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ABSTRACT

Haskap (Lonicera caerulea L.) is a new berry crop in Canada. Crop growth and productivity
largely depend on soil and plant microclimate conditions. Therefore, this study was conducted to
determine the effect of plastic mulch colours (Black and White) and fertility amendments levels
(Control, Low, High) on flowering, growth, yield, and total soluble solids (TSS) of three-year old
haskap under irrigated conditions. Treatments had no significant effect on flower timing, flower
number, fruit set, or yield after one year. However, delaying harvest for one week significantly
increased 100-berry-weight and TSS, and reduced berry number per bush. The absence of
significant response to fertility treatment likely due to adequate background soil fertility.
Compared with White plastic, Black plastic had statistically higher mean soil temperature (during
the growing season) and lower reflected photosynthetically active radiation but differences did not
produce biologically significant changes in growth, flowering or yield. To have a better
understanding of the effects of plastic mulch colours and fertility amendments on haskap under
irrigation, further studies need to be performed beginning at haskap establishment on lower fertility

sites and without wood mulch.
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CHAPTER 1. INTRODUCTION

1.1 Introduction

Consumers are increasingly looking for healthy nutritional and functional foods, which
drive the growth of the fresh food market thereby driving the demand for berries (Invenire, 2008).
Fruits in general are a valuable crop due to their nutritional values and health benefits associated
with their consumption. Superfruits are especially rich in antioxidants, fiber, vitamins, and
polyphenols, and have strong anti-inflammatory properties. Hence, the health food market is
growing rapidly due to the increased demand for superfruits in the world. Haskap has been
identified as a potential new superfruit in North America’s market due to its high levels of
antioxidants and phytochemicals (Rupasinghe et al., 2018) and has been used in traditional
medicines to cure many degenerative disorders (Oyebode et al., 2014). However, its cultivation
practices in North America have not yet been refined.

Haskap (Lonicera caerulea L.) is a perennial shrub indigenous to Siberia and northeastern
Asia where commonly found in low-lying wet and mountainous regions (Bors et al., 2012). It was
first reported as a horticultural plant in the 1890’s in Russia (Hummer, 2006). L. caerulea is widely
distributed over the Northern hemisphere (Bors, 2009), which has led to the adoption of several
common names including: “Haskap”, “Blue Berried Honeysuckle”, “Blue Honeysuckle”, “Sweet
Berry Honeysuckle”, and “Honeyberry” (Thompson, 2006; Bors, 2009). Haskap is a relatively
new berry crop to the Canadian horticultural market (Bors et al., 2009). The round compact bushes
of haskap are known for their winter hardiness (Plekhanova, 2000).

Haskap production did not begin in Nova Scotia until 2009 (Cheverie et al., 2013) after
which it has gained rapid attention due to its early harvesting, ease of cultivation, nutritional values,

and numerous other health benefits. In Atlantic Canada, the haskap industry is expected to become



valued at approximately $500 million a year in the next five years (O’Connor, 2015). However,
the major hindrance in achieving this goal can be attributed to slow plant establishment and growth
which, in turn, affect fruit production and commercial supply. Plant establishment and productivity
are mainly limited by soil conditions (e.g. nutrient availability and plant-microbial interactions)
and plant micro-environment (i.e. light, temperature, humidity), which depend largely on crop
management practices (Iheshiulo et al., 2018a). Soil chemical and biological processes affect plant
root growth and microbial activity, which in turn affect nutrient uptake capacity and performance
of the crop. Also, newly cleared forest for orchard establishment is likely to be at a higher risk of
failure if adequate measures are not taken to enhance the soil and plant microenvironment.
Therefore, there is a need to identify management practices to aid proper plant establishment and
fruit production for the industry to thrive.

Fruit yield is dependent on genetic as well as external factors such as management
practices, climatic and soil conditions (Salvo et al., 2012). Management practices of any crop
should be aimed at increasing length and number of shoots to enhance vegetative growth and
maximize commercial fruit harvest (McCarthy and Stoker, 1988). Fertilizer application is a
standard practice (Plaster, 2009) with the aim of eliminating limitations to yield and quality (Hart
et al., 2006) by supplying nutrients in sufficient quantities to sustain maximum crop productivity
and profitability while minimizing environmental impacts of nutrient use (Havlin et al., 2014). The
amount of nutrients required depends on plant characteristics, environmental conditions, soil
characteristics, and management practices (Havlin et al., 2014). There is a need to understand the
interaction between soil, plant, and microenvironment to ensure optimum plant response and

support management decisions.



Soil fertility should be appropriate to support healthy growth, development, and berry yield
for all crops including haskap. The essential macronutrients; nitrogen (N), phosphorous (P),
potassium (K), calcium (Ca), and magnesium (Mg) are required to complete the life cycle of any
crop (Yadong and Shuang, 2009; Havlin et al., 2014). Excess or deficiency of any of these essential
nutrients disrupt either the reproductive or vegetative growth cycles in crops and/or alter the
composition of other nutrients (Marschner, 1995; Fageria, 2001; Fuqua et al., 2005). Therefore, an
adequate supply of plant nutrients is essential for achieving potential haskap bush growth,
development, and berry yield (Fageria, 2001; Pormale et al., 2009). Plant nutrient requirement is
largely dependent on crop species, cultivar or genotypic variations within species (Kowalenko,
2005). In addition to this, soil factors such as type, nutrient composition, temperature, and moisture
influence soil nutrient supply to the crop (Mylavarapu, 2010) and tissue nutrient status (Dresler et
al., 2015). These factors also influence plant growth, productivity and fruit quality (Khan et al.,
2011). Buskiené and Uselis (2008) stated that only fertile soils with a regulated pH and optimal
mineral nutrient supply can ensure adequate yield and quality.

There has not been enough study done to examine what fertility regime is best for haskap
production in North America (Bors, 2009). Berries of the Canadian haskap varieties are still
relatively small and low quality, and bushes are low yielding as compared to Russian and Japanese
varieties (Hummer, 2006). Soil fertility status may be a significant constraint in haskap production
(Iheshiulo et al. 2018a). The crop performance and yield might also be increased by various
management practices including modifying the crop growing environment. Plastic mulches have
been used by farmers for weed control, early maturity, higher crop yields, higher water and
fertilizer use efficiency, and to modify plant growing environment (Monette and Stewart, 1987;

Lamont et al., 2004). Quality and yield of fruits can be influenced by the light environment which



is determined by the amount of sunlight reaching crop surface and light reflected from coloured
plastic mulches (Kasperbauer et al., 2001). Black plastic tends to have higher heating effects above
and below the soil surface while white plastic reflects much of visible light to the environment and
could provide lower soil and environmental temperature (Hammermeister, 2016). Therefore, white
plastic is suitable for crops that require low temperature during hot summer periods and black
plastic is popular for the cool season. The light reflected from coloured plastic mulches is involved
in reproductive development such as formation of flower buds (Bernier and Périlleux, 2005; Yanez
et al.,, 2009). Shiukhy et al. (2015) found that size, weight, and phytochemical contents of
strawberry under coloured plastic mulches were significantly higher compared to conventional
practices (no mulch treatment). The use of proper types of plastic mulches is important for
achieving potential crop growth, yield, and fruit quality. Although the effects of black
(commercial) plastic mulch and soil amendments on fruit crops have been studied, the effects of
different colours of plastic mulch and soil amendment on haskap have received less research
attention, especially in Nova Scotia haskap orchards.

Cultivated haskap begins to produce commercial berry yields after four years of growth
and reach maximum bearing after eight years (Plekhanova, 1992). There is a need of to maximize
the haskap growth in the early years to get potential yield. There is a positive correlation between
haskap berry yields and plant size (Plekhanova, 1992) which suggests that management practices
that increase bush size might result in increased yield. In blackcurrant, improvement in vegetative
growth resulted in a higher berry yield in the early years (Rhodes 1986; McCarthy and Stoker,
1988). However, the effect of plastic mulch colours and fertility amendments on haskap

performance has not been optimized yet.



1.2 Project Goal

Haskap growers are facing increasing difficulties in achieving commercial profitability.
Greater costs and reducing returns are forcing them to optimize their management operations.
Higher yield and fruit quality are needed to address this situation. Therefore, the aim of this project
is to identify optimal sustainable management practices for haskap production by determining the
impacts of plastic mulch colours in combination with fertility amendments on haskap flowering,
growth, yield and total soluble solids (TSS). This study will further help in understanding the best

cultural practices for haskap production.



CHAPTER 2. LITERATURE REVIEW

2.1 Introduction to Haskap

The genus Lonicera belongs to fruiting shrubs found in temperate regions of the world,
with the highest diversity occurring in Eastern and Central Asia. Haskap is also known as blue
honeysuckle, honeyberry, or haskap in Canada and other countries like Poland, Japan, and Russia
(Hummer et al., 2012). Haskap is an edible berry, native to Siberia and northeastern Asia and is
generally found in low-lying wet areas or mountainous areas (Bors et al., 2012). Historically, the
berries of haskap were harvested from wild plants where the edible form occurred, mainly in
Hokkaido, Japan and Russia (Hummer et al., 2012). In these regions, these berries have long been
attributed to have high medicinal and nutritional values. Haskap is well adapted for cultivation in
northern areas of Canada as it is winter hardy, withstanding as low as -46°C (Imanishi et al., 2000;
Plekhanova, 2000).

The first study which identified L. caerulea as a horticulture plant in Russia was made in
1894 and efforts to domesticate it started in 1913 (Hummer, 2006). Since the beginning of the
1950s, breeding programs have focused mainly on the development of new cultivars with
characteristics of higher yield, larger berries, improved nutritional levels, and better berry quality.
In North America, the breeding program started at Oregon State University in the late 1990s; at
present, the largest breeding program is situated at the University of Saskatchewan, Canada (Bors,
2009) which uses several germplasms from within Canada as well as Japan and Russia (Bors et
al., 2012).

Haskap has been gaining popularity in North America due to the health benefits of its
berries which are a rich source of vitamins and antioxidants (Chaovanalikit et al., 2004;

Rupasinghe et al., 2012). Haskap was considered “the elixir of life” in Japan (Thompson, 2006)



due to its therapeutic properties. Haskap is a good source of phytochemicals like anthocyanins,
vitamin C, ascorbic acid, polyphenolics, and other antioxidants which are two to three times higher
than other berries known to have health benefits like wild blueberry (Arus and Kask, 2007;
Rupasinghe et al., 2012). Experiments related to cancer prevention and cardiovascular benefits of
haskap have started at Dalhousie University, Canada, as well as one looking at whether haskap can
help manage Type 2 diabetes. Haskap is believed to have therapeutic properties and it has been
used traditionally by Japanese Ainu aborigines to treat malaria, decrease the risk of heart attack
and the effects of glaucoma and gastrointestinal diseases, inhibition of anemia and slowing the
aging process (Thompson, 2006; Rupasinghe et al., 2018). Haskap berries have been used for
confectionaries, beverages, baked goods, and jams. Also, the emergence of a whole industry
extracting antioxidants from fruits to be used in cosmetics, food supplements and fortified foods
(Castafieda-Ovando et al., 2009), has given the haskap industry a better grounding to thrive among
other industries.
2.2 Morphology and Phenology of Haskap

Haskap is a deciduous shrub, growing up to 2 m or more in height with a diameter of up to
2 m when fully mature (Hummer et al., 2012). Leaves are opposite, simple, oval to elongate, and
3 to 5 cm in length (Hummer et al., 2012). A well-established haskap bush may have roots
extending 1.5 m in diameter (Markova, 2001). There is great variability in wild genotypes of L.
caerulea in terms of size and growth habit (Markové, 2001). There are different cultivars of haskap
available in Canada (Berry Blue, Indigo Gem, Tundra, Borealis, Indigo Series, Indigo Treat,
Indigo Yum, Honeybee, Aurora, Boreal Beast, Boreal Beauty, Boreal Blizzard) that vary according
to bush size, growth rate, disease susceptibility, yield, ripening timing, and berry shape, size, and

quality characteristics. Indigo Gem grows faster and upright as compared to most others.



Moreover, it is characterized by smaller and tangier berries and is relatively productive (Lauritzen,
2015).

Haskap inflorescence is unique in structure from other species of Lonicera (Rheder, 1909).
Flowers are usually borne in pairs at the lowest one to four nodes of the shoots produced from the
previous year’s growth (Hummer et al., 2012). Haskap flowers are well-adapted to a temperature
as low as -7° C (Hummer et al., 2012). Flowers are borne in two-flowered cymes (typical of
Lonicera) but the ovaries of both flowers are surrounded by fused bracteoles creating what seems
like an outer skin enclosing two interior berries. The ovaries and the fused bracteoles develop into
a single fruit; thus, a haskap “berry” is a single compound fruit from the pollination of two flowers
(Frier et al., 2016). Fruit set will occur even if only one of the two flowers of an inflorescence is
pollinated, however, it results in smaller fruit with fewer seeds (Frier et al., 2016). Flowers are
self-incompatible and need a compatible pollinator for fruit set (Plekhanova, 2000). In addition to
this, flowers are perfect (five anthers and a single stigma), small, pale yellow to cream in colour,
about 2 cm in length, tubular with flared lobes.

2.3 Management of Haskap

Documented information on management practices for haskap in Canada is scarce and
growers are still exploring different techniques to get higher growth and yields. Site selection for
haskap cultivation mostly follows general recommendations for small fruit crop production. Soil
for haskap production should be well-drained and it can tolerate a wide range of soil pH (pH 5.0 —
8.0) (Ontario Ministry of Agriculture, Food and Rural Affairs - OMAFRA, 2012). While haskap
is considered to be shade tolerant, it should be grown in full sun for maximum fruit production

(Bors, 2009).



For optimum performance, haskap requires good soil moisture conditions and moderately
warm summer temperatures. Spacing for planting should be one meter for a continuous hedge and
1.5m for individual uncrowded plants (Cheverie, 2013). The row spacing can be adjusted
according to the farm machinery used for harvesting and weed management. Bors (2009) and
OMAFRA (2012) recommended plant spacing of 1.3 m for haskap, which is suited for hand
harvest of an individual bush. However, most research on haskap to date has focused on the
breeding programme in North America. Very little is known about fertilizer needs, and existing
studies have been entirely focused in Asia and Europe (Bozek, 2007; Thompson, 2006). Skupien
et al. (2007) identified haskap as having “low” fertilizer requirements in Poland. In addition to
this, Ochmian et al. (2010) reported that the nitrogen (N) fertilizer application of 40 kg ha™ in a
year is a normal practice for haskap production in Poland. It is noted that the plant does not have
a heavy requirement for N, and excess application may hinder root growth (Belosohova and
Belosohov, 2010; Tremblay et al., 2019). Currently, OMAFRA (2012) recommends yearly
applications of 30-50 kg N ha! for haskap production in Ontario, however no information is
supplied as to the basis for this recommendation. A recent study has been done in Nova Scotia by
Iheshiulo et al. (2018a) to diagnose the variability in haskap plant characteristics with respect to
leaf tissue and soil nutrient status. Furthermore, the study has examined soil nutrient sufficiency
ranges and nutrient ratios for leaf tissue nutrients concentrations in haskap cv. Indigo Gem. In the
same paper, the sufficiency ranges for haskap cv. Indigo Gem leaf tissues were estimated to be
about 2.23%-2.96% for nitrogen (N), 0.22%-0.28% for phosphorous (P), 0.84%-1.32% for
potassium (K), 1.63%-2.10% for calcium (Ca), 0.14%-0.50% for magnesium (Mg). The study
found that 53% of Nova Scotia haskap fields are deficient in N and P, whereas 58% were deficient

in K. However, 42% of fields were diagnosed with adequate leaf N content and many of the fields



were diagnosed as having adequate leaf Ca and Mg (Iheshiulo et al., 2018a). Deficiency in leaf K
and P were recognized as potentially important factors restricting haskap growth and development
in Nova Scotia. In addition, it was observed that haskap could have higher Mg and Ca requirements
than highbush blueberry and blackcurrant.

Haskap is self-incompatible requiring cross-pollination, however, insects may be scarce
when it blooms due to early flowering (late April to May) (Bors et al., 2012; Hummer et al., 2012).
Access of pollinators to flowers helps in higher fruit production while fruits of isolated haskap
plants are lighter and smaller with a smaller number of seeds (Bozek, 2012). Pollinator plants may
be placed within a row, usually one in every eight to ten plants, or as every third row in the orchard.
Bumble bees are found to be the most efficient pollinators of haskap, but honeybees appear to be
effective pollinators in Nova Scotia (Olmstead, 2019).

Haskap is reported in many research papers as resistant to pests and disease (Sabitov, 1986;
Thompson and Barney, 2007; Korobkova, 2009). In Canada, a few pests and diseases are known
to impact haskap bushes. Bushes can suffer powdery mildew in the regions of high relative
humidity (OMAFRA, 2012). The leaves of haskap can get damaged from sun scald but usually
after harvest. Small birds in the field are the major damaging pest to haskap berries, knocking the
berries to the ground or eating them (Bors, 2012).

Weeds are a major problem in haskap production (annual and perennial). There are several
weeds management trials going on at the Faculty of Agriculture, Dalhousie University, Nova
Scotia and by fruit growers in Nova Scotia. Weed management strategies depend on many factors;
soil fertility status and nature of the weeds might be most important. Other factors may include the
availability of labor, size of the field to be managed, and whether the field is under organic or

conventional production practices. There are several pre-emergent and post-emergent herbicides
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available for conventional fruit practice. Weed management practices in organic fruit production
include tillage, dead organic mulches (straws, woodchips, compost, straw, and many others),
manufactured synthetic mulches (plastic or fabric), living mulches, surface treatment as organic
herbicides (acetic acid and plant oils) and heat (Hammermeister, 2016). Each weed control method
has its advantages and disadvantages; it must nurture the soil biology while minimizing
competition from other vegetation. The use of organic mulches to suppress weeds in fruit
production is attracting more attention due to environmental issues and cost with regard to use of
herbicides. Organic mulches minimize the evaporative water loss from the soil surface, thus
conserving soil moisture and are known to buffer soil temperature (Forge et al., 2003). Hay and
straw are known to increase organic matter and K levels in the soil (Hammermeister, 2016).
Compost provides supplemental nutrients to the soil but requires routine weeding due to easy
establishment of weeds under compost. However, organic weed practices are often time
consuming and may be less effective than chemical herbicide control. Dead organic mulches, wood
chips, sawdust, or straw, reduce the availability of other nutrients due to high carbon content
(Hammermeister, 2016). Wood chips induced N deficiency in blackcurrant because of N
immobilization (Larsson, 1997).

Manufactured mulches, such as plastic, fabric, woven or perforated, can be used in a wide
range of conditions and can last for a longer period (plastic usually 5 to 10 years), providing the
material is not damaged. However, manufactured mulches have a high initial cost. Manufactured
mulches vary greatly in their properties including light reflectance, water infiltration, temperature
effects, moisture conservation, and durability (Hammermeister, 2016). Plastic mulch covers are a
relatively cheap investment in commercial fruit production and an effective tool for organic weed

control (Hammermeister, 2016). Plastic mulches help in providing long-term soil cover at a
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minimal cost and lasting several years. It may be difficult to add fertility amendments under plastic
mulches, except through the planting hole or by fertigation, over several years, soil may become
impoverished if not amended (Forge et al., 2003). The application of plastic mulches is difficult
after planting of the orchard. Plastic mulches may also be ineffective in controlling weeds in the
planting hole. The plastic material can also get damaged due to weed growth, especially under
reflective mulches. There has been no research investigated haskap response to different colours
of plastic mulch yet.

At present, there are no recommended pruning regimes for haskap that are based on
scientific research. However, pruning methods for other small fruit production might be applicable
for haskap. Haskap Canada suggested the best time for pruning is late winter or early spring. It is
also mentioned not to prune more than 25% of the bush in any year (Lauritzen et al., 2015).

Most of the varieties are ready to harvest from the last week of June to the last week of
July or the first week of August depending on the cultivar, weather conditions, management
practices and region (Bors, 2016). Productive orchards may begin producing commercially viable
yields after three to four years of planting; this can also vary according to climate, soil fertility and
management practices and be significantly delayed under poor growing conditions. Haskap berry
yield starts from a few kg bush™! in the third or fourth year to about 7 kg bush™! after six or seven
years, when the bush is well-established (Larson, 2009) but in the Maritime region of Canada,
berry yields have been lower than 1 kg bush™ for most plants up to four years old and sometimes
older than that.

Haskap berries obtain full size four weeks after flowering when they start to turn purple
and are bluish coloured when fully ripe after six or seven weeks (Bors, 2016). The average

Growing Degree Days (GDD) required for full fruit development was 473.6 with a deviation of
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67.5 at base temperature 5°C in Saskatchewan, Canada (Dawson, 2017). The shape of the fruit is
variable from oval to long and thin with size ranges from 0.3 g to rarely over 2.0 g depending on
the climatic conditions, genotype and management practices (Hummer et al., 2012).
2.4 Essential Nutrients for Fruit Production and Their Role

Plant nutrients are required in a balanced proportion for plants to grow and develop flowers
and fruits. There are 17 essential nutrients required for plant growth and development. Plants
cannot complete their life cycle when one or more essential element is deficient (Fuqua et al.,
2005). Therefore, the amount of nutrients required by plants and the time of application of
fertilizers are key components of an effective soil fertility management plan (Mattson and van
lersel, 2011). Crop nutrient requirements in fruit crops depend on new biomass production in
reproductive and vegetative tissues, the amount of nutrients reallocated from existing plant tissues,
and the nutrients required for the development of new tissue (Banados et al., 2012). For instance,
mature bushes of highbush blueberry (seven or eight years old plantings on the field) require 160-
180 kg N ha’!, while young bushes (three to four years old) need 60-68 kg N ha™! (Hanson and
Hancock 1996; Hart et al., 2006).
2.4.1 Macronutrients

Nitrogen is a predominant nutrient that stimulates plant and root growth, yield, and affects
fruit quality (Yadong et al., 2009). It is an integral component of chlorophyll pigment and plant
compounds like amino acids, proteins, flavins, nucleic acids and others. Nitrogen is very important
for photosynthate use within plants. The highest demand of N for fruit production is in early spring
and bloom at the growth and development stages (Patrick et al., 2004). Spring application of N in
grapes enhances vegetative growth, while the application of N in summer enhances vegetative and

reproductive growth the following year (Christensen et al., 1994). Nitrogen fertilization should be
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based on soil types, plant age, initial soil nutrient status, tissue N concentration, plant vigour and
irrigation practices (Barney et al, 2007). Nitrogen may be absorbed more efficiently when its
application matches with periods of high demand by crop (Patrick et al., 2004).

Nitrogen limitations can reduce crop growth, yield, and fruit quality by affecting berry size,
fruit-set, and maturity of the crop (Bell and Robson 1999; Schreiner et al., 2013). Deficiency
symptoms of N may include chlorosis of leaves, stunted growth, and reduction in flowering and
crop yield. In highbush blueberry, applying 50 kg N ha! year™! resulted in more growth and yield
than no N fertilizer during establishment (Bryla et al., 2012), while excessive supply, 100 kg N ha
!year! or greater, in young plants lead to salt stress and plant mortality (Bafiados et al., 2012).
The higher rates of N fertilizer than recommended can be unfavourable for crop yield and may
stimulate vigorous vegetative growth which can cause lodging of the crop (Barney et al., 2007).
Excessive N supply results in excessive grapevine vigour and poor berry quality due to increased
shading of clusters, thus negatively affecting colour development (Spayd et al., 2002). In addition
to this, an increased rate of N application increases the risk of insects and diseases attack on crop
(Chen et al., 2007; Abro et al., 2012). Therefore, the appropriate amount of fertilizer applied is
very important to support crop growth potential and yield. The sufficiency ranges for haskap leaf
N concentration has been recommended in between 2.23 to 2.96% (Iheshiulo et al., 2018a).

Soil and plant status of N can be determined by several tools including nutrient analysis
(e.g. soil, fruit, and leaf analysis) and observation of plant performance. Methods of nutrient
analysis like Kjeldahl digestion are destructive and time consuming. Whereas assessment of plant
N status in the field by optical properties of leaves (includes greenness of leaves and chlorophyll
content) has been reported to be faster and non-destructive (Munoz-Huerta et al., 2013).

Chlorophyll content of haskap leaves has been found to have a strong linear relationship with leaf
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N status (Theshiulo et al., 2018a). However, plant growth stage, soil moisture, cultivars, diseases,
position of sampled leaves and deficiency or imbalances of nutrients other than N can affect
chlorophyll readings (Mufioz-Huerta et al., 2013).

Phosphorous (P), a key component of cellular compounds and is the second most
important nutrient element after N (Holford, 1997). Phosphorous is an essential component of
adenosine triphosphate (ATP) which helps in nutrients uptake and movement within the plants
(Weil and Brady, 2017). Phosphorous is also important for seed germination, root development,
and fruit maturity and quality (NSDA, 2010). Phosphorous nutrient helps to enhance several
aspects of crop physiology, including photosynthesis, flowering, N fixation, fruiting, and
maturation (Weil and Brady, 2017). In vines, P plays an important role in the transfer of energy as
it is needed for photosynthesis and transferring of sugar to starch and vice-versa (Winkler et al.,
1974; Spectrum Analytic, 2011a). An increase in P levels significantly increased berry weight,
yield (in combination with high N), and shoot length of organic blackcurrant (Hobson, 2012).

Deficiency of P results in stunted plant growth and root system, reduced flower production,
premature defoliation, and delayed maturity (NSDA, 2010; Winkler et al., 1974). Leaves with
purplish-red margins indicating P deficiency were observed in apple and pear (Raese, 2002). Plants
deficient in P are heavily stressed during drought (NSDA, 2010). Phosphorous deficiency in
strawberry resulted in slow growth and reduction in fruit size (Domoto, 2011; Trejo-T¢llez and
Goémez-Merino, 2014). Deficiency in leaf P was identified as an important factor limiting haskap
bush growth in Nova Scotia (Iheshiulo et al., 2018a). Theshiulo et al. (2018b) suggested a soil
sufficiency range of 232-360 kg ha™! for P>Os in haskap based on leaf tissue nutrient content.

However, the rate of P applied to the crop is largely dependent on the soil test reports. Whereas
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the sufficiency range for haskap leaf P concentration has been recommended in between 0.22 to
0.28% (Iheshiulo et al., 2018a).

When P content is high in soil, it may reduce the availability of micro-nutrients like Zn,
Cu, Fe or Mn in grapes (Skinner and Matthews, 1989). Phosphorous uptake by the plants is
affected by soil pH as maximum availability of P is near to 6.5. However, it is also influenced by
the availability of and interaction with other soil nutrients (May and Pritts 1993; Trejo-T¢llez and
Gomez-Merino 2014; Havlin et al.,, 2014; Theshiulo et al., 2018a). Sometimes fertilizer P
application results in a buildup of insoluble P due to fixation in the soil (Weil and Brady, 2017)
and poor solubility of native P in soil (Dubey, 1997). Phosphorous is taken up in relatively small
amounts by lowbush blueberry plants over time and had no significant effect on plant growth and
yield components over the four years of study (Eaton et al., 1997); thus, low application of P
fertilizer may be sufficient to meet the crop requirement (Townsend and Hall., 1970).

Potassium (K) is the third essential element most likely to limit crop productivity. It is
essential for protein synthesis, photosynthesis, starch formation, and translocation of sugars (Weil
and Brady, 2017). It is required for crop growth, cell elongation, longevity, and over-wintering
ability (NSDA, 2010; Trejo-T¢éllez and Goémez-Merino 2014). It activates the enzymes and helps
in maintaining cell turgor pressure. Potassium is a mobile element in plants, thus important for the
transport of assimilates, solutes, and synthesis of polyphenols (Fageria, 2001). Potassium is very
important to increase the ability of the plants to tolerate stressful conditions (Weil and Brady,
2017). It also influences grape quality by affecting acid balance in juice, colour, and pH of the
wine (Spectrum Analytic, 2011b). Hobson (2012) found that increased levels of leaf K
concentration in organic blackcurrant increased berry weight and shoot length. The type of soil

texture affects the movement of K in soils as its movement decreases with an increase in clay
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content, and it can easily leach out in sandy soils (Rosen and Eliason, 1996). The uptake of K
appears to be proportional to vegetative growth and reaching its maximum in early summer
(Johnson and Uriu, 1989). Potassium accumulates considerably in fruit tissues and appears to play
an important role in fruit development since it has been shown that K deficient trees have
dramatically reduced fruit size (Johnson and Uriu, 1989).

Iheshiulo et al. (2018a) found that haskap growth and leaf size are strongly related to soil
and leaf K, suggesting it may be a key factor hindering bush growth and development in Nova
Scotia haskap farms. Potassium deficiency in the fruit crops may be due to higher levels of Mg in
the soils as Mg competes with K in plant uptake. On low K soils, a heavy crop load can induce
deficiency symptoms (Johnson and Uriu, 1989). When there is an inadequate supply of K to plant,
it is translocated from older tissues to younger ones. Therefore, its symptoms usually first appear
on older leaves. Leaves margins become brown on the margins and spread inwards as scorch
develops. Deficiency can also be characterized by cupping of leaves (Weil and Brady, 2017).

The deficiency of K decreased photosynthesis of leaves, which lowers carbohydrates
content in fruits (Faust, 1989) and makes the plant more susceptible to disease pathogens (NSDA,
2010). In grapes, insufficient supply of K leads to low yield, poor vine growth, delayed ripening,
and low concentration of K in fruits (Conradie and Saayman, 1989; Kudo et al., 1998; Schreiner
et al., 2013). There may also be an antagonistic effect of excessive application of K because of
nutrient imbalances as higher application of K may reduce the uptake of P, Ca, and Mg (Iheshiulo
et al., 2018a). Theshiulo et al. (2018b) suggested a soil sufficiency range of 270-580 kg ha™! for
K>0 in haskap based on leaf tissue nutrient content, whereas the sufficiency range for leaf K

concentration has been recommended in between 0.84 to 1.32% (Iheshiulo et al., 2018a).
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Calcium (Ca) is essential for cell elongation, division, protein synthesis, and carbohydrate
movements in plants (Plaster, 2009; Havlin et al., 2014). It is a key nutrient for fruit firmness as it
is needed for cell wall formation and thickness (Easterwood, 2002; Trejo-T¢éllez and Gomez-
Merino, 2014). It also helps in absorbing other nutrients and their translocation into other parts of
plants (Easterwood, 2002). Calcium has been found to improve post-harvest shelf life of fruits and
significantly increases plant growth by activating growth regulating enzyme system (Motamedi et
al., 2013). Calcium uptake is adversely affected by the factors inhibiting root growth because Ca
is only taken by the region just behind the tip of a growing root. An increase in Ca levels may
inhibit the availability and uptake of K and Mg (Iheshiulo et al., 2018a). Deficiency of Ca results
in reduced shoot growth, twig dieback and defoliation. Deficiency symptoms first appear in young
leaves due to its immobility (Johnson and Uriu, 1989). In apple and pear, low Ca concentration
causes physiological disorders like biter pit and pre-mature fruit fall (Brunetto et al., 2015).
Theshiulo et al. (2018b) suggested sufficiency range of 2700-4000 kg ha! for Ca in haskap based
on leaf tissue nutrient content. The sufficiency ranges for haskap leaf Ca concentration has been
recommended in between 1.63 to 2.10% (Theshiulo et al., 2018a).

Magnesium (Mg) is an important component of the chlorophyll molecule, thus it is
required to collect solar energy for plant growth and production through photosynthesis (Trejo-
Téllez and Gomez-Merino, 2014). Magnesium helps in protein formation and cell division.
Magnesium is an essential nutrient for P metabolism, activation of several enzyme systems, and
plant respiration (Marschner, 1995; Plaster, 2009; Trejo-T¢éllez and Gémez-Merino, 2014).
Iheshiulo et al. (2018a) found a negative relationship of leaf Mg concentration with leaf Ca and K
in haskap. High levels of Mg in leaf tissues may results in K deficiency, thus, affecting plant

growth. Hall et al. (2011) reported Mg deficiency in grapes when high levels of exchangeable K
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are present in soil. The availability of Mg to plants is related to soil pH. Low pH values decrease
Mg availability to plants and at high values, excessive Ca might have an overriding influence on
Mg uptake by plant roots (Fageria, 2001). The higher concentration of Mg also decreases the
uptake of K (Johnson and Uriu, 1989; Fageria, 2001; Iheshiulo et al., 2018a). Deficiency of Mg is
usually caused by high K in soils rather than naturally low levels. Deficiency of Mg results in
interveinal chlorosis, browning, premature leaf and fruit drops, and burning of leaf blades in apple
(Trejo-Teéllez and Gomez-Merino, 2014). Theshiulo et al. (2018b) suggested sufficiency range of
245-380 kg ha™! of soil Mg for haskap based on leaf tissue nutrient content. The sufficiency range
for leaf Mg concentration has been recommended in between 0.14 to 0.50% (Iheshiulo et al.,

2018a).

2.4.2 Micronutrients

The role of micronutrients in crop production has been increasing for a few years due to
better nutrient analysis techniques and understanding of their function in the plants. These
micronutrients are iron (Fe), chlorine (Cl), boron (B), zinc (Zn), copper (Cu), nickel (Ni),
manganese (Mn), and molybdenum (Mo). Micronutrients also play an important role in crop
growth and production. The micronutrients have important physiological roles in the synthesis of
protein, photosynthesis, chlorophyll synthesis, transport of carbohydrates, reproduction process of
some plants, and in the production of growth hormones (Trejo-Téllez and Gémez-Merino 2014).
Iron is a key component of several enzymes associated with N reduction and fixation, energy
transfer, and lignin formation. Boron is also important for crop root growth (Havlin et al., 2014)
and flower pollination (Plaster, 2009). Boron deficiency leads to small fruits of poor quality due

to declined pollen production and reduced flower size (Domoto, 2011).
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2.5 Plastic Mulches and their Effects

Technologies have been developing to improve the efficiency of crop production since the
beginning of civilization. The use of plastic mulch is one of these technologies that has been used
since the 1950s to control weeds and alter plant microenvironment (Emmert, 1957; Lamont et al.,
2004). Plastic mulch creates a favourable soil-water-plant relationship. The use of plastic mulches
promotes earlier harvests, increases high-quality production, and is more efficient in the use of
water and fertilizer nutrients (Lamont et al., 2004). Some other key benefits of plastic mulch in
crop production include retaining soil moisture, minimizing erosion, reducing weed population,
managing pest and disease incidence, altering thermodynamic environment, and ultimately
improving fruit yields and quality (Bextine et al., 2001; Gough, 2001; Lamont, 2005).

Mulches modify the plant microenvironment by changing soil temperature, modifying soil
energy balance, retaining soil moisture, and altering wavelengths and quantity of the light reflected
to plant canopy which affects plant growth, development and yield (Voorhees et al., 1981;
Csizinszky et al., 1995; Tarara, 2000). There are three basic non-radiative components to radiant
energy at the soil surface: conduction of heat into the ground; the flux of latent heat in connection
with evaporation from the soil; and convection of sensible heat into the layer of air between the
soil surface and the mulch. Plant height, number and length of main roots, fresh and dry weights
of roots as well as the number of flowers were significantly higher in tomatoes grown on mulch as
compared to bare soil (Hasan et al., 2005). Gupta and Acharya (1993) observed increased root
mass under black polyethylene mulch which was attributed to the resultant increase in soil
temperature and nutrient uptake. Niu et al. (2004) concluded that improved productivity was
related to increased root dry weight under mulches and larger rooting systems resulted in greater

ability to take up water and nutrients that led to higher grain yield with mulched wheat. However,
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these above-mentioned benefits of plastic mulches depend on their thermal and optical properties,
which are greatly affected by different colours. The colour of plastic can be associated with its
energy trapping abilities. Dark bodies, such as black plastic mulches, absorb incident solar
radiation and increases the soil temperature, and provides a warmer environment for crops due to
its thermal and radiation properties (Lamont et al., 2004). Black plastic mulch may contribute to
loss of heat to an aerial environment of a sparse crop due to convection as compared to white
plastic mulch. White plastic mulches reflect much of the incident light and provide cooler soil and
microenvironment as compared to black plastic mulch (Shinde, 1997).

Plants under plastic mulch have high relative growth and early harvesting than bare soil
due to higher soil temperature (Lamont et al., 2004). The earlier a grower can produce a quality
crop under plastic mulch system, the greater the chance the farmers will get higher price for his
produce in the market due to less competitor. Earlier harvesting of the product is not only profitable
in outperforming competitors, but it also helps to mature the crop before the outbreak of diseases
and pests. The use of plastic mulch helped to bring earlier ripening in tomatoes (Decoteau et al.,
1989; Brown et al., 1992). In addition to this, black plastic mulch also reduced the number of days
for the eggplant to flower (Valdez-Fields et al., 2002). However, early flowering due to higher soil
temperature by plastic mulches would not be economical in every crop. In early flowering crops
like strawberry and haskap, increased soil temperature would result in early bud-break and reduces
the number of days to flowers. But there will be lower fruit set and yield as pollinators would be
less active at the earlier timing during cooler air temperature (Tuell and Isaacs, 2010; Kehrberger
and Holzschuh, 2019).

However, there are some issues associated with the use of plastic mulches in crop

production. Removing the plastic mulch from the field is the biggest disadvantage. The tucks or
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sides of the mulch buried in the soil remain intact and do not naturally degrade as plant materials
mulches do. There would be emergence of weeds through the planting hole under plastic mulch
which is difficult to control. The damage to the plastic mulch also results in weed growth. Plastic
mulches reduce the ability to apply soil amendments and water application provided drip irrigation
system installed under the mulch surface. The long term-use of plastic mulch deteriorates the soil
quality by increasing the biological degradation of litter and soil organic matter (OM), which has
recently been discussed as a trigger to rapid depletion of soil nutrients in general and carbon stocks
in particular (Steinmetz et al., 2016).
2.5.1 Plant Aboveground Microenvironment

Modification of plant microenvironment with the uses of different coloured plastic mulches
and their effects on crop growth and development are largely understudied. Plastic mulch has a
direct influence on plant microclimate by changing the radiation budget (reflectivity versus
absorption) of the soil surface and by decreasing evaporation (Shiukhy et al., 2015). The
aboveground environment under plastic mulch is influenced by transpiration, radiation, and
photobiology. Andris and Crisosto (1996) reported that reflective mulch materials reflected about
52% of the incident light, which resulted in significant increase in light in apples compared with
no mulch. A reflected plastic surface results in an alteration in plant light environment and may
change photosynthetic rate and/or light stimulus of morphogenic development. The use of
reflective mulches increases photosynthetically active radiation (PAR) and absorption of
photosynthetic photon flux in the lower part of apple canopy (Moreshet et al., 1975; Mancinelli,
1985; Miller and Greene, 2003). Reflected mulches stimulate the synthesis capacity of anthocyanin
as anthocyanin biosynthesis in fruits is a light dependent process because enzymes involved in the

biosynthetic pathway are light-inducible (Iglesias and Alegre, 2009). This technique improved
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fruit colouration and total soluble solids (TSS) in apples (Miller and Greene, 2003) and grapes
(Todic et al., 2008). Reflective mulches have been found to increase fruit colour and yield of peach
(Layne et al., 2001) and apples (Blanke, 2008; Iglesias and Alegre, 2009; Meinhold et al., 2011).
2.5.2 Soil Temperature

The heating properties of plastic “absorptivity, transmittance and reflectivity” have a direct
influence on soil temperatures under the plastic mulch (Schales and Sheldrake, 1966). Increase in
soil temperature increases crop productivity grown on plastic mulch (Grubinger et al., 1993; Davis,
1994). The uptake and translocation of soil nutrients are greatly influenced by the change in root
zone temperature. The higher soil temperature under plastic mulch as compared to unmulched soil
stimulates plant growth by increasing nutrient and water uptake as well as root growth and
morphology (Tindall et al., 1990). At constant soil moisture, a decrease in temperature results in a
decrease in uptake of nutrients and water by roots. Voth and Bringhurst (1962) found that
strawberry yield is directly related to soil temperature. An increase in soil temperature under plastic
mulch during the cold season might have increased sapota yield due to the increased microbial
activity which transforms nutrients (Tiwari et al., 2014). An increase in soil temperature from
minimum to optimum helps to stimulate root growth (Diaz-Pérez and Batal, 2002). No data are
available for optimum root zone temperature for haskap production in North America till now.

The colour of plastic mulch creates many variations that have an effect on soil temperature.
Black coloured plastic mulch is the most common to be used in fruit and vegetable production and
can cause a significant increase in soil temperature (Wein et al., 1993). The unmulched soil loses
its energy gained from solar radiation due to forced convection and radiation to the atmosphere.
However, black coloured plastic mulches absorb most of the incoming solar radiation and prevent

its loss to the atmosphere. The trapped thermal energy by black plastic mulches is transmitted to
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the soil by conduction, which increases the soil temperature. Black plastic mulches also reradiate
some of the absorbed energy in the form of long wavelength infrared radiation and heats the
atmosphere near the mulch surface. Soil temperature under black plastic mulch is generally 2.8°C
higher at a 5 cm depth and 1.7°C higher at 10 cm depth compared to unmulched soil (Lamont,
1999). This increased soil temperature might help in early fruit maturing through early flower
opening (Tarara, 2000).

White plastic is generally preferred during the summer growing period when the
temperature is high because it can maintain soil moisture while having cooler soil temperatures.
White mulches result in a slight decrease in soil temperature, about 0.4°C at a 10 cm depth as
compared to bare soil (Ham et al., 1993) because they reflect most of the incident radiation into
the atmosphere. This phenomenon leads to decrease in root-zone temperature that is at or below
the temperature found on the bare soil surface (Decoteau et al., 1989; Ham et al., 1993). These
mulches are useful when any reduction in soil temperature during summer periods is beneficial for
the potential growth of the crop but too low soil temperature than optimum might have an adverse
effect on the growth and development of plants: slower cell maturation and cell division, and
reduced nutrient uptake and water uptake (Nielson, 1974).

Temperature rise under plastic mulch is also influenced by heat conductivity. There must
be close contact between the soil surface and plastic mulch to raise soil temperature. If mulch has
been laid down snugly, the space for air between soil and plastic is reduced and the heat is
transferred by conduction, which leads to a rise in soil temperature (Tarara, 2000). If there is an
air gap between plastic mulch and soil surface, most of the heat trapped will be lost to the
atmosphere through planting hole. Other aspects to consider in the effectiveness of plastic mulches

to heat soil are the amount of rainfall, the type of soil, the thickness and width of the mulch, soil
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moisture, intensity of the sunlight, humidity of the surrounding environment, and the plant canopy.
However, the soil temperature is approximately equal among different mulch colours when the
mulch surface is covered by plant canopy (Lamont et al., 2004).
2.5.3 Soil Moisture

Water is essential for any crop to get maximum yield potential. Plastic mulch has the ability
to maintain soil moisture for improved crop growth and development (Lamont et al., 2004).
Numerous studies have shown that soils under plastic mulch have higher moisture than unmulched
soil (Gough, 2001; Alam and Zimmerman, 2003). Liakatas et al. (1986) documented that plastic
mulches conserve soil moisture by restricting evaporation as mulches protect the soil from direct
sun exposure. Plastic mulch stops raindrop splash and hence reducing soil crust formation. The
mulch allows longer infiltration time by slowing surface runoff. Precipitation cannot penetrate the
plastic, entering only by transfer from the branches down the stem and through the stem hole in
the plastic. Thus, although plastic reduces water loss it also reduces precipitation benefits, drip
irrigation is often necessary to maintain adequate soil moisture. As a result of increased and more
consistent soil moisture under irrigated conditions, plants are less likely to suffer from water stress
and plastic reduces water losses compared with irrigation without plastic. Tiwari et al. (1998)
found a 40% reduction in water application requirement with the use of black plastic mulch in
conjunction with drip irrigation. Besides this, conservation of soil moisture with the plastic mulch
enhanced vegetative growth and yield components by improving the availability of N for plants
(Kirknak et al., 2003), soil biological activity and, physical and chemical properties of the soil

(Cooper, 1973; Chung, 1987; Aliudin, 1986).
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2.5.4 Weed Control

Weeds in crops compete for nutrients, light, and moisture. Plastic mulch reduces the weed
population in fruit crops in comparison to bare soil (Hammermeister, 2016). Plastic mulches have
been widely used in organic crop production to reduce the use of chemical herbicides. Unlike bare
soil, plastic mulch reduces the amount of light in the photosynthetically active range of 400-700
nm from reaching the soil beneath the plastic mulch. Reducing PAR beneath the plastic mulch
helps to prevent the growth and limit the germination of weeds (Ngouajio and Ernest, 2005). Weed
control with plastic mulch has been found by a wide array of researchers (Clarkson and Frazier,
1957; Rahman and Shadeque, 1999; Saikia et al., 1997; Lamont et al., 2004). It is this reduction in
weeds that helps make the use of plastic mulch more economical for the grower by reducing
fertilizer needs, water application, and use of chemical herbicides.
2.5.5 Fruit Quality

Fruit quality can be determined by several parameters, such as fruit size, berry size,
titratable acidity, TSS, dry matter content, skin colour, taste, and nutritional value of fruits (Taylor,
2015). Coloured plastic mulch has been shown to have significant effects on fruit quality (Casierra-
Posada et al., 2011). Coventry et al. (2005) found that reflective mulch increased soluble solids
(Brix), total phenolics, flavanols, and anthocyanins content in grapes. Reflective mulch was also
found to increase soluble solids in plums (Kim et al., 2008). Kasperbauer and Loughrin (2004)
observed that altering the colour of plastic mulch can alter anthocyanin content in butterbeans.
Strawberries that ripened over red plastic mulch were significantly higher in aroma and flavour
compounds (Loughrin and Kasperbauer, 2002). Black plastic produces a better quality of fruits in
strawberry as compare to other plastic colours (Bunty and Sharma, 2010). Soil temperature under

raised beds, covered with plastic mulch, increases faster in the spring and excess water drains out
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from beds into row middles, thus keeping the plants drier. It helps in preventing deterioration in
fruit quality from contact between harvestable portions of the plants and wet soil or standing water
(Lamont et al., 2004).
2.6 Environmental Factors Affecting Crop Yield

Nova Scotia has a modified continental climate where the broad temperature range
experienced over a year is moderated by ocean temperature. Fluctuations in crop yield have been
linked to periodic weather events such as early warming followed by a cold period, frost damage
in the spring, and prevailing weather conditions (Hall et al., 1979; Olson and Eaton, 2001). While
unstable climate conditions were not a good predictor of provincial yields of lowbush blueberry,
localized weather conditions were weakly correlated with regional yields (Hall et al., 1982). For
example, in lowbush blueberry, heavy rainfall during bloom correlated with a decrease in yield in
Newfoundland, while sunshine during pollination and warm temperatures in the month after
pollination correlated with increased yield in Nova Scotia (Hall et al., 1982). This suggests a link
between microclimate and yields in local fields.
2.7 Fruit Maturity

Haskap cultivars have not been adequately studied for growing in Nova Scotia. It is difficult
to visually assess haskap fruit ripeness because there is no visual distinction between the early and
late stages of fruit ripening. Identification and selection of a reliable maturity indicator are
important for growers to determine optimum harvesting time. The TSS measurement is commonly
used to facilitate the assessment of fruit maturity in many berry crops as it increases with fruit
ripening. The TSS is an approximate estimate of sugar content (Simson and Straus, 2010) and it is
measured using a refractometer (Thompson, 2003) as °Brix. There is no literature citing Brix

ranges for haskap cultivars in Canada, but harvesting is not recommended below 12°Brix due to
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sour flavour. Although Brix increases with ripening, thereby improving flavour, berries become
soft and easily damaged when ripened. Uneven ripening of berries results in some berries reaching
full ripeness and dropping off the bush while others may not be ripe (Taiz and Zeiger, 2010). The
TSS values vary among cultivars because of variations in the timing and uniformity of berry
ripening. This means that the timing of berry harvest must be optimized considering the yield loss
vs. quality trade-off. The haskap is commonly harvested between 12-14°Brix depending on post-
harvest use. OMAFRA (2012) outlined that haskap berry with a reading above 13°Brix may have
average to good flavour.
2.8 Conclusion

Plastic mulch colour may affect haskap by altering the timing of flowering and pollination
success, affecting rooting environment, altering light reflectance into the canopy and canopy
temperature. Optimum soil fertility management under plastic mulch with drip irrigation has not
been studied for haskap in Canada till now. To achieve the optimum performance of haskap,
efficient nutrient management is critical to stimulate not only plant growth and establishment, but
also fruit production and responses to environmental indicators. Many recently established
orchards are not achieving their growth and yield potential. Mechanisms of improving productivity
in these established but still young orchards are needed using a systematic approach that integrates
different practices under real growing conditions. Therefore, the aim of this research is to evaluate
the combined effects of plastic mulch colour and fertility amendments on haskap growth and yield.
A thorough study of different levels of fertilizers under white and black coloured plastic mulches

would benefit growers by helping to refine management practices.
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2.9 Objectives and Hypotheses

Objective 1: To assess haskap growth, yield, leaf nutrients, and total soluble solids in response to
plastic mulch colours and fertility amendments.

Hypothesis: High fertility amendments with White plastic mulch will increase the vegetative
growth, yield, and total soluble solids of haskap compared to low fertility amendments and Black
plastic mulch.

Objective 2: To evaluate the effect of plastic mulch colours and fertility amendments on flowering
and fruit set of haskap.

Hypothesis: High fertility amendments with White plastic mulch will delay flower initiation and
have higher number of flower pairs and percentage fruit set.

Objective 3: To evaluate the effect of plastic mulch colours on the growing environment (soil
temperature, soil moisture, canopy air temperature, and photosynthetically active radiation) of
haskap.

Hypothesis: Soil temperature will be higher under Black plastic treatment than White plastic.
Moreover, Black plastic will increase the canopy air temperature and decrease soil moisture status.
The White plastic mulch will increase the reflection of photosynthetically active radiation towards

the canopy.
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CHAPTER 3. MATERIALS AND METHODS

The whole study was divided into two experiments. Experiment 1 addressed objective 1
and 2, and experiment 2 addressed objective 3. The site and treated bushes were the same for both
the experiments, but the design of the experiment was different.

3.1 Experiment 1: Objective 1 and 2. Haskap Plant Performance
3.1.1 Site and Climate

The research was carried out from June 2017 to August 2018 on a commercial haskap farm
in Belmont, Nova Scotia at approximately 45°25°54” N and 63°23°05” W. The site was hay land
for several years before cultivation in 2013. The soil was mapped as an Orthic Humo-Feric Podzol
with a well-drained sandy loam texture (Webb et al., 1991). The site was planted with several
varieties of haskap arranged in rows with row spacing of about 4 m and plant spacing of 1 m in
the row. The orchard was planted in 2014 with wood mulch applied for weed control and moisture
conservation. There was no pruning of the haskap done before the beginning of this experiment.
No further amendments were applied after the planting year. Baseline soil fertility samples were
taken in June 2017 from four rows of cv. Indigo Gem and were sent to the Nova Scotia Agricultural
Laboratory Services for standard soil test analysis including Mehlich III mineral nutrient
concentrations (Mehlich, 1984) (Table 1). Mean monthly air temperature and rainfall were
collected from the nearest available Environment Canada weather station located at Debert, Nova
Scotia (45°26'12.9"N, 63°2723.3"W, the elevation of 37.50 m) in 2018. Growing degree days
(GDD:s) are the most common measure to link climate-influenced growing season temperature, to
crop developmental processes such as flowering time, crop maturity, or berry ripeness (Carlson
and Hancock, 1991). Growing degree days are the measure of heat accumulation over time, and

were calculated using the Baskerville-Emin method in which base temperature is subtracted from
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the average of daily maximum and minimum air temperature (Baskerville-Emin, 1969). The GDDs
were summed by total number of degree above a base temperature of 5°C from April 2018 through
fruit development stages. The base temperature is the lowest temperature at which plants are
physiologically active (Carlson and Hancock, 1991). A base temperature of 5°C was chosen as
hakap is adapted to cool growing conditions (Dawson, 2017).
3.1.2 Experimental Design

In this experiment, a randomized two-factor split-plot design with three Blocks was
applied. The whole-plot factor in design was fertility amendments with three levels (i.e. Control,
Low and High) and the subplot factor was plastic mulch colour with two levels (i.e. White and
Black). The mulches were selected due to differences in their optical (reflection) and thermal
(absorption and transmission) effects on incoming radiation and thus, potentially resulting in a
difference in soil temperature under the different mulches and change in light reflectance in bush
canopy. The whole-plot consisted of one row that was randomly assigned to one of the three levels
of fertilizer application and subplots within whole-plot were randomly assigned to plastic mulch
colour. There was a total of 18 subplots, with each subplot having nine plants with two plants
buffer between each subplot.
3.1.3 Treatments

To study the effects of plastic mulch colour and fertility amendment on haskap flowering,
growth and yield; nine rows of three-year-old haskap cv. Indigo Gem were selected. The whole-
plot factor included three levels of nitrogen, phosphorous, potassium (N-P-K, respectively) blend
fertilizer: Control (unamended), Low and High. The Low treatment applied of 7.5 g N bush™! year”
1,10 g P,Os bush™! year™!, 7.5 g K20 bush™! year! and High rate that was double the Low rate. In

2017, it was first assumed that the fertilizer nutrients would be applied through drip irrigation
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system (fertigation). However, the plan could not accomplish due to not fully installation of the
system until the next year (2018). This delayed the fertilizer application of 2017. Then, plant based
liquid fertilizers were applied in the second week of July 2017 as EZ-GRO’s Nature’s Nectar N,
P, and K solutions which were organically permitted. Fertilizers were mixed in water and applied
at the base of each bush by hand in mid-July 2017. Approximately 2 liters (L) of water per plant,
was applied at a weekly interval starting from the second week of July to the second week of
August in 2017.

In the second year of the experiment (2018), fertigation was done in June because there
was no need for irrigation in April and May due to optimum rainfall. In nutshell, these reasons also
pushed back the timing of fertilizer applications in 2018. The approximately same amount of
nutrients (as rates of 2017), split over four weekly applications, were applied through weekly
fertigation of synthetic fertilizer in the form of 20N:20P,05:20K>0 (4% ammoniacal N, 6% nitrate
N, 10% urea N, 20% available phosphate, and 20% soluble potash) in June. Fertigation was done
once a week over the whole month of June. The bushes of Control treatment received only water
by the drip irrigation system at the same amount of fertigation. The Low and High treatments both
received the same fertilizer amounts by fertigation, but the High treatment received supplemental
fertilizer nutrients by hand as follows. One barrel of about 166.4 L mixed with 33 kg of 20:20:20
fertilizer was injected to 3447 bushes each week. About 48.27 ml of fertilizer solution (as mixed
in the barrel) was applied to each plant resulting in an additional 1.91 g of N, P>Os, and K>O
applied per plant weekly for four weeks (total of 7.64 g of N, P>Os, and K>O over four weeks).
The distribution of fertilizer level and water was controlled by gate valves that supplied each row,

and the duration of flow was adjusted to ensure the correct amount of nutrients was applied.
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The subplot factor included two colours of plastic mulch: White and Black. There was no
uncovered treatment of plastic mulch. The plastic mulches (0.025 mm thick; Dubois Agrinovation
Inc., St-Rémi, QC, Canada) were laid down in the third week of July 2017 after fertilization. Plastic
was applied at the bushes by cutting a slit in the plastic and pulling it under the bushes. The plastic
was 60-70 cm wide in total with edges buried 10-15 cm deep in tilled soil adjacent to the row.
Weeds were removed by hand in between the bushes before plastic was laid down.

3.1.4 Data Collection

3.1.4.1 Objective 1: Haskap Growth, Yield, Leaf Nutrients, and Total Soluble Solids in
Response to Plastic Mulch Colours and Fertility Amendments.

3.1.4.1.1 Plant Physiological Parameters and Observations

Bush volume was determined in the second week of August 2017 and 2018 as the
cylindrical volume formula (3.142 x height x (width % 0.5) % (breadth x 0.5)) as per Erb et al.
(1993), and modified by Hobson (2012) to estimate the bush volume of blackcurrant. The height
of each bush was measured from the base of the bush to the highest tip, and the width was measured

from one bush lateral branches ending to the opposite lateral branches’ apex, using a meter stick.

2018 volume — 2017 volume

The change in growth was calculated as bush growth factor = . The

2017 volume

growth factor is an indication of a change in bush size with larger values representing a large
proportional change in the volume of the bush.

Leaf chlorophyll content, a key indicator of plant health (Wood et al., 1993), was measured
using a soil plant analysis development (SPAD) meter (SPAD 502 plus, Spectrum Technologies,
Inc., USA) during the first week of July 2018. The leaves of a bush for SPAD readings were

selected randomly but did not include leaves from the first and second nodes from the tip of the
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branch. Each reading consisted of measurements from five bushes from a subplot and five
measurements were taken from each bush.

Leaf chlorophyll fluorescence, the maximum quantum yield of photosystem II (PSII)
estimated by Fv/Fm ratio, was determined with chlorophyll fluorometer (OS30p+, Opti-Sciences,
Inc., USA) after the leaves were dark-adapted for 20 minutes with dark adapting clips as mentioned
by Schreiber et al. (1986) in sunny days. Four bushes were randomly selected for chlorophyll
fluorescence in each subplot and 10 green leaves from different sides of each bush were clipped.
3.1.4.1.2 Leaf Sampling

Leaf samples were collected from each subplot in the last week of June 2018 for leaf size
measurement and tissue analysis. Samples were selected from new stem growth, taking about 20
leaves from each bush two to three nodes down from the tip of the branch. The leaves were scanned
to calculate average leaf size with the help of Compueye Leaf and Symptom Area software (Bakr,
2005). After measuring average leaf size, sampled leaves were collected in paper bags and oven-
dried for 48 hours at 60°C before submission to the Nova Scotia Analytical lab (Truro, NS) for
leaf tissue analysis. The samples were digested with sulfuric-acid-hydrogen-peroxide (Wolf, 1982)
and analyzed for macro and micro-nutrients by inductively coupled plasma spectrometer (ICP,
Thermo Fisher Scientific Inc., Waltham, MA).
3.1.4.1.3 Yield and Yield Components

The yield was determined at two harvest times in 2018: Early (when approximately 90%
of the berries had turned blue, July 4) and Late (seven days after Early harvest). Four out of the
nine bushes in a subplot were harvested by hands at the Early harvest timing and the remaining
five bushes were harvested at the Late timing. Yield and 100-berry-weight (HBW) were

determined for an individual bush. All the berries including green berries were picked by hand at
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the Early harvest, and berries that had dropped on the ground before Late harvest time were not
included in Late harvest picking. Berries were weighed immediately to have a total yield per bush.

Berry weight was determined by counting 300 random berries from the sample and weighing

weight of 300 berries (g)
3

them to allow calculation of HBW (. ). The average berry weight was

calculated from HBW and was used, in addition to total bush yield, to estimate the total number

Yield (g)
average berry weight (g)

of berries per bush ( ).

3.1.4.1.4 Total Soluble Solids

The total soluble solids (TSS) were measured at both harvest times. Samples of
approximately 100 berries were placed in a freezer bag and stored in a cooler with cold packs for
transport and were stored in a fridge (4°C) overnight. The TSS was determined the following day
from fresh samples by handheld refractometer (Atago Co. Ltd., JP) and expressed as °Brix. Berries
were squeezed and extracted juice was filtered through three layers of cheesecloth. The
refractometer’s prism was cleaned with deionized water and wiped with tissue and then two or
three drops of haskap juice were placed on it and noted the value. The average of four readings per
sample was recorded in °Brix.
3.1.4.2 Objective 2: Effect of Plastic Mulch Colours and Fertility Amendments on Flowering
and Fruit Set of Haskap.

In the first week of March 2018, one branch was selected randomly from the top 1/3™ of
each bush with length ranging from 13.0 to 19.8 cm and marked with flagging tape for detailed
observations of the flowering parameters. Bushes of all 18 experimental units were marked for this
study and average values were taken from each experimental unit for all flowering observations.

The total initial length of woody material (including secondary twigs) on the flagged

branch was measured in the last week of March and again, the total length with new growth (final
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branch length) was measured in August 2018. The initial and final length of flagged branch

consisted of length of main branch and its secondary branches. The change in the growth of flagged

final length — initial length

branch (growth factor) was calculated as growth factor = . The timing of

initial length
flower initiation was recorded for each subplot as the first date that at least seven bushes out of
nine had an open flower.

From the date of first flower initiation, the number of opened flower pairs were counted
every three or four days until at least seven of the nine bushes, from each subplot, were without
flowers. In the end, the total number of flower pairs was counted by adding flower numbers of
each visit done after three days as Frier (2016) found that haskap flowers bloomed for an average
of three days. The total number of flower pairs and green berries were standardized to 20 cm initial
branch length for the analysis because the initial length was not consistent for flagged branch. The
total duration of flowering was also recorded. The flower and berry number observations were
counted on the main flagged branch as well as on its secondary branches.

The number of green berries on each branch was recorded on 15 June 2018 to determine

total number of green berries

the percentage fruit set = X 100. The percentage berry drop at Early

total number of flower pairs
harvest was assessed from the number of green berries. The four out of nine bushes of each subplot,
which were assigned for yield analysis of objective 1, were accounted to calculate percentage berry
drop from green berries to ripe berries at Early harvest.
3.1.5 Statistical Analysis

A split-plot design with three Blocks was conducted to examine the effects of the fertility
amendments and plastic mulch colours on haskap performance. Fertility was considered as the
whole-plot factor, with plastic mulch colour as a subplot factor. The two factors of interest were

assigned as fixed factors, and Block (a combination of three Blocks) was considered as a random
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factor in the analysis. The initial bush size was used as covariates in the analysis of bush growth,
berry yield, HBW, calculated number of berries per bush, and TSS. The yield data and TSS were
taken at two different times, the most appropriate covariance structure among compound symmetry
(CS), unstructured (UN) and auto-regressive order (1) (AR-1) was determined using the AIC and
BIC values. Analysis of variance (ANOVA) was performed for each response variable using the
Mixed Procedure of SAS (9.2, SAS Institute Inc, Cary, NC). The ANOVA without repeated
measures was used for the analysis of leaf nutrient concentrations, leaf chlorophyll content and
chlorophyll fluorescence, and flowering observations. Multiple means comparison (MMC) was
done for significant (P-value < 0.05) effects by comparing the least square means of the
corresponding treatment combinations using the Ismeans statement of Proc Mixed with pdiff
option to produce P-values for all pairwise differences. The validity of constant variance and
normal distribution of the error terms for all response variables were verified by examining the
residuals as mentioned in Montgomery (2017). Correlation analysis was conducted to determine
the relationships between variables.
3.2 Experiment 2: Objective 3. Effect of Plastic Mulch Colours on Growing Environment of
Haskap.
3.2.1 Site and Climate

The site and climate for this experiment were the same as described in experiment one.
3.2.2 Experimental design

The effects of plastic mulch colour on the growing environment were determined by
measuring soil temperature and moisture, and canopy air temperature. The experiment was a
randomized complete block design with two plastic mulch colour treatments (White and Black)

applied in each of six Blocks resulting in a total of 12 experimental units. For soil temperature and
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moisture, six rows of haskap were selected from the plots prepared in experiment one with each
row considered to be one Block; White and Black plots were randomly assigned within each Block.
The fertility level for the Black and White treatment was controlled by blocking the experimental
design and was not included as a dependent variable.

3.2.3 Data Collection

The decagon 5TM soil probes and Em50 ECH»O data loggers (METER Group Inc., USA)
were installed in the second week of August 2017 to measure soil temperature and moisture until
August 2018 but only from spring 2018 to August 2018 data were analysed. One soil
temperature/moisture probe was buried at the mid-point between two plants in each plot to a depth
of 15 cm deep. Readings were taken at hourly intervals by the data loggers.

Soil degree days (SDD) were calculated by using the average method (Baskerville and
Emin, 1969). The base temperature of 5°C was used in this experiment as haskap adapted to cool
growing environment (Dawson, 2017).

In-canopy air temperature was recorded with Watchdog B-series Button Data loggers
(Spectrum Technologies, Inc.). Data loggers were placed in a disposable foam cup, having holes
to circulate the air, and attached to a branch of the bush at about 30 cm above the mulch surface.
Due to equipment limitations, only one Block was measured at a time in only five Bocks; three
probes were placed in each treatment plot to account for variability within a plot. The probes
remained in the plot for one week with temperature data collected on an hourly basis. At the end
of the week, data was downloaded, and the probes were transferred to the next Block. In this
manner, data was collected over a five-week period beginning the first week of July and ending

the first week of August, with one week of data for each Block.
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The reflected photosynthetically active radiation (PAR) (umol m? s™!) from White and
Black plastic mulch was measured using AccuPAR LP-80 ceptometer (METER Group, Inc. USA)
attached with 86.5 cm long PAR sensors probe. Upwardly reflected PAR from plastic mulch was
measured at a height of about 20 cm in the middle of canopy by facing probe PAR sensors
downward. The length of probe sensors used for measuring PAR was adjusted according to the
bush width. The measurement was taken on a clear sunny day at 11:00, 12:00, 13:00, and 14:00
hrs on five bushes from each coloured mulch with five replicates. The reflected PAR was also
measured from Black and White plastic laying on the soil with no surrounding vegetation as a
baseline measurement. The amount of PAR reflected by mulches was expressed as percentage of
incident PAR.
3.2.4 Statistical Analysis

Since soil temperature and moisture were measured over a long time, the data were
analyzed as repeated measures in a randomized complete block design with six Blocks. The
ANOVA was completed using the Mixed Procedure of SAS (9.2, SAS Institute Inc, Cary, NC),
and further multiple means comparison (MMC) was done for significant (P-value < 0.05) effects
by comparing the least square means of the corresponding treatment combinations using the
Ismeans statement of Proc Mixed with pdiff option to produce P-values for all pairwise differences.
Letter groupings were completed using 5% level of significance for the main effects, and 1% level
of significance for interaction effects to reduce the over-inflation of Type 1 experiment wise error
rate (large number of means is being compared). Independence assumption on error term is likely
to be violated in RMA, so the appropriate covariance structure (a type of dependence) was

examined by the Akaike Information Criterion and incorporated in the model.
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However, analysis of variance of randomized complete block design with five Blocks was
used to analyze the effect of plastic mulch colour on canopy air temperature in haskap. The
statistical analysis was done in Minitab 18 (Minitab Inc., State College, PA). Since there are only
two colours of plastic mulch, significant difference between treatments was detected by the
ANOVA. The validity of constant variance and normal distribution of the error terms for all

response variables were verified by examining the residuals as described in Montgomery (2017).
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Table 1. Descriptive statistics of soil pH, soil organic matter (OM) and soil available nutrients
taken in June 2017 from experiment site growing Indigo Gem at depth of 0-15 cm, and ranges of
sufficient soil nutrients (P2Os, K>O, Ca, Mg) status based on leaf tissue nutrient content suggested
by Theshiulo et al. (2018b).

Parameter(s) Units Mean Sufficiency Range
OM % 5.50 n.d.!
pH - 6.33 n.d.

CEC meq100 g 14.13 n.d.
P20s kg ha! 1190.25 232-360
K20 kg ha'! 478.00 270-580

Ca kg ha! 3976.00 2700-4000
Mg kg ha'! 301.25 245-380
Na kg ha’! 22.00 n.d.

S kg ha'! 59.50 n.d.
Al ppm 1477.50 n.d.

B ppm 0.66 n.d.
Cu ppm 2.00 n.d.
Fe ppm 196.75 n.d.
Mn ppm 28.75 n.d.
Zn ppm 5.62 n.d.

'n.d. — not determined.
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CHAPTER 4. RESULTS

4.1 Experiment 1: Objective 1. Haskap Growth, Yield, Leaf Nutrients, and Total Soluble
Solids in Response to Plastic Mulch Colours and Fertility Amendments.
4.1.1 Climate

Total precipitation and air temperature relative to long-term averages (1996-2017) for the
growing season (April-August) in 2017 and 2018 are displayed in Table 2. Throughout the growing
season, precipitation differed between years. In 2017, May had the highest precipitation, while
June was the wettest month of 2018. The total precipitation from April to August in 2017 was
lower than in 2018. In both years, July was the hottest month with an average temperature of
18.1°C in 2017 and 20.4°C in 2018.

April, June and July 2017 were notably drier than long-term averages. In 2018, the mean
monthly temperature was lower than the long-term averages during flowering and fruit setting
(April to June) and higher in July and August; mean monthly precipitation was considerably higher
than long-term averages in April and June, but lower in July and August. The precipitation during
flowering (May 2018) was slightly higher relative to long-term averages. In 2018, June was the

coolest and the wettest month relative to long-term averages.

4.1.2 Yield and Yield Components

No statistically significant differences in the yield were detected among the fertility
amendments (P=0.77), plastic mulches (P=0.21), and harvest times (P=0.58) (Table 3); no
interaction effects were observed (P=0.41) (Table 3). The accumulation of GDDs from April 1,
2018 to Early harvest was 465 GDDs and 550 GDDs to Late harvest. However, the GDDs required
for berry development from peak flowering (May 15, 2018) to Early harvest was 388 GDDs and

to Late harvest was 454 GDDs. The average yield by experimental unit ranged from 385.9 to 433.1
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g bush! with the highest in the Low treatment and lowest in the Control treatment (Table 3),
however, yield ranged from <100 to >700 g per individual bush. High variability in initial bush
size in each plot was found to be a significant (P<0.05) source of variation for the analysis of
harvested yield and yield components (Table 3). There was a significant positive linear
relationship between Early harvest yield and initial bush size (R?>=0.55 P=0.001) (Figure 1) and
calculated number of berries per bush (R?=0.91; P=0.001) (Figure 2) but it was weakly negative
with growth factor (R>=0.17; P=0.002) (Figure 3).

The 100-berry-weight (HBW) was significantly influenced by plastic mulch colour
(P=0.01) and harvest time (P<0.01) as shown in Table 3. The bushes with Black plastic had
significantly higher average HBW (117.5 g 100 berries') than White plastic (110.1 g 100 berries™
1. However, there was no significant difference in berry yield among plastic mulches. In the case
of harvest time, mean HBW increased significantly from 70.7 g 100 berries™! at Early harvest to
156.9 g 100 berries™! at Late harvest. No significant correlation was found between HBW and yield
(data not presented).

No significant difference was found in the calculated number of berries per bush among
the fertilizer levels (P=0.52) and plastic mulch colours (P=0.55) treatments. However, the number
was significantly influenced by harvest time (P<0.01). The mean berry number per bush decreased
by 57% from Early harvest (594) to Late harvest (258). Bushes with larger initial size had the
highest number of berries (R>=0.50; P<0.05) (Figure 4).

4.1.3 Bush Growth and Leaf Size

The fertility amendments and plastic mulch colours had no significant effect (P=0.67 and

P=0.65, respectively) on the final bush size (Table 4). Moreover, no significant interaction between

the main effects was observed (P=0.20). Although means were not significantly different, bushes
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with High fertilizer application had about 12.5% larger bushes (0.45 m?) than the Control (0.40
m?) and Low (0.41 m?) treatments. In terms of plastic mulch, the average bush size for Black and
White was the same (0.42 m?). The initial bush size was a significant covariate (P=0.007) in the
final bush size analysis.

There was no significant effect of the plastic mulch (P=0.60) and fertilizer application
(P=0.38) on the growth factor. However, the growth factor was highest in the High fertilizer
treatment (1.98) and the lowest in Control (1.60). There was a negative significant correlation
between the growth factor and initial bush size for individual bush (R?>=0.20; P<0.05) (Figure 5a).

Leaf size increased slightly with fertilizer levels from 11.14 ¢cm? in the Control to 11.92
cm? in the High fertilizer treatment, but differences were not significant (P>0.05). There was also

no significant difference observed in leaf size between White and Black plastic.

4.1.4 Leaf Chlorophyll Content and Chlorophyll Fluorescence

The chlorophyll content (SPAD) of leaves was significantly (P<0.01) affected by plastic
mulch colours, whereas fertility amendments had no significant effect (P=0.23) on readings (Table
4). The SPAD readings in plots with White plastic were significantly higher than those for Black
plastic (Table 5). There was no correlation found between SPAD readings and leaf N content
(R?=0.04, P=0.402) (data not shown).

Plastic mulch had significant (P=0.05) effect on leaf chlorophyll fluorescence (Fv/Fm) but
no effect was observed for fertility amendments (P=0.92) or the interaction between main effects
(Table 4). Bushes under Black plastic had a significantly higher Fv/Fm ratio than White plastic

(Table 5).
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4.1.5 Leaf Tissue Nutrients

Leaf nitrogen (N) content had a significant response to fertility amendments (P=0.05) and
plastic mulch colours (P=0.02) (Table 6) but there was no significant interaction effect (P=0.59).
Leaf N concentration was significantly greater in the High fertilizer treatment than the Control but
not the Low treatment. Black plastic had significantly higher leaf N than White plastic (Table 7).

Black plastic had significantly higher leaf phosphorous (P) and iron (Fe) concentration than
White plastic (Table 7). No statistically significant differences (P>0.05) were detected in leaf
potassium (K), calcium (Ca), magnesium (Mg), boron (B), zinc (Zn), and manganese (Mn)
contents of leaf tissues among levels of fertility amendment and between plastic mulch treatments.
4.1.6 Total Soluble Solids

The total soluble solids (TSS) content was significantly (P<0.01) affected by harvest time
(Table 3). The TSS value increased significantly from 11.67 Brix at Early harvest to 13.63 Brix at
Late harvest. The fertility amendments, plastic mulch colours, and their interaction with harvest
time had no significant effect on TSS. In the context of yield and yield components, the
concentration of TSS in the berry was found to be significantly (P=0.02) influenced by covariate
initial bush size.
4.2 Experiment 1: Objective 2. Effect of Plastic Mulch Colours and Fertility Amendments
on Flowering and Fruit Set of Haskap.
4.2.1 Flowering and Fruit Set

Based on phenological observations for this objective, bud break in haskap cv. Indigo Gem
started on April 28 in 2018. There was no difference observed in the onset of flowering between
fertility amendments and plastic mulch colour (Figure 6). The counting of open flowers lasted for

almost 30 days, starting from 3 May (GDDs 56) to 4 June (GDDs 199) in all the treatments with
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no difference at the end of the flowering period (Figure 6). Fertility amendment and plastic mulch
colour had no significant effect on the total duration of flowering period. The number of flower
pairs started increasing after the first date of counting and peaked on 15 and 18 May followed by
a gradual decline in all the treatments (Figure 6). The total GDDs reached 110 at the peak flowering
period from the beginning of April 2018.

The standardized total number of flower pairs on the flagged branch was not significantly
affected by fertility amendments and plastic mulch colour (Table 8). The average standardized
number of flower pairs was highest in the Low fertilizer level and the lowest in Control treatment,
however, there was no significant difference. In terms of plastic mulch colour, the difference in
standardized total number of flower pairs was only 0.9 with high under Black plastic.

The standardized number of green berries on the flagged branch was not significantly
affected by fertility amendments and plastic mulch colours (Table 8). However, the average
standardized number of green berries in treatments was 17.5. The fertility amendments and plastic
mulch colours also had no significant effect on the percentage fruit set (Table 8). The average
percentage of fruit set was more than 50%, ranged from 54.3% to 81.6%.

There was no significant effect of fertility amendments and plastic mulch colours on the
percentage berry drop of flagged branch at Early harvest (Table 8). The average drop of berries
from flagged branches at the Early harvest was only 15.7%. In addition to this, it was observed
that the maximum loss (about 30%) in berry number occurred during the fruit setting stage than
fruit maturity.

Neither fertility amendments nor plastic mulch colours had a significant effect (P>0.1) on
new growth of flagged branches (Table 8). For plastic mulch, the overall mean branch growth and

growth factor were about 60 cm and 2.7, respectively. The High fertilizer treatment had slightly
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higher growth and the growth factor of flagged branch than the Control and Low treatments.
However, the differences were not statistically significant (Table 8).
4.3 Experiment 2: Objective 3. Effect of Plastic Mulch Colours on Growing Environment of
Haskap.
4.3.1 Soil Temperature and Moisture

A significant difference in average growing season soil temperature between Black and
White plastic was observed where Black was 1.4°C warmer than White. The weekly mean soil
temperature for Black and White plastic ranged from 1.1 to 24.8°C over the growing season 2018
(April — August) with a maximum of 24.8 and 24.1°C in Black and White, respectively (Figure 7).
In general, soil temperatures were lowest in the first week of April but steadily increased as the
season progressed and reached a peak in the first week of August. The temperature remained steady
from the second week of May to the second week of June. White plastic was found to be
significantly (P<0.05) cooler through the spring to the third week of June, but after that, no
significant differences were found. After the third week of August, soil temperature started
declining in both plastics but the difference between Black and White began increasing (data not
shown). Over the growing season, the difference in soil temperature between Black and White
plastic was larger in April and May (about 2.15°C), whereas in June, July, and August, the
difference was approximately 1.43°C. The soil degree days (SDD) was significantly (P<0.01)
higher in Black (1679.6) than White (1515.8) plastic mulch (Figure 9). In addition to this, the
weekly average air temperature remained lower than the soil temperature of both plastics
throughout the growing season. The maximum and minimum soil temperature graph followed the

same pattern of average soil temperature (Figure 8). The maximum temperature under Black and
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White plastic reached in the first week of August. The average difference in maximum soil
temperature between Black and White was 2.1°C.

There was no significant effect of plastic mulch on soil moisture under plastic mulches.
The average soil moisture over the growing season was about the same in Black (0.21 m?*/m?®) and
White plastic (0.20 m*/m?). The difference in soil moisture between Black and White plastic was
larger (0.05 m*/m?) in April 2018, but it was negligible afterward (Figure 10).

4.3.2 Canopy Air Temperature and Photosynthetic Active Radiation

The canopy air temperature in haskap was not significantly (P=0.33) affected by the plastic
mulch. The mean canopy temperature for Black and White treatments was 24.26 and 24.16°C,
respectively.

As a baseline measure, it was determined that White and Black plastic laying flat on the
soil with no surrounding vegetation, reflected about 53.3% and 6.4% of photosynthetically active
radiation (PAR), respectively at a 20 cm height; bare soil reflected only 7.1% of PAR. In the haskap
plantation, plastic mulch colour had a significant effect (P<0.01) on reflected PAR where Black
plastic reflected the least PAR (4.9%) and White reflected the most (33.7%). In terms of time of

day, 11:00 and 12:00 hrs reflected more amount of PAR than 13:00 and 14:00 hrs.
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Table 2. Mean monthly air temperature (°C), total monthly precipitation (mm), and total monthly growing degree days with base
temperature 18°C (GDD) relative to long-term mean for 1996-2017 from the nearest Environment Canada weather station. !

Site Year 2017 Site Year 2018 Long-Term Mean

Month Temperature Precipitation GDD Temperature Precipitation GDD Temperature Precipitation
April 4.9 31.7 100.9 34 104.0 77.1 4.1 82.2
May 10.1 135.0 185.6 9.5 93.9 185.3 10.2 86.1
June 14.6 62.0 293.6 12.5 175.7 241.0 14.9 100.6
July 18.1 66.1 402.4 20.4 47.4 478.9 18.8 84.3
August 17.6 109.0 390.4 20.1 64.8 467.6 18.3 94.6
Total - 403.8 1372.9 - 485.8 1449.9 - 447.8

'Temperature, precipitation, and GDD were obtained from the nearby Environmental Canada weather station located at Debert, Nova
Scotia (45°25'00.000"N, 63°28'00.000"W, elevation of 37.50 m). Data for year 2002 and 2003 in long-term means was missing.



Table 3. Mean yield (g bush™), 100-berry weight (g, HBW), calculated number of berries per bush
(Berry Number), and total soluble solids (TSS, ‘Brix) obtained from the effects of fertility
amendment, plastic mulch, and harvest time. Note: only main effects are shown in the table due to
non-significant effect of treatment interactions. -2

Source of Variation Yield HBW Berry Number TSS
Fertilizer level

Control 385.9 113.5 396 12.8
Low 433.1 111.2 459 12.8
High 401.5 116.7 422 12.4
P-value 0.77 0.54 0.52 0.29
Plastic mulch

Black 415.2 117.5a 413 12.6
White 398.5 110.1b 438 12.7
P-value 0.21 0.01 0.55 0.34
Harvest time

Early 401.5 70.7b 594a 11.7b
Late 412.2 156.9a 258b 13.6a
P-value 0.58 <0.01 <0.01 <0.01

Initial bush size
(Covariate)

P-value <0.01 0.04 <0.01 0.02
'For each factor, means within a column followed by the same letter are not significantly different
at a=0.05.

2P-values of significant main effect (P-values <0.05) are shown in bold.
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Table 4. Analysis of variance (ANOVA) P-values showing the significance of the main and the
interaction effects of fertility amendment and plastic mulch on leaf chlorophyll content (SPAD),
chlorophyll fluorescence (Fv/Fm), and final bush size. Note: Covariate was not used in the analysis
of SPAD and chlorophyll fluorescence.

Source of Variation SPAD Fv/Fm Final Bush Size
Fertilizer level (F) 0.23 0.92 0.67
Plastic mulch (P) <0.01' 0.05 0.65
FXP 0.53 0.14 0.20
Initial bush size® - - <0.01

P-values of significant effect (P-values <0.05) that require multiple means comparison are shown
in bold.
2P-value for the covariate “Initial bush size” in the analysis of Bush size.

Table 5. Mean leaf chlorophyll content (SPAD) and chlorophyll fluorescence (Fv/Fm) obtained
from the effect of plastic mulch.!

Treatment SPAD Fv/Fm
Plastic mulch

Black 38.5b 0.7967a
White 39.8a 0.7926b

'Means within a column followed by the same letter are not significantly different at 0=0.05.
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Table 6. Analysis of variance (ANOVA) P-values showing the significance of the main and the
interaction effects of fertility amendment and plastic mulch on the leaf tissue nutrients. '

Source of Variation N P K Ca Mg B Cu Fe Zn Mn
Fertilizer level (F) 0.0 056 0.11 0.08 0.18 039 040 023 0.21 036

Plastic mulch (P) 0.02 0.01 0.07 088 022 0.27 0.06 0.03 0.57 0.55
FXP 0.59 0.18 077 094 053 066 0.06 091 091 0.51

IP-values of significant effect (P-values<0.05) that require multiple means comparison are shown
in bold.
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Table 7. Mean leaf N, P, K, Ca, Mg, Cu, and Fe obtained from the significant effect of fertility
amendment, plastic mulch, and the combination of fertility amendment and plastic mulch.!

Source of Variation N P K Ca Mg Cu Fe

(/) ( \
(%) (Ppm)

Fertilizer level

Control 2.50b 0.20 0.83 1.83 0.30 7.89 62.12
Low 2.56ab 0.20 1.03 1.55 0.26 6.99 64.31
High 2.72a 0.20 1.01 1.54 0.20 7.13 68.00

Plastic mulch

Black 2.65a 0.21a 1.00 1.64 0.27 7.56 66.44a
White 2.54b 0.19b 0.92 1.64 0.29 7.11 63.18b

Fertilizer level X
Plastic mulch

Control-black 2.58 0.21 0.89 1.82 0.29 8.24 63.81
Control-white 242 0.19 0.77 1.83 0.31 7.54 60.43
Low-black 2.59 0.21 1.07 1.55 0.24 7.65 65.62
Low-white 2.52 0.20 0.99 1.55 0.27 6.32 62.99
High-black 2.78 0.20 1.04 1.55 0.28 6.79 69.90
High-white 2.67 0.20 0.99 1.53 0.27 7.48 66.11

Sufficiency ranges’ 2.2-3.0 0.22-0.28 0.8-1.3 1.6-2.1 0.14-0.50 - -

'For each factor or combination, means within a column followed by the same letter are not
significantly different at a=0.05.

2Sufficiency ranges for leaf N, P, K, Ca, Mg in haskap cv. Indigo Gem derived from ITheshiulo et

al. (2018a).
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Table 8. Mean total number of flower pairs and green berries per 20 per cm of initial branch length,
percentage fruit set, percentage berry drop at Early harvest, net new branch growth (Final length—
initial length, cm), and growth factor of flagged branch obtained from the effects of fertility
amendment and plastic mulch. Note: only main effects are shown in the table due to non-significant
effect of treatment interaction. !

Total Net New Branch
Source of Green Fruit Berry Drop at
.. Flower ] Branch Growth
Variation ) Berries Set  Early Harvest
Pairs Growth Factor

---Number per 20 cm of

initial branch length--- %o cm
Fertilizer level
Control 24.2 16.7 70.4 16.4 42.5 2.5
Low 26.4 18.7 70.9 16.1 42.7 2.8
High 26.3 17.1 65.0 14.5 46.0 2.8
P-value 0.38 0.50 0.33 0.93 0.75 0.44
Plastic mulch
Black 26.1 17.3 66.6 14.0 43.6 2.7
White 25.2 17.7 70.9 17.4 43.8 2.7
P-value 0.66 0.71 0.39 0.43 0.96 0.94

'There was no significant treatment effect on listed variables. The calculation of green berries was
the average of all nine bushes in a subplot. However, percentage berry drop from green berries
stage to ripe berries at Early harvest was calculated from only the four bushes per subplot that were
harvested.
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Figure 1. Relationship between Early harvest yield (g bush™!) and initial bush size (m®) for
individual bushes in the experiment.
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Figure 2. Relationship between Early harvest yield (g bush™!) and calculated number of berries per
bush for individual bushes.
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Figure 3. Relationship between Early harvest yield (g bush™!) and bush growth factor for individual
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Figure 7. Weekly mean soil temperature under Black and White plastic mulch and air temperature throughout the 2018 growing season
(April — August). Significant differences (*) were found between Black and White plastic until the third week of June and after which
no significant differences were found. Overall growing season, Black had significantly higher soil temperature than White plastic.
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Figure 8. Weekly maximum and minimum soil temperature under Black and White plastic mulch throughout the 2018 growing season

(April — August).
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Figure 10. Weekly soil moisture (m?/m?) under White and Black plastic mulch throughout the 2018 growing season (April — August).
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CHAPTER 5. DISCUSSION

5.1 Overall Treatment Effects

Based on current knowledge and previous literature report, it was hypothesized that the
haskap would show a positive response to supplemental fertility and that white plastic might
increase growth by reflecting more light into the plant canopy and producing a slightly cooler
rooting environment which may reduce stress. The site was selected knowing that the plants in the
orchard were not achieving optimum performance as compared to the potential seen in the same
variety and age of plants at other haskap farms in Nova Scotia. As such treatment response was
expected at the experiment site.

Overall, there were few statistically significant differences in haskap responses to the
fertility amendments and plastic mulch treatments tested in this experiment. This may be due to a)
the difference in treatments was too small to create a significant difference in haskap response, b)
the variability (error) among experimental units within treatment was greater than the treatment
effect, ¢) another factor limited plant response, and/or d) experimental error e) duration time of the
experiment. The inconsistent initial bush size within subplots was identified as a major source of
variability despite efforts to select rows with uniform growth. Another important reason for the
absence of significant effects was the small difference in the growing environment created by the
treatments.

5.1.1 Plastic Mulch Colour

The plastic mulch colour did not significantly affect haskap growth, fruiting parameters,
and yield (Table 3 and Table 8). The absence of treatment effects might be due to the inability of
the plastic mulch colours to create a large difference in the growing environment and on soil

microbiology, nutrient cycling, or nutrient and water uptake (Li et al., 2014). The difference in soil
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temperature between Black and White plastics ranged from 1.4°C to 2.2°C in the growing season
of 2018 (Figure 7), which might not be biologically large to result in a significant difference in
crop response. MacDonald et al. (1995) reported that the rate of microbial respiration, net nitrogen
(N) and sulphur (S) mineralization was more than double when soil temperature increased from
15° to 25°C. Many studies have reported the positive effects of warmer soil temperature on shoot
growth, bud break, flowering onset, and fruit set are well known in grapes under controlled
environment (Skene and Kerridge, 1967; Cooper, 1973; Zelleke and Kliewer, 1979), although the
difference of soil temperature was large, ranged 10-15°C in these studies, as compared to the
present study. No significant difference in strawberry yield and fruit numbers was found when
average soil temperature under Black plastic was 2.9°C, on average, higher than White plastic
(Shiukhy et al., 2015). Diaz-Pérez (2010) also found no significant differences in Black and White
plastic based on plant height, leaf primary nutrients, number of fruits per plant and total fruit yield
of bell pepper and related this to small soil temperature difference (0.54°C) between Black and
White plastic.

The shade of canopy cover over the plastic mulch surface might have been reduced the
biological effect of plastic on plant growing environment. The increase in canopy cover resulted
in lower soil temperature due to more radiation interception and lower soil water content due to
increased transpiration (Tanaka and Hashimoto, 2006). These combined effects resulted in lower
soil respiration, an indication of biological activity including nutrient turnover in the soil. This
study found that the difference in soil temperature between White and Black plastic was started
decreasing after the second week of May 2018 and the difference becomes insignificant after mid-
June (Figure 7). These results are similar to Privé et al. (2008) who confirmed that the difference

in soil temperature between plastic mulch and bare soil in apples was the greatest earlier in the
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growing season but decreased with an increase in canopy cover. The increase in canopy cover
might also reduced the percentage of photosynthetically active radiation (PAR) reflection from
White plastic mulch as was observed in apple (Privé et al., 2008), cotton (Zhi et al., 2014), and
vegetable crops (Csizinszky et al., 1995; Diaz-Pérez, 2010). The reduction in difference of soil
temperature suggested that energy balance tends to be similar in both Black and White plastic
under shading. Thus, the effect of plastic mulch colour would be expected to be more prominent
immediately following orchard planting.

The interception and distribution of the reflected PAR within the canopy strongly influence
the physiological response of the plant (Yanez et al., 2009). In this study, the positive effect of
PAR reflection from White plastic mulch might be decreased with an increase in canopy cover.
The upper and exterior portion of canopy would get less benefit from reflected PAR than the area
at base of canopy as found in other fruit crops (Iglesias and Alegre, 2009; Yafiez et al., 2009). The
lower 20 cm of rabbiteye blueberry produced only 13.4% of total flower buds (Yafiez et al., 2009).
The non-significant effect of White mulch reflectance on growth, flowering, yield and berry
quality of haskap can partly be related to this phenomenon as the positive effect of reflective PAR
might be limited to only lower part of the bush. Thus, the amount of leaf area and number of flower
buds benefitting from the White mulch reflectance was not large enough to have an effect on
haskap performance in terms of growth, flowering, yield and berry quality. Similar results were
reported in apples (Andris and Crisosto, 1996; Layne et al., 2002; Iglesias and Alegre, 2009) and
sweet cherry (Whiting et al., 2008) where the fruit numbers and yield were not significantly
affected by reflective films due to inconsistent distribution of PAR reflation in the canopy.

The temperature increase under plastic mulch is greatly influenced by the heat conductivity

and there must be close contact between plastic mulch and soil surface to create enough difference
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in temperature to have an effect on crop responses (Ham et al., 1993; Tarara, 2000). In this study,
the presence of wood chips (applied at the timing of plantation) under the plastic mulch created a
buffer zone between root systems and plastic mulch which might have reduced the direct effect of
plastic mulch on soil temperature. Wood chip mulch applied at different thicknesses in Penstemon
digitalis had the lowest soil temperature than unmulched soils due to the high soil water content
and its effect decreased with an increase in thickness of mulch (van Donk et al., 2011), which
confirms the results of the present study in haskap. Larsson (1997) also found that wood mulch
resulting in cooling or moderating effect on soil temperature in blackcurrant.
5.1.2.Fertility Treatments

The fertilizer levels were established in this experiment because the crop at this site was
not performing at full potential under dryland conditions. The recommended ranges for soil
fertility status suggested by Theshiulo et al. (2018b) had not yet been established at the time when
the experiment was designed. This experiment was the first experiment in Nova Scotia intended
to study the effects of fertility amendments and plastic mulch colours in combination with
irrigation. The application of fertilizers to already nutrients rich soil can have adverse or no effect
on crop growth and development. The absence of haskap response to fertility amendments in this
experiment might be attributed to adequate soil fertility at the experiment site before applying
treatments. Based on soil fertility recommendations provided by Theshiulo et al. (2018b) (Table
1), soil potassium (K) and magnesium (Mg) were in the optimum range based on the 2017 soil test
report (478 kg K»O ha'!, and 301 kg Mg ha™). Soil calcium (Ca) was found on the higher range
(3976 kg Ca ha!) and soil phosphorous (P) was three times the recommended sufficiency range
for haskap (1190 kg P»Os). Similarly, leaf tissue nutrient concentrations in the Control were all

sufficient except for P according to the sufficiency levels provided by Theshiulo et al. (2108b)
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(Table 7). Based on these findings, background soil fertility was adequate, and at least not severely
limiting plant growth or yield. The previous studies also found no significant effects of N and P
fertilizer applications, applied when soil has sufficient nutrients, on number of flowers, growth,
and yield in apples (Batjer et al., 1952), lowbush blueberry (Benoit et al. 1984), and red raspberry
(Dean et al., 2000). The increase in dose of N, P, and K fertilizer treatments did not affect bush
growth and yield of blackcurrant (Sako and Laurinen, 1979; Hobson, 2012) and a four-year trial
of blackberry (Naraguma and Clark, 1997). Benoit et al. (1984) reported the same result that
increasing N rates did not influence the number of flowers in lowbush blueberry.

The significant differences in plant responses can not be detected when there are small
differences in the treatment levels and having a large variability of the crop (Opstad et al., 2007;
Hobson, 2012). This rationale might partly explain the absence of positive effect of fertility
amendments on haskap response variables. Opstad et al. (2007) found similar results with no
significant increase in yield of blackcurrant with an increase in fertilizer rates and authors related
this to having a small difference in the application rates and confounded with different fertilization
strategies.

Haskap may also have a low response to N fertilizer as identified in blackcurrant (Opstad
et al., 2007; Hobson, 2012). Studies from Russia and Canada suggested that haskap bushes do not
have a high requirement for N (Belosohova and Belosohov, 2010), and excess N may impede root
growth (Tremblay et al., 2019). The lack of response to the fertility amendment in this study can
also be related to the low requirement of haskap for nutrients. This can be supported by results of
leaf tissue nutrients which were found to be in recommended range established for haskap by

(Iheshiulo et al., 2018a). There was no significant effect of different P fertilizer rates on total stem
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length, buds and flowers per stem, and yield of lowbush blueberry due to the low requirement of
blueberry for nutrients (Hall, 1978; Eaton et al., 1997).

The non-significant effects of fertility amendments on haskap response might also be due
to the presence of wood chips, which were initially applied for weed control at the time of haskap
plantation and are known to have high carbon to nitrogen (C:N) ratio. The high C:N ratio of the
organic materials causes low availability of soil nutrients, especially N, availability through
immobilization (Idol et al., 2003; Homyak et al., 2008; Hammermeister, 2016). In the present
study, the application of wood chips may have slowed the initial plant growth after the application
in 2014. Besides this, the fertilizers were applied by hand in the first year (2017) at the base of the
plants without the incorporation into the soil. This may have reduced the contact of the fertilizer
nutrients with the soil and resulted in slow availability of nutrients to the haskap roots (Martinez-

Alcantara et al., 2016).

5.1.3. Independent Effects

High variability in initial bush size among rows and bushes within a subplot was observed
to be an important factor affecting haskap performance, thus difficult to measure crop responses.
The criteria of Wilding et al. (1994) were used to calculate the magnitude of variability: coefficient
of variation (CV) of 0-15% was low, 15-35% was medium and 35-100% was high. There was high

variability in initial bush size ranging from 0.03 m® to 0.43 m? (51.0% CV) and growth factor (

Final bush growth—Initial bush growth

) 0.55 to 5.2 (52.4% CV) among the individual bushes, and

Initial bush growth
(Figure 5a). Besides this, it was found that bushes of row number 6 and few of 7 in Block 2 and 3
underperformed because they had smaller initial bush size which resulted in the lowest yield and
had a small increase in their size (lower growth factor) in 2018 (Figure 5). So, this suggested that

some non-interest factors contributed to the variations in those bushes and inhibited their growth.
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The largest variability in terms of growth factor and initial and final bush size was found only in
one block (Figure 5).

As this study was carried out on three years old haskap bushes, there could be several
explanations or factors that might have caused variability in bush size including quality of the
planting stock, the history of planting and management, or field variabilities like moisture
availability, improper seedling handling and planting techniques. To address the variability issues,
a block design with four blocks was implemented to account for variability in the field, and
treatments were randomly assigned to rows and within rows. It became apparent in 2018 that one
block had substantial differences among rows that were not treatment related. This block was
removed from the analysis. Variability within rows was accounted for by having a large subplot
size of nine plants, trying to select a uniform grouping of 22 plants (including buffers), and
randomly assigning a plastic colour to subplots. Despite this, variability among plants within
subplots and hence among subplots began to become more apparent as the growing seasons
progressed in 2017 and 2018. The variability had a large effect on the growth and ability of the
plant to respond to nutrients and created large experimental errors in the analysis of haskap
performance. It is hard to detect any treatment effects in the presence of variability given that the
effect of any treatment is very subtle or modest. Similar results were found in blackcurrant where
growth and yield were not significantly affected by different fertilizer rates due to the large
variability in the initial bush size (Hobson, 2012).

The timing of fertilizer applications was seen to affect the vegetative growth, flowering,
and yield of berry crops (Hansen and Retamales, 1992; Wang, 2000; Percival, 2002; Hobson,
2012). In this study, the late application of fertilizers in both 2017 and 2018 (as discussed above

in section 3.1.3) left bushes with short time to respond to the fertilizer nutrients. The fertilizer
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application of 2017 may have had less effect on vegetative growth of haskap in the same year,
which ultimately determined the reproductive buds and berry yield in the following year (2018).
The absence of significant effect of the 2017 fertilizer application could be explained by the late
application of fertilizers in 2017 as rapid growth of vegetative parts was more seen in late spring
and early summer than late summer and fall in temperate regions (Abbott and Gough, 1987). The
significant positive relationship of initial bush size with Early harvest berry yield and calculated
number of berries per bush (Figure 1, Figure 2) suggests that the initial bush size can highly
influence the yield of the following year. The significant effect of vigorous growth in the year
before fruiting on the reproductive buds in haskap has been reported in several studies
(Plekhanova, 1989; Kolasin and Pozdnyakov, 1991; Prischepina, 2000). A similar relationship has
been found in blackcurrant where shoot growth, flower number, fruit set, and yield were
determined by the growth of the year before fruiting (Bould, 1969).
5.2 Experiment 1: Objective 1. Haskap Growth, Yield, Leaf Nutrients, and Total Soluble
Solids in Response to Plastic Mulch Colours and Fertility Amendments.
5.2.1 Yield and Yield Components

Plastic mulch colour and high fertilizer applications were expected to increase haskap yield
in this study. The negative relationship between Early harvest yield and growth factor (Figure 3)
suggests that the absence of berry yield response could be related to the tradeoff between
vegetative growth and fruiting in establishment years. In this study, haskap bushes with smaller
initial size had higher growth factor but lower berry numbers and yields as compared to large sized
bushes (Figure 1, Figure 4, Figure 5a). This can be most likely due to either less vegetative surface
to produce berries or fewer carbohydrate resources to support both biomass accumulation and fruit

production. Previous studies in strawberry also found similar results where fruiting structures were
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seen to become dominant sink during the peak of fruit growth and strongly competing with
vegetative growth (Forney, 1984; Reekie and Bazzaz, 1987). The growth of blackcurrant increased
by deflowering in young plants and there was more growth and yield in the following year as
compared to flowering plants as yield is more related to the previous year’s growth (Hansen, 1985).

In this research, a strong relationship was found between Early harvest yield and calculated
number of berries per bush (Figure 2). Whereas 100-berry-weight (HBW) had a weak non-
significant relationship with berry yield (data not shown). Thus, the calculated number of berries
per bush appeared to be more important in determining yield than berry weight in this experiment.
A similar strong positive relationship between berry yield and berry number was found in highbush
blueberry (Sietker and Hancock, 1986; Ehlenfeldt and Martin, 2010; Salvo et al., 2012; Palma et
al., 2014) and pear (Einhorn et al., 2012). In these previous studies, a week relationship was also
found between berry yield and berry weight. The lack of fertility amendments and plastic mulch
effect on yield could also be explained by non-significant effect on calculated number of berries
per bush.

The HBW and calculated number of berries did not show a significant response to plastic
mulch colours and fertilizer amendments, but the harvest period had a significant effect on yield
components (Table 3). Early harvest had higher calculated number of berries per bush than Late
harvest. However, berry yield remained unaffected due to significantly increased berry weight at
Late harvest (Table 3). The increase in berry weight from Early harvest to Late harvest may be
attributed to the increase in GDDs (Growing Degree Days of base 5°C) and berry ripeness as
similar results were found in previous studies of haskap (Ochmian et al., 2010; Dawson, 2017).
The significant differences in berry numbers between Early and Late harvest (Table 3) might be

due to the nonuniformity of berry ripening which resulted in berry drop (Figure 11) during the
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intervening period as berries become fully ripe. Haskap bushes produced flowers over a month
(May 2018), but individual flowers pollinated and terminated within three to five days. This means
that a wide range in ripening period of haskap occurred, and flowers that were pollinated early in
May most likely dropped while the flowers that were pollinated later in May would not fully ripen
at the time of harvesting. This suggests a trade-off effect between berry weight and numbers as the
berries ripen. In haskap, the Late harvest period might allow berries to improve flavour but it also
runs the risk of berry drop and loss of significant yields.
5.2.2 Bush Growth and Leaf Size

Haskap bush growth and leaf size did not respond significantly to the plastic mulch and
fertilizer applications in this study (section 4.1.3). The average final bush volume (0.42 m?) and
leaf size (11.4 cm?) in this study were more than the average bush volume (0.21 m?®) and leaf size
(9.23 cm?) of haskap found in Nova Scotia (2 to 5 years old plants) as reported by Iheshiulo et al.
(2018a). The average yearly bush growth rate in this study (0.26 m? year™!) was also more than the
maximum range (0.19 m> year!) of the growth rate of haskap surveyed in Nova Scotia (Iheshiulo
etal., 2018a). These results suggested that haskap bushes were performing well and were not under
any physiological stress. The difference in soil temperature among Black and White plastic was
not big enough throughout the growing season (Figure 7). Therefore, there might not be a big
difference in soil nutrient transformation and their uptake particularly N, important for vegetative
growth. Black plastic resulted in only 0.1% higher leaf tissue N than White plastic, which might
not be a biologically large difference to show response in terms of vegetative growth. The canopy
air temperature and increased PAR are also considered as one of the most important growth
controlling factors in plants (Liu et al., 2013). In the present study, the shading of the canopy

significantly reduced the amount of PAR reflected from the mulch towards middle and upper
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portion of canopy, which could have reduced the positive effect of reflectance on bush growth and
leaf size. The canopy air temperature was the same for Black and White plastic that can also
explain the lack of treatment effects on bush growth and leaf size (Granier and Tardieu, 1998;
Lafarge et al., 1998). Medina et al. (2008) reported that the vegetative growth of strawberry was
not affected by white and back plastic mulch grown under high tunnels. Similarly, Hammermeister
(unpublished data) also found no significant effect of black plastic and white fabric on bush growth
of organic blackcurrant.

No difference in bush growth and leaf size may also be attributed to no difference in
concentration of leaf K, as K has a major role in cell expansion and enlargement (Elumalai et al.,
2002; Iheshiulo et al., 2018b). Phosphorous and K are considered important macronutrients besides
N for the growth of horticultural crops. Both nutrients were found to be strongly correlated with
bush volume, growth rate, and leaf size parameters (Iheshiulo et al., 2018a). Background soil P
was in excess, so adding more P nutrients might not have a significant effect on leaf P
concentration. Tremblay et al. (2019) reported that adding N, P, K fertilizers to haskap did not
increase vegetative growth and resulted in lower root development.

It was found that the initial bush size had significant influence on final bush size and growth
factor (section 4.1.3). The growth factor was not similar among the treatments due to variability
in initial bush size, even within a subplot. The maximum (5.19) and minimum (0.55) value of
growth factor was found in bushes of the same subplot (Figure 5b). It can be concluded that the
high variability in initial bush size was greater than the effect of the treatments, thus it is difficult
to measure crop response in terms of final bush size or growth factor.

The small bushes had large changes in their final bush size (high growth factor) as

compared to large bushes (Figure 5a). The small bushes likely allocated more energy to vegetative
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growth rather than berry production. However, large bushes may have utilized their resources for
both higher berry production as well as growth, and therefore could not maintain the same level of
proportionate growth as the small bushes. Moreover, small bushes allow more solar radiation to
penetrate, hence more light is reflected towards the canopy which could stimulate more vegetative

growth as compared to large bushes.

5.2.3 Total Soluble Solids

The total soluble solids (TSS), measured in °Brix, is the refractometer reading indicating
the percentage dissolved solids contained in the juice being measured and an indication of sugar
contents. In this study, TSS at Late harvest (13.6°Brix) was significantly higher than the Early
harvest (11.7°Brix) (Table 3). The OMAFRA (2012) outlines that haskap berry with a reading
above 13°Brix may have average to good flavour. An increase in sugar content with berry
development or ripeness reveals the accumulation of monosaccharides such as fructose (Kader,
2008). The increased TSS at Late harvest in this study might be explained by an increase in sugar
content due to berry ripeness. Similar results were found in haskap (Dawson, 2017) and
blackcurrant (Rubinskien¢ et al., 2008; Taylot, 2015) where Brix level increased with an increase
in berry ripeness or maturity at late harvest. In Poland, late harvested haskap berries had 24-33%
higher TSS concentration than berries of early harvest (Ochmian et al., 2010). Higher TSS at Late
harvest can also be correlated to larger berry weight as there is a direct linear relationship between
berry weight and sugar content (Baeza et al., 2019). However, the TSS of berries at Late harvest
was likely lower than what it would be because overripe berries (higher TSS) have dropped before
harvest. It suggests that a long flowering period of haskap (Figure 6) might interfere in berry Brix

level at Late harvest.

77



The plastic mulch colours and fertility amendments had no significant effect on TSS in this
study. These results are consistent with results in several studies of grapes, where fertilizer
applications also had no significant effect on soluble solids (Bell et al., 1979; Conradie and
Saayman, 1989; Neilsen et al., 2010). The use of reflective films had no significant effect on TSS
concentration in apples (Li et al., 1994; Andris and Crisosto, 1996; Ju et al., 1999; Layne et al.,
2002; Mathieu and D’Aure, 2000; Iglesias and Alegre, 2009). Farias-Larios and Orozco-Santos

(1997) also reported that plastic mulch colours did not affect TSS in watermelon.

5.2.4 Leaf Nutrients

Among leaf tissue nutrients examined, N was significantly affected by fertility
amendments and plastic mulch colours, whereas P was only influenced by plastic mulch colours
(Table 6, Table 7). However, there was a small difference in response magnitude of leaf nutrients
(Table 7). Leaf tissue nutrient content was compared with the available nutrient sufficiency range
in haskap cv. Indigo Gem established by Iheshiulo et al. (2018a). These nutrient sufficiency ranges
were derived from leaf tissue nutrient content and growth rate of cv. Indigo Gem (Table 7). Based
on the sufficiency ranges, the average N, K, and Mg values were found to be within sufficiency
ranges for the effects of fertility amendment and plastic mulch. Leaf P was slightly below the
sufficiency range for both fertility amendment and plastic mulch treatments. There has been no
study that examined the effect of fertilizer application on leaf tissue nutrients of haskap in North
America. In this study, the absence of treatment effects may be attributed to the presence of
sufficient background soil nutrients and thus, the site did not respond strongly to the application
of additional fertilizers in terms of leaf nutrients. It was noted that bushes had established shallow
roots in the presence of wood mulch, which might interfere in roots’ ability to uptake sufficient

nutrients and would have less soil surface for roots to explore for resources. This effect was also
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noted by Haynes (1987) in strawberry where K fertilizer application had no significant effect on
leaf nutrients due to restricted root growth.

The significant effect of fertilizer applications and plastic mulch colours on leaf N may be
due to the mobility of nitrate in soil, making it more available than P and K (Weil and Brady,
2017). The leaf N content in this study increased with an increase in fertilizer level. However, leaf
N was not excessive in any treatment (>3% leaf N is considered high, Iheshiulo et al., 2018a) even
at a high N level. Similar results were found in highbush blueberry where leaf N was increased
with an increase in N fertigation rate, but leaf N concentrations were not excessive based on local
fertilizer recommendations even when a higher rate than recommendation was applied (Bryla and
Machado, 2011; Ehret et al., 2014). Sensteby et al. (2004) found that high rate of NPK fertilizers
resulted in the highest leaf N content in strawberry. The higher leaf N under Black plastic than
White plastic might be associated with high ratio of leaf chlorophyll fluorescence. Increased leaf
N under Black plastic can partly be explained by higher N mineralization due to warmer soil
temperature and hence available N uptake. However, the increased Leaf N did not significantly
affect leaf size, bush growth, leaf chlorophyll content, or berry yield. This might be due to small
difference in fertilizer application levels which could not create a large biological difference in
leaf N status. In this study, leaf N concentration under Black and White plastic was inversely
proportional to leaf chlorophyll content (data not shown). However, there was no significant
correlation found between them.

No significant effect of fertility amendment on leaf P (Table 6) might be attributed to less
responsive of Indigo Gem to P fertility in the soil as compared to other varieties like Aurora, Berry
Blue and Borealis (Iheshiulo et al., 2018b). Leaf P was the highest in bushes under Black plastic

than White plastic (Table 7). The slight increase in soil temperature may increase the rate of
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mineralization of organic P and decomposition of insoluble inorganic forms of P (Eid et al., 1951;
Power et al., 1964). Torres-Olivar et al. (2016) found higher activity of phosphate-solubilizing
bacteria in soil under black plastic in cucumber which helps in mobilization of insoluble inorganic
P from their mineral matrix to the soil. Higher soil temperature may increase vesicular-arbuscular
mycorrhiza (VAM) formation through either direct effect of temperature on fungus germination
and growth or an indirect effect via an increase in leakage of root metabolites necessary for
mycorrhizal fungal activity, or both (Graham et al., 1982). Thus, the increase in VAM penetration
and infection increases the supply of phosphate to the roots.

The leaf K concentration was not significantly affected by fertility amendment and plastic
mulch (Table 6). The background soil nutrients test report in this study suggested a sufficient K
level (Table 1). The crop response to applied K decreases as the level of background soil K
increases (Barber, 1985). The application of K nutrients could be utilized by berries as berries are
the dominant sink of K during development (Nes and Hageberg, 2002; Craighead et al., 2007).
Hobson (2012) also reported the utilization of K for reproductive growth instead of vegetative

growth when K was available to plants in blackcurrant.

5.2.5 Leaf Chlorophyll Content

The soil plant analysis development (SPAD) readings permit the rapid estimation of leaf
chlorophyll (light collecting pigment within leaves) content by measuring leaf transmittance
(Wood et al., 1993). The SPAD meter readings were found to be proportional to the amount of
chlorophyll present in leaves of apple, grapes, peach (Singha and Townsend, 1989; Neilsen et al.,
1995), Strawberry (Himelrick et al., 1992), and blackcurrant (Woéjcik and Filipczak, 2015). The
average leaf SPAD reading (39.1) in this study was found to be in the range of SPAD values (26.6

to 40.0) obtained from 19 haskap growing locations in Nova Scotia (Iheshiulo et al., 2018a),

80



indicating relatively high leaf chlorophyll content. In this study, plastic mulch colour had a
significant effect on leaf SPAD readings (Table 4), where bushes under White plastic (39.8) had
higher value than Black plastic (38.5). The response magnitude of leaf SPAD readings between
Black and White plastic might not be biologically large to create a significant difference in carbon
assimilation as higher SPAD under White plastic did not stimulate haskap bush growth, flowering
observations, leaf nutrients, and/or yield. The significantly higher SPAD reading under White
plastic might be due to higher reflective PAR. Hammermeister (unpublished data) found the same
results that haskap bushes under black plastic (approximately 33 SPAD value) had lower SPAD
readings than White plastic (approximately 34 SPAD value), however, there was no significant
difference. The plants grown on reflective film increased the concentration of chlorophyll ‘a’ (an
integral compound of light reaction of photosynthesis) to absorb the maximum amount of light
reflected (Gosselin and Trudel, 1984). The higher leaf chlorophyll content, correspond to SPAD
reading, was found in tomato plants grown under supplemented light than shaded plants (Gosselin
and Trudel, 1984).

Fertilizer additions had no significant effect on leaf SPAD readings (Table 4) may be due
to sufficient background soil fertility as leaf N being within sufficiency ranges of Theshiulo et al.
(2018a) (Table 7) and SPAD readings being at the upper range of their haskap survey. Another
reason for the absence of significant effect of fertilizer application might be because fertilizer
application levels were not sufficiently different from each other as discussed above. Naraguma
and Clark (1997) found the same results that N fertilizer did not significantly increase leaf
chlorophyll content in ‘Arapaho’ thornless blackberry and found leaf N content was in sufficient
range. Tremblay et al. (2019) also found no significant effect of N fertilizers on haskap leaf SPAD

readings due to the lower energy investment in root growth with high N application.
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There was no correlation found between leaf N and SPAD readings in this study and values
were contradict each other. However, previous studies found that leaf SPAD readings and/or
chlorophyll content were positively correlated with leaf N status in grapefruit (Li et al., 1998),
apple and grapes (Porro et al., 2001), and strawberry (Himelrick et al., 1993). The minimum
content of leaf N required for functional photosynthetic efficiency in haskap remains largely
unknown. Some researchers indicated that SPAD readings tend to approach a plateau when N
availability is sufficient and that leaf N concentration no longer reflects the increase in N
availability (Schepers et al., 1992; Shapiro et al., 2006). Similar results were found in blueberry
cv. Bluecrop where higher rate of N results in decrease in leaf chlorophyll content due to inhibition
of some enzymes in chlorophyll synthesis (Li et al., 2012). Sibley et al. 1996 found no correlation
between SPAD readings and total leaf N content in red maple. The SPAD units of highbush
blueberry increased with increase in N (applied as fertigation) application from 0 to half of the
local N recommendation rate but SPAD reading (after reached maximum level) did not increase
after application of full local recommendation rate (Ehret et al., 2014). About 50 to 60% of the
total annual N requirement must be available during the flowering and fruit set stage for optimal
concentration of leaf N and its relationship with SPAD readings in citrus (Tucker et al., 1995). The
application of 2018 fertigation was applied at fruit set stage and leaf samples were taken about one
week after the last fertigation application. Haskap leaves might not have sufficient time to respond
to the fertility amendments. Thus, no relationship was found between leaf N and SPAD readings.
5.2.6 Leaf Chlorophyll Fluorescence

The leaf chlorophyll fluorescence (Fv/Fm) shows the potential maximum efficiency or
photoactivation activity of photosystem II (PSII) and can be used as an indicator of plant

photosynthetic activity. In general, it is a plant stress measurement. Lower values indicate plants
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have been exposed to environmental stress. No study has been reported the optimum value of
Fv/Fm for haskap performance to my knowledge. In this study, White plastic had significant lower
value (0.7926) of Fv/Fm as compared to Black plastic (0.7967), which were in the optimum range
from 0.79 to 0.84 found for most of the plant species (Kitajima and Butler, 1975; Bjérkman and
Demmig, 1987; Johnson et al., 1993; Maxwell and Johnson, 2000; Guidi and Degl’Innocenti,
2012). These Fv/Fm values under White and Black plastic were also lower than the optimum value
for unstressed highbush blueberry (0.823) (Lobos et al., 2012). This suggests that haskap bushes
in this study were not under any physiological stress.

The Fv/Fm values in this study were not too low under White plastic to establish
measurable stress in response to bush growth, or berry yield. The significant lower Fv/Fm value
of bushes under White plastic might indicate photoinhibition because higher absorbed light energy
(reflected PAR) than the needed energy was hitting the reaction centers of photosynthesis
(Yordanov and Velikova, 2000; Lucinski and Jackowski, 2006). The photosynthetic light response
curve is asymptotic for fruit species with a maximum rate at a certain level of light intensity and
curve unchanged afterward (Flore and Lakso, 1989). When light intensity tends to increase above
light saturation rates, photoinhibition can impair photosynthesis (Taiz and Zeiger, 2010). Pliakoni
and Nanos (2011) found similar results to this study that the reflective mulch resulted in a lower
value of Fv/Fm (0.798) in the leaves of olive plants compared to unmulched treatment (0.825). In
highbush blueberry, the maximum PSII photochemical efficiency decreased with an increase in
PAR (Lobos et al., 2012). Percival et al. (2008) found a quadratic relationship between Fv/Fm
values and SPAD readings in Acer pseudoplatanus, Quercus robur, and Fagus sylvatica, where

Fv/Fm ratio started to decrease after a specific SPAD value when extrapolated.
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5.3 Experiment 1: Objective 2. Effect of Plastic Mulch Colours and Fertility Amendments on
Flowering and Fruit Set of Haskap.

For this objective, haskap cv. Indigo Gem was managed by altering growth and
environment through plastic mulch colours and fertility amendments to affect the flowering and
fruit set. It was hypothesized that Black plastic would stimulate earlier flowering than White plastic
due to higher soil temperature and resulted in earlier bud-break in bushes under Black plastic. The
fruit set would be lower under Black plastic as pollinators would be less active at the earlier
flowering time during cooler air temperature. The increasing availability of soil nutrients was
hypothesized to increase number of flowers, percentage fruit set, berry retention by having positive
effects on reproductive tissues (pollen, ovules, and developing embryos) (Wubs et al., 2009;
Arrington and DeVetter, 2017). The statistical analysis showed no significant differences between

the White and Black plastic mulches and among fertility amendments levels based on flowering

Final branch length—Initial branch length

observations, and growth factor ( ) of flagged branch over

Initial branch length
the growing season of 2018 (Table 8).

The study of fruit set and factors affecting it in haskap have not been previously reported
in Canada to my knowledge or at the timing of writing this document. The absence of treatment
effects on flower onset, number of flower pairs, fruit set, and number of green berries, branch
growth factor might be due to small differences in soil temperature between Black and White
plastic in April (2.3°C), and May (2°C) during bud break and flower initiation in 2018, thus there
might not be a biologically significant difference in supply of metabolites as stated earlier in
section 5.1.1. Greer et al. (2005) reported that apple trees store carbohydrates predominantly in
roots and it is likely that soil temperature influences the rate and extent of bud break and flower

opening by affecting carbohydrates mobilization. The author found, in contrast to this study, that
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increased soil temperature from 7° to 15°C increased the proportion of apple plant bud break,
reduced the number of days to bud break, and flower opening. However, the difference in soil
temperature in this research was small relative to that in the Greer et al. (2005) study.

There was no significant difference in canopy air temperature which might also be
attributed to the absence of significant treatment effects on flowering observations. Mills et al.
(2015) found no significant difference in flower opening in highbush blueberry grown under 20°C
and 23°C temperature in a greenhouse. The small difference in fertilizer application rates might
also be a possible reason for non-significant effects of fertility amendments on flowering
observation in this study as mentioned earlier in section 5.1.2. Arrington (2017) found no
significant difference in fruit set of highbush blueberry due to small difference in fertilizer
application rates of calcium and boron.

The loss of berries at Early harvest was less than the loss at fruit set. The possible reasons
for berry drop at Early harvest may be due to predation (Martin et al., 2008), uneven maturation
due to long flowering period (berries from the earliest flowers may have dropped even before the
early berry harvest), cultivar characteristics, crop management or weather conditions like heavy
rainfall or high windfall (Guardiola, 1997), although these factors have not been investigated in
this study or any other study in North America until now.

The flowering period was lengthy (approximately one month) and peaked at the middle of
the flowering period. This implies that early flowers had fruit set days if not weeks ahead of the
last flowers to emerge. This wide and uneven flowering period is likely to result in an uneven
ripening period of berries. At Early harvest times, there is higher likelihood that berries from late
emerging flowers will be underripe. Whereas at Late harvest, reverse would be true; berries from

early flowers are likely to have ripened earlier and are at a higher risk of dropping. Thus, at least
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this cultivar of haskap could benefit from a compressed flowering period. This may be achieved
through breeding. Alternatively, flower removal during the first few days or week of the flowering
period is hypothesized to result in fewer berries but larger berries and more uniform ripening.
5.4 Experiment 2: Objective 3. Effect of Plastic Mulch Colours on Growing Environment of
Haskap.
5.4.1 Soil Temperature and Moisture

Black plastic mulch recorded with high soil temperature (16.7°C) over the growing season
2018 (April to August) compared with White plastic mulch (15.3°C). The effects of plastic mulch
are associated with their optical properties of absorbance, transmittance, and reflectance of
shortwave and longwave radiations. The mean soil temperature under plastic mulch decreased with
an increase in reflected PAR. Black colour transmits and reflects more longwave radiation and
absorbs more shortwave radiation than white colour which transforms into thermal energy. This
thermal energy is transmitted to the soil by conduction, which increases soil temperature. Similar
results have been found in a study of effects of different coloured plastic mulches on bell pepper
(Diaz-Pérez, 2010). Black plastic mulch had higher soil temperature (on average, 2.9°C) than white
mulch (Shiukhy et al., 2005). White plastic resulted in the lowest soil temperature until the third
week of June (Figure 7). The effect of plastic mulch on soil temperature was more evident during
the early season as discussed above in section 5.1.1. After the third week of June, no difference in
soil temperature among White and Black plastic was found due to an increase in haskap canopy
cover. Diaz-Pérez et al. (2005) found that the shading of mulch surface by full canopy cover of
tomatillo resulted in decreasing soil temperature differences among different coloured mulches.

Plastic mulch had no significant effect on soil moisture. There was no relationship found

between root zone temperature and soil water content. The same amount of water was applied to
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bushes under White and Black plastic and no difference in soil moisture content between Black
and White plastic treatments suggests that transpiration rate and/or water uptake between bushes
under White and Black plastic mulch was not different. It is important to note that plastic mulches
that were used in this experiment were made of low-density polyethylene, thus presumably having
the same water vapor transfer properties. Hammermeister (unpublished data) also found that the
difference of average soil moisture through the growing season between white (26.2%) and black
(30.4%) plastic mulch was not significantly different in haskap. The difference in soil moisture

between black and white plastic was not statistically significant in bell pepper (Diaz-Pérez (2010).

5.4.2 Reflected Photosynthetic Active Radiation

Expectedly, White mulch reflected significantly higher PAR as compared with Black
mulch. However, increased PAR under White plastic did not stimulate leaf size, bush growth,
flowering and yield of haskap in this study. The light levels needed for the formation and induction
of haskap flower buds, efficient photosynthetic activity, and carbon assimilation have not been
published until the time of writing this document. Green et al. (1995) and Layne and Rushing
(1999) have measured an increase in reflected PAR when they applied reflective foils in the apple
orchard. The reflected PAR from White plastic was 262% higher than Black coloured plastic in
bell pepper (Diaz-Pérez, 2010). In tomato, white mulch colour reflected more PAR (47% of direct
sunlight) into the canopy, measured 10 cm above the plastic surface, than black mulch (6% of
direct sunlight) (Decoteau et al., 1988).

The effect of mulch on light reflection would be much greater in the first two years of
haskap growth and seasonally in the spring before the leaf canopy develops and intercepts incident
PAR and prevents reflection. The amount of reflected PAR from coloured mulch surface was

reduced as the leaf area grows and shades the mulch (Csizinszky et al., 1995; Diaz-Pérez, 2010).
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5.4.3 Canopy Air Temperature

In this study, despite the greatest amount of reflected PAR from the White plastic into the
canopy relative to Black plastic, the canopy air temperature was not significantly affected by
plastic mulch colours. The results (section 4.3.2) suggest that canopy air temperature at a height
of 20 cm may be considered independent of optical properties of plastic mulch. Turbulent mixing
over the plastic mulch surface might have been enough to dissipate high temperature plumes
developing from mulches surfaces. The absence of significant effect might also be attributed to
large canopy volume mid to late in the season, which decreased the penetration of incident
radiation and consequently reduced the effects of plastic mulch. Thus, shades of canopy minimize
the difference in canopy temperature between plastic mulches. Tarara (2000) reviewed that the
total amount of energy directed at plant canopy is similar between black and white plastics.
Although the optical properties are very different, sensible heat flux (convection) is higher from
black than from white plastics, whereas reflectance toward the canopy is higher from white than
from black plastics. Therefore, it might be expected that the total energy directed at the canopy via
radiation and convection would be similar between Black and White plastics. Ham et al. (1993)
reported similar results that the near-surface air temperature was not significantly affected by white
and black plastic mulches and concluded that canopy air temperature above 5 cm of plastic surface
was independent of its colours. The use of reflective film had no significant effect on canopy air
temperature of apple and pear crops compared with bare soil (Vangdal et al., 2007; Privé et al.,

2008; Iglesias and Alegre, 2009).
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CHAPTER 6. CONCLUSION

This study was conducted on three-year-old haskap bushes to identify optimal sustainable
management practices for haskap production by determining the impact of plastic mulch colours
in combination with fertility amendments on haskap flowering, growth, yield and total soluble
solids (TSS) with supplemental watering. There was no significant effect of fertility amendments
and plastic mulch colour, or their interactions on bush growth, berry yield, and TSS of haskap cv.
Indigo Gem. However, harvest timing did influence the yield components (calculated number of
berries and 100-berry-weight) and TSS. Early harvest (90% of berries had turned colour) had a
higher calculated number of berries per bush, lower berry weight and lower TSS than Late harvest
(one week after Early harvest). Most of the leaf tissue nutrient concentrations were in the optimum
range and were not affected by plastic mulch and fertility amendments. The effect of plastic mulch
and fertility amendments was not significant on flower onset, flower duration, fruit set, or berry
retention at the Early harvest of haskap.

It was also concluded that the initial bush size was an important factor affecting haskap
performance. The initial bush size was most likely influenced by planting and management history.
The bushes with smaller initial size had lower final size, calculated number of berries, and yield
but higher growth factor than bushes with larger initial size after one year. The smaller bushes
might be allocated more carbohydrates resources to the vegetative growth than to the yield. The
bushes with poor growth would have a lower ability to respond to the treatments applied in this
study which created variability in the analysis.

There was a wide range of factors contributing to the lack of treatment effects. Despite
efforts to select uniform bushes and to block treatments, the high variability of initial bush size

within and among experimental units within treatment was an important source of error that may
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have limited statistical significance. The lack of fertility amendments effect was attributed to
adequate background soil fertility coupled with relatively modest fertilizer application levels. The
wood mulch beneath the plastic mulch reduced the effectiveness of the fertility amendments, likely
due to nutrient immobilization and also reduced the contact of the fertility amendments with soil,
causing interference in the movement and availability of nutrients released from the fertilizers to
the haskap roots. The timing of fertilizer application was later than preferred which shortened the
time for bushes to respond to the fertility amendments.

The absence of plastic mulch colour effects on haskap performance could be explained by
minimal observed treatment effects on the haskap growing environment in terms of soil
temperature, canopy air temperature and potentially the amount of useable photosynthetically
active radiation (PAR) reflected into the bush canopy. In addition, the wood chips under the plastic
mulch reduced the effect of plastic mulch by hindering heat transfer between the air and soil, thus
reducing the direct effect of plastic mulch on mineral soil temperature.

Total soluble solids of haskap berry significantly increased from Early harvest to Late
harvest. The average bush °Brix increased by 2 when harvesting of berries was delayed for a week
due to maturity, however, substantial drop of ripe berries was observed between Early and Late
harvest. There was no difference in yield between Early and Late harvest as yield with lower berry
number at Late harvest was compensated for by an increase in berry weight. However, there would
be a loss in yield if harvesting is delayed too long. Haskap farmers might consider a late harvest
timing for fresh fruit market to allow berries to develop a sweeter flavour, and early harvest timing
for freezing or processing fruit market, however, berry drop and softness at Late harvest are

important considerations.
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6.1 Future Research

The results obtained in this study are encouraging in terms of haskap production, however,
further research still needs to be carried out to obtain better understanding of the effect of the
fertilizer and plastic mulch in combination with irrigation on the microclimate and performance
haskap. The limitations encountered in this study that can be addressed by the following ways:
1. Wood chips are known to have high C:N ratio and its presence under plastic mulch reduced
the effect of plastic mulch and fertilizer application. The effects of treatments can be maximized
without wood mulch and laying plastic directly on the soil surface.
2. The timing of fertilizer application, especially with irrigation, may plays an important role in
increasing yield, nutrient use efficiency and reduces nutrients loss. Thus, the fertilizer application
timing especially under irrigation on soil with lower fertility needs to be investigated to meet the
need of crop for nutrients at the right time.
3. In this study, treatment effects were measured after one year of application on the three years
old bushes. However, some studies state that perennial fruit crops showed treatment effects over
the long term, so multiple years of study may be needed to see the potential of the crop to respond
to treatments. This can also be achieved by applying treatments at the beginning of the orchard
plantation to get maximum benefits from the reflection of plastic mulch. The heat transfer from
plastic mulch to plant canopy through convection would be expected more in young plants due to
less vegetative parts.
4. Environmental conditions play a crucial role in determining plant growth and development. A
greenhouse or controlled environment study may show the potential physiological response of the

crops to the treatments under controlled conditions with less environmental variability.
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5. The roots are the lifeline of a plant, taking up moisture and dissolved minerals from the soil
and moving them up to the aboveground canopy. Roots of haskap affected by treatments were not
studied in this experiment. For the detailed observations, future research could also examine the
effects of plastic mulch colours and fertility amendments on the root growth.

6. The long flowering period in haskap resulted in uneven ripening of the berries and caused berry
drop, softer berries, and lower TSS. Thus, techniques for narrowing the flowering period of haskap
need to be explored, potentially by using flower thinning agents at the beginning and end of the
flowering period which may reduce berry number but increase berry size and uniformity of
ripening.

The results should be interpreted cautiously and applied to a single cultivar of haskap
(Indigo Gem) growing in a particular environment and soil conditions. To assure transferability to
field conditions, a future study is needed to extrapolate these results involving multiple cultivars
of haskap over a longer period under various field or soil conditions (multiple sites) and it would

be ideal in developing robust recommendations for farmers.
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