments. Weekly application of Bacillus amyloliquefaciens at the rate of 1.5g/L of
water reduced the incidence and severity the most compared to other ratesand at different intervals
in the second experiment. Positive control which involved the application of dodemorph acetate
also controlled powdery mildew. The results shows that the test products have the potential in
controlling powdery mildew of roses, therefore, their use should be adopted by rose growers in

managing powdery mildew in the crop.
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CHAPTER FOUR:
EFFECT OF BACILLUS SUBTILIS, BACILLUS AMYLOLIQUEFACIENS AND SODIUM

NITROPHENOLATE ON QUALITY OF ROSE FLOWERS

4.1 Abstract
Quality of rose stem is an importance aspect for acceptability in the market. Longer stem length,

larger and longer flower buds are usually achieved through proper nutrition and modification of
the growing condition. Sometimes, quality of rose stems cannot be achieved due to high cost of
fertilizers, harsh weather conditions that make modifications difficult. This experiment was done
to evaluate the effect of Bacillus subtilis, B. amyloliquefaciens and sodium nitrophenolate on
quality of roses in greenhouse conditions. In the first experiment, foliar application of Bacillus
subtilis at the rate of 2ml/L, B. amyloliquefaciensat 3.0g/L, sodium nitrophenolate at 1ml/L and
dodemorph acetate at 2.5ml/L. In the second experiment, foliar application of Bacillus
amyloliquefaciens was done at different rates and at various intervals as follows 1.5¢g/L, 4 days,
3.0g/L, 4 days, 4.50/L 4 days, 1.5g/L 7 days, 3.0g/L, 7 days, 4.5¢g/L, 7 days, 1.5¢g/L, 10 days,
3.00/L, 10 days, 4.5¢/L, 10 days and no treatment as control. Data was collected on stem length,
bud diameter, bud length and marketable grade of harvested stems on daily basis. There was
significant difference among the treatments on bud length, bud diameter, stem length and
marketable grade. Foliar application of Bacillus subtilis, B. amyloliquefaciens and sodium
nitrophenolate improved the quality of rose plants compared with plants in area of negative control.
Effects of Bacillus spp and sodium nitrophenolate on stem elongation, flower sizes and flower
grade requires further investigation.

Key words: Quality, Bacillus Spp, sodium nitrophenolate, roses, marketable grade.
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4.2 Introduction

Rose (Rosa hybrida) is one of the most top ranking ornamental cut flowers in the world due to its
beauty, fragrance and other uses (Hummer and Janick, 2009; Ulaszewski etal., 2021). Appearance
of the rose stem in terms of size of the flower, the colour, shape of the bud, stem length and form

have been generally used in highlighting the quality parameters ( Reid, 2004; JETRO, 2011).

According to Fanourakis etal. (2013), interaction between genotype with growing conditions such
as relative humidity, amount of light in the greenhouse will affect the morphological and
physiological aspects of the plant thus quality of such crop. Plant spacing which results to higher
population has shown to give higher production and quality blooms of the crop (Sujatha and Singh,
2003). Yield and quality in rose crop is also affected by the number of branches per plant and the
stalk length. More branches reflects high production while longer lengths are for quality (Subiya
et al., 2017). Adequate lighting and improved levels of CO;in the greenhouse will lead to better
quality and increased production in rose crop. This will facilitate more branching, longer stems
and reduced number of blind shoots (Naing et al., 2016; Fanourakis et al., 2019). The age and
amount of bent shoots determines the extent of growth and development of the stem in the plant.
Plants with younger bent shoots performs photosynthesis better than older shoots (Zhang et al.,
2020). Plant growth, yield of plants and quality aspects of rose is improved by bending of shoots
at the junction and the age of the plant (Vasudevan and Kannan, 2014; Tsanakas et al., 2017;
Matloobi et al., 2018).

Greenhouse temperatures during both day and night with small range encourages better growth of
plants thus increased yield and quality (Zou et al., 2020). Well-planned irrigation system and
frequency of nutrient application through drip lines ensures good crop growth which results to

quality production of flowers (Katsoulas et al., 2006; Nikolaou etal., 2019). The type and quality
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of poly film cover affects the amount and quality of light that penetrates in the crop. The cover
influences the growth and development of the crop besides protecting it from environmental
dangers as well as providing conducive condition for enhanced production and quality of flowers
(Oloo-Abucheli, 2018). Fungicides of biological origins enhances shoot elongation, flowering and
sprouting in plants (Sitinjak, 2017; Szparaga et al., 2018; Anguiano et al., 2019; Lara-Capistran et
al., 2020). This experiment was conducted to evaluate the effects of Bacillus subtilis, Bacillus
amyloliquefaciens and sodium nitrophenolate on quality of roses in greenhouse conditions.
Bacillus spp and sodium nitrophenolate improves the quality of roses through enhanced production

growth hormones which relieves plants from abiotic and biotic stresses.

4.3 Material and methods

4.3.1 Description of the experimental site and the crop

The experimental site and the crop is as described in the previous chapter.

4.3.2 Experimental design and layout

The experimental design and layout is as described in chapter three.

4.3 Data collection

Stems were harvested daily and those without symptoms of powdery mildew were counted and
recorded. This was achieved by visual inspection or observation during harvesting for symptoms
on parts of the stem such as leaves, stem, sepals and flower. Total number of harvested stems for

the whole bed was recorded for the study. Stems which were showing symptoms of powdery
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mildew on the leaves and the ‘neck’ were discarded since they do not meet export quality and
those with deformities such as bent neck, bull heads and bent stems were equally discarded.
Harvested stems which met the market quality were analyzed on length and bud size. Stem length
was measured using tape measure while head sizes were measured using Vanier caliper for each

stem and data was recorded for every stem harvested.

4.3 Data analysis

Data collected on stem length, bud diameter, bud length and marketable grade was subjected to
analysis of variance (ANOVA) using PROC ANOVA procedure of Genstat® (Lawes Agricultural
Trust, Rothamsted Experimantal Station 2006, version 15) and differences among the treatment
means compared using Fisher’s least significant difference (LSD test). All analyses were

conducted at significance value of P <0.05.

4.5 Results

4.5.1 Efficacy of Bacillus spp. and sodium nitrophenolate on quality and marketable grade

Stem length improved significantly at P <0.05 with application of all treatments in week sixteen
compared with harvested stems from the negative control but there was no significant differences
at P <0.05 in stem length in other weeks in the first experiment. Mean treatment indicates that
application of Dodemorph acetate and sodium nitrophenolate had better stem length followed by
Bacillus subtilis and Bacillus amyloliquefaciens (Table 4.1). There was no significant difference
at P <0.05 in bud diameter among the treatments applied during the period. There were no
significant difference in bud length and diameter after treatments application in weeks four, eight

and sixteen. However, week twelve of treatments applications showed significant P <0.05
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improvement in bud length in plots treated with Bacillus subtilis and sodium nitrophenolate.
Generally, after 12 to 20 weeks of treatments application, control had the lowest values for bud
length (Tables 4.2 and 4.3). There were no significant difference among treatments on marketable
grade of harvested stems, however, significant difference at P <0.05 were noted in week 20 after
treatments application compared to control plots which did not give any marketable stems due to
high level of powdery mildew infections (Table 4.4).

Table 4. 1: Stem length of roses after application of Bacillus subtilis, B. amyloliquefaciensand
sodium nitrophenolate

Weeks after treatment application

Treatments

4 8 12 16 20 Mean
Bacillus subtillis 64.92 67.282 69.41a 66.110 65.052 66.542
Bacillus amyloliquefaciens  67.32 68.702 68.782 61.70¢ 64.712 66.20?
Sodium nitrophenolate 67.92 69.092 67.782 66.04b 65.412 67.242
Dodemorph acetate 67.12 67.342 67.122 69.902 65.722 67.442
Control 68.02 65.982 63.71° 61.64¢ 63.942 64.65?
Mean 67 67.7 67.4 65.1 65 66.44
LSD (P <0.05) 9.27 441 4.6 3.2 1.78 4.65
CV (%) 9 4.2 4.4 3.2 1.8 4.52

Means within column with differentsuperscript indicates significantdifferenceat P <0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)

Table 4. 2: Bud diameter of roses after application of Bacillus subtilis, B. amyloliquefaciens and
sodium nitrophenolate

Weeks after treatment application
Treatments

4 8 12 16 20 Mean
Bacillus subtillis 2.852 3.112 2.992 2.774 3.082 2.967
Bacillus amyloliquefaciens 3.092 3.23 2.962 2.792 3.132 3.042
Sodium nitrophenolate 3.032 3.12 3.012 2.842 2.992 2.992
Dodemorph acetate 3.042 3.112 3.042 2.812 3.142 3.032
Control 3.032 3.042 3.062 2.752 2.46° 2.874
Mean 3 31 3 2.8 3 2.98
LSD (P <0.05) 0.3 0.4 0.2 0.2 0.3 0.28
CV (%) 7 7.4 3.4 5.2 54 5.68
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Means within column with different superscript indicates significant difference at P <0.05; CV-coefficient of
variation; LSD-Least significant difference at (P <0.05)

Table 4.3: Bud length of roses after application of Bacillus subtilis, B. amyloliquefaciens and
sodium nitrophenolate

Weeks after treatment application

Treatments

4 8 12 16 20 Mean
Bacillus subtillis 4.932 5.267 5.21@ 4.122 5.502 5.002
Bacillus amyloliquefaciens  5.312 5.292 5.402 4.162 5.252 5.082
Sodium nitrophenolate 5.082 5.442 5.302 4.142 5.292 5.052
Dodemorph acetate 5.242 5.312 5.23q» 4.092 5.272 5.032
Control 5.242 5.122 4.89p 4.042 4.34p 4,730
Mean 5.2 53 5.2 4.1 51 4.98
LSD (P <0.05) 0.65 0.32 0.25 0.28 0.2 0.34
CV (%) 8.2 4 3.1 4.5 2.5 4.46

Means within column with differentsuperscript indicates significantdifference at P <0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)

Table 4.4: Marketable grade of roses after application of Bacillus subtilis, B. amyloliquefaciens
and sodium nitrophenolate

Weeks after treatment application

Treatments

4 8 12 16 20 Mean
Bacillus subtillis 3.13k 4.19 3.252 6.06? 6.25% 4.582
Bacillus amyloliquefaciens 2.19 3.882 3.692 5.562 7.442 4.552
Sodium nitrophenolate 2.942 3.942 4.002 4.812 6.00p 4.342
Dodemorph acetate 3.132 4.132 3.252 6.812 6.44ab 4.752
Control 1.002 0.00° 0.00° 0.00° 0.00¢ 0.200
Mean 2.5 3.2 2.8 4.7 5.2 3.68
LSD (P <0.05) 1.66 0.73 0.83 2.07 1.15 1.29
CV % 43.4 14.7 19.1 28.9 14.3 24.08

Means within column with different superscript indicates significant difference at P <0.05; Means of treatment is
separated with LSD treatment; CV-coefficient of variation; LSD-Least significant difference at (P <0.05)

4.5.2 Effect of rate and interval of application of Bacillus amyloliquefaciens on quality and
marketable grade of harvested stems

Stem length differed significantly at P <0.05 among treatments over the weeks with different
application rates and at various intervals of Bacillus amyloliquefaciens during the period of the

experiment. However, application of Bacillusamyloliquefaciens atthe interval of 10 days in weeks
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four and five had better average stem length compared to applications at intervals of four days and
weekly. Application at the rates of 1.5g/L of water and 3.0g/L of water had longer stem length
compared to applications at the rate of 4.5g/L of water. Application of dodemorph acetate
significantly P <0.05 improved stem length over the weeks (Table 4.4). However, the untreated

plots showed that stem length was reducing as over the weeks.

Bud length and diameter over the weeks differed significantly at P <0.05 with application of
Bacillus amyloliquefaciens at different rates and intervals. Bud length with concentrations of
3.0g/L and 4.5¢/L differed significantly at P <0.05 particularly in weeks five and six (Table 4.9).
However, average weekly means indicate that week four and five had better bud diameter
compared to other weeks during the period of study (Table 4.6 and Table 4.7). Weekly application
of dodemorph acetate significantly at P <0.05 improved the bud length and diameter over the

weeks. Control plots had the lowest values on both bud length and diameter.
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Table 4.4: Stem length of roses after application of different rates and at various intervals of

Bacillus amyloliquefaciens

Weeks after treatment application

Treatment

1 2 3 4 5 6 Mean
B. amylol 1.5¢g/L, 4 days 59.0&  59.0%»  66.32 59.0%  57.0%c  583d 598
B. amylol 3.0g/L, 4 days 64.32 5730 557b¢ 5900  52.0d 59.7a  58.0%®
B. amylol 4.5¢g/L, 4 days 59.0& 58,0  54.7¢ 60.7%  53.0d 52.3¢  56.3®
B. amylol 1.5¢g/L, 7 days 58.00 5500 58.0c  56.3°  58.0% 57.3®0 571
B. amylol 3.0g/L, 7 days 64.02 6572  62.08  61.3% 54.7bcd  587d  §].1a
B. amylol 4.5g/L, 7 days 58.7°  62.3® 56.0bc  51.7bc  54,7bcd  56.0dc 56,600
B. amylol 1.5g/L, 10 days 58.00 6478 58.7b¢c 587 59 3a 59.32  59.8a
B. amylol 3.0g/L, 10 days 5530 57.3® 58.7¢ 6532 543d  56.0dc 578D
B. amylol 4.5g/L, 10 days 55.0p  61.3% 59.0bc  61.3®  56.0%c  55.(00c 57,9
D. acetate 2.5ml/L, 7 days 59.0e> 58,0  59.0c 610  51.3d 55.0bc 57,28
Control 61.0%  60.0% 58.00c  47.3¢ 41.3¢ 43.7d 51.90
Mean 59.2 59.9 58.7 58.3 53.8 55.6 57.58
LSD (P <0.05) 5.33 9.28 7.04 7.98 3.51 4.67 6.3
C.V (%) 5.3 9.1 7 8 3.8 4.9 6.35

Means within column with differentsuperscript indicates significantdifferenceat P <0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)
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Table 4.5: Stem length of roses after application of different concentrations of Bacillus
amyloliquefaciens
Concetration Weeks after application of different concentrations

1 2 3 4 5 6 Mean
1.5g/L 58.32 59.62 61.02 58.02 58.1a 58.32 58.92
3.0g/L 61.2a 60.12 58.8a 61.92 53.7v 58.1ab 58.92
4.5g/L 57.62 60.62 56.67 57.92 54.6° 54.4b 56.92b
2.5ml/iL 59.02 58.02 59.0a 61.02 51.3¢ 55.0p 57.2@
Control 61.02 60.02 58.02 47.30 41.3d 43.7¢ 51.9°
Mean 59.2 59.9 58.7 58.3 53.8 55.6 57.58
LSD (P <0.05) 53 8.1 6.4 7.1 2.9 3.8 5.6
CV (%) 6.5 9.9 7.9 8.1 4 5 6.9

Means within column with differentsuperscript indicates significantdifferenceat P <0.05; CV-coefficient of variation;

LSD-Least significant difference at (P <0.05)

Table 4. 6: Bud diameter of roses at different rates and intervals of application of Bacillus
amyloliquefaciens

Weeks after treatment application

Treatment 1 2 3 4 5 6 Mean
B. amylol 1.5¢g/L, 4 days  2.2% 2.08 2.28 2.1 2.20c 2.1bc 2.12
B. amylol 3.0g/L, 4 days  2.0% 2.1a 1.9pc 2.1 2.3 2.1bc 2.1a
B. amylol 4.5¢g/L, 4 days  2.1%® 2.12 2.0% 2.3 2.0d 2.20 2.12
B. amylol 1.5¢g/L, 7 days  1.9° 2.1a 2.22 2.1 2.1cd 2.1bc 2.1a
B. amylol 3.0g/L, 7 days  2.0% 2.18 2.08 2.0° 2.0d 2.20 2.12
B.amylol 45g/L, 7 days ~ 2.0¢ 212  20% 2.3 2.0d 2.00 2.12
B. amylol 1.5¢g/L, 10 days 2.3? 2.02 2.28 2.2 2.78 2.6 2.3
B. amylol 3.0g/L, 10 days 2.0% 2.1a 2.1 2.28 2.0d 2.2 2.1a
B. amylol 4.5g/L, 10 days 1.9 200 21 21d 20 (¢ 2.12
D. acetate 2.5ml/L, 7 days 2.1 2.1a 2.1 2.2 2.1cd 2.0 2.1a
Control 2.2 2.12 1.7¢ 1.6° 1.4¢ 1.4d 1.7°
Mean 2.08 2.08 2.06 2.1 2.1 2.07 2.08
LSD (P <0.05) 0.31 0.24 0.21 0.27 0.17 0.21 0.24
CV (%) 8.7 6.6 5.8 7.5 4.8 5.9 6.55

Means within column with differentsuperscript indicates significantdifferenceat P <0.05; CV-coefficient of variation;

LSD-Least significant difference at (P <0.05)
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Table 4. 7: Bud diameter of roses after application of different concentrations of Bacillus
amyloliquefaciens

Weeks after application of different concentrations

Concentration

1 2 3 4 5 6 Mean
1.5g/L 2.]a 2.]a 2.22 2.1a 2.42 2.22 2.22
3.00/L 2.02 2.]a 2.0a 2.]a 2.]a 2.22 2.22
4.50/L 2.02 2.]a 2.1a 2.22 2.]a 2.12 2.1a
2.5ml/L 2.1a 2.]a 2.1a 2.22 2.1a 2.02 2.1a
Control 2.2a 2.]a 1.7v 1.6 1.4b 1.4b 1.7v
Mean 2.1 2.1 2.1 2.1 2.1 2.1 2.1
LSD (P <0.05) 0.2 0.2 0.2 0.2 0.3 0.3 0.23
CV (%) 8.5 6 5.8 7.3 9.2 0.8 7.77

Means within column with differentsuperscriptindicates significant difference at P<0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)

Table 4. 8: Bud length of roses at different rates and intervals of application of Bacillus
amyloliquefaciens
Weeks after treatment application
TREATMENT
1 2 3 4 5 6 Mean
B. amylol 1.5g/L, 4 days 5.4ab 5.4a 5.22 5.22 5.60¢ 5.4bc 5.4ab
B. amylol 3.0g/L, 4 days 5.62 5.4ab 5.32 5.4a 5.2de 5.1¢ 5.3ab
B. amylol 4.5¢g/L, 4 days 5.5ab 5.62 5.22 5.42 5.4cd 5.50 5.4ab
B. amylol 1.5g/L, 7 days 5.2b 5.3% 5.32 5.22 5.8% 5.5b 5.4
B. amylol 3.0g/L, 7 days 5.5a 5.4ab 5.4a 5.1a 5.2de 5.1¢ 5.3a
B. amylol 4.5g/L, 7 days 5.4 5.2b 5.42 5.32 5.1d 5.4pc 5.3
B. amylol 1.5¢/L, 10 days  5.62 5.3a 5.42 5.52 6.02 5.92 5.62
B. amylol 3.0g/L, 10 days  5.2° 5.3® 5.42 5.32 5.3¢d 5.4pc 5.3
B. amylol 4.5¢/L, 10 days  5.4% 5.2b 5.3% 5.32 5.2de 5.1¢ 5.3
D. acetate 2.5ml/L, 7 days  5.2° 5.4ab 5.52 5.2a 5.0¢ 5.1¢ 5.2b
Control 5.5 5.4 4.7v 4.4b 4.2f 4.49 4.8¢
Mean 5.39 5.37 5.29 5.21 5.28 5.25 5.29
LSD (P <0.05) 0.39 0.38 0.35 0.33 0.31 0.35 0.35
CV (%) 4.2 4.2 3.9 3.7 3.4 4.2 3.93

Means within column with different superscript indicates significant difference at P<0.05; CV-coefficient of variation; LSD-Least
significant difference at (P <0.05)
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Table 4. 9: Bud length
amyloliquefaciens

of roses after application of different concentrations

of Bacillus

Weeks after application of different concentrations

Concentration
1 2 3 4 5 6 Mean
1.5g/L 5.42 5.42 5.3 5.3 5.8 5.62 5 50
3.0g/L 54 54 54 53 53 52 5.3
4.5g/L 54 54 5% 53 52 53 5.3
2.5ml/L 522 542 55 52 50 5.1 5.0
Control 5.52 5.42 4.7° 4.4p 4.2¢ 4.4 4.8b
Mean 5.4 5.4 5.3 5.2 5.3 5.3 5.32
LSD (P<0.05) 0.3 0.3 0.3 0.3 0.3 0.4 0.32
C.V. (%) 47 43 37 38 37 5.2 493

Means within column with differentsuperscript indicates significantdifferenceat P <0.05; CV-coefficient of variation;
LSD- Least significant difference at (P <0.05)

Application of Bacillus amyloliquefaciens resulted to production of more sellable stems due to

reduction and clearing of powdery mildew spores on the leaves, stems and sepals of the flowers.

There was significant diffenece among treatments in week three to week five. Week six had the

highest production with daily average production of 49 stems (Table 4.10). Treatment means

indicates that applications at the interval of ten days at the rate of 1.5¢g/L gave more stems than

applications at the interval of four days and weekly applications. The rate of 3.0g/L resulted in

high production (Table 4.11). Application of dodemorph acetate had the highest production of

stems while the control had lowest number of stems produced during that period of study.

o1



Table 4.10: Marketable grade of harvested rose stems at different rates and interval of application
of Bacillus amyloliquefaciens

Weeks after treatment application

1 2 3 4 5 6 Mean

TREATMENT

.amylol 1.5¢/L, 4 days 8.3¢ 18.32  24,3bcd 25.3°  26.0¢ 35.00 22,92
. amylol 3.0g/L, 4 days 13.0bcd 20,028 26.0%cd 28,3 33.3® 33.72  25.72
.amylol 4.5¢g/L, 4 days 12, 7bcd 18.32  28.3%® 2778 31.73c 313 2502
.amylol 1.5¢/L, 7 days 11.0cd 1472 29.32 25.30  31.0bc 3A4.3F 243
.amylol 3.0g/L, 7 days 17.02 17.02  24.Qbcd 29.3%  31.3Wc 34,00 25.4
.amylol 4.5¢/L, 7 days 10.7de 18.02  23.7« 25.7°  30.3¢  30.72 23.22
.amylol 1.5¢/L, 10 days  13.3%cd 19,328 257acd 30,00 33.00 3508 26.1a
.amylol 3.0g/L, 10 days  15.3qc 16.32  22.0d 3L7a 343 353 258
B. amylol 4.5g/L, 10 days 13.0ebcd 1772 22.0d 32.02 26.3¢ 3472 243
D. acetate 2.5¢/L, 7 days 15, 3abc 15. 72 27.0abc 30.0®  37.7a 33.00 26.52

0 0 0 0 W W W

Control 16.02 15.72  14.0¢ 9.7¢ 6.0d 3.3 10.8°
Mean 13.2 173  24.2 26.8 29.2 309 236
LSD (P <0.05) 4.3 5.9 4.5 5.9 6.5 6.7 5.6
CV (%) 19.4 20.2 109 131 13.2 12.7 14.92

Means within column with differentsuperscript indicates significantdifferenceat P <0.05; CV-coefficient of variation;
LSD-Least significant difference at (P <0.05)
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Table 4. 11: Marketable grade of roses after application of different concentrations of Bacillus
amyloliquefaciens

Weeks after application of different concentrations

Concentration

1 2 3 4 5 6 Mean
1.59/L 10.9¢ 17.32 2642 2698 30.00 34.8 244
3.0g/L 151  17.82  24.00 29.8  330b 3400 256°
4.5g/L 12.10c  18.02  24.7@ 2843  24.4b 3200  23.3°
2.5ml/L 15.3% 1572 27.0¢0 30.00 37.7a 3302 265
Control 16.02 15.72 1400 970  B.0° 3.00 10.7°
Mean 13.2 173 242 268 292 309 236
LSD (P <0.05) 3.8 4.7 4.4 5.2 5.6 4.9 4.77
CV (%) 21.1 19.7 133 141 14 11.7 15.65

Means within column with different superscript indicates significant difference at P<0.05; CV-coefficient of variation; LSD-Least
significant difference at (P <0.05)

4.6 Discussion

This experiment was conducted to evaluate the effect of Bacillus spp and sodium nitrophenolate
in promoting growth by improving quality of roses flowers. Results of the data from harvested
stems showed that the Bacillus spp and sodium nitrophenolate improved quality of the rose stem-
stem length, bud diameter and bud length compared with stems harvested from the control plots..
These results are in line with findings by Tanaka et al. (2017), Punja et al. (2019), Sarhan et al.
(2020) who pointed out that foliar application of Bacillus spp increased yields of cucumber under
greenhouse conditions. Getahun et al. (2020) who pointed out that isolates strain BS 45- Bacillus

sp improved the growth of Acacia abyssinica in terms of length.

Inoculation of bell pepper with Bacillus subtilis mixed with vermicompost improved
morphological characteristics of the plant. The plant recorded increased height, stem diameter,
leaf, buds, flower number, leaf area and production (Lara-Capistran et al., 2020). Research
findings by Shi et al. (2010) pointed out that sugar beet plants treated with different strains of
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Bacillus spp showed an improved plant height, plant dry weight and carbon assimilation and
chlorophyll content and also stimulated maximum efficiency of Photosystem Il. Results by
Gowtham et al. (2017), Anguiano et al. (2019) showed that tomato plants inoculated with PGPB
including Bacillus spp increased plants shoot and root length in greenhouse conditions but did not
have significance differences in controlled conditions. Hashmi et al. (2019) indicated that a
consortia of Bacilli when inoculated with oats seeds promoted growth of the plants by increasing
plant biomass. However, Costa-Santos et al. (2021) found out that tomato plants treated with
Bacillus spp did not significantly improve on shoot and root length as well as fresh biomass of the
tomato seedlings. Cendales et al. (2017) reported that application of Bacillus subtilis strain GIBI
200 and Bacillus pumilus GIBI 206 did not significantly increase the biomass of tomato and plant

height and roots.

Bacillus spp promote growth of plants through both direct and indirect ways which includes
nitrogen fixation, production of phytohormone and siderophores, solubilization and mineralization
of phosphorous, production of antimicrobial compounds and hydrolysis of enzymes, tolerance to
abiotic stress and induced systemic resistance-ISR (Goswami et al., 2016). Various species of
Bacillus possess fixation capability for atmospheric nitrogen into the plant system. Bacillus with
this capability has a specific gene which enables it to achieve this role. Bacillus spp is also capable
of producing indole acetic acid (IAA) and auxin- promoting genes which in turn promote growth
of plants (Shakeel et al., 2015; Ambreetha etal., 2018). Research by Howell etal. (2003), Xie et
al. (2018), Wu et al. (2021) showed that cytokinins which are secreted by some Bacillus spp are
essential in mitosis, development of young stems, radicles progression, callus formation which are

employed in undifferentiated roots and stems tissues. Joo et al. (2004), pointed out that some
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Bacillus spp may produce gibberelin acids (GA) which are vital in stem elongation, flowering,

fruit formation and sex expression in plants.

Sodium nitrophenolate is a growth regulator with functions to stimulate roots, shoots, fruits and
improve uptake of nutrients, increase flower buds, as well as improved quality of crops
Nitrophenolates enhance active stimulation on all tissues which grow biochemically and invoke
seepage into plant tissues thus accelerating metabolism (Francesca et al., 2020). Sodium
nitrophenolates has been used in improving quality and yield of different agricultural crops. This
results shows that sodium nitrophenolate did not improve the quality of roses in comparission with
stems from control plots. This result are consistent with findings by Bala and Sala, (2020) working
on hibiscus noted an improvement on growth of the plant, Godlewsk and Ciepiela, (2021) with
ryegrass indicated high yield in terms of plant biomass and quality of fodder. According to Pagar
etal. (2011), Aksona and Unay (2019) nitrophenolates used in cotton improved the production of
the crop. Szczepanek et al. (2017) showed that carrot plants had increased number of roots and
desirable quality grade after treatment with nitrophenolate based biostimulant. However, Przybysz
etal. (2014) showed that cucumber and Thaliana plants did not increase in height after application
of nitrophenolate based biostimulant. Research findings by Poberezny etal. (2020) indicated that
application of nitrophenolate did not improve yield and quality of carrots. Wierzbowska et al.
(2017) contends that carrot plants treated with nitrophenolated had no significant difference in

quality compared with those grown in ecological system.

Nitrophenolate have been used in increasing the number of tomato fruits (Djanaguiraman et al.,
2004). Researchby Cerny et al. (2002) showed that sodium nitrophenolate compounds improved
the production and quality of selected sugar beets. (Amin etal., 2019) pointed out that growth and
production of gladiolus improved significantly after application of nitrophenolate mixtures.
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Growth of shoot cuttings and stem cuttings were improved significantly compared with the control
in citrus (Sitinjak, 2017). Pacholczak et al. (2012) points out that application of nitrophenolate
improved the growth of two different cultivars of dogwoods. Research findings by Szydlo and
Pacholczak, (2010) showed that sodium nitrophenolate enhanced growth and development of
hydrangeas, it also increased the vegetative growth of broad been (Tawfeeq, 2012). Potato plants
sprayed with nitrophenolate to dripping resulted to high production compared to control (Majeed
et al., 2019). Foliar application of sodium nitrophenolate improved the production of carrot roots
by 20% compared to the control treatment (Kwiatkowski et al., 2013), it also improved the yield
of dry herb of both thyme and basil by increasing productivity (Kwiatkowski, 2011; Kwiatkowski
and Juszczak, 2011). Research by Gulluoglu et al. (2006) showed that foliar application of
nitrophenolates improved the production of soybean crop by increasing pod numbers and grain
weight. Yield and quality (weight of 1000 grains) of beans was improved by foliar application of
nitrophenolates through double application at higher rate (Szparaga et al., 2019), also it helped in
increasing the height of plants and pods, hull counts on the and the grain counts in the husks

(Szparaga et al., 2018).

Nitrophenolates are phenolic compounds which helps in metabolism processes such as increase in
the indigenous level of auxins, improves growth and development, enhance uptake of nutrients,
phototsynthetic, nitrate assimilation, hormonal and antioxidant activities in plants (Djanaguiraman
et al., 2010; Valero et al., 2014; Francesca et al., 2020). Application of nitrophenolates improves
photosynthetic capability of the plant by lowering resistance of the stomata by enabling an
effortless and increased flow of carbon dioxide to the chloroplast, maximizing photochemical
efficiency and increasing chlorophyll biosynthesis or reducing its degradation (Przybysz et al.,

2014; Kazda et al., 2015). These compounds are also involved in the capture of free radical by
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phenolic compounds and reactive oxygen species ravaging through peroxidase activity

(Djanaguiraman et al., 2010; Szparaga et al., 2018).

4.7 Conclusion
Quality of rose stem is a key factor in rose production and trade. Long stems, large flower buds

are preferred in the market and fetch better prices. Production of stems with such quality
parameters will guarantee sale and better revenue to the organization. Any product with the ability
to improve quality of rose crop will be welcome by rose growers.

Inthe current study, the results obtained shows that application of bacillus Bacillus spp and sodium
nitrophenolate applied to the rose bushes improved the quality of roses in terms of stem length,
bud diameter and lengths over time. Results shows that the test products have effect on quality
parameters and production of more stems on rose crop. Rose growers should incoperate Bacillus
subtilis, B. amyloliquefaciens and sodium nitrophenolate in the crop production system to help in

improving the quality of the crop.
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CHAPTER FIVE:
GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

5.1 General discussion
This study showed that powdery mildew of roses is controlled by foliar application of Bacillus spp

and sodium nitrophenolate. It is also evident that application of Bacillus spp and sodium
nitrophenolate improves quality of roses in relation to control. Powdery mildew of roses in
greenhouse conditions is managed mainly through application of synthetic fungicides (Scarito et
al., 2007). Biological means of managing powdery mildew in greenhouses is gaining popularity
in the current days (Singh et al., 2017). According to Ntushelo et al. (2019) growth of Fusarium
graminearum was inhibited by species of Bacillus by deploying different modes of action.
Miljakovic et al. (2020) showed that Bacillus spp suppressed several plant pathogens and
promoted growth of field and vegetable crops. In vitro experiment by Khan et al. (2018) showed
that strains of Bacillus spp, B. simplex 30N-5 and B. subtilis 30VD-1 and B. simplex 11 and 237
inhibited dense hyphal growth of various species of Fusarium (F. oxysporum f. sp. conglutinans,
F. oxysporum f. sp. matthioli and F. solani. A strain of B. amyloliquefaciens, CNU114001
inhibited growth of mycelia by 70% of different plant pathogens Colletotrichum orbiculare, C.
acutatum, Fusarium oxysporum, Alternaria panax, Rhizoctonia solani, Pyricularia grisea,
Botrytis cinerea, Phytophthora capsici and Sclerotinia sclerotiorum (Ji et al., 2013). Roslan et al.
(2020) pointed that Bacillus amyloliquefaciens strain PEP3 had inhitory effect on spores of
Phytophthora capsici. Application of Bacillus subtilis and B. amyloliquefaciens reduced area
under disease progress curve (AUDPC) of powdery mildew. Severity and AUDPC of powdery
mildew were reduced after application of Bacillus spp and Trichoderma spp (Sawant et al., 2017;

Punja et al., 2019).
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Growth of mycelia of Verticelium dahliea and Fusarium oxysporium of strawberry were reduced
In vitro by antifungal activity of strain of Bacillus velezensis CT32 (Li et al., 2020). Species of
Bacillus achieve phytopathogen reduction through various processes including release of volatile
organic compounds (Avendano et al., 2019; Gotor-Vila etal., 2019; Morita et al., 2019; Roslan et
al., 2020; Li etal., 2020), production of antifungal components (Kulimushi etal., 2017; Alizadeh
et al., 2020) release of hydrolytic enzymes and production of siderophore (Khan et al., 2018;

Alizadeh et al., 2020; Andric et al., 2020; Roslan et al., 2020).

Sodium nitrophenolate has been used in controlling phytopathogens in different crops. Research
findings by Glosek-Sobieraj et al. (2018) showed that foliar application of nitrophenolate
controlled Phytophthorainfestans in potato. Incidence and severity of early blight and dry rots in
potato tubers were significantly reduced after application of sodium nitrohenolate (Cwalina-
Ambroziak et al., 2015). Nitrophenolates work by inducing tolerance to both abiotic and biotic

stress and enhancing nutrient use efficiency (EU, 2019).

From this study, foliar application Bacillusspp and sodium nitrophenolate resulted to better quality
of flowers compared with control. Longer stem length, flower bud length and larger diameters in
relation to shorter stem length and smaller bud sizes compared with the negative control. These
findings are in agreement with those of (Saxena et al., 2019; Sarhan et al., 2020; Getahun et al.,
2020; Miljakovic etal., 2020) who pointed out that application Bacillus spp improved growth and
yield of different plants. Banana plants treated with Bacillus spp had improved production

(Dadrasnia et al., 2020).

Bacillus spp promote growth of plants through nitrogen fixation, production of phytohormone and

siderophores, solubilization and mineralization of phosphorous, production of antimicrobial
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compounds and release of enzymes, inducing tolerance to abiotic and biotic stress (Goswami et

al., 2016; Andric et al., 2020).

This study showed that foliar application of sodium nitrophenolate improved the quality of rose
flowers. This results concur with those of (Poberezny et al., 2020) who showed that carrot plants
treated with nitrophenolates improved productivity and quality during harvest and in storage.
Murawska et al. (2017) showed that winter wheat treated with nitrophenolate and other
biostimulants had better stem length and root mass compared to the crops from the control. Foliar
application of sodium nitrophenolate on rice crop showed an improved vyield, taller plants and
increased number of pannicles and production tillers (Banful and Attivor, 2017). Aksona and Unay
(2019) pointed out that foliar application of sodium nitrophenolate on cotton plants showed
improved vyield in terms of seed index and boll weight. Root elongation in Hibiscus spp was
experienced after treatment with nitrophenolate (Bala and Sala, 2020). Calendula officinalis plants
sprayed with nitrophenolates showed better vegetative growth compared to plants from the control
area (Swaefy and El-Ziaty, 2017). Nitrophenolates promote plants growth through induction of

tolerance and nutrient use efficiency (Francesca et al., 2020).

5.2 Conclusion

From this experiment, foliar application of Bacillus subtilis, B. amyloliquefaciens and sodium
nitrophenolate reduced incidence and severity of powdery mildew in roses. Application of Bacillus
amyloliquefacens registered highest level of reduction in the first experiment. In the second
experiment, application of Bacillus amyloliquefacins at different rates and at various intervals also
reduced incidence and severity of powdery mildew of roses. Foliar application these test products
in both first and second experiments improved the quality of rose crop. This was indicated by

longer stem length, bud length and bud diameter and increased number of sellable stems compared
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to the negative control. From the results, rose growers should use Bacillus spp and sodium
nitrophenolate in the management programme for powdery mildew of roses as this help in

controlling the disease as well improve the quality of the crop.

5.3 Recommendations
I.  Growers of roses should be encouraged to use Bacillus amyloliquefaciens and sodium

nitrophenolate to manage powdery mildew in the crop.

ii.  Further researchshould be done to determine the optimal rate of application of Bacillus
amyloliquefaciens and sodium nitrophenolate for effective management of powdery
mildew.

iii.  Further research to be conducted to determine how exactly sodium nitrophenolate induce
resistant to various crop against phytopathogens.

iv.  Further researchshould be carried out to establish how Bacillus spp and sodium

nitrophenolate increases the yield and improves quality of crops.

61



REFERENCES
Abbas, A., Khan, S. U., Khan, W. U., Saleh, T. A., Khan, M. H. U., Ullah, S., Ali, A., and Ikram,
M. (2019). Antagonistic effects of strains of Bacillus spp. Against Rhizoctonia solani for
their protection against several plant diseases: Alternatives to chemical pesticides.

Competes Rendus Biologies, 342, 124-135.

Abd Elwahed, M. S., Mahdy, H. A., EI-Saeid, H. M., and Abouziena, H. F. (2019). Effect of some
bio-regulators on yield quantity and quality of garlic plants (Allium Sativum L.). Middle
East Journal of Applied Sciences, 9, 17-24.

Abhiram, P., Sandhya, N.,and Chaitanya, K. V. M. S. (2018). Microbial pesticides a better choice
than chemical pesticides. Journal of Pharmacognosy and Phytochemistry, 7(5), 2897-
2899.

Abrol, D.P., and Shankar, U. (2012). History, overview and principles of ecologically based pest
management. Integrated pest management: principles and practice, 1-26.

Adeola, O., Meru, A. K., and Kinoti, M. W. (2018). Kenya’s blooming flower industry: enhancing
global competitiveness. Africa’s competitiveness in the global economy, 331-349.

Afzal, 1., Shinwari, S. K., Sikandar, S., and Shahzad, S. (2019). Plant beneficial endophytic
bacteria: Mechanisms, diversity, host range and genetic determinants. Journal of
Microbilogical Research, 221, 36-49.

Agriculture and Food Authority- AFA, Horticultural Crop Directorate. (2019). Validated Report
2017-2018.

Agrios, G. N. (2005). Plant Pathology 5" ed. New York (US): Elsevier Academic Press.

Ahmad, 1., Khan, M. A., Qasim, M., Zafar, M. S., and Ahmed, R. (2012). Substrate effect on

growth, yield and quality of Rosa hybrida L. Pakistan Journal of Botany, 44, 177-185.

62



Ahmed, H.F.A., Seleiman, M.F., Al-Saif, A.M., Alshiekheid, M.A., Battaglia, M.L., and Taha,
R.S. (2021). Biological control of celery powdery mildew disease caused by Erysiphe
heraclei DC. In vitro and In vivo conditions. Plants, 10, 2342.

Aksona, G., and Unay, A. (2019). The effects of foliar applied Atonik and amino acid on yield and
fiber quality in cotton (Gossypium hirsutum L.). Du Ziraat Derg, 16(1), 81-84.

Alizadeh, M., Vasebi, Y., and Safaie, N. (2020). Microbial antagonists against plant pathogens in
Iran: A review. De Gruyter, 5, 400-440.

Almoneafy, A.A., Xie, G.L., Tian, W.X., Xu, L.H., and Zhang, G.Q. (2012). Characterization and
evaluation of Bacillus isolates for their potential plant growth and biocontrol activities
against tomato bacterial wilt. African Journal of Biotechnology, 11, 7193-7201.

Altin, N., and Gulcu, B. (2018). Potential of Ampelomyces as a biological control agent against
powdery mildew in hazelnut orchards. International Journal of Agriculture and Biology,
20, 2064-2068.

Ambreetha, S., Chinnadurai, C., Marimuthu, P., and Balachandar, D. (2018). Plant-associated
Bacillus modulates the expression of auxin-responsive genes of rice and modifies the root
architecture. Rhizosphere, 5, 57—-66.

Amin, F., Qazi, N. A,, Banday, S., Dar S. H., and Shahnaz, E. (2018). Biological control of
powdery mildew and black spot diseases of rose. Journal of Pharmacognosy and
Phytochemistry, 7(3), 2826-2828.

Amin, R., Dermawan, R.,and Dawapa, M. (2019). Growth and production of gladiolus (Gladiolus
hybridus L.) by various corm diameter and concentration of growth regulator atonik.

In IOP Conference Series: Earth and Environmental Science, 343(1), 012024.

63



Andric, S., Meyer, T., and Ongena, M. (2020). Bacillus responses to plant-associated fungal and
bacterial communities. Frontiers in Microbiology, 11, 1350.

Anguiano, C. J. C., Flores, O. A., Olalde, P. V., Arredondo, V. R., and Lerado, A. E. I. (2019).
Evaluation of Bacillus subtilis as promoters of plant growth. Revista Bio Ciencias, 6, 418.

Anita, G., and Shamim, S. (2014). Fungal diseases of rose plant in Bangladesh. Journal of
Bangladesh Academy of Sciences, 38(2), 225-233.

Arora, S.K., Pandita, M.L, and Sidhu, A.S. (1981). A note on effect of foliar application of Atonik
on the yield of tomato (Lycopersicon esculentum Mill.) cv. HS-102. Haryana Journal of
Horticultural Science 10(1-2), 128-130.

Atig, M., Naeem, I., Sahi, S.T., Rajput, N.A., Haider, E., Usman, M., Shahbaz, H., Fatima, K.,
Arif, E., and Qayyum, A. (2020). Nanoparticles: A safe way towards fungal diseases.
Archives of Phytopathological Plant Protection, 53, 781-792.

Awet, M., Brikity, Aster, Yohana, Sethumadhava, R., and Syed, D. (2016). Survey of disease
incidence and severity of powdery mildew on roses (Rosa sinensis L.) in greenhouses in
Maisirwa, Eritrea. Asian Journal of Science and Technology, 7 (5), 2850-2856.

Bala, M., and Sala, F. (2020). Management of Hibiscus rosa siensis L. Propagation by optimizing
the growth substrates and biostimulators combination. Scientific Papers Series
Management, Economic Engineering in Agriculture and Rural Development, 20, 1.

Banful, B. K., and Attivor, D. (2017). Growth and yield response of two hybrid rice cultivars to
Atonik plant growth regulator in a tropical environment. Environment, Earth and Ecology,
1(1), 33-45.

Banupriya, M., Ushamalini, C., Nakkeeran, S., and Raguchander, T. (2019). Morphological

characterization of Ampelomyces spp., a hyperparasite of grapevine (Vitis vinifera -L.)

64



powdery mildew. International Journal of Current Microbiology and Applied Sciences,
8(6), 1725-1731.

Barbosa, J. C. V., Almeida, E. F. A., de Oliveira Paiva, P.D., Lessa, M. A., de Carvalho, L. M.,
and Reis, S. N. (2019). Soil management in integrated rose production system. Journal
of Ornamental Horticulture, 25(4), 390-401.

Bar-Yousaf, B., Matton, N.S., and Lieth, H. J. (2009). Effectsof ammonium nitrate NH;NOj3: urea
ratios on cut roses yield, leaf nutrients content and proton efflux by roots in closed
hydroponic system. Journal of Horticultural Science, 122, 610-619.

Bayat, L., Arab, M., Aliniaeifard, S., Seif, M., Lastochkina, O.,and Li, T. (2018). Effects of growth
under different light spectra on the subsequent high light tolerance in rose plants. Journal
for environmental and evolutionary plant biolgy, 10(5): 1-17.

Belanger, R.R., Labbe, C., and Jarvis, W.R. (1994). Commercial scale control of rose powdery
mildew with fungal antagonist. Journal of Plant Diseases, 78, 420-424.

Belsky, J., and Joshi, N. K. (2020). Effects of fungicide and herbicide chemical exposure on apis
and non-apis bees in agricultural landscape. Frontiers in Environmental Science, 8, 81.

Bem, A. A., Igbawundu, J.T., Terna, P.T., Bem, S. L., Akesa, M. and Fadimu, O.Y (2013).
Preliminary evaluation of incidence and severity of powdery mildews of some crop plants
in Makurdi, Benue state, Nigeria. International Journal of AdvancedBiological Research,
3(4): 519-523

Bika, R., Baysal-Gurel, F., and Jennings, C. (2020). Botrytis cinerea management in ornamental
production: A continuous battle. Canadian Journal of Plant Pathology, 1-21.

Bilal, H. M., Islam, H., Adnan, M., Tahir, R., Zulfigar, R., Umer, M. S., Muhammad, M., and

Kaleem M. M. 2020). Effect of salinity stress on growth, yield and quality of roses: A

65



review. International Journal of Environmental Sciencesand Natural Resources, 25(1),
37-41.

Blom, T. J. and Tsujita, M. J. (2003). Encyclopedia of rose science. 24 Ed. Elsevier Press, 594-
600.

Brahmane, P.R., Deokar, C.D., Khaire, P.B.,and Deshmukh, H.V. (2020). Effect of foliar sprays
of fungicides on powdery mildew severity and fruit yield of cucumber during Kharif
season. Journal of Pharmacognosy and Phytochemistry, 9(6), 1990-1994.

Braun, U. (1987). A monograph of the Erysiphales (powdery mildews). Bibliography in Nova
Hedwigia, 89, 629-653.

Bulgari, R., Cocetta, G., Trivellini, A., Vernieri, P., and Ferrante, A. (2015). Biostimulants and
crop responses: A review. Biostimulants in Agricultural and Horticultural Production,
31(1), 1-17.

Bulgari, R., Trivellini, A., and Ferrante, A. (2019). Effects of two doses of organic extract-based
biostimulant on  greenhouse  lettuce  grown under increasing NacCl
concentrations. Frontiers in Plant Science, 9, 1870.

Byung, D. L., Swarnalee, D., Hojin, R., Sung-Je, Y., Dong-Sang, S., and Kyungseok, P. (2015).
Induction of systemic resistance panax ginseng against Phytophthora cactorum by native
Bacillus amyloliquefaciens HK34. Journal of Ginseng Research, 39, 213-220.

CABI. (2021). Classification of powdery mildew, Podosphaera pannosa (powdery mildew of

roses. Retrieved from https://www.cabi.org/isc/datasheet/50926 Accessed on 19/12/2021

Cabrera, R. I. (2003). Demarcating salinity tolerance in greenhouse rose production. Acta

Horticulturae, 609, 51-57.

66


https://www.cabi.org/isc/datasheet/50926

Cai, Y-Z., Xing, J., Sun, M., Zhan, Z- Q., and Corke, H. (2005). Phenolic antioxidants
(hydrolysable tannins, flavonals and anthocyanins) identified by LC-ESI-MS and
MALDI-QIT-TOF MS from Rosa chinensis flowers. Journal of Agricultural and Food
Chemistry, 53, 9940-9948.

Campos, E. V., Proenca, P. L., Oliveira, J. L., Bakshi, M., Abhilash, P. C., and Fraceto, L. F.
(2019). Use of botanical insecticides for sustainable agriculture: Future perspectives.
Ecological Indicators, 105, 483-495.

Cardenas, C., Pozo, W., Rojas, M., Roque, A., and Mabhia, R. (2016). Antifungal activity of two
botanical extracts on rose crop (Rosa L. Sp) against Spaerotheca pannosa Var. rosae.
Agriculture and Agricultural Science Procedia, 10, 465-474.

Carisse, O., and Fall, M. L. (2021). Decision trees to forecast risks of strawberry powdery mildew
caused by Podosphaera aphanis. Agriculture, 11, 29.

Cawoy, H., Debois, D., Franzil, L.,De Pauw, E., Thonart, P.,and Ongena, M. (2015). Lipopeptides
as main ingredients for inhibition of fungal phytopagens by Bacillus subtilis/ B.
amyloliquefaciens. Journal of Microbial Biotechnology, 8(2), 281-295.

Cendales, C. T., Gonzalez, R. A. C., Cuasquer, V. P.C., Alzate, T. A. O., and Rodriguez, H. A.
(2017). Bacillus effect on the germination and growth of tomato seedlings (Solanum
lycopersicum L). Acta Biologica Colombiana, 22 (1), 37-44.

Cerny, I., Pacuta, V., Feckova, J., and Golian, J. (2002). Effect of year and Atonik application on
the selected sugar beet production and quality parameters. Journal of Central European

Agriculture, 3(1), 16-22.

67



Chandran, N. K., Sriram, S., and Prakash, T. (2020). Identification of NBS-LRR resistance gene
analogues (RGA) from rose (IIHRR13-4) resistant to powdery mildew (Podosphaera
pannosa (Wallr.:Fr.) de Bary). Journal of Horticultural Sciences, 15(1), 81-92.

Chee, A. A., George, M., Alavi, M., and Wurms, K. (2018). Lipid-based bio-fungicides for control
of powdery mildew in cucurbits. New Zealand Plant Protection, 71, 262-271.

Chee, A. A., Wurms, K., V. and George, M. (2011). Control of powdery mildew (Sphaerotheca
pannosa var. rosae) on rose (Rose L. sp) using anhydrous milk fat and soybean oil
emulsion. New Zealand Plant Protection, 64, 195-200.

Cheng, C., Yu, Q., Wang, Y., Wang, H., Dong, Y., Ji, Y., Zhou, X, Li, Y.,Jiang, C-Z., Gan, S-S.,
Zhao, L., Fei, Z., Gao, Y., and Ma, N. (2021). Ethylene-regulated asymmetric growth of
the petal base promotes flower opening in rose (Rosa hybrid). The Plant Cell, 33, 1229-
1251.

Cocco, A., da Silva, V. C. P., Benelli, G., Botton, M., Lucchi, A., and Lentini, A. (2021).
Sustainable management of the vine mealybug in organic vineyards. Journal of Pest
Science, 94, 153-185.

Cola, G., Mariani, L., Toscano, S., Romano, D., and Ferrante, A. (2020). Comparison of
greenhouse energy requirements for rose cultivation in Europe and North Africa.
Agronomy, 10, 422.

Costa-Santos, M., Mariz-Ponte, N., Dias, M.C., Moura, L., Marques, G., and Santos, C. (2021).
Effect of Bacillus spp. and Brevibacillus sp. on the photosynthesis and redox status of

Solanum lycopersicum. Horticulturae, 7, 24.

68



Cwalina-Ambroziak, B., Glosck-Sobieraj, M., and Kowalska, E. (2015). The effect of plant
growth regulators on the incidence and severity of potato diseases. Polish Journal of
Natural Science, 30(1), 5-20.

Dadrasnia, A., Usman, M. M., Omar, R., Ismail, S., and Abdullah, R. (2020). Potential use of
Bacillus genus to control of bananas diseases: Approaches toward high yield production
and sustainable management. Journal of King Saud University-Science, 32, 2336-2342.

Dallagnol, L. J., Magano, D. A., and Camargo, L. E. A. (2020). Microscopic analysis reveals
potential mode of action of foliar-applied potassium silicate against powdery mildew
development. European Journal of Plant Pathology, 157(4), 815-823.

Datta, K., Premsagar, S., Hasija, R.C., and Kapoor, R.l. (1986). Effect of Atomik miraculan and
phenols on growth and yield of pearl millet. Annals of Biology, 2, 9-14.

Daughtrey, M. L., and Benson, D. M. (2005). Principles of plant health management for
ornamental plants. Annual Review of Phytopathology, 43: 141-169.

Davoudi Pahnekolayi, M., Tehranifar, A., Samiei, L., and Shoor, M. (2019). Optimizing culture
medium ingredients and micrografting devices can promote in vitro micrografting of cut
roses on different rootstocks. Plant Cell, Tissue and Organ Culture, 137(2), 265-274.

Debener, T., and Byrne, D. H. (2014). Disease resistance breeding in rose: Current status and
potential of biotechnological tools. Plant Science, 228, 107-117.

Debener, T., and Linde, M. (2009). Exploring complex ornamental genomes: The rose asa model
plant. Critical Reviews in Plant Science, 28, 267-280.

Devi, P. A., and Prakasam, V. (2015). Molecular variability of Leveillula taurica infecting

chilli. Plant Disease Research, 30(2), 111-116.

69



Dewitte, A., Leus, L., Van Huylenbroeck, J., Van Bockstaele, E., and Hofte, M. (2006).
Characterization of reaction to powdery mildew (Podosphaera pannosa) in resistant and
susceptible rose genotypes. Journal of Phytopathology, 155, 264-272.

Djanaguiraman, M., Devi, D. D., Sheeba, J. A., Bangarusamy, U., and Babu, R. C. (2004). Effect
of oxidative stress on abscission of tomato fruits and its regulation by nitrophenols.
Tropical Agricultural Research, 16, 25-36.

Djanaguiraman, M., Sheeba, J. A., Devi, D. D., Bangarusamy, U., and Prasad, P. V. V. (2010).
Nitrophenolates spray can alter boll abscission rate in cotton through enhanced peroxidase
activity and increased ascorbate and phenolics levels. Journal of Plant Physiology, 167,
1-9.

Draz, I.S., Amal, A.E., Abdelnaser, A.E., Hassan, M.E., and Abdel-Wahab, A.l. (2019).
Application of plant extracts as inducers to challenge leaf rust of wheat. Egyptian Journal
of Biololigical Pest Control, 29, 6.

Drobek, M., Fra, M., and Cybulska, J. (2019). Plant biostimulants: Importance of the quality and
yield of horticultural crops and the improvement of plant tolerance to abiotic stress—A
review. Agronomy, 9, 335.

Eken, C. (2005). A review of biological control of rose powdery mildew (Sphaerotheca pannosa
var rosae) by fungal antagonists. Acta. Horticulturea, 690,193-196.

El-Baky, N.A., and Amara, A.A.A.F. (2021). Recent approaches towards control of fungal
diseases in plants: An updated review. Journal of Fungi, 7, 900.

Elfina, B, T., Chrismis, N. G., Linda, C. I.,and Nyoman, E. L. (2020). Antioxidant activity of Rosa
damascene Flos ethanol extracts using hydroxyl and nitrite oxide scavenging methods.

Asian Journal of Pharmaceutical Research and Development, 8(3), 26-28.

70



Elsisi, A.A. (2019). Evaluation of biological control agents for managing squash powdery mildew
under greenhouse conditions. Egyptian Journal of Biological Pest Control, 29, 89.

European Union. (2019). Regulation (EU) 2019/1009 of the European Parliament and of the
Council of 5 June 2019 laying down rules on the making available on the market of EU
fertilising products and amending Regulations (EC) No 1069/2009 and (EC) No
1107/2009 and repealing Regulation (EC) No 2003/2003. O_.J. Eur. Union 2019, L 170.

Faheem, A., Ahmed, Q. N., Hussain, D. S., Gani, M. Y.,and Syeed, T. (2016). Evaluation of genus
Rosa germplasm for resistance to black spot and powdery mildew. International Journal

of Agricultural Sciences, 8 (42), 1859-1862.

Fanourakis, D., Heuvelink, E., and Carvalho, S. M. (2013). A comprehensive analysis of the
physiological and anatomical components involved in higher water loss rates after leaf
development at high humidity. Journal of Plant Physiology, 170(10), 890-898.

Fanourakis, D., Hyldgaard, B., Giday, H., Aulik, 1., Bouranis, D., Korner, O., and Ottosen, C. O.
(2019). Stomatal anatomy and closing ability is affected by supplementary light intensity
in rose (Rosa hybrida L.). Horticultural Science, 46(2), 81-89.

Farooq, S.,and Kamal, M. A. (2020). Market analysis of rose flower with reference to commercial
viability and preferences: The case of Lahore, Pakistan. Journal of Xi‘an University of

Architecture & Technology, 1168-1183.



Fedele, G., Brischetto, C., and Rossi, V. (2020). Biocontrol of Botrytis cinerea on grape berries as
influenced by temperature and humidity. Frontiers in Plant Science, 11, 1232.

Francesca, S., Arena, C., Hay Mele, B., Schettini, C., Ambrosino, P.,Barone, A., and Rigano, M.
M. (2020). The use of a plant-based biostimulant improves plant performances and fruit
quality in tomato plants grown at elevated temperatures. Agronomy, 10(3), 363.

Fu, L., Penton, C.R., Yunze, R., Zongzhuan, S., Chao, X., Rong, L., and Qirong, S. (2017).
Inducing the rhizosphere microbiome by biofertilizer application to suppress banana
Fusariumwilt disease. Soil Biolgy and Biochemistry, 104, 39-48.

Gao, L.Q., Berrie, A., Yang, J.R.,and Xu, X.M. (2009). Within- and between-orchard variability
in the sensitivity of Venturia inaequalis to myclobutanil, a DMI fungicide, in the UK.
Journal of Pest Management Science, 65(11), 1241-1249.

Gao, Z., Zhang, B., Liu, H., Han, J., and Zhang, Y. (2017). Identification of endophytic Bacillus
velezensis ZSY-1strain and antifungal activity of its volatile compounds against
Alternaria solani and Botrytis cinerea. Journal of Biological Control, 105, 27-39.

Garbez, M., Symoneaux, R., Belin, E., Caraglio, Y., Chéne, Y., Dones, N., and Galopin, G.
(2018). Ornamental plants architectural characteristics in relation to visual sensory
attributes: A new approach on the rose bush for objective evaluation of the visual
quality. European Journal of Horticultural Science, 83(3), 187-201.

Gastelum, F.R., Rodriguez, G.H., and Valenzuela, C. M. (2014). First report of powdery mildew
(Podosphaera pannosa) of roses in Sinaloa, Mexico. Journal of Plant Diseases, 98, 1442

Getahun, A., Muleta, D., Assefa, F., and Kiros, S. (2020). Plant growth-promoting rhizobacteria
isolated from degraded habitat enhance drought tolerance of Acacia (Acacia abyssinica

Hochst. ex Benth.) seedlings. International Journal of Microbiology, 1-13

72



Ghorbanpour, M., Omidvari, M., Abbaszadehdahaji, P., Omidvar, R., and Kariman, K. (2018).
Mechanisms underlying the protective effects of beneficial fungi against plant diseases.
Biological Control, 117, 147-157.

Ghosh, S. K., and Hasan, W. (2021). Red Spider Mite (Tetranychus urticae Koch) Infestation on
Brinjal/Eggplant (Solanummelongena L.) and Environmental Sustainability. In Hi-tech
crop production and pest management. Biotech books, New Delhi, India: Pp 299-312.

Glosek-Sobieraj, M., Cwalina-Ambroziak, B., and Hamouz, K. (2018). The effect of growth
regulators and a biostimulator on the health status, yield and yield components of potatoes
(Solanum tuberosum L.). Gesunde Pflanzen, 70, 1-11.

Godlewska, A., and Ciepiela, G. A. (2021). lItalian ryegrass (Lolium multiflorum Lam.) fiber
fraction content and dry matter digestibility following biostimulant application against the
background of varied nitrogen regime. Agronomy, 11, 39.

Gogoi, R., Singh, P.K., Kumar, R., Nair, K.K., Alam, 1., Srivastava, C., Yadav, S., Gopal, M.,
Choudhury, S. R., and Goswami, A. (2013). Suitability of nano-sulphur for biorational
management of powdery mildew of Okra (Abelmoschus esculentus Moench) caused by
Erysiphe cichoracearum. Journal of Plant Pathology and Microbiology, 4(4), 1-4.

Goswami, D., Thakker, J.N., and Dhandhukia, P.C. (2016). Portraying mechanics of plant growth
promoting rhizobacteria (PGPR): A review. Cogent Food Agriculture, 2, 1127500.

Gotor-Vila, A., Usall, J., Torres, R., Solsona, C., and Teixido, N. (2019). Enhanced shelf life of
the formulated biocontrol agent Bacillus amyloliquefaciens CPA-8 combining diverse
packaging strategies and storage conditions. International Journal of Food Microbiology,

290, 205-213.

73



Gowtham, H.G., Duraivadivel, P., Hariprasad, P., and Niranjana, S.R. (2017). A novel split-pot
bioassay to screenindole acetic acid producing rhizobacteria for the improvement of plant
growth in tomato (Solanum lycopersicum L.). Scientia Horticulturea, 224, 351-357.

Guevara-Avendano, E., Bejarano-Bolivar, A. A., Kiel-Martinez, A-L., Ramirez-Vasquez, M.,
Mendez-Bravo, A., Wobeser, E. A., Sanchez-Rangel, D., Guerrero-Analco, J. A., Eskalen,
A., and Reverchon, F. (2019). Avocado rhizobacteria emit volatile organic compounds
with antifungal activity against Fusarium solani, Fusariumsp associated with Kuroshio
shot borer and Colletotrichum gloeosporioides. Microbiological Research, 74-83.

Gulluoglu, L., Arioglu, H., and Arslan, M. (2006). Effects of some plant growth regulators and
nutrient complexes on aboveground biomass and seed yield of soybean grown under heat-
stressed environment. Journal of Agronomy, 5(1), 126-130.

Hagiladi, A., and Ziv, O. (1986). Use of antitranspirant for control of powdery mildew on field
grown roses. Journal of Environmental Horticulture, 4(2), 65-68.

Hajlaoui, M.R., and Belanger, R.R. (1993). Antagonist of the yeast-like phyloplane fungus
Sporothrix flocculosa against Erysiphe graminis var. tritici. Biocontrol Sciences and
Technology, 3 (4), 427-434.

Hamza, A.M., El-kot, G.A.N., and EI-Moghazy, S.M. (2014) Non-traditional methods for control
of maize late wilt disease caused by Cephalosporium maydis. Egyptian Journal of
Biololical Pest Control, 23(1), 87-93.

Harbage, J.F., Stimart, D.P.,and Aver, C. (1998). pH effects 1H- indole 3-butyric acid uptake but
not metabolism during the initiation phase of adventitious roots induction in an apple
microcuttings. Journal of the American Society for the Horticultural Science, 123 (1), 6-

10.

74



Hashmi, 1., Paul, C., Al-Dourobu, A., Sandoz, F., Deschamps, P., Junier, T., Junier, P., and
Bindschedler, S. (2019). Comparison of the plant growth-promotion performance of a
consortium of Bacilli inoculated as endospores or as vegetative cells. Journal of
Microbiology and Ecology, 95, 11.

Hegde, J. N., Ashrith, K. N., Suma, G. S., A. K. Chakravarthy, A. K., and Gopalkrishna. H. R.
(2020). Insect pests of roses and their management. Advances in Pest Management in
Commercial Flowers, 87-101.

Hijwegen, T. (1986). Biological control of cucumber powdery mildew by Tilletiopsis minor Neth.
Journal of Plant Pathology, 92, 93-95.

Hoogendoorn, A. H. J., Murunde, R., Otieno, E., and Wainwright, H. (2018). Natural occurrence
of Diadiplosis megalamellae (Barnes) in mealybugs on roses in Kenya. African Journal
of Agricultural Research, 14 (1), 18-23.

Howell, S. H., Lall, S., and Che, P. (2003). Cytokinins and shoot development. Trends in Plant
Science, 8, 453-459.

Hummer, K. E., and Janick, J. (2009). Rosaceae: taxonomy, economic importance, genomics.
Genetics and genomics of Rosaceae, 6, 1-17.

Irish, V.F. (2010). The flowering of arabidopsis flower development. The PlantJournal,61, 1014-
1028.

Ishii, H., Cools, H. J., Nishimura, K., Borghi, L., Kikuhara, K., and Yamaoka, Y. (2021). DMI-
Fungicide resistance in Venturia nashicola, the causal agent of Asian pear scab —how

reliable are mycelial growth tests in culture? Microorganisms, 9, 1377.

75



Istifadah, N., Firman, A.R., and Desiana, M. F. (2020). Effectiveness of compost and microbial-
enriched compost to suppress powdery mildew and early blight diseases in
tomato. Journal of Animal and Plant Sciences, 30(2), 377-383.

Izadi, Z., Zarei, H., and Alizade, M. (2012). Studies on vegetative propagation of Rosa canina.
Indian Journal of Horticulture, 69(4), 598-601.

Jacob, D., David, D. R., and Elad, Y. (2007). Biology and biological control of tomato powdery
mildew (Oidium neolycopersici). Biological control of fungal and bacterial plant
pathogens 10BC/wprs Bulletin, 30 (6), 329-332.

Jadav, A., and Kadvani, D. (2019). Efficacy of different phytoextracts against Erysiphe
cichoracearum dc causing powdery mildew of okra. Journal of Pharmacognosy and
Phytochemistry, 8(2), 538-540.

Janice, F.E., Haselhan, C., and Punja, Z.K. (2011). Evaluation of biological control agents for
control of botrytis blight of geranium and powdery mildew of rose. Canadian Journal of
Plant Pathology, 33, 499-505.

Japan External Trade Organization. (2011). Guidebook for Export to Japan 2011: Cut Flowers.
Trade and Economic Cooperation Department, Japan External Trade Organization,
Tokyo, Japan.

Ji, S. H., Paul, N. C., Deng, J. X, Kim, Y. S., Yun, B. S., and Yu, S. H. (2013). Biocontrol activity
of Bacillus amyloliquefaciens CNU114001 against fungal plant diseases. Mycobiology,
41(4), 234-242.

Jin, P., Wang, H., Tan, Z., Xuan, Z., Dahar, Y.G., Miao, W.L., and Liu, W. (2019). Antifungal
mechanism of bacillomycin D from Bacillus velezensis HN-2 against Colletotrichum

gloeosporioides Penz. Journal of Pesticide Biochemistry and Physiology, 163, 102-107

76



Joo, G. J,, Kim, Y. M., Lee, I. J., Song, K.S., and Rhee, I. K. (2004). Growth promotion of red
pepper plug seedlings and the production of gibberellins by Bacillus cereus, Bacillus
macroides and Bacillus pumilus. Biotechnology Letters, 26, 487—491.

Kamal, S., Ajay, K.M., and Raj, S.M. (2008). Biochemical and molecular characterization of
Trichoderma harzianum isolates for their efficacy as biological agents. Journal of
Phytopathology, 157, 51-56.

Kamel, S. M., and Afifi, M. M. 1. (2020). Controlling cucumber powdery mildew using cow milk
and whey under greenhouse conditions. Egyptian Journal of Phytopathology, 48, 58-70.

Kantwa, S.L., Tetawal, J.P., and Shekhawat, K.S. (2014). In vitro effect of fungicides and phyto-
extracts against Alternaria alternata causing leaf blight of groundnut. I0SR Journal of
Agriculture and Veterinary Sciences, 7 (6), 28-31.

Katsoulas, N., Kittas, C., Dimokas, G., and Lykas, C. (2006). Effect of irrigation frequency on
rose flower production and quality. Journal of Biosystems Engineering, 93 (2), 237—244.

Kazda, J., Herda, G., Spitzer, T., Ricarova, V., Przybysz, A., and Gawronska, H. (2015). Effect of
nitrophenolates on pod damage caused by the brassica pod midge on the photosynthetic
apparatus and yield of winter oilseed rape. Journal of Pest Science, 88, 235-247.

Kclecan, A.1., S. Hippe, S., and Somerville, S. C. (1990). Reduced growth of Erysiphe graminis
f.sp.hordei induced by Tilletiopsis pallescens. Journal of Phytopathology, 80, 325-331.

Ken, K. N., and Leslie, M. (1997). Biological control of rose mildew with antagonist yeast
Tilletiopsis pallescens. Journal of Horicultural Sciences, 32(2), 262-266.

Kenya Flower Council, 2020. Environmental, social and good agricultural practices (GAP)
activities form the DNA of our membership. Retrieved from Industry

info.Kenyaflowercouncil/org./?_id=92

77



Kenya Plant Health Inspectorate Services, (2015). Bacterial wilt of roses, Hortfresh Journal,
10(45), 6.

Kenya Trade.org, Imports and Exports, (2022). http//kenyatrade.org/flower-exporters/ Accessed
on 6/8/2022.

Khakimov, A. A., Omonlikov, A. U., and Utaganov, S. B. U. (2020). Current status and prospects
of the use of biofungicides against plant diseases. GSC Biological and Pharmaceutical
Sciences, 13(3), 119-126.

Khalaj, M. A., and Noroozisharaf, A. (2020). Efficiency of ammonium and nitrate ratios on
macronutrient content and morphological properties of Gerbera jamesonii cut flower.
Agriculturae Conspectus Scientificus, 85(3), 281-289.

Khan, I.H., Liu, H., Li, W., Cao, A., Wang, X,, Liu, H., Cheng, T., Tian, Y., Zhu, Y., and Cao, W.
(2021). Early detection of powdery mildew disease and accurate quantification of its
severity using hyperspectral images in wheat. Remote Sensing, 13, 361.

Khan, M. F., Hafiz, I. A., Abbasi, N. A., and Shah, M. K. N. (2020). Mitigation of seed dormancy
and microsatellite analysis of hybrid population of garden roses (Rosa hybrida). Scientia
Horticulturae, 262, 109044.

Khan, M. F., Hafiz, 1. A., Khan, M. A., Abbasi, N. A., Habib, U., and Shah, M. K. N. (2021).
Determination of pollen fertility and hybridization successamong Rosa hybrida. Pakistan
Journal of Botany, 53(5), 1791-1800.

Khan, N., Martinez-Hidalgo, P.,Ice, T. A., Maymon, M., Humm, E. A., Nejat, N., Sanders, E. R.,
Kaplan, D., and Hirsch, A. M. (2018). Antifungal activity of Bacillus species against
Fusarium and analysis of the potential mechanisms used in biocontrol. Frontiers in

Microbiology, 9, 2363.

78



Khandaker, M. M., Fatini, A., Abdulrahman, M. D., Abdullahi, U. A., and Badaluddin, N. A.
(2020). Growing media influence on the growth and development of Rosa hybrida. Plant
Archives, 20(2), 6001-6009.

Koh, S., Andre, A., Edwards, H., Ehardt, D., and Sommerville, S. (2005).Anabidopsis thaliana
subcellular responses to Erisyphe cichoracearuminfections. Journal of PlantScience, 44,
516-529.

Krasimira, U. (2015). Comparative analysis of different rose cultivars (Rosa hybrida L.) rooting
using conventional and biotechnology approaches. Annuaire de I’Université de Sofia St
Kliment Ohridski, Faculte de Biologie, 100 (4), 191-199.

Kruidhof, H. M., and Elmer, W. H. (2020). Cultural methods for greenhouse pest and disease
management. In Integrated Pest and Disease Management in Greenhouse Crops, 285-
330.. Springer, Cham.

Kulimushi, P. Z., Arias, A. A., Franzil, L., Steels, S., and Ongena, M. (2017). Stimulation of
fengycin-type antifungal lipopeptides in Bacillus amyloliquefaciens in the presence of the
maize fungal pathogen Rhizomucor variabilis. Frontiers in Microbiology. 8, 850.

Kumar, S., Singh, D., Yadav, S. P., Prasad, R. (2015). Studies on powdery mildew of rapeseed-
mustard (Brassica juncea) causedby Erysiphe cruciferarumand its management. Journal
of Pure and Applied Microbiology, 9(2), 1481-1486.

Kumar, V., and Chandel, S. (2017). Morphological and molecular variability of Podosphaera
pannosa causing rose powdery mildew in Himachal Pradesh, India. Indian

Phytopathology. 70(4), 446-451.

79



Kumar, V., and Chandel, S. (2018). Effect of epidemiological factors on percent disease index of
rose powdery mildew caused by Podosphaerapannosa (Wallr.) de Bary. Journal of Crop
and Weed, 14(2), 137-142.

Kumar, V., and Chandel, S. (2018). Studies on biochemical mechanism of resistance for the
management of rose powdery mildew. Journal of Pharmacognosy and Phytochemistry,
7(1), 1234-1241.

Kumari, P., Bishnoi, S.K., and Chandra, S. (2021). Assessment of antibiosis potential of Bacillus
sp against the soil-borne fungal pathogen Sclerotiumrolfsii Sacc. (Athelia rolfsii (Curzi)
Tu & Kimbrough). Egyptian Journal of Biological Pest Control, 31, 17.

Kunova, A., Pizzatti, C., Saracchi, M., Pasquali, M., and Cortesi, P. (2021). Grapevine powdery
mildew: Fungicides for its management and advances in molecular detection of markers
associated with resistance. Microorganisms, 9, 1541.

Kusch, S., and Panstruga, R. (2017). Mlo-based resistance: An apparently universal “weapon” to
defeat powdery mildew disease. Plant Microbiology and Interaction, 30,179-189.

Kwiatkowski, C. (2011). The effect of growth stimulators and forecrop on raw material quality
and yield of garden thyme (Thymus vulgaris L.). Herba Polonica, 57(1), 5-14.

Kwiatkowski, C.A., Kolodziej, B., and Wozniak, A. (2013). Yield and quality parameters of carrot
(Daucus carota L.) roots depending on growth stimulators and stubble crops. Acta Science
Poland, Hortorum Cultus, 12(5), 55-68.

Kwiatkowski, C.,and Juszczak, J. (2011). The response of sweet basil (Ocimum basilicumL.) to
the application of growth stimulators and forecrops. Acta Agrobotany, 64(2), 69—76.

Labo, A. U.,Khan, A. A.,and Ahmad, G. (2019). Incidence of powdery mildew on cucurbit plants

in Katsina, Nigeria. Journal of Phytology, 11, 05-09

80



Lara-Capistran, L., Zulueta-Rodriguez, R., Murillo-Amador, B., Romero-Bastidas, M., Rivas-
Garcia, T., and Hernandez-Montiel, G. L. (2020). Agronomic response of sweet pepper
(Capsicum annuum L.) to application of Bacillus subtilis and vermicompost in
greenhouse. Terra Latinoamericana, 38 (3), 693-704.

Lazaro, E., Makowski, D.,and Vicent, A. (2021). Decision support systems halve fungicide use
compared to calendar-based strategies without increasing disease risk. Communications
Earth and Environment, 2, 224.

Leao, E. U, Silva, N., Rocha, K. C. G., Pavan, M. A., Adorian, G. C., and Krause-Sakate, R.
(2019). Morphological and molecular characterization of powdery mildew on watermelon
plants in S&o Paulo state. Communicata Scientiae, 10(4), 505-508.

Lee, G, Lee, S-H., Kim, K. M., and Ryu, C-M. (2016). Foliar application of the leaf colonizing
yeast Pseudozyma churashimaensis elicits systemic defense of pepper against bacterial
and viral pathogens. Scientific Reports, 7, 39432.

Legarrea, S., Weintraub, P.G., Plaza, M., Vinuela, E., and Fereres A. (2012). Dispersal of aphids,
whiteflies and their natural enemies under photoselective nets. Journal of the
International Organization for Biological Control, 57 (4), 523-532.

Leus, L., Dewitte, A., Van Huylenbroeck, J., Vanhoutte, N., Van Bockstaele, E., and Hofte, M.
(2006). Podosphaera pannosa (syn. Sphaerotheca pannosa) on Rosa and Prunus spp.:
characterization of cathotypes by differential plant reactions and ITS sequences. Journal
of Phytopathology, 154, 23-28.

Leus, L., Riek, J., Laere, K., and Huylenbroeck, J. (2018). Rose. Johan Van Huylenbroeck (ed.),

Ornamental Crops, Handbook of Plant Breeding, 11, 719-766.

81



Li, X., Wang, X., Shi, X., Wang, B., Li, M., Wang, Q., and Zhang, S. (2020). Antifungal effect of
volatile organic compounds from Bacillus velezensis CT32 against Verticillium dahliae
and Fusarium oxysporum. Processes, 8, 1674.

Li, Y., Gu, Y., Li, J, Xu, M., Wei, Q., and Wang, Y., (2015). Biocontrol agent Bacillus
amyloliquefaciens LJO2 induces systemic resistance against cucurbits powdery mildew.
Frontier in Microbiology, 6, 883

Lim, M. S., Yoon, M-Y., Choi, J.G., Choi, H.Y.,Jang, S.K., Shin, S.T., Park, W.H., Yu, H.N.,
Kim, H.Y.,and Kim, J-C. (2017). Diffusible and volatile antifungal compounds produced
by an antagonistic Bacillus velezensis G341 against various phytopathogenic fungi. The
Plant Pathology Journal, 33(5), 488-498.

Lima, J. S., Martins, M. V. V., and Cardoso, J. E. (2019). Powdery mildew damage to the
production of BRS 189 cashew plants. Revista Ceres, 66, 132-141.

Linde, M., and Shishkof, N. (2014). Powdery mildew. Reference Module in Life Sciences, 1, 1-8.

Linde, M., Shishkoff, N. (2003). Podwery mildew.Encyclopedia of rose science. 2" Ed, Elsevier,
158-165.

Liu, X,, Cao, X,, Shi, S., Zhao, N., Li, D., Fang, P., and Zhang, Z. (2018). Comparative RNA-Seq
analysis reveals a critical role for brassinosteroids in rose (Rosa hybrida) petal defense
against Botrytis cinerea infection. BMC Genetics, 19(1), 62.

Liu, Z.,Ma, H.,Jung, S., Main, D., and Guo, L. (2020). Developmental mechanisms of fleshy fruits
diversity in Rosaceae. Annual review of Plant Biology, 71, 547-573.

Lorenzo, H., Cid, M. C., Siverio, J. M., and Ruano, M. C. (2000). Effects of sodium on mineral

nutrition in rose plants. Annals of Applied Biology, 139, 567.

82



Luo, C., Ma, L., Zhu, J., Guo, Z., Dong, K., and Dong, Y. (2021). Effects of nitrogen and
intercropping on the occurrence of wheat powdery mildew and stripe rust and the
relationship with crop yield. Frontiers in Plant Science, 12, 637393.

Majeed, B. H., Mohammed, M. M., and Almashhadany, A. H. (2019). Influence of foliar
application of ascorbic acid and atonik on growth and yield of potato. Research on
Crops, 20(spl), 58-60.

Malathrakis, N.E. (1985). The fungus Acremonium alternatum Linc:Fr a hyperparasite of the
cucurbits powdery mildew pathogen Sphaerothecafuliginea. Journal of Plant Diseases
and Protection, 92(5), 509-515.

Manjunatha, S., Kumar, V. S., Rajegowda, N.,and Raju, M. (2020). Assortment for host resistance
and eco-friendly management of mulberry powdery mildew caused by Phyllactinia
corylea (Pers.) Karst. Journal of Pharmacognosy and Phytochemistry, 9, 2159-2162.

Mansour, R., Belzunces, L. P., Suma, P., Zappala, L., Mazzeo, G., Grissa-Lebdi, K., Russo, A.,
and Biondi, A. (2018). Vine and citrus mealybug pest control based on synthetic
chemicals. A review. Agronomy for Sustainable Development, 38, 37.

Marzani, Q. A., Mohammad, A. O., and Hamda, O. A. (2021). Ecofriendly approaches for the
management of rose powdery mildew (Podosphaera pannosa var. rosae). ZANCO
Journal of Pure and Applied Sciences, 33(4), 100-110.

Matloobi, M., Amiri, Z., Salehi, H., and Mortazavi, N. (2018). Effect of plant age and methods of
stem treatment on the quality of cut roses. Journal of Plant Physiology and Breeding, 8(1),

1-9.

83



Matysiak, B. (2021). The effect of supplementary LED lighting on the morphological and
physiological traits of miniature Rosa x Hybrida ‘Aga’ and the development of powdery
mildew (Podosphaera pannosa) under greenhouse conditions. Plants, 10, 417.

McGrath, M. T., Staniszewska, H., and Shishko, N. (1996). Fungicide sensitivity of Sphaerotheca
fuliginea populations in the United States. Plant Diseases, 80, 697-703.

McGrath, M.T. (2001). Fungicide resistance in cucurbit powdery mildew: experiences and
challenges. Plant Diseases, 85(3), 236—245.

Menge, D., and Makobe, M. (2016). Biological control of cashew powdery mildew using
Ampelomyces quisqualis Ces. Journal of Biological Control, 30(4), 226-235.

Mengz, 1., Lakhwani, D., Clotault, J., Linde, M., Foucher, F., and Debener, T. (2020). Analysis of
the Rdr1 gene family in different Rosaceae genomes reveals an origin of an R-gene cluster
after the split of Rubeae within the Rosoideae subfamily. PLoS ONE, 15, 1371.

Menzies, J.G., Ehret, D.L., Glass, A.D.M., Helmer, T., Koch, C., and Seywerd, F. (1991). The
effects of soluble silicon on the parasitic fithess of Sphaerotheca fuligenea on Cucumis
sativus. Phytopathology, 81, 84-8.

Mercurio, G. (2007). Cut rose cultivation around the world. Schruers, De Kwakel, The
Neitherlands, 81-88.

Michie, K., Takeshi, K., Takashi, F., Makoto, Y., Masaki, I., Mamoru, S., and Tomatsu, H. (2013).
Suplemental U.V. radiation control rose powdery mildew disease under the greenhouse
conditions. Environmental Control Biology, 51(4), 157-163.

Mikos-Bielak, M. (2005). Egzogenne regulatory wzrostu w uprawie ziemniaka. Annales

Universitatis Mariae Curie-Skfodowska. Sectio E. Agricultura, 60, 281-292.

84



Miljakovic, D., Marinkovic, J., and Balesevic-Tubic, S. (2020). The significance of Bacillus spp.
in disease suppression and growth promotion of field and vegetable crops.
Microorganisms, 8, 1037.

Mirela, P., Otilia, C. and Paraschivu, M. (2013). The use of the area under the disease progress
curve (AUDPC) to assess the epidemics of Septoria tritici in winter wheat. Research

Journal of Agricultural Science, 45 (1): 193-201.

Mohamed, A. B., Aly, M. M. E. S,, and El-Sharkawy, R. M. (2021). Antifungal activity of
bioagents and plant extracts against certain fungal diseases of potatoes. Journal of
Phytopathology and Pest Management, 29-45.

Moreno-Gavira, A., Dianez, F., Sanchez-Montesinos, B., and Santos, M. (2021). Biocontrol effects
of Paecilomyces variotii against fungal plant diseases. Journal of Fungi, 7, 415.

Morita, T., Tanaka, I., Ryuda, N., Ikari, M., Ueno, D.,and Someya, T.(2019). Antifungal spectrum
characterization and identification of strong volatile organic compounds produced by
Bacillus pumilus TM-R. Heliyon, 5, 01817.

Mostafa, Y.S., Hashem, M., Alshehri, A.M., Alamri, S., Eid, E.M., Ziedan, E.-S.H., and
Alrumman, S.A. (2021). Effective management of cucumber powdery mildew with
essential oils. Agriculture, 11, 1177.

Murawska, B., Gabrowska, M., Spychaj-Fabisiak, E., Wszelaczynska, E., and Chmielewski, J.
(2017). Production and environmental aspects of the application of biostimulators Asahi
SL, Kelpak SL and stimulator Tytanit with limited doses of nitrogen. De Gruyter, 4(74),

10-15.

85



Murero, A. K. (2020). Effectiveness of antagonistic bacterial isolates against crown gall disease
on roses in Kiambu County, Kenya. MSc. Thesis, Kenyatta University.

Naik, P. H., and Kulkarni, S. (2018). Studies on epidemiology and disease development of
cucumber powdery mildew. International Journal of Pure and Applied Bioscience, 6(3),
483-489.

Naing, A. H., Jeon, S. M., Park, J. S., and Kim, C. K. (2016). Combined effects of supplementary
light and CO2 on rose growth and the production of good quality cut flowers. Canadian
Journal of Plant Science, 96(3), 503-510.

Ngegba, P.M., Enikuomehin, O.A., Afolabi, C.G., Akintokun, A.K., Egbontan, A.O.,and Kanneh,
S.K. (2017). Efficacy of plants extracts on cercospora leaf spot incidence and severity of
groundnut (Arachis hypogaea L.) In-vivo. International Journal of Current Research,
9(12), 63007-13.

Niazi, A., Manzoor, S., Asari, S., Bejai, S., Meijer, J., and Bongcam-Rudloff, E. (2014). Genome
analysis of Bacillus amyloliquefaciens Subsp. plantarum UCMB5113: A rhizobacterium
that improves plant growth and stress management. PLoS ONE, 9(8), 104651.

Nikolaou, G., Neocleous, D., Katsoulas, N., and Kittas, C. (2019). Irrigation of greenhouse
crops. Horticulturae, 5(1), 7.

Noori, 1. M., and Muhammad, A. A. (2020). Rooting of peach [Prunus persica (L.) Batsch]
hardwood cuttings as affected by IBA concentration and substrate pH. Journal of Applied
Horticulture, 22(1), 33-37.

Ntushelo, K., Ledwaba, L. K., Rauwane, M. E., Adebo, O. A.,and Njobeh, P. B.(2019). The mode
of action of Bacillus species against Fusariumgraminearum, tools for investigation, and

future prospects. Toxins, 11, 606.

86



Nybom, H.,and Werlemark, G. (2017). Realizing the potential of health-promoting rosehips from
dogroses (Rosa Caninae). Current Bioactive Compounds, 13, 3-17.

Nybom, H., Werlemark, G., Esselirik, D.G., and Vosman, B. (2005). Sexual preferences linked to
rose taxonomy and cytology. Acta Horticulturae, 690, 21-27.

Oloo-Abucheli, G. O.(2018). Growth and quality of rose (Rosa hybrida L.) cultivars as influenced
by poly film covers and different concentrations of calcium foliar feed. PhD. Thesis,
Egerton University.

Ortiz, A., and Sansinenea, E. (2019). Chemical compounds produced by Bacillus sp. factories and
their role in nature. Mini Reviews in Medicinal Chemistry, 19(5), 373-380.

Othman, Y., Bataineh, K., Al-Ajlounil, M., Alsmairat, N., Ayad, J., Shiyab, S., Al-Qarallah, B.,
and Hilaire, R. (2019). Soilless culture: Management of growing substrate, water, nutrient,
salinity, microorganism and product quality. Fresenius Environmental Bulletin, 28 (4A),
3249-3260.

Pacholczak, A., Szydlo, W., Jacygrad, E., and Federowicz, M. (2012). Effect of auxins and the
biostimulator algaminoplant on rhizogenosis in stem cuttings of two dogwood cultivars
(Cornusalba Aurea and Elegantissima’). Acta Science Polonica Hortorum Cultus, 11(2),
93-103

Pagar, S. S., Gunjal, B. S., and Chitodkar, S. S. (2011). Effect of plant growth regulator on yield
and quality of irrigated cotton. Advnace Research Journal of Crop Improvement,2(1), 39-
45.

Pan, Z., Munir, S., Li, Y., He, P.,He, .P, Wu, Y., Xie, Y., Fu, Z,, Cai, Y., and He, Y. (2021).
Deciphering the Bacillus amyloliquefaciens B9601-Y2 as a potential antagonist of

tobacco leaf mildew pathogen during flue-curing. Frontiersin Microbiology. 12, 683365.

87



Papafotiou, M., Avajianelli, B., Michos, C., and Chatzipavlidis, 1. (2007).Colouration anthocyanin
concentration and growth of croton (Codiaumvariegatum L.) as affected by cotton gin
trash compost in the potting medium. Journal of Horticultural Sciences, 42, 83-87.

Pemberton, H.B., Kelly, J. W., and Ferare, J. (2003). Pot Rose Production. Encyclopedia of Rose
Science, 587-593.

Perlin, D. S., Rautemaa-Richardson, R., and Alastruey-lzquierdo, A. (2017). The global problem
of antifungal resistance: prevalence, mechanisms, and management. Lancet Infectious
Diseases, 17, 383-392.

Perring, T.M., Stansly, P.A., Liu, T.X., Smith, H.A., and Andreason, S.A., (2018). Whiteflies:
Biology, ecology, and management. Sustainable management of arthropod pests of
tomato. Academic press, 73—-110.

Pietrusinska, A., and Tratwal, A. (2020). Characteristics of powdery mildew and its importance
for wheat grown in Poland. Plant Protection Science, 56 (3), 141-153.

Pizano M. (2019). Phytosanitory issues challenging Kenyan cut flowers exports.

https://aiph.org/floraculture/news/phytosanitary-issues-challenging-ke nyan-cut-flower-

exports/. Accessed on 9/8/2022 at 10.23 p.m.

Poberezny, J., Szczepanek, M., Wszelaczynska, E., and Prus, P. (2019). The quality of carrot after
field biostimulant application and after storage. Sustainability, 12(4), 1386.
Przybysz, A., Gawronska, H. and Gajc-Wolska, J. (2014). Biological mode of action of

nitrophemolates- based biostimulant. Frontiers in Plant Science, 713.

88


https://aiph.org/floraculture/news/phytosanitary-issues-challenging-kenyan-cut-flower-exports/
https://aiph.org/floraculture/news/phytosanitary-issues-challenging-kenyan-cut-flower-exports/

Punja, Z. K,, Tirajoh, A., Collyer, D.,and Ni, L. (2019). Efficacy of Bacillus subtilis strain QST
713 (Rhapsody) against four major diseases of greenhouse cucumbers. Crop Protection,
124, 104845.

Purba, J. H., Sasmita, N., Komara, L. L., and Nesimnasi, N. (2019). Comparison of seed dormancy
breaking of Eusideroxylon zwageri from Bali and Kalimantan soaked with sodium
nitrophenolate growth regulator. Nusantara Bioscience, 11(2), 146-152.

Quintero-Calderon, E. H., Sanchez-Reinoso, A. D., Chavez-Arias, C. C., Garces-Varon, G., and
Restrepo-Diaz, H. (2021). Rice seedlings showed a higher heattolerance through the foliar
application of biostimulants. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 49(1),
12120.

Ramos, S.M.B., Almeida, E.F.A., Rocha, F.S., Fernandes, M.F.G., and Santos E.B. (2020).
Organic fertilization and alternative products in the control of powdery mildew.
Ornamental Horticulture, 26 (1), 57-68.

Reid, M. S. (2004). Cut flowers and greens. Agriculture Handbook, 66.

Reid, M.S. (2009). Handling of cut flowers for export. Proflora Bulletin, 1-26

Reitz, S.R., Yu-Lin, G., and Zhong-ren, L. (2011). Thrips: Pestof concern to China and the United
States. Journal of Agricultural Science in China, 10, 867-892.

Remus-Borel, W., Menzies, J.G., and Belanger, R.R. (2005). Silicon induces antifungal
compounds in powdery mildew-infected wheat. Physiological and Molecular Plant
Pathology, 66, 108-115.

Rex, B., and Deepika, V. (2020). Diseases of rose and its management. Biotica Research Today,

2, 221-222.

89



Ribeiro, M.N.O., Almeida, E.F.A., Lessa, M.A., Ribeiro Junior, P.M., Barbosa. S.S., Figueiredo,
J.R.M., and Reis, S.N. (2015). Effects of plant conduction systems and organic fertilizer
management on disease incidence and severity in ‘Osiana’ and ‘Carola’ rose. Ornamental
Horticulture, 21 (1), 85-92.

Ribes, S., Fuentes, A., Talens, P., and Barat, J. M. (2018). Prevention of fungal spoilage in food
products using natural compounds: a review. Critical Reviews in Food Science and
Nutrition, 58, 2002-2016.

Rodriguez, E., Tellez, M. M., and Janssen, D. (2019). Whitefly Control Strategies against Tomato
leaf curl New Delhi virus in greenhouse Zucchini. International Journal of Environmental
Research and Public Health, 16, 2673.

Roslan, A.H., Husaini, A., and Lihan, S. (2020). Partial purification and characterization of
Antifungal peptides produced by Bacillus amyloliquefaciens PEP3 against Phytophthora
capcisi. Journal of Applied Sciences and Engineering Progress, 3(1), 56-66.

Rotich, E., Mmbaga, M. T., and Joshua, J. (2019). Bilogical control of powdery mildew on Cornus
florida using undophytic Bacillus thuringensis. Canadian Journal of Plant Pathology, 42
(2), 182-191.

Salamone, A., Scarito, G., Scovazo, G.C., and Fascella, G. (2009). Control of powdery mildew in
cut roses using natural products in the greenhouse. Floriculture and Ornamental
Biotechnology, 3 (1), 121-125.

Salcedo, A. F., Purayannur, S., Standish, J. R., Miles, T., Thiessen, L., and Quesada-Ocampo, L.M.
(2021). Fantastic downy mildew pathogens and how to find them: Advances in detection

and diagnostics. Plants, 10, 435.

90



Salgado-Salazar, C., Shishkof, A., Daughtrey, M., Palmer, C. L., and Crouch, J. A. (2018).
Downey mildew: A serious disease threat to rose health worldwide. The American
Phytopathological Society, 102, 1873-1882.

Sambucci, O., Alston, J. M., Fuller, K. B., and Lusk, J. (2019). The pecuniary and nonpecuniary
costs of powdery mildew and the potential value of resistant grape varieties in
California. American Journal of Enology and Viticulture, 70(2), 177-187.

Samin, S., Leila, K., Bahram, T., and Bahareh, H. (2014). Using aerated compost teain comparison
with chemical pesticide for controlling rose powdery mildew. Archivesof Phytopathology
and Plant Protection, 47 (6), 658-664.

Sangani, M., Lfakbari, S., and Shekhda, M. (2018). Investigation on different systemic fungicides
against Leveillula taurica causing powdery mildew of cluster bean in vitro. International
Journal of Crops Science, 6, 2339-2341.

Sanghavi, K., Sanghavi, M., and Rajurkar, A. M. (2021). Early stage detection of downey and
powdery mildew grape disease using atmospheric parameters through sensor nodes.
Artificial Intelligence in Agriculture, 5, 223-232.

Sarfraz, M., Nasim, M. J., Jacob, C., and Gruhlke, M. C. (2020). Efficacy of allicin against plant
pathogenic fungi and unveiling the underlying mode of action employing yeast based
chemogenetic profiling approach. Applied Sciences, 10(7), 2563.

Sargent, D. J., Buti, M., Surbanovski, N., Brurberg, M. B., Alsheikh, M., and Kent, M. P., (2019).
Identification of QTLs for powdery mildew (Podosphaera aphanis; syn. Sphaerotheca
macularis f. sp. fragariae) susceptibility in cultivated strawberry (Fragaria xananassa).

PLoS ONE, 14(9), 0222829

91



Sarhan, E. A. D., Abd-Elsyed, M. H. F., and Ebrahiem, A. M. Y. (2020). Biological control of
cucumber powdery mildew (Podosphaera xanthii) (Castagne) under greenhouse
conditions. Egyptician Journal of Biological Pest Control, 30, 65.

Sawant, I. S., Wadkar, P. N., Ghule, S. B., Rajguru, Y. R., Salunkhe, V. P., and Sawant, S. D.
(2017). Enhanced biological control of powdery mildew in vineyards by integrating a
strain of Trichoderma afroharzianum with sulphur. Journal of Biololigical Control, 114,
133-143

Sawicka, B. (2003). The effect of combined application the agrochemicals on speed of spread of
Phytophthora infestans in potato plant. Acta Agrophys, 85, 157-168.

Sawicka, B., and Skiba, D. (2009). Influence of foliar nutrition on plant sanitary conditions in
vegetation period of potato. Annales Universitatis Mariae Curie Sklodowska, 64(2), 39—
Sl

Saxena, A.K., Kumar, M., Chakdar, H., Anuroopa, N.,and Bagyaraj, D. J. (2019). Bacillus species
in soil as a natural resource for plant health and nutrition. Journal of Applied
Microbiology, 128, 1583-1594.

Scarito, G., Salamone, A., Zizzo, G. V., and Agrallos, S. (2007). Use of natural products for the
control of powdery mildew of rose plant. Acta Horticulturae, 751, 251-257.

Scott, E. S. (2021). Daniel McAlpine Memorial Lecture. Grapevine powdery mildew: from
fundamental plant pathology to new and future technologies. Australasian Plant
Pathology, 50(1), 1-6.

Seddigh, S., and Kiani, L. (2018). Evaluation of different types of compost tea to control rose
powdery mildew (Sphaerotheca pannosa var. rosae). International Journal of Pest

Management, 64(2), 178-184.

92



Seung H. J., Narayan C. P., Jian X. D., Young S. K., Bong-Sik Y., and Seung H. Y. (2013).
Biocontrol activity of Bacillus amyloliquefaciens CNU114001 against fungal plant
diseases. Article in Mycobiology, 41(4), 234-242.

Shahrin, S., Roni, M. Z. K., Taufique, T., Mehraj, H., and Jamal Uddin, A. F. M. (2015). Study on
flowering characteristics and categorization of rose cultivars for color, fragrance and
usage. Journal of Bioscience and Agriculture Research, 4(1), 20-30.

Shakeel, M., Rais, A., Hassan, M.N., and Hafeez, F.Y. (2015). Root associated Bacillus sp.
improves growth, yield and zinc translocation for basmati rice (Oryza sativa) varieties.
Frontiers in Microbiology, 6, 1286.

Shamso, E., Sadek, A., and Hosni, H. A. (2019). Morphological and anatomical characteristics of
endemic Rosaarabica (Rosoideae,Rosaceae) fromSinai, Egypt. Taeckholmia, 39(1), 34-
43.

Sharma, H. S., Fleming, C., Selby, C., Rao, J. R., and Martin, T. (2014). Plant biostimulants: a
review on the processing of macroalgae and use of extracts for crop management to reduce
abiotic and biotic stresses. Journal of Applied in Phycology, 26, 465-490.

Shetty, R., Frette, X., Jensen, B., Shetty, N. P., Jensen, J. D., Jorgensen, H. J. L., Newman, M.A.,
and Christensen, L. P. (2011). Silicon-induced changes in antifungal phenolic acids,
flavonoids, and key phenylpropanoid pathway genes during the interaction between
miniature roses and the biotrophic pathogen Podosphaera pannosa. Plant Physiology,
157, 2194-2205.

Shetty, R., Jensen, B., Shelton, D., Jorgensen, K., Pedas, P., and Jorgensen, H. J. L. (2021). Site-

specific, silicon-induced structural and molecular defence responses against powdery
mildew infections in roses. Journal of Pest Management Science, 77(10), 4545-4554.

Shi, C., and Shi, C.H. (1999). An experiment on the yield increasing effect of Atonik in tomato.
Zhejiang Nongye Kexue, 4, 182-183.

93



Shi, Y., Lou, K., and Li, C. (2010). Growth and photosynthetic efficiency promotion of sugar beet
(Beta vulgaris L.) by endophytic bacteria. Photosynthesis Research, 105, 5-13.
Shivakumar, T., Vinutha, M. R., and Yeluguri, S. (2018). Propagation of Rose: Status, progress

and future. The Journal of Greens and Gardens, 1(1), 27-37.

Singh, D., Yadav, D. K., Chaudhary, G., Rana, V. S., and Sharma, R. K. (2016). Potential of
Bacillus amyloliquefaciens for biocontrol of bacterial wilt of tomato incited by Ralstonia
solanacearum. Journal of Plant Pathology and Microbiology, 7, 327.

Singh, H., and Kaur, T. (2020). Pathogenicity of entomopathogenic fungi against the aphid and
the whitefly species on crops grown under greenhouse conditions in India. Egyptian
Journal of Biological Pest Control, 30, 84.

Singh, P.N., Singh, S.K., Tetali, S.P.,and Lagashetti, A.C. (2017). Biocontrol of powdery mildew
of grapes using culture filtrate and biomass of fungal isolates. Journal of Plant Pathology
& Quarantine, 7(2), 181-189.

Sitinjak, R. R. (2017). The response of growth on shoot cuttings and stem cuttings of Citrus
amblycarpa L. after giving Atonik. Research Journal of Pharmaceutical, Biological and
Chemical Sciences, 8(2), 872-881.

Smith, B.R., Fischer, P.R.,and Argo, W.R. (2004). Nutrient uptake in container grown impatients
and petunia in response to root substrate pH and applied micronutrients concentration.
Journal of Horticultural Science, 39, 1426-1431.

Smith, D., Beattie, G.A.C., and Broadley, R. (1997). Citrus pest and their natural enemies:
Integrated Pest Management in Australia. Queensland Department of Primary Industries

Series Q197030, 272.

94



Smulders, M. J. M, Arens, P., Bourke, P. M., Debener, T., Linde, M., De Riek, J., Leus, L., Ruttink,
T., Baudino, S., Hibrant Saint-Oyant, L., Clotault, J.,and Foucher, F. (2019). In the name
of the rose: A roadmap for rose research in the genome era. Horticultural Research, 6, 65

Smulders, M. J. M., Bourke, P. M., Tumino, G., Voorrips, R. E., Maliepaard, C., and Arens, P.
(2020). Using molecular markers in breeding: ornamentals catch up. Acta Horticulturea,
1283, 49-54.

Souza, R., Ambrosini, A., and Passaglia, L.M.P. (2015). Plant growth-promoting bacteria as
inoculants in agricultural soils. Journal of Genetics and Molecular Biology, 38, 401-419.

Srivastava, D.A., Harris, R., Breuer, G., and Levy, M. (2021). Secretion-based modes of action of
biocontrol agents with a focus on Pseudozyma aphidis. Plants, 10, 210.

Stan, V.G., (2014). Uses for diatomaceous earth- diatomaceous earth for insect control. Retrieved

from http://www.gardeninhknow how.com/plant-proble ms/pest/diatomaceous-earth-

insect-control

Stirling, G. R. (2014). Biological control of plant-parasitic nematodes: soil ecosystem
management in sustainable agriculture. CABI.

Subiya, R. K., Priyanka, T., Humajahan, K., Vadrali, S., and Patil, B. C. (2017). Study on yield
and quality of rose as effected by cultivars and planting geometry. International Journal
of Pure and Applied Bioscience, 5 (6), 544-550.

Sudheendra, A. A. (2014). Assessment of yield loss due to powdery mildew of chilli. Trends in
Biosciences, 7(11), 1138-1141.

Sujatha, K.,and Singh, K.P. (2003). Effect of spacing and pruning on rose. Journal of Ornamental

Horticulture (New Series), 6(2), 153.

95


http://www.gardeninhknowhow.com/plant-problems/pest/diatomaceous-earth-insect-control
http://www.gardeninhknowhow.com/plant-problems/pest/diatomaceous-earth-insect-control

Sulima, A.S., and Zhukov, V. A. (2022). War and Peas: Molecular bases of resistance to powdery
mildew in pea (Pisum sativum L.) and other legumes. Plants, 11, 339.

Sundheim, L. (1982). Control of cucumber powdery mildew by the hyperparasite Ampelomyces
quisqualis and fungicides. Journal of Plant Pathology, 31, 209-214.

Suprun, 1. I, Plugatar, S.A., Stepanov, I.V., and Naumenko, T.S. (2020). Analysis of genetic
relationships of genotypes of the genus Rosa L. from the collection of Nikita Botanical
Gardens using ISSR and IRAP DNA markers. Vavilov Journal of Genetics and
Breeding, 24(5), 474.

Suthaparan, A., Stensvand, A., Solhaug, K.A., Torre, S., Mortensen, L.M., Gadoury, D.M., Seem,
R.C.,and Gislerod, H.R. (2010). Suppression of powdery mildew (Podosphaerapannosa)
in greenhouse roses by brief exposure to supplemental UV-B radiation. PlantDisease, 96,
1653-1660.

Swaefy, H. M., and El-Ziat, R. A. (2017). Response of double-flowered marigold to salinity and
biostimulant applications. Middle East Journal of Agricultural Research, 6(4), 1519-
1525.

Szczepaneka, M., Wilczewskia, E., Pobereznyb, J., Wszelaczynskab, E., and Ochmianc, 1. (2017).
Carrot root size distribution in response to biostimulant application. Acta Agriculturae
Scandinavica, Section B — Soil & Plant Science, 67(4), 334-339.

Szparaga, A., Kocira, S., Kocira, A., Czerwinska, E., Swieca, M., Lorencowicz, E., Kornas, R.,
Koszel, M., and Oniszczuk, T. (2018). Modification of growth, yield, and the nutraceutical
and antioxidative potential of soybean through the use of synthetic biostimulants.

Frontiers in Plant Science, 9, 1401.

96



Szparaga, A., Kubon, M., Kocira, S., Czerwinska, E., Pawlowska, A., Patryk, H., Kobus, Z., and
Kwasniewski, D. (2019). Towards sustainable agriculture—agronomic and economic
effects of biostimulant use in common bean cultivation. Sustainability, 11(17), 4575.

Szydlo, W., and Pacholczak, A. (2010). Effect of biopreparation Asahi SL and fertilizer Osmocote
5-6M on growth of Hydrangeaarborenscences ‘anabelle’. Annals of Warsaw University
of Life Science. Horticulture and Landscape Architecture, 31, 3-9.

Tahir, A., Sattar, S., Saif, R., Tahir, S., Qadir, M., and Sultana, R. (2018). Review: Biological
control of powdery mildew of bitter gourd. The International Journal of Biological

Research, 1(2), 66-98.

Tanaka, K., Fukuda, M., and Amaki, Y. (2017). Importance of prumycin produced by Bacillus
amyloliquefaciens SD-32 in biocontrol against cucumber powdery mildew disease.
Journal of Pest Management Science, 73,2419-2428.

Tawfeeq, A. M. (2012). The effect of different levels of seaweed extracts (Algamix) and Atonik
in growth and yield of broad been (Vicia faba L.). Tikrit Universitas limu Pertanian,
23(4), 83-92.

Thangavelu, R., and Mustaffa, M. M., (2012). Current advances in the Fusarium wilt disease
management in banana with emphasis on biological control. Journal of Plant Pathology.
8, 273-298.

The International Association of Horticultural Producers (2019). Production and markets, the

future of ornamental plants. The International Vision Projects Report, 2019.

97



Tiwari, Y., Awasthi, P. K., and Pandey, P. R. (2020). An economic analysis of cut flower
marketing in Jabalpur district of Madhya Pradesh. Journal of Pharmacognosy and
Phytochemistry, 9(2), 381-384.

Tjosvold, S. A., and Koike, S. T. (2001). Evaluation of reduced risk and other
biorationalfungicides on the control of powdery mildew on greenhouse roses. Acta
Horticulturae, 47, 59-67.

Tol, R.W. H. M., Tom, J., Roher, M., Schreurs, A., and van Dooremalen, C. (2021). Haze of glue
determines preference of western flower thrips (Frankliniella occidentalis) for yellow or
blue traps. Scientific Reports, 11, 6557

Toppe, B., Stensvand, A., Herrero, M. L., and Ragnar-Gislerd, H. (2007). C-Pro (grapefruit seed
extract) as supplement or replacement against rose-and cucumber powdery mildew. Acta
Agriculturae Scandinavica Section B-Soil and Plant Science, 57(2), 105-110.

Torre, S., Fjeld, T., Gislrode, H. R., and Moe, R. (2003). Leafanatomy and stomatal morphology
of greenhouse roses grown at moderate or high air humidity. American Society for
Horticultural Sciences, 124 (4), 598-602.

Toumi, K., Vleminckx, C.,van Loco, J.and Schiffers, B. (2016). Pesticide residues on three cut
flower species and potential exposure of florists in Belgium. International Journal of
Environmental Research and Public Health, 13, 943.

Traversari, S., Cacini, S., Galieni, A., Nesi, B., Nicastro, N., and Pane, C. (2021). Precision
agriculture digital technologies for sustainable fungal disease management of ornamental

plants. Sustainability, 13, 3707.

98



Tsanakas, G. F., Georgakopoulou-Voyiatzi, C., and Voyiatzis, D. G. (2017). Cultivating
greenhouse cut roses with bending system. Journal of Applied Horticulture, 19(3), 175-
179.

Tsegaye, Z., Gizaw, B., Tefera, G., Feleke, A., Chaniyalew, S., Alemu, T., and Assefa, F. (2019).
Isolation and biochemical characterization of plant growth promoting (PGP) bacteria
colonizing the rhizosphere of Tef crop during the seedling stage. Journal of Plant Science
and Phytopathology, 14, 013-027.

Tun, K. M., Clavijo McCormick, A., Jones, T., Garbuz, S., and Minor, M. (2020). Honeydew
deposition by the giant willow aphid (Tuberolachnus salignus) affects soil biota and soil
biochemical properties. Insects, 11(8), 460.

Twamley, T., Gaffney, M., and Feechan, A. (2019). A microbial fermentation mixture primes for
resistance against powdery mildew in wheat. Frontiers in Plant Science, 10, 1241.

Ulaszewski, B., Jankowska-Wrdblewska, S., Swilo, K., and Burczyk, J. (2021). Phylogeny of
Maleae (Rosaceae) based on complete chloroplast genomes supports the distinction of
Aria, Chamaemespilus and Torminalis as separate genera, different from Sorbus sp.
Plants, 10, 2534.

United States Department of Agriculture (2020). Floriculture Crops 2019 Summary. National
Agricultural Statistics Service, 1949-0917.

Valentine, S., and Francis, S. (2009). Substrate pH effect on anthocyanins and selected phenolics
in Rosa X hybrid L. ‘KORCrisett’. Acta Agriculturae Slovanica, 95-1.

Valero, D., Zapata, P. J., Martinez-Romero, D., Guillen, F., Castillo, S., and Serrano, M. (2014).

Pre-harvest treatments of pepper plants with nitrophenolates increase crop yield and

99



enhance nutritive and bioactive compounds in fruits at harvest and during storage. Food
Science and Technology International, 20(4), 265-274.

Vasudevan, V., and Kannan, M. (2014). Effect of bending and plant growth regulators on
maximizing the yield and quality of rose (Rosa hybrida Var., Tajmahal)under greenhouse
conditions. Trends in Biosciences, 7(13), 1569-1573

Verma, C.,Jandaik, S., Gupta, B. K., Kashyap, N., Suryaprakash, V. S., Kashyap, S., and Kerketta,
A. (2020). Microbial metabolites in plant disease management: Review on biological
approach. International Journal of Chemical Studies, 8(4), 2570-258.

Vieira, J., Pimenta, J., and Gomes, A. (2021). The identification of the Rosa S-locus and
implications on the evolution of the Rosaceae gametophytic self-incompatibility systems.
Scientific Reports, 11, 3710.

Vinodkumar, S., Nakkeeran, S., Renukadevi, P.,and Malathi, V.G., (2017). Biocontrol potentials
of antimicrobial peptide producing Bacillus species: multifaceted antagonists for the
management of stem rot of carnation caused by Sclerotinia sclerotiorum. Frontier in
Microbiology, 8, 446.

Wanasiri, N., McGovern, R. J., Cheewangkoon, R., and To-Anun, C. (2020). Efficiency of
antifungal compounds against powdery mildew disease of rose (Podosphaerapannosa).
International Journal of Agricultural Technology, 16(1), 189-198.

Wen, X., Xu, Q., Cao, Q., and Deng, X. (2006). Promising genetic resources for resistance to
powdery mildew in chestnut rose (Rosa roxburghii) and its relatives in China. New
Zealand Journal of Crop and Horticultural Science, 34,183-188.

Wheeler, B.E.J. (1973). Researchon rose powdery mildew at Imperial College. Journal of Royal

Horticultural Science, 15, 225-230.

100



Whipps, J.M. (2001). Microbial interactions and biocontrol in the rhizosphere. Journal of
Experimental Botany, 52, 487-511.

Wierzbowska, J., Cwalina-Ambroziak, B., Glosek-Sobieraj, M., and Sienkiewicz, S. (2017). Yield
and mineral content of edible carrot depending on cultivation and plant protection
methods. Acta Science Polonica. Hortorum Cultus, 16, 75-86.

Wojdyta, A. T. (2004). Effectiveness of Atonik SL in the control of powdery mildew, black spot,
and rust. Folia Horticulturea, 16 (1), 175-182.

Wu, W., Du, K., Kang, X., and Wei, H. (2021). The diverse roles of cytokinins in regulating leaf
development. Horticulture Research, 8, 118.

Wurms, K.V., Ah Chee, A., Wood, P.N., Taylor, J.T., Parry, F., Agnew, R.H., Hedderley, D., and
Elmer, P.A.G. (2021). Lipid-based natural food extracts for effective control of botrytis
bunch rot and powdery mildew on field-grown winegrapes in New Zealand. Plants, 10,
423.

Xie, L., Zhang, H., and Li, D. (2019). Physiological responses of garden roses to hot and humid
conditions. Journal of Horticultural Science, 46(1), 26-33.

Xie, M., Chen, H., Huang, L., O’Neil, R. C., Shokhirev, M. N., and Ecker, J. R. (2018). A B-ARR-
mediated cytokinin transcriptional network directs hormone cross-regulation and shoot
development. Nature communications, 9, 1604.

Xu, S., TingTing, B., Lei, Z., HuaCai, F., PeiWen, Y., KeSuo, Y.,Li, Z., XunDong, L., ZhiXiang,
G., and BaoMing, Y. (2017). Evaluation of different banana varieties on fusarium wilt
TRA4 resistance by phenotypic symptom and real time quantitative PCR. Southwest China,

Journal of Agricultural Sciences, 30 (9), 1997-2002.

101



Xu, X. M. (1999). Effects of temperature on latent period of the rose powdery mildew,
Sphaerotheca pannosa. Journal of Plant Pathology, 48, 662-667.

Yan, Z., Dolstra, O., Prins, T. W., Stam, P., and Visser, P. B. (2006). Assessment of partial
resistance to powdery mildew (Podosphaera pannosa) in a tetraploid rose population
using a spore-suspension inoculation method. European Journal of Plant Pathology, 114,
301-308.

Yanar, Y., Yanar, D., and Gebologlu, N. (2011). Control of powdery mildew (Leveillula taurica)
on tomato by foliar sprays of liquid potassium silicate (K 2 SiO 3). African Journal of
Biotechnology, 10(16), 3121-3123.

Yao, F.-L., Zheng, Y.,Huang, X.-Y.,Ding, X.-L., Zhao, J.-W., Desneux, N., He, Y.-X., and Weng,
Q.-Y. (2017). Dynamics of Bemisia tabaci biotypes and insecticide resistance in Fujian
province in China during 2005-2014. Scientic Reports, 7, 40803.

Yeluguri, S., Prakash, T., Sriram, S., Seetharamu, G.K., Devappa, V., Upreti, K.K., and Mythili,
J.B. (2021). Screening of rose genotypes for resistance against powdery mildew disease.
The Pharma Innovation Journal, 10(3), 666-671.

Yim, B., Baumann, A., Grunewaldt-Stocker, G., Liu, B., Beerhues, L., Zuhlke, S., Sapp, M.,
Nesme, J., Sorensen, S. J., Smalla, K., and Winkelmann, T. (2020). Rhizosphere microbial
communities associated to rose replant disease: Links to plant growth and root
metabolites. Journal of Horticulture Research, 7, 144.

Yoom, M.-Y., Cha, B., and Kim, J.-C. (2013). Recent trends in studies on botanical fungicides in

agriculture. Journal of Plant Pathology, 29, 1-9.

102



Yuan, H., Jin, C., Pei, H., Zhao, L., Li, X., Li, J., Huang, W., Fan, R., Liu, W., and Shen, Q-H.
(2021). The powdery mildew effector CSEP0027 interacts with barley catalase to regulate
host immunity. Frontiers in Plant Science,1967.

Yuan, J., Yunze, B., Wang, J.Z., Raza, W., Qiwei, H., and Qirong, S. (2013). Plant growth
promoting rhizobacteria strain Bacillus amyloliquefaciens NJN-6-enriched bioorganic
fertilizer suppressed Fusarium wilt and promoted the growth of banana plants. Journal of
Agricultural Food and Chemicals, 61(16), 3774-3780.

Zhang, M., Wang, J., Zhu, L., Li, T., Jiang, W., Zhou, J., Peng, W., and Wu, C. (2017).
Zanthoxylum bungeanum Maxim. (Rutaceae): A systematic review of its traditional uses,
botany, phytochemistry, pharmacology, pharmacokinetics, and toxicology. International
Journal of Molecular Sciences, 18 (10), 2172.

Zhang, N., Arian van Westreenen, A., Evers, J. B., Niels P. R. A., and Marcelis, L. F. M. (2020).
Quantifying the contribution of bent shoots to plant photosynthesis and biomass
production of flower shoots in rose (Rosa hybrida) using a functional-structural plant
model. Annals of Botany, 126, 587-599.

Zhang, S., Liu, J., Xu, B., and Zhou, J. (2021). Differential responses of Cucurbita pepo to
Podosphaera xanthii reveal the mechanism of powdery mildew disease resistance in
pumpkin. Frontiers in Plant Science, 12, 306.

Zlesak, D.C. (2006). Rose Rosa x hybrid. Flower breeding and genetics: Issues, challenges and

opportunities for the 21st century. Springer, 3, 695-738.

103



