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ABSTRACT

Balanced nutrition is crucial for haskap (Lonicera caerulea L.) growth, productivity, and
economically viable commercial production. However, there are no clearly established soil fertility
and leaf tissue nutrient sufficiency levels. A field survey was conducted in 2015 and 2016 on 19
farms in Nova Scotia to identify optimal soil fertility and leaf tissue nutrient levels from 148 paired
samples. Plant growth rate, leaf size and chlorophyll content were determined for the variety
Indigo Gem after berry harvest in 2016. Using a boundary line approach, nutrient sufficiency levels
in soil by Mehlich III extraction were 80-280 kg P»Os ha!, 260-570 kg K>O ha™!, 1300-4000 kg
Ca ha'!, and 250-510 kg Mg ha'!, while leaf nutrient sufficiency ranges were 2.23-2.96.0% for N,
0.22-0.28% for P, 0.84-1.32% for K, 1.63-2.10% for Ca, and 0.14-0.50% for Mg. Further research
is needed to validate fertility and leaf nutrient sufficiency ranges in relation to haskap yield.
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CHAPTER 1.

INTRODUCTION

1.0. Introduction

Haskap (Lonicera caerulea L.) known as blue honeysuckle or honeyberries is relatively
novel crop in Canada and is regarded as a new super fruit due to its health benefits (Bors 2009;
Bors et al. 2012). The functional foods and nutraceutical industry in Canada has potential to grow
to $50 billion US dollars (Basu et al. 2007) and the increasing demand for powerful antioxidants
such as anthocyanin due to its roles in health related issues (Valko et al. 2007; He and Giusti 2010;
de Pascual-Teresa et al. 2010; Wallace 2011). Haskap could be a highly sought-after berry crop as
it contains high levels of anthocyanin, vitamin C, potassium, phenolic compounds and other
antioxidants that is approximately three times the level of antioxidants as in wild blueberry (Arus
and Kask 2007; Bakowska-Barczak et al. 2007; Rupasinghe et al. 2012). Haskap is believed to
have therapeutic properties and it has been used traditionally by Japanese Ainu aborigines to treat
malaria, decrease the effects of glaucoma and risk for heart attack, gastrointestinal diseases,
inhibition of anemia and reducing aging process (Anikina et al. 1989; Thompson 2006; Lefol
2007). 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.

Due to the aforementioned health benefits of haskap berry, the haskap industry in Atlantic
Canada is rapidly growing, especially in Nova Scotia (NS) though relatively young, and has been
estimated to become approximately a $500 million a year business in the next five years (O’Connor

2015). The only hindrance to achieving this may be tied to slow plant establishment which would,



in turn, affect fruit availability and supply, thereby making the targeted evaluation of the industry
unattainable in Atlantic Canada. The major limitation to plant establishment and productivity are
the soil conditions, which depend largely on plant root growth and rhizosphere processes such
chemical (nutrient availability) and biological processes (plant-microbial interactions). 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 environment. Therefore, there is a need to consider the
nutrient management practice for haskap to aid proper plant establishment and fruit production.

Nutrient application is a standard practice of growing crops (Plaster 2009) and the aim of
fertilization is to eliminate limitations to yield and quality (Hart et al. 2006) by supplying nutrition
in sufficient quantities to sustain maximum crop productivity and profitability while minimizing
environmental impacts of nutrient use (Havlin et al. 2014). However, the amount of nutrient
required depends on plant characteristics, environmental conditions, soil characteristics, soil and
crop management (Havlin et al. 2014). Given this knowledge, there is a need to understand the
interactions between the soil, plant, and environment to ensure optimum nutrient availability
through effective nutrient management practices (Havlin et al. 2014).

Plants require several nutrients for growth and development. However, nitrogen (N),
phosphorus (P) and potassium (K) are particularly essential nutrients for fruit crops (Yadong et al.
2009). Deficiency in any of the essential nutrients will disrupt either the vegetative or reproductive
growth cycles in plants (Fuqua et al. 2005). So, improving haskap vegetative growth may improve
future berry yield as reported in black currants (Rhodes 1986; McCarthy and Stoker 1988).
Therefore, effective fertilizer management requires a good understanding of plant nutritional

needs; both in nutrient amount and the time of application of each nutrient (Santos 2011).



The usage of fertilizer should be part of a comprehensive management program. Nutrient
application should not be a substitute for poorly timed irrigation, late harvest, or failure to control
insects, diseases, or weeds (Hart et al. 2006). Soil characteristics such as high and low pH and/or
poor drainage can be important limiting factors to obtaining optimal yields. Also, increasing the
rates of fertilizer application or supplementing nutrients already sufficient available will not
correct these limiting factors. Therefore, the question of how much to apply, time of application,
sources of fertilizer, and method of application need to be addressed prior to fertilizer applications
in relation to efficient nutrient management (Hart et al. 2006).

To optimize haskap establishment and productivity, there are no clear established soil
fertility recommendation or tissue nutrient standards for haskap (Bors 2009). Phosphorus and K
could be significant constraints in bush growth and yield potential for black currants which are
similar in stature and fruit yields (Hobson et al. 2013). Therefore, it is important to understand the
interaction between soil available nutrient and plant nutrient uptake. This project would seek to
find answers to some of these questions but first, would start with the studying and understanding
the problems associated with plant establishment, and further with the study of supplementing

fertility to enhance establishment and productivity in NS.

1.1. Need for Research

Haskap production is a relatively young but then, rapidly growing industry in NS. For the
industry to thrive, sustainable soil management practices need to be assessed in NS orchards. No
recommended ranges for soil or leaf tissue nutrient levels are presently available for haskap
growers. This information is essential for informing proper soil fertility management practices.

Haskap growers spend thousands of dollars (approximately $ 10-15,000/acre) to establish an



orchard and bring it to maturity in four to six years. Therefore, studies are required on soil fertility
management in relation to establishment and productivity. In addition, there is no documentation

of the level of variability in leaf tissue nutrient levels among haskap varieties.

1.2. Project Goal
The overall goal of this project is to identify optimal soil fertility and leaf tissue nutrient

standards for the NS haskap industry.

1.3. Objectives
The specific objectives and hypotheses of this project include:

1. To determine the relationship between soil fertility status and leaf tissue nutrient

concentration of haskap.

Ho: There will be no relationship between soil fertility status and leaf tissue nutrient
concentrations.
Ha: There will be a significant positive relationship between soil fertility status and leaf tissue
concentration.

2. To determine the levels of variability among haskap varieties commonly grown in NS.
Ho: There will be high variability among haskap varieties in terms of leaf tissue nutrient
concentrations.

Ha: There will be low variability among haskap varieties in terms of leaf tissue nutrient
concentrations
3. To establish the relationship between soil fertility status and leaf tissue nutrient concentration

with Indigo Gem physiological characteristics.



Ho: There will be no correlation between soil fertility status and leaf tissue nutrient content with
Indigo Gem physiological characteristics physiological characteristics.
Ha: There will be a significant positive relationship between soil fertility status and leaf tissue

concentration with Indigo Gem physiological characteristics.

1.4. Thesis Organization

This thesis is written and organized in a manuscript format consisting of five chapters
including this present chapter (Introduction). Chapter 2 is the literature review, and this reviews
the literature on the origin and distribution, botany of haskap, the role of nutrient management for
a sister crop of haskap, the role of soil and plant tissue testing in evaluating the nutritional needs
of perennial fruit, and finally, the approaches used in developing nutritional standards. Chapters 3
and 4 will be addressing the objectives; then the thesis will be concluded in chapter 5 (synthesis),

followed by the combined references of all the chapters and appendix in different sections.



CHAPTER 2.

LITERATURE REVIEW

2.1. Origin and Distribution of Haskap

Haskap berry, blue honeysuckle, or honeyberry - Lonicera caerulea L. is native to Siberia
and northeastern Asia, where it is mostly found in low-lying wet or mountainous areas (Bors et al.
2012). Haskap was reported as a horticultural plant in 1894 and domestication attempts started
from 1913 in Russia (Hummer 2006). From the early 1950s, Russian breeding programs focused
on new cultivar development with the characteristics of higher production, improved fertility,
improved nutritional content, larger fruits and even ripening to ease mechanical harvesting
(Thompson 2006). Breeding programs started in North America more recently (Bors et al. 2012)
and presently, some varieties and cultivars are now accessible in USA and Canada. Canadian
growers are using a minimum of five different Canadian cultivars and over 35 Russian, and 70
Japanese varieties (Bors et al. 2012). The Japanese Ainu aborigines uses the plant traditionally
(Thompson 2006) due to its therapeutic and medicinal properties to cure malaria, decrease the
effects of glaucoma and risk for heart attack, gastrointestinal diseases, inhibition of anemia and
reducing aging process and it is regarded by Hokkaido Island as a “gold remedy for the eternal

youth and longevity” (Lefol 2007).

2.2. Botany of Haskap

Haskap is a perennial shrub (Arus and Kask 2007) belongs to the genus Lonicera, and
family of Caprifoliaceae, which consist of about 200 species (Thompson 2008). Haskap grows
about 2 m or more in height; leaves are simple, opposite, oval to elongated of between 3 and 5 cm

(Hummer et al. 2012). Haskap are either diploids (2n = 18) or tetraploid forms (2n = 36) (Miyashita

6



et al. 2009). Flowers are small, pale yellow to cream in color, about 2 cm long, tubular with flared
lobes. The pairs of flowers are usually borne at the lowest one to four nodes of shoots. The flower
consists of two tubular corollas and two ovaries surrounded by fleshy bracts (Hummer et al. 2012).
Blooming occurs early in spring and bumble bees are the principal pollinators. Blue orchard bees
(Osmia sp.) also are used in Japanese plantings. Fruits are dark blue to purple berries, with varying
amounts of white waxy covering. The shape of the fruit varies from oval to long and thin with a
size that ranges from 0.3 g to over 2.0 g (Hummer et al. 2012). According to Thompson (2008),
haskap shrubs can withstand -46°C, flowers can survive temperatures between -8° and -10°C, and
can tolerate a wider range of pH between 5-8 (Retamales and Hancock 2012). Due to self-
incompatibility, haskap requires different cultivars and pollinators such as bumblebees to pollinate
and successfully produce fruits (Hummer et al. 2012). Ninety percent of the fruit produced is due
to access of pollinators to the flowers while the fruit of isolated haskap plants are smaller and
lighter with reduced number of seeds (Bozek 2012). The shrubs of highbush blueberry (Vaccinium
corymbosum) and Saskatoon berry (Amelanchier alnifolia) are similar to haskap in terms of shape
and size. Therefore, similar space distribution and harvesting could be used in haskap cultivation
(Retamales and Hancock 2012) but need to be investigated. Haskap may be resistant to pests,
diseases and requires less attention compared to other small fruit crops making haskap an

alternative crop to organic growers (Hummer et al. 2012; Szot and Wieniarska 2012).

2.3. Nutrient Management in Perennial Small Fruit Crops
To achieve the full potential of high yielding crop, balanced plant nutrition is critically
essential to ensure acceptable growth and fruit production (Pormale et al. 2009). Plants require

several nutrients for growth and development. However, nitrogen (N), phosphorus (P) and



potassium (K) are particularly essential nutrients for fruit crops (Yadong et al. 2009). Deficiency
in any of the essential nutrients will disrupt either the vegetative or reproductive growth cycles in
plants (Marschner 1995; Fuqua et al. 2005). Therefore, effective fertilizer management requires a
good understanding of plant nutritional needs both in nutrient amount and time of application of
each nutrient (Mattson and Van Iersel 2011; Santos 2011). The amount of nutrient to apply depends
on the age of the plant and soil available nutrients. For instance, mature bushes of highbush
blueberry (7 or 8 years plantings on the field) require 160-180 kg N ha™! (145-165 Ib N/acre), while
young bushes (3-4 years) need 60-68 kg N ha! (54-60 Ib N/acre) ( Hanson and Hancock 1996;
Hart et al. 2006). In black currant, mature bushes required 100 kg N ha'!, 20 kg P,Os ha'!, and 40
kg K20 ha! (Harmat et al. 1990; Barney and Hummer 2005). This could be applicable to haskap
as they tend to have similar growth structure i.e. in shape and size, especially to black currant when

considering soil pH.

2.3.1. Macronutrients — Roles in Fruit Crop Production

Nitrogen is a key factor that promotes plant growth and yield, also influencing fruit quality
(Yadong et al. 2009). The highest demand of N is in the early spring and bloom which is required
at the growth and development stages of production (Patrick et al. 2004). In general N application
in the spring promotes vegetative growth, while summer applications promotes vegetative and
reproductive growth the succeeding year (Christensen et al. 1994). Nitrogen fertilization should
be based on tissue N concentration, cane vigor, yield, plant age, soil types and irrigation practices
(Barney et al. 2007). In fruit trees, N taken up is sent to aerial organs (bud and bark) in the spring
and early summer while in late summer and early fall, N taken up is placed by the roots (Tagliavini

and Millard 2005).



The predominant nutrient that is applied for commercial blueberry production is N (Stiles
and Reid 1991) and is mostly required during the growth of shoot and fruit (Throop and Hanson
1997). Suitable N fertilizer rates result in improved yield and quality of fruit (Yadong et al. 2009).
Too little N can reduce vegetative growth, yield and quality of fruit by reducing fruit- set, berry
growth and maturation (Kliewer et al. 1991; Bell and Robson 1999; Schreiner et al. 2013). It was
reported that 50 kg N ha™! year™! will stimulate more growth and yield than no N fertilizer during
the establishment of highbush blueberry (Bryla et al. 2012), while 100 kg N ha™! or greater in
young plants is excessive and will lead to salt stress and plant mortality (Bafiados et al. 2012).
Harmat et al. (1990) recommended 100 kg N ha™! for black currant production. Similarly, Nova
Scotia Department of Agriculture - NSDA (2010) recommended 135 kg N ha™! for small fruit
production. Cane growth is an initial indicator of N sufficiency (Barney et al. 2007). Excessive N
application can be unfavourable for yield but can also promote vigorous vegetative growth (Spayd
et al. 2002; Wheeler and Pickering 2003; Barney et al. 2007). Excessive N supply also results in
excessive vine vigor and incomplete vine hardening (Winkler et al. 1974) and poor berry quality
due to increased shading clusters thus decreasing color development (Spayd et al. 2002). In
addition, several studies have reported a negative influence of increased rate of N fertilization on
disease incidence such as powdery mildew in wheat - Triticum aestivum L. (Chen et al. 2007), hop
— Humulus lupulus (Iskra et al. 2016)) and Botrytis cinerea of tomato - Solanum lycopersicum
(Abro et al. 2012).

Phosphorus contributes to yield by participating in metabolism (Lu 2003). Phosphorus
promotes early maturation of fruit and enhanced root growth (Spectrum Analytical 2011a).
Phosphorus is needed for germination, root development, fruit maturity and quality, also to

improve N absorption (NSDA 2010a). Phosphorus plays a key role in energy transfer of the vine



as its necessary for photosynthesis and transforming of sugar to starch and starch to sugar (Winkler
et al. 1974; Spectrum Analytical 2011a). Phosphorus deficiency results in reduced flower
production and poorly developed root systems, leading to heavily-stressed plants during droughts
(NSDA 2010a). Also, P deficiency results in stunted growth, dull gray-green leaves, and premature
defoliation and fruit ripening in grapevine (Winkler et al. 1974; Spectrum Analytical 2011a).

In strawberry, P deficiency resulted in small, yellowish green leaves becoming uniformly
yellow with reduced fruit size (Domoto 2011; Trejo-T¢llez and Gémez-Merino 2014). Harmat et
al. (1990) recommended 20 kg ha! of P,Os for black currant production. NSDA (2010a) also
recommended 232-360 kg ha™! of P,Os for small fruit production. However, the rate to apply is
dependent on soil test result and the ratings for small fruit presented in Appendix (Table A-1).
Phosphorus can be limiting in fruit crop production. Soil pH plays a significant role in nutrient
uptake as pH close to 6.5 will aid in maintaining the optimal uptake of P but also depends on the
interaction and availability of other nutrients in the soil (May and Pritts 1993; Trejo-Téllez and
Gomez-Merino 2014; Havlin et al. 2014).

Potassium plays a key role in the plant development. It is required in relatively high
amounts for growth, longevity, over-wintering ability, disease resistance, and cell elongation
(NSDA 2010a; Trejo-Téllez and Gémez-Merino 2014). It improves fruit yield and quality
attributes such as fruit number, fruit weight, fruit chemical properties, and external fruit color
(Lester et al. 2010; Ebrahimi et al. 2012; Lazaro Rodas et al. 2013) and the ability to tolerate
stressful environments (Lu 2003). It also influences plant growth and root elongation (Ebrahimi et
al. 2012).

Potassium is needed for transportation, production, and storage of carbohydrate in

grapevines (Winkler et al. 1974; Spectrum Analytical 2011b). An excessive supply of K resulting
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from excessive fertilizer use can lead to high berry K concentrations and often high pH (Conradie
and Saayman 1989a). Deficiency of K will result in increased disease problems and dead plant
tissues (NSDA 2010a). Deficiency of K also leads to poor vine growth, low yield, premature leaf
fall, delayed ripening and low fruit K concentration (Conradie and Saayman 1989b; Kudo et al.
1998; Schreiner et al. 2013). Winkler et al. (1974) reported that K deficiency resulted in a small
tight cluster of unevenly ripened various sized grapes and chlorosis in older plants. Harmat et al.
(1990) recommended 40 kg ha! of K,O for black currant production. NSDA (2010a) also
recommended 122-236 kg ha! of K,O for small fruit production. However, these rates are
dependent on soil test ratings for small fruit presented in Appendix (Table A-1).

Calcium (Ca) is essential for cell division and elongation (Havlin et al. 2014) and vital in
protein formation and carbohydrate movement in plants (Plaster 2009). Calcium increases cell wall
strength and thickness, thus being a key nutrient for fruit firmness (Easterwood 2002; Trejo-T¢éllez
and Gomez-Merino 2014). Calcium has also been shown to trigger signaling pathways associated
with plant growth and development. It also enhances N uptake (Easterwood 2002). Calcium
deficiency inhibits the development of shoot terminal buds and apical root tips, resulting in
deformed tissues and/or death of young points such as buds, blossoms and root tips (Havlin et al.
2014). Motamedi et al. (2013) established that Ca application had significantly influence plant
growth and improve the post-harvest life of berry fruits. NSDA (2010a) recommended 1188-3083
kg Ca ha™! for small fruit production (Appendix, Table A-1).

Magnesium (Mg) ions are found in the center of chlorophyll molecules (Trejo-Téllez and
Goémez-Merino 2014). Chlorophyll is an important constituent in photosynthesis, producing
energy for plant growth, thus making Mg crucial for plant survival. Magnesium functions

considerably in P transportation and support in protein synthesis, and initiation enzymatic activities
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(Marschner 1995; Plaster 2009; Trejo-T¢éllez and Gémez-Merino 2014). However, Mg-deficient
plants show marginal and interveinal chlorosis, browning, and burning of leaf blades (Trejo-T¢llez
and Gomez-Merino 2014). Calcium and Mg deficiencies are rare since these nutrients are
contained in dolomitic or calcitic limestone applications used to adjust soil pH (Naugler and
Wright 2006). Cations such as K contend with Mg for root uptake, and thus, must be checked to
avert one from dominating the other (Trejo-T¢llez and Gémez-Merino 2014). NSDA (2010a)

recommended 81-432 kg Mg ha™! for small fruit production (Appendix, Table A-1).

2.3.2. Micronutrients - Role in Fruit Crop Production

Iron (Fe) is a micronutrient needed by plants in minor quantities. Nonetheless, it forms part
of many important compounds and plays a vital role in plant physiological processes. For example,
Fe is involved in the process of chlorophyll production, and it is needed for certain enzymatic
purposes. Due to iron’s involvement in chlorophyll synthesis, shortage of Fe might lead to
chlorosis in young leaves (Trejo-Téllez and Gomez-Merino 2014). Chlorosis caused by Fe
shortages is mostly noticed in young leaf blades (Havlin et al. 2014). Domoto (2011) reported that
Fe deficiency could result in a slight decrease in fruit size and fruit number produced per plant.
However, Fe shortage might not indicate inadequate Fe supply from the soil solely. It may be
associated with several conditions such as soil carbonate levels, salinity, moisture, low
temperature, and concentration of other elements (e.g. P, Ca), could influence Fe availability
(Trejo-Téllez and Goémez-Merino 2014).

Boron (B) is important for plant root growth (Havlin et al. 2014) and flower pollination
(Plaster 2009). It can be leached easily from the soil and is very often deficient (Trejo-T¢éllez and

Goémez-Merino 2014). Although B is often recommended as a supplemental nutrient for fruit
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crops, extreme levels can be toxic to the plants, so a sufficient amount is required (Handley 2007).
Boron deficiency results in marginal yellowing and crinkling of young leaf blades, tip-burn, and
interveinal chlorotic areas of leaf blades (Plaster 2009; Havlin et al. 2014). According to Domoto
(2011), B shortage leads to reduced flower size and declined pollen production, which results in
small fruits of inferior quality. May and Pritts (1993) also reported a positive interaction between
B and Ca application on growth and yield of strawberry. They also reported that increasing B at a
high P level increases the branch crowns per plant and yield while aboveground biomass weight
and fruit weight were also significantly influenced.

Similarly, it has been reported that the application of Ca + B prior to harvest resulted in
improved berry firmness, concentration of soluble solids, and fruits that are resilient to Botrytis
rot (Wojcik and Lewandowski 2003; Singh et al. 2007). Therefore, nutrient application at the right
timing will improve root growth as well as increase fruit quality and could also be beneficial to
haskap.

Manganese (Mn) is a crucial micronutrient for numerous plant functions (Trejo-Téllez and
Gomez-Merino 2014). During photosynthesis, Mn partakes in carbon dioxide assimilation (Havlin
et al. 2014). It helps in chlorophyll synthesis and nitrate assimilation (Plaster 2009). Its shortage
may result in yellowing of young developing leaves (Plaster 2009; Domoto 2011; Havlin et al.
2014). Also, Domoto (2011) and Trejo-T¢llez and Gomez-Merino (2014) reported that plants with
Mn shortage may also show dark green main veining, with interveinal chlorosis, resulting in
decreased fruit size. An adequate amount of Mn will significantly improve fruit number, fruit
weight, and fruit quality while excess will reduce the number of flowers, which could lead to a

reduction in fruit yield (Mehdi et al. 2008; Shahrokhi et al. 2008).
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Zinc (Zn) is involved in numerous physiological roles in plants (Trejo-T¢llez and Gémez-
Merino 2014) and the shortage will reduce crop yields (Hafeez et al. 2013). Likewise, Zn regulates
and maintains some genes that are needed for the tolerance of environmental stresses (Cakmak
2000). Zinc shortages result in stunted growth, increased maturity, and poor fruit quality (Hafeez
et al. 2013; Havlin et al. 2014). Also, Ullio (2010) found that yellowing and green-veining are
common in Zn deficient strawberry plants. Hart et al. (2006) reported that Zn deficiency can be
seen in blueberry plants as short internodes and small leaves with the young leaves folding upwards
along the midribs.

May and Pritts (1993) reported that yield performance improved while increasing Zn at a
high P-rate, but at a low P-rate, yield reduces, showing an interaction of P and Zn. They also
reported that tissue Zn content was influenced positively by the P level applied, but not by the Zn
level applied. It can be deduced that application of ZnSOys significantly increases plant height, leaf
number, flowers, fruit set, fruits and fruit yield per plant. In strawberry, it has also been reported
that adequate amount of Zn significantly influences growth characteristics (like petiole length, leaf
area) and yield qualities such as fruit set, fruit weight, and total soluble solids (Abdollahi et al.
2010; Lolaei et al. 2012).

Copper (Cu) plays a part in N-fixation, uptake of Ca and it is a significant component of
chloroplasts (Trejo-Téllez and Goémez-Merino 2014). It is also involved in photosynthesis,
respiration, lignin formation of cell walls, carbohydrate and lipid metabolism (Plaster 2009; Havlin
et al. 2014). Havlin et al. (2014) stated that fruit crops such as apples, blueberries, and strawberries
have a mild sensitivity to Cu shortage. Hart et al. (2006) also stated that Cu shortage symptoms
include yellowing between veins of young leaves, and in severe cases, young shoots die-back.

They also reported that Cu deficiency is more severe on soils with more than 25% organic matter.
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In addition, Plaster (2009) stated that Cu deficiency could result in distorted new growth and leaf
bleaching, inhibited pollen formation, poor fruiting, and reduced fruit yield. However, excessive
Cu fertilization leads to reduced shoot vigor, poorly developed root system and leaf chlorosis

(Havlin et al. 2014).

2.4. Soil and Tissue Testing — Role in Nutrient Management

Plant and soil analysis are proven and effective means of predicting fertilizer needs for
many crops; particularly perennial crops (Mylavarapu 2010). Soil and plant diagnostics are
complementary and serve different purposes. Plant tissue tests aid in monitoring plant nutrient
status during the growing season to determine whether each nutrient is present in sufficient
concentrations for optimum growth characteristics (Hanson and Hancock 1996; Hart et al. 2006;
Mylavarapu 2010). Tissue tests help to ratify hidden and/or nutrient deficiency symptoms and
verify toxic phytochemical levels. Tissue tests also indirectly aid in assessing the efficiency of
applied fertilizers (Mylavarapu 2010). Plants may not show any visible symptoms, but the nutrient
content could be insufficient to reduce yields. In contrast, tissue test results may not be very useful
for predicting current-season fertilizer needs of perennial crops such as blueberries (Hanson and
Hancock 1996; Hart et al. 2006). This is due to the minimal short-term effect of fertilizer on yield
in perennial crops. In blueberry production tissue testing is best used for end-of-season assessment
of a fertilizer program. For problems such as poor growth or discoloration of shoots during the
growing period, tissue testing can be used to check for nutrient deficiencies. Tissue testing is based
on sampling at the proper time; sampling the appropriate plant part, and using standards for

comparison (Hart et al. 2000).
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Soil testing indirectly evaluates the amount of nutrients available and the percentage of the
soil nutrients that will be available during the crop growing period (Hanson and Hancock 1996;
Mylavarapu 2010). Leaf analysis shows the plant nutrient status at the specific time of sampling.
Conversely, leaf analysis alone may not give a precise representation of nutrient requirements. Soil
nutrient levels are one of several factors that control the nutritional status of a plant (Mylavarapu
2010). Factors like temperature, water availability, and management factors also influence soil
fertility status and nutrient balance. Due to such complexity, leaf analysis must be integrated with
soil analysis (Mylavarapu 2010). However, due to lack of consistent field calibrations of
recommendations for new varieties, new crop species and altered management practices, the

viability of soil testing will be limited (Mylavarapu 2010).

2.5. Approaches in Nutrient Sufficiency Range Determination

In developing optimum nutritional standards, several methods or approaches has evolved
over the years. The critical value approach (CVA) involves looking at individual nutrient
concentrations by comparing the nutrient concentrations with reference values. When the nutrient
concentrations fall below the reference value, a deficiency is assumed (Bates 1971). This approach
does not account for nutrient interactions resulting in criticism from several authors (Wilkinson et
al. 2000; Barker and Pilbeam 2007; Marschner 2011). The diagnosis and recommendation
integrated system (DRIS) is based on dual ratios (Beaufils and Sumner 1976; Walworth and
Sumner 1987), and have also been criticized for not providing a generic approach to support
diagnosis of nutrient imbalance or a well-defined covariance matrix for conducting multivariate

statistical analysis (Parent et al. 1994). Standard regression methods involving crop yield and tissue
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nutrient levels have been used also but are frequently limited to controlled conditions, which can
have limited usefulness to growers (McCray et al. 2010).

The plant ionomes diagnosis using sound balances were proposed by Parent et al. (2013)
and is based on novel binary classification techniques which is based on a receiver operating
characteristics technique. Parent et al. (2013) criticized the statistics on concentration or dual ratios
as biased. They proposed the use of isometric log ratios which avoids biases resulting from
redundancy of information, incoherence and non-normal distribution. The compositional nutrient
diagnosis (CND) is based on multi-nutrient ratios (Parent and Dafir 1992). This method proffer
solutions to the limitations of both CVA and DRIS by having a well-defined covariance matrix
and also, computes nutrient ratios from concentration values (Aitchinson 1986). The CND-
generated nutrient standards are comparable to those of the boundary-line approach (BLA)
(Walworth et al. 1986; Vizcayno-Soto and Cote 2004; Quesnel et al. 2006; Blanco-Macias et al.
2009).

The BLA is an alternative to the aforementioned methods and have shown to be an
important and effective tool in nutrient norm determinations. The BLA approach was suggested
by Walworth et al. (1986) and have been used by several authors to establish optimum nutrient
standards for different crops (Vizcayno-Soto and Cote 2004; Quesnel 2004; Blanco-Macias et al.
2009; Bhat and Sujatha 2013). Walworth et al. (1986) and Bhat and Sujatha (2013) used the BLA
to establish leaf diagnostic norms by linking tissue nutrient values to crop yield. Furthermore,
Vizcayno-Soto and Cote (2004) generated foliar nutrient standards for sugar maple from foliar
nutrient values and spatial variation of growth. Casanova et al. (2002) successfully used the BLA

in analyzing data that have multiple yield-limiting growth factors. This approach can be used to
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quantify the level of a given factor at which optimal performance is found (Webb 1972). The steps

involved in using BLA are clearly illustrated in Appendix (Fig. A-1).

2.5. Conclusion

The nutrient application rates of fruit crop similar to haskap, such black currant and
highbush blueberry, depend largely on plant age, soil types, management practices, and
environmental factors. Also, the rates of applications should be based on soil and tissue testing
results. Application of fertilizers without soil and tissue testing could lead to insufficient or
excessive supply of nutrient. However, the insufficient or excessive supply of nutrient elements
might have adverse effects on growth, fruit yield, and quality, and/or negative impact on the
environment. Quantification of the soil and tissue nutrient sufficiency ranges for haskap is needed
in addition to a good understanding of how shortage or excess supply affects haskap growth and
development.

To achieve the optimum performance of haskap, efficient nutrient management is critical
to guarantee not only plant growth and establishment, but also fruit production and responses to
environmental indicators. This review has demonstrated that both macro- and micronutrients could
have a positive influence as well as negative influence on fruit crop production.

Soil and leaf tissue analysis can aid in assessing the nutrient status of small fruit crops and
more precisely determine fertilizer needs, develop or modify fertilizer programs. Finally, an
accurate balance in the ratios of nutrients is vital for a balanced uptake of these nutrient elements
in plants. As soil and plant tissue recommendations for haskap due not exist, this project seeks to

establish these recommendations through soil and plant tissue testing.
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To develop nutritional standards for haskap, the adoption of similar approach like the BLA

will be an ideal start as it has shown to be an effective tool in this study.
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CHAPTER 3.
RELATIONSHIP BETWEEN SOIL AND LEAF TISSUE NUTRIENT

CONCENTRATIONS OF HASKAP VARIETIES

3.0 Abstract

Haskap (Lonicera caerulea L.) is a rapidly emerging and promising berry crop. However, there is
no clear recommendation of soil fertility or tissue nutrient level ranges for haskap. A multi-
locational field survey in Nova Scotia was carried out in 2015 and 2016 to evaluate soil and leaf
tissue nutrient contents of different varieties of haskap. Soil samples were collected in mid-May,
and leaf tissue samples were collected starting from late June to early July in both years during
which 50% of the berries had turned color. The results revealed significant difference (p<0.05)
among the three most common varieties (Indigo Gem, Tundra, and Berry Blue) in tissue P, Ca and
Cu. Indigo Gem and Tundra had similar response in nutrient uptake. Correlation analysis revealed
significant (p<0.05) negative relationships between leaf Mg content with soil and leaf tissue P, K
and Ca. The boundary-line approach (BLA) was adopted to show the response trend of haskap to
soil available nutrient levels since it could not be related to haskap yield at this point. At 90%
maximum leaf tissue levels, the determined BLA for soil fertility levels were 80-280 kg P>Os ha
1 260-570 kg K»0 ha!, 1300-4000 kg Ca ha'!, and 250-510 kg Mg ha''. More than 50% of the
locations were deficient in soil K, 71% had adequate Ca, 51% had adequate P, and 46% were
deficient and 46% adequate in Mg. Future research should consider plant growth performance in

validating the determined BLA soil fertility levels.

Keywords: Berry crop, haskap, leaf tissue, Lonicera caerulea L., nutrient status, soil fertility,

boundary-line approach.
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3.1 Introduction

Haskap (Lonicera caerulea L.) is a perennial shrub native to Siberia and northeastern Asia
where it is mostly found in low-lying wet or mountainous areas (Bors et al. 2012). Haskap was
first reported as a horticultural plant in 1894 in Russia (Hummer 2006). Haskap commonly known
as haskap berries, blue honeysuckle or honeyberries is a relatively new fruit crop for Canada and
is presently not well known in North America (Bors 2009; Bors et al. 2012). It is believed that
haskap berries may possibly substitute blueberries as a new super fruit (Bors et al. 2012) due to its
high levels of anthocyanin, phenolic compounds and other antioxidants (Arus and Kask 2007;
Bakowska-Barczak et al. 2007; Rupasinghe et al. 2012). For instance, it was reported that
antioxidant content of haskap is nearly three times that of wild blueberry (Rupasinghe et al. 2012).

Plant growth and establishment vary widely among orchards in Nova Scotia (NS), which
could be attributed to variability in environmental conditions and management practices as
reported for other plants (Mylavarapu 2010; Khan et al. 2011). Plant nutrient uptake is dependent
on crop species, cultivar or genotypic variations within species (Kowalenko 2005; Fageria 2016).
In addition to genetic characteristics, soil factors such as type, nutrient composition, moisture and
temperature influence soil fertility status (Mylavarapu 2010) and tissue nutrient status (Dresler et
al. 2015). These factors also influence plant growth, productivity and quality (Khan et al. 2011).
Other soil factors that influence phytoavailability of mineral nutrients include pH, organic carbon
(OC), cation exchange capacity (CEC), (Kabata-Pendias 2004; Bhat and Sujatha 2014). Buskiene
and Uselis (2008) stated that only fertile soil with a regulated pH and optimal mineral nutrient
supply can ensure adequate yield and quality. Therefore, adequate fertility is of utmost importance

for haskap growth and yield.
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It is important to determine the nutritional status of perennial crops (Stellacci et al. 2010)
in order to minimize environmental impact and optimize fertilizers use efficiency. In diagnosing
plant nutritional status, tissue testing is considered to be a useful and practical approach (Kelling
et al. 2000; Memon et al. 2005; Self 2005). However, the combination of both plant tissue and soil
analysis would be a more effective and useful tool not only in predicting and determining
nutritional status but also help in management decisions for improving nutritional requirements
for perennial crops (Porro et al. 2001; Niskanen 2002; Niskanen and Dris 2002; Rashid 2005;
Mylavarapu 2010; Stellacci et al. 2010). Therefore, the study of the relationships between
parameters such as soil characteristics and leaf tissue nutrient concentrations provides a better
understanding of synergistic and antagonistic phenomena which aid in defining standards for plant
analysis interpretation (Stellacci et al. 2010). Hence, it appears quite suitable for haskap as a
perennial crop also.

Soil and plant diagnostics are complementary and serve different purposes. Soil testing
estimates the fertility status and potential supply and balance of nutrients that will be available
during the crop growing period (Mylavarapu, 2010). Plant tissue analysis shows nutrient status at
the time of sampling and can also be used to identify hidden hunger of plants (Kelling et al. 2000;
Tisdale et al. 2002; Rashid 2005; Mylavarapu 2010; Self 2014). Conversely, plant analysis alone
may not give a precise representation of nutrient requirements (Mylavarapu, 2010).

The assessment of leaf nutrient status (both macro- and micronutrient) is crucial for
attaining expected yield (Kowalenko 2005). However, there is no published literature describing
the relationship between soil and leaf tissue nutrient content relationship in respect to haskap nor
clear recommendations for soil fertility or tissue nutrient level ranges. It is therefore hypothesized

that haskap varieties would respond differently to soil fertility status in terms of nutrient uptake,
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and soil fertility status will correlate positively with leaf tissue nutrient content. Thus, this study
seeks to: 1) examine variability in leaf tissue nutrient concentrations of haskap varieties, and 2)
investigate the influence of selected soil properties on leaf tissue nutrient content of haskap

growing under different environmental conditions and nutrient management practices.

3.2 Material and Methods
3.2.1 Experimental Design and Location

The relationship between soil fertility and leaf tissue nutrient status of multiple varieties of
haskap was carried out as a survey of haskap on multiple farms with a range of soil conditions
primarily in Nova Scotia. The farms are located in Kings County (5 farms), Colchester County (5
farms), Lunenburg County (8 farms), and Pictou County (1 farm) in NS, and one farm in New
Brunswick (NB). The orchards in Pictou County and NB were only sampled in 2016. The ages of
the plants ranged from 2 to 5 years old; sampling occurred only on plants that were in the field for
at least one full growing season after transplanting to ensure that tissue nutrient levels reflected
soil conditions. Multiple varieties at each site were sampled, and sometimes from several
locations/fields with different fertility management histories on the same farm. Each unique soil-
tissue-variety combination comprised of soil and leaf tissue samples collected from the same
section of a row of one variety. A total of 148 soil-leaf tissue combinations were collected from
17 commercial farms from 2015 to 2016. From 2 to 30 samples were collected from a total of 10
varieties depending upon availability on the farms. The varieties Indigo Gem (IG), Tundra (T),
and Berry Blue (BB) were all present on almost all the farms and thus were selected for more
detailed comparison and IG was selected as a key reference variety. The nutrient management

history for each farm was documented.
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3.2.2 Soil Sampling and Analysis

A total of 148 soil samples were collected from mid May 2015 and 2016 from a 15 to 20
m section of row for each variety beginning from the 10" plant. Each soil sample consisted of a
composite of at least 10 subsamples for each variety to a depth of 15 cm using a sampling probe.
Soil samples were stored in a cooler during transportation and refrigerated until analysis at the NS
Agricultural Laboratory Services for standard soil test analysis including Mehlich III mineral
nutrient concentrations (Mehlich 1984). Mineral nutrient concentrations were determined using
Mehlich II solution (0.2 M acetic acid (CH3COOH) + 0.25 M ammonium nitrate (NH4NO3) +
0.015 M ammonium fluoride (NH4F) + 0.013 M nitric acid (HNO3) + 0.001 M ethylene diamine
tetra-acetic acid (EDTA)), according to Mehlich (1984). Air dried soil samples (10 g) were
weighed in 50 mL test tubes, 25 mL of Mehlich III extracting solution were added and shaken for
5 min. using a reciprocating shaker. The solutions were filtered through Whatman #42 filter paper

and the resulting filtrate were used to determine mineral nutrient concentrations.

3.2.3 Leaf Tissue Sampling and Analysis

A composite of whole leaf samples was collected for each variety from approximately 20
plants in the row length where the soil samples were collected. Leaf tissue samples were collected
when 50% of the berries had turned color in late June - early July 2015 and 2016. Leaves were
collected from new stem growth three to five nodes down from the tip of the branch. The leaf
samples were stored in a cooler during transportation and refrigerated until submission to the NS
Analytical Laboratory for elemental determination by inductively-coupled plasma spectrometer
(ICP, Thermo Fisher Scientific Inc., Waltham, MA). Leaf samples were cleaned with distilled

water, air dried and then packed in paper bags. The packed leaf samples were oven dried at 60 °C

24



for 48 hours to a constant weight and ground. The grounded sample were digested using sulfuric
acid-hydrogen peroxide (Wolf 1982) and analyzed for N, P, K, Ca, Mg, Cu, Mn, B, Zn, Al, and
Fe using inductively-coupled plasma spectrometer (ICP, Thermo Fisher Scientific Inc., Waltham,

MA).

3.2.4 Statistical Analysis

Analysis of variance (ANOVA) was used to test for variety effects among Indigo Gem
(IG), Tundra (T), and Berry Blue (BB) growing under the same environment, soil conditions, and
management practices. The analysis was done using PROC GLM procedure in SAS (9.2, SAS
Institute, Cary, NC) at a = 0.05. Considering that the sample size was large enough (n > 30), central
limit theorem (CLT) was applied since various transformation methods could not satisfy ANOVA
assumptions (Hogg et al. 2015). Where there was a significant difference, means were separated
using Fisher’s protected least significant difference (LSD) test at 5% probability level (a = 0.05).
Futhermore, correlation analysis was also performed to study the relationships among nutrients

levels in the soil and leaf tissue.

3.2.5 Boundary-line Approach

The BLA approach was suggested by Walworth et al. (1986), used by Blanco-Macias et al.
(2009), Vizcayno-Soto and Cote (2004) and Bhat and Sujatha (2013) to establish optimum nutrient
norms for prickly pear (Opuntia ficus-indica L.), sugar maple (Acer saccharum Marsh.), and
arecanut (Areca catechu L.), respectively. Traditionally, the points relating nutritional status to
crop yield or relative crop yield are plotted and the line relating the maximum yield observed over

a range of nutrient values measured is regarded as the optimum nutrient level for optimum crop

25



productivity while points below this line relate to plants where other factor hinders response to
nutrient (Schnug et al. 1996; Vizcayno-Soto and Cote 2004; Blanco-Macias et al. 2009; Bhat and
Sujatha 2013). However, in this study, it is only adopted to show the response trend of haskap to
soil available nutrient levels since it could not be related to haskap yield at this point.

The first steps involved using scatterplots in plotting data of leaf tissue nutrient (on Y-axis)
vs. soil available nutrient levels (on X-axis) for one nutrient at a time (bivariate relations) to
analyze the patterns of distribution. This would help in analyzing the potential and suitability for
use (Fig. A-la) and identify obvious outliers. The second step involved using an iterative
procedure to select the highest points of the scatter of points. This was done by splitting the soil
available nutrient levels (independent variable) into 10-20 intervals (Fig. A-1b) and the highest
points for each interval were selected (Fig. A-1c). The basis for using 10-20 intervals as stated by
Vizcayno-Soto and Cote (2004), is to use < 25% of the observations to develop a model. This
would help to limit the selection of points to the superior boundary of the scatterplot and to
maximize the possibility of developing statistically significant models by increasing the number
of observation.

The third step consisted of applying the new data subset of leaf tissue and soil available
nutrient levels to a fitted second-degree polynomials regression (Fig. A-1d). Together with the
BLA and line of best fit regression, a graph was produced showing nutrient levels in Fig. 3.3. Prior
to boundary-line approach (BLA), box and whisker plot were used to screen the data set from
outliers. All outlier points found were removed from the data set (Fig. A-2 and A-3). Scatter plots

and boundary-line regression was done using Minitab software (version 17.3.1).
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3.2.6 Determination of Nutrient Ratios and Range

Nutrient ratios are important for small fruit nutrition. A similar procedure used by Bhat and
Sujatha (2013) in estimating nutrient ratios for arecanut (4reca catechu L.) was followed. The
nutrient ratios were estimated by dividing the concentrations of nutrients in haskap leaves. In
addition, the mean, range (min. and max.), and coefficient variations were also determined. Black
currant nutrient ratios used in this study were calculated from Barney and Hummer (2005) nutrient
sufficiency ranges and was also used for comparison purposes, considering its similarity with

haskap.

3.3 Results and Discussion
3.3.1 Soil Chemical Composition

A wide range of soil chemical properties was observed in the test haskap orchards (Table
3.1). This is desirable as this permitted evaluation of the plant tissue nutrient response across a
wide range of conditions. Soil pH varied from 5.11 to 7.04. While haskap can tolerate a wider
range of pH between 5-8 (Retamales and Hancock 2012), a recommended pH range has not been
established. For instance, approximately 8% of the soils from the sampled locations had pH below
the optimum range of 5.5-7.0 recommended for black currant — Ribes nigrum (Barney and
Hummer 2005). Therefore, it is not very different from the above findings for the various locations.

Extreme levels of macronutrients were observed among soils of the sampled locations. For
instance, based on soil fertility recommendation for small fruit crops (Nova Scotia Department of
Agriculture - NSDA 2010a), approximately 40% of the locations were extremely high in soil P
levels and 45% were lower than the recommended range of 232-360 kg ha™! (Table 3.1). Similar

trends were also observed for soil K and Ca. These findings could be attributed to variability in
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soil properties, climatic factor and/or soil management practices such as fertilization and/or
manure application (Prive and Sullivan 1994; Hargreaves et al. 2008) in the sampled orchards.

In addition, P-availability in acidic soil is controlled by soil pH and Al + Fe contents
therefore, making it challenging to estimate how much P that would be available during the
growing season (Government of Prince Edward Island - PEI 2017). This is due to the fact that Al
and Fe oxides are the major components of P fixation in acidic soils. According to Beauchemin
and Simard (1999), P saturation indices could be a reliably estimated using P, Al, and Fe Mehlich
III test values. The P/Al has been used as a basis for P fertilization recommendations for potato
crop in New Brunswick (Government of New Brunswick 2010) and Quebec (CRAAQ 2010). In
PE], the critical P saturation (P/Al) is 14% at soil pH >5.5 while at pH <5.5 is 19% (Government
of PEI 2017). In this study, the minimum and maximum value of P/Al with soil pH range of 5.11-
7.04 seems to below and above the P/Al recommended for PEI soil (Table 3.1). However, this
could not be said of Nova Scotia soils but could be applicable. Therefore, there is need to further

understand how this affects Nova Scotia soils and its impact on haskap productivity.

3.3.2 Leaf Tissue Nutrient Composition

Leaf tissue nutrient content was compared with other small bush crops since recommended
ranges of nutrients in haskap are not available. Black currant, another small bush plant with similar
size and growth habit as haskap, already has leaf tissue nutrient recommendations established
(Barney and Hummer 2005). Based on black currant sufficiency levels (Barney and Hummer
2005), the average N, P and K values are below the sufficiency range for optimum productivity.

Also, the highest values measured exceeded levels recommended for black currant. The average
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values for Ca and Mg content were within or exceeded recommended levels for black currants
(Table 3.2; Barney and Hummer 2005).

The average leaf tissue micronutrients are within the recommended sufficiency range for
black currant (Barney and Hummer 2005) and highbush blueberry - Vaccinium corymbosum
(NSDA 2010b). Highbush blueberry is another small bush crop cultivated under acidic soil
conditions with tissue nutrient sufficiency levels. Using highbush blueberry sufficiency ranges
(NSDA 2010b), 62% of the locations were low in leaf P content while 68% had low leaf K content.
It has been reported that nutrient uptake by plants is influenced by management practices, plant
genetic variation, climatic conditions and soil characteristics (Prive and Sullivan 1994;
Reickenberg and Pritts 1996; Daugaard 2001; Rakshit et al. 2015). The differences between
location in terms of leaf tissue nutrient levels could be related to environmental and soil conditions.

In addition, the weed management practices across the orchards in this study could have a
negative or positive influence on nutrient availability and nutrient uptake as reported for
Blackberry - Rubus L. subgenus Rubus Watson (Harkins et al. 2014; Dixon et al. 2016). For
instance, leaf N and Mg have been found to be significantly low in no-weeded management
compared to the use of weed mat (Harkins et al. 2014). According to Dixon et al. (2016), no-
weeded management reduced nutrient content of nutrients in primocanes, floricanes, and fruit,
whereas the use of weed mat resulted in higher nutrient content accumulation. They all concluded
that weed management had the largest impact on plant nutrient content and biomass. The use of
wood-chip could also have a negative influence on N availability. Wood-chips are known to have
high carbon to nitrogen ratio which may result to N deficiency. This is due to use of N by soil
microbes thereby immobilizing N (University of Massachusette Extenion Fact-sheet:

https://ag.umass.edu/sites/ag.umass.edu/files/fact-sheets/pdf/mulching_fruit.pdf). This could be

29


https://ag.umass.edu/sites/ag.umass.edu/files/fact-sheets/pdf/mulching_fruit.pdf

the case of haskap in the study locations where weed management varied from cultivation at the
base of plant, use of coconut fiber mats at plant base, wood-chip mulch to no-weeding at all.
Overall, most average of macronutrient levels seem to be below or above the nutrient
sufficiency ranges of black currant and/or blueberry, but the micronutrients all seem to be within
the sufficiency range. Leaf Ca and Mg content could be said to be very high. The high leaf tissue
Ca and Mg could be attributed to high soil N. High soil N has been reported to decrease leaf tissue
P and K and increase leaf Ca and Mg (Boynton and Compton 1944). However, this could not be

ascertained in this study considering that the soil N status on the sites could not be confirmed.

3.3.4 Berry Blue, Indigo Gem, and Tundra Comparison

Haskap varieties Berry Blue (BB), Indigo Gem (IG), and Tundra (T) were among the
earliest planted in NS and were present on almost all sites visited. Thus, the differences among
these varieties could be compared in more detail. The results of leaf tissue nutrient contents of the
three haskap varieties are presented in Fig. 3.1.

The percentage N, K and Mg contents in the leaf tissue among BB, IG, and T was not
significantly different (p>0.05). The observed N and K levels among varieties were below the N
sufficiency range of 2.7-2.9% for black currant (Barney and Hummer 2005) and are within
highbush blueberry sufficiency range (NSDA 2010b) while Mg content of the test varieties was
higher than both highbush blueberry and black currant. However, the time of leaf tissue sampling
could affect the N content levels. According to Daugaard (2001), tissue N content is lower during
fruit formation and development stage than other vegetative growth stages in strawberry plant
(Fragaria * ananassa). Using blackcurrant recommendation (Barney and Hummer 2005), the
observed levels of N and K tend to be deficient and could impede growth and yield of haskap. The

K deficiency observed points towards nutrient imbalance between N:K, K:Ca and K:Mg ratios.
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The average leaf tissue P content was significantly higher in BB than in T and IG,
indicating that BB might respond differently to P nutrition or has a better ability to extract P. It has
been reported by several authors that the colonization of plant roots by arbuscular mycorrhizal
promotes improves P acquisition (Roy-Bulduc and Hijri 2011; Smith et al. 2011; Nouri et al.
2014). This may be the case in BB but it could be ascertained. Also, the average Ca content (%)
was significantly higher in IG than in T and BB (Fig. 3.1a). This suggest that IG might have higher
Ca nutrition than T and BB.

In terms of micronutrient content, no statistically significant differences (p>0.05) were
found in B, Zn, Mn and Fe contents of leaf tissues among IG, BB, and T but Cu content was
significantly (p<0.05) higher in BB than in T and IG (Fig. 3.1b). In a similar study, variations in
nutrient uptake mechanism among different variety of raspberry (Rubus idaeus L.) growing in the
same soils under same growing conditions have also been reported (Daugaard 2001; Horuz et al.
2013). However, the levels of the aforementioned leaf tissue nutrients are within the sufficiency
range for other small fruit crops such as black currant (Barney and Hummer 2005) and highbush
blueberry (NSDA 2010b) except for BB and IG, which tend to have higher leaf B and Mn levels
respectively than both crops (Table 3.2).

In general, it can be inferred that IG and T are similar in terms of leaf tissue nutrient
response, but slightly different from BB. According to Bors (2011), IG and T are closely related
genetically having been progeny from the same parental cross. Therefore, it is expected for both

variety to response in a similar manner due to the similarity in their genetic characteristics.
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3.3.5 Varietal Comparison to Indigo Gem

Indigo Gem is the most commonly grown variety and since IG was present on all sites, it
is being used as a reference value to which all other varieties are compared. The relative
comparisons of the nutrient contents of haskap varieties in relation to IG growing in the same field
are presented in Fig. 3.2. In general, there were wide variations in leaf tissue nutrient contents
among varieties. For instance, the Erin variety had 36% less tissue N content, Aurora 48% more
leaf P content, and Borealis 39% more Mn content than IG (Fig. 3.2a). Similarly, in terms of
micronutrients, Borealis had 72% more Mg content, Ruth had 62% more Fe content, and Blue
Perfection had 38% more tissue Zn content than IG (Fig. 3.2b). For the aforementioned varieties,
there could be a need for individual leaf tissue nutrient calibration.

Indigo Gem had lower P, K and Fe than most other varieties but was higher than most
varieties in Ca, B, Cu and Mn with a few exceptions. The least overall variability among varieties
not including IG was in K, Ca and B and the greatest variation was in Mg. However, in most cases
all varieties were within 40% of the IG value and in many cases within 20%. These findings are
similar to those of Horuz et al. (2013) in raspberry varieties. They reported that plant of the same
species but different cultivars growing in same soils under same conditions varies in terms of
nutrient uptake mechanism. Kabata-Pendias (2004) and Bhat and Sujatha (2014) also reported that
apart from soil characteristics, plant variety also influence nutrient elements uptake, which is likely
to be the same for haskap.

With regards to variability in nutrient uptake among varieties, growers could either sample
only IG as a reference, or collect samples evenly from across all varieties in the field. Indigo Gem

can be used as a reference variety for assessing haskap nutritional status, but it should be
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recognized that it is lower than other varieties in P and K, and higher than other varieties in leaf

Ca.

3.3.6 Nutrient Ratios and Soil - Plant Relationships

Based on Wilding (1994) criteria, haskap N:P ratio within sites showed medium variability
with CV 0of 26.03%. However, high levels of variability were observed in N:K, N:Mg, P:K, Ca:Mg,
K:Ca, and other nutrient ratios with coefficient of variability ranging from 37 to 72%. This could
be due to variety, soil characteristics, and nutrient management practices.

The N:K ratio ranged from 1.09-9.43 with an average that is higher than the N:K ratio of
raspberry and black currant (Table 3.3). This could mean that haskap had sufficient to excess N
relative to other nutrients. Du et al. (2010) reported that N intake is limited when N:P is less <14.5
and N:K <2.1. This could be different for haskap plants. Leaf N had a significant positive
correlation with soil available nutrients, negative association with soil Al, and no correlation was
found with soil Mg, S and Mn (Table 3.4). Also, a significant negative association was observed
between leaf N and Mg, while no relationship was found with leaf Fe and Mn (Table 3.5).

The N:P ratio in haskap leaves varies from 4.08—-16.08 (Table 3.3). The average N:P ratio
of haskap exceeded that for raspberry (9.0) (Horuz et al. 2013) and was below that for black currant
(10.0) (Barney and Hummer 2005). This could be an indication of P deficiency resulting from
excess N nutrition and/or shortage of P (Tessier and Raynal 2003; Giisewell 2004; Horuz et al.
2013; Dresler et al. 2015). However, Piao et al. (2005) reported that P intake could also be limiting
when N:P is >10.

The average P:K ratio of haskap was higher than the calculated reference value of 0.22 for

black currant (Barney and Hummer 2005). This suggest that K might be deficient or haskap could
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have a higher P:K ratio and/or a possible imbalance among the two nutrients. A similar finding in
P:K ratio was also reported by Horuz et al. (2013) in raspberry fields in Turkey. A significant
positive correlation was observed between leaf P and leaf N, K, Cu and Zn while no significant
correlation was found between leaf P and leaf Ca, Mg, B, Fe and Mn (Table 3.5).

The N:K ratio varies from 1.09-9.43 in haskap with an average N:K ratio higher than the
calculated reference value for black currant (Table 3.3; Barney and Hummer 2005) and 2.5 for
raspberry (Horuz et al. 2013). According to Delgado et al. (2004) and Horuz et al. (2013), this
indicates K deficiency due to relatively high N availability compared with K; which may also be
the case in haskap. Also, It has been reported that excess N uptake can disrupt the interaction
between N and K, resulting in K deficiency (Spiers 1993; Horuz et al. 2013; Dresler et al. 2015).
However, the tissue K content can vary with time of sampling. Chen et al. (1999) stated that leaf
tissue K decreases during the fruiting period when compared with other stages of growth, this is
also likely to be the case in this study.

The average K:Ca ratios in haskap was below the calculated value for black currant (Barney
and Hummer 2005) and critical value (1.16) for raspberry (Horuz et al. 2013). This suggests that
haskap plants could be having too much Ca and a risk of K deficiency. It is also likely that haskap
could be deficient in K since the average K:Mg ratio was four times below that of black currant
(Table 3.3). This also an indication of a possible antagonistic relationship between K and Mg
(Spiers 1993). The leaf tissue K content was significantly (p<0.05) correlated positively with leaf
N, P and Zn but there was no significant relationship between leaf K and Ca (Table 3.5). A
significant negative correlation between leaf K with leaf Mg (Table 3.5) also signifies antagonistic

association between these nutrients.
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The average N:Mg ratio (5.85) was below the critical value (15) for raspberry (Dresler et
al. 2015) and the calculated black currant value (21.54). According to Horuz et al. (2013); this
further confirm that haskap had sufficient to excess Mg supply. Meanwhile, since the average
Ca:Mg ratio was higher than the calculated value for black currant, this also suggests sufficient to
excess Ca supply (Horuz et al. 2013; Dresler et al. 2015). Several authors have also reported that
regardless of the crop type, increase in K, Ca, or Mg levels can lead to low uptake of any of the
other two nutrient, and the uptake of K and Ca is influenced by the antagonistic effect of NHa
(Fageria 2001; Kacar and Katkat 2009; Horuz et al. 2013). The correlation coefficients revealed
that leaf Mg levels in haskap was negatively correlated with soil P, K and Ca content (Table 3.4)
and also, with leaf N, K and Ca content (Table 3.5), which further confirms the antagonistic
interaction between K, Ca and Mg ( Fageria 2001; Dresler et al. 2015).

The average Ca:B ratio was also higher than raspberry critical value (450) (Horuz et al.
2013) indicating a possible risk of B deficiency. This is further supported by the fact that the
average soil available B content was low (Table 3.1). The leaf B content had a significant positive
correlation with K content in soil (Table 3.4) as well as with leaf N content (Table 3.5).

Considering that there is no clearly established soil fertility or leaf nutrient sufficiency
levels for haskap, it could not be ascertained if the above findings are applicable to haskap. It is
also possible that haskap will be needing lower and/or higher nutrient ratios than that of black

currants and raspberry used as references in this study.

3.3.3 Boundary-Line Approach
The boundary-line for soil P, K, Ca, and Mg with 10, 16, 12, and 14 intervals, respectively,
produced a curvilinear response typical of a nutrient response curve for controlled conditions (Fig.

3.3). The BLA models for soil P, K, and Mg were significant with R? values ranging from 0.51-
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0.70 (p<0.10), while no significant model was produced for soil Ca (R*> = 0.31; p>0.10). At 90%
maximum leaf tissue P, K, Ca, and Mg, soil levels appear to be in the range of 80-280 kg ha™! for
P, 260-570 kg ha™! for K, 1300-4000 kg ha! for Ca, and 250-510 kg ha™! for Mg in soil (Fig. 3.3).
However, to be more economical and nutrient efficient, the ranges 80-190 kg P.Os ha™!, 260-420
kg K20 ha!, 1300-2700 kg Ca ha™! and 250-390 kg Mg ha™! should not be exceeded as the derived
BLA upper limit did not increase nutrient uptake. The minimum and maximum limit of the BLA
derived soil fertility ranges for haskap appeared to be higher than the NSDA (2010a) soil fertility
recommendations for small fruits crops, except for soil P with minimum and maximum limits.
Using the generated BLA soil fertility levels in assessing locations on the level of soil
available nutrients, 51% of the locations were deficient in soil K, while more than 71% were
adequate in Ca. Excessive levels of soil available nutrients were found in 41% of the cases for soil
P. The BLA revealed that soil P and Mg were in adequate amount in 51% and 46% of the locations,

respectively.

3.4 Conclusion

The study of the relationships between soil and leaf tissue nutrient content carried out in
haskap orchards characterized with high spatial variability, revealed a clear influence of soil
fertility status on mineral nutrient absorption and build-up. Due to the variability in nutrient uptake
among varieties, growers should either sample only IG as a reference, or collect samples evenly
from across all varieties in the field. Indigo Gem can be used as a reference variety for assessing
leaf tissue nutrient status, but should be recognized that it is lower than other varieties in P and K,
and higher than other varieties in Ca. From the varietal comparison results, IG and T have similar

response to fertility status which is due to similar genetic characteristics.
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Correlation analysis revealed significant negative relationships between leaf Mg content
with soil and leaf tissue P, K, and Ca. The results indicate that K is deficient due to imbalance or
K shortage and it most likely be related to Mg. In addition, the BLA was adopted in this study to
show the response trend of haskap to soil available nutrient levels since it could not be related to
haskap yield at this point. At 90% maximum leaf tissue levels, the determined BLA soil fertility
levels were 75-280 kg P,Os ha!, 270-580 kg KO ha!, 1250-4000 kg Ca ha'!, and 245-510 kg Mg
ha!. However, more studies will be needed to verify and explain the nutrient uptake mechanism
of haskap in a controlled growth conditions, especially relating the determined BLA soil fertility

levels to haskap growth and fruit yields.
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Table 3.1. Soil pH and extractable nutrients of haskap orchards in 2015 and 2016: mean, standard
deviation (SD), minimum and maximum levels as observed and compared with recommended
ranges for small fruit production (values represent the sufficient range for crop requirements).

Parameters Units Mean SD Minimum  Maximum Recommended range

for small fruits ?

pH - 5.95 0.46 5.11 7.04 5.5-7.0°
SOM % 5.15 1.58 2.40 9.50 n/a
P,0s kg ha'! 709 879 39.0 3989 232-360
KO kg ha' 290 164 65.0 753 122-236
Ca kg ha'! 2499 1540 784 9291 1188-3083
Mg kg ha' 306 167 91.0 933 81-329
S kg ha'! 34.92 12.89 15.0 87 n/a
Na kg ha' 33.16 12.76 16.0 103 n/a
P/Al¢ % 28.44 50.13 0.90 354.75 n/a
P/(Al + Fe) - 0.23 0.36 0.01 2.46 n/a
Al mg kg’ 1466 262 469 1885 n/a

B mg kg! 0.67 0.21 0.50 1.13 n/a
Cu mg kg’! 4.14 3.70 0.48 20.23 n/a
Fe mg kg’ 187 59.86 84.0 335 n/a
Mn mg kg'! 39.36 25.45 11.0 150 n/a
Zn mg kg’ 5.90 6.89 0.91 37.60 n/a
CEC cmol kg! 11.5 3.8 4.50 31.10 12-25

#Nova Scotia Department of Agriculture (NSDA) (2010a) soil interpretation ratings for small fruit
crops in Nova Scotia

® Barney and Hummer (2005) soil fertility recommendations for black currants.

¢ No available recommendation

4P were determined by converting P,Os to P by multiplying with 0.436.
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Table 3.2. Leaf tissue nutrient content from haskap orchards in 2015 and 2016: mean, standard
deviation (SD) and range as observed with recommended levels for small fruit crops (values
represent the sufficient range for crop requirements).

Nutrient(s) Mean SD Range Recommendations for small fruit crops
Macronutrients (%) Black currant ®  Highbush blueberry °
2.11 0.40 1.20-3.19 2.70-2.90 1.50-2.50
P 0.25 0.08 0.09-0.52 0.26-0.30 0.10-0.40
0.83 0.33 0.23-1.69 1.00-1.60 0.30-0.80
Ca 1.76 0.38 1.03-3.19 1.00-1.50 0.20-0.70
Mg 0.43 0.15 0.15-0.94 0.10-0.15 0.10-0.25

Micronutrients (ppm)

Na 0.02 0.00 0.02-0.03 n/a‘® n/a
B 37.14 14.46 10.37-96.88 20-40 20-70
Cu 8.46 2.04 5.05-14.64 5-20 5-20
Fe 76.87 36.98 37.01-393 n/a 40-150
Mn 59.95 38.72 14.97-284 20-70 50-350
Zn 17.83 6.28 6.39-38.04 20-50 10-50

2 Barney and Hummer (2005) nutrient sufficiency ranges for black currants

® Nova Scotia Department of Agriculture - NSDA (2010b) sufficiency range for highbush
blueberry

¢ No available recommendation.
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Table 3.3. Leaf tissue nutrient ratios of all 148 haskap samples from orchards in Nova Scotia in
2015 and 2016.

Nutrient ratios Mean Range CV (%)  Black currant ?
N:P 9.28 4.08-16.08 26.03 10.0
N:K 2.99 1.09-9.43 48.28 2.15
P:K 0.34 0.12-1.12 54.40 0.22
N:Mg 5.85 1.90-19.93 51.93 21.54
Ca:Mg 4.67 1.96-13.28 47.14 9.60
Fe:Mn 1.96 0.36-6.77 68.31 -
Fe:Zn 4.76 1.94-22.45 57.87 -
Ca:B 536 147-1818 43.54 -
K:Ca 0.52 0.09-1.68 52.86 1.04
K:Mg 243 0.24-12.00 72.04 10.0
Ca:P 7.88 3.26-16.38 36.92 4.46

# Ratios were calculated from black currant sufficiency levels recommended by Barney and
Hummer (2005)
-: No available recommendation.
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Table 3.4. Significant Pearson correlation coefficients (R?) between Mehlich III extractable soil

and leaf tissue nutrient contents (LNC) in haskap from 2015 and 2016 at a = 0.05.

LNC Mehlich III extractable soil nutrient content

P,0Os K>,O Ca Mg S Al Cu Fe Mn Zn
N 0.41 0.56 0.40 -0.37 0.31 0.50 0.36
P 0.31 0.25 0.40 0.49 -0.34  -0.54 0.46 0.50
K 0.55 0.64 0.45 0.30 0.34 0.42 0.27
Ca 0.35
Mg -0.34  -0.52  -0.36 0.24 -0.30 -0.31 0.34
B 0.28
Cu 0.25 -0.25 0.25 0.28
Fe -0.30 0.34
Mn 0.26 0.39
Zn -0.35 0.34

(1344

- Not statistically significant at a = 0.05.
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Table 3.5. Significant Pearson correlation coefficients (R?) between leaf tissue nutrient contents
in haskap from 2015 and 2016 at o = 0.05.

N P K Ca Mg B Cu Fe Mn Zn

N

0.53
K 0.40 0.41
Ca 0.30
Mg -0.31 . -0.53 -0.36
B 0.28
Cu 0.65 0.41 . 0.34
Fe . . . . 0.33
Mn
Zn 0.58 0.43 0.38 . . . 0.51 . 0.45

(134

.7 - Not statistically significant at a = 0.05.

42



P)
[}
)

BBB

N
i

BIG

8T

g
S
1

Nutrient Content (%)
5 G

e
W

=
(=]
!

Nitrogen Phosphorus Potassium Calcium Magnesium

80 (b)

Z 20 -

Manganese Zinc

Leaf Tissue Nutrient Content

Figure 3.1. Leaf tissue nutrient content levels of the three common varieties growing on the same
soil conditions across sampled haskap orchards in 2015 - 2016. Berry Blue (BB); Indigo Gem (IG)
and Tundra (T); means followed by the same letter are not significantly different within each
nutrient (p>0.05); bars represent standard errors.
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Figure 3.2. Relative comparison of leaf tissue nutrient content levels of other haskap varieties to
Indigo Gem (100%) from across sampled haskap orchards in 2015 - 2016. Aurora (A), Berry Blue
(BB), Borealis (BO), Erin (E), Happy Giant (HG), Larisa (L), Ruth (R), and Tundra (T); n
(numbers of samples); bars indicate standard error.
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Figure 3.3. The relationship between soil available nutrients and leaf tissue nutrient concentrations
of haskap varieties sampled in 2015 and 2016 showing boundary-line approach and best fitted
regression described by second-degree function (p<0.10).
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Figure 3.4. Frequency of occurrence of soil available nutrients disorder from 148 locations across
Nova Scotia sampled in 2015 and 2016. Diagnoses are based on the BLA generated soil fertility
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CHAPTER 4.
RELATIONSHIP BETWEEN SOIL NUTRIENT STATUS AND NUTRIENT UPTAKE,

AND ITS IMPACT ON HASKAP CV. INDIGO GEM PLANT PHYSIOLOGY

4.0 Abstract

Adequate supply of plant nutrients is crucial for haskap plant growth and increased productivity.
A study was carried out to determine the variability in haskap cv. Indigo Gem physiological
characteristics in relation to soil and leaf tissue nutrient status. A total of 19 composite soil samples
and the corresponding plant leaf tissue samples were collected in 2016 from 12 locations in Nova
Scotia. Plant physiological characteristics measured include growth rate, leaf size, leaf chlorophyll
content, and visual observations. A boundary line approach was used to determine nutrient
sufficiency ranges in leaf tissue of 2.23-2.96% for N, 0.22-0.28% for P, 0.84-1.32% for K, 1.63-
2.10% for Ca, and 0.14-0.50% for Mg. Principal Component Analysis revealed antagonistic
interactions among soil nutrients leading to decreased availability and uptake of one or more
essential nutrients. Negative associations were observed most frequently between Ca and Mg and
other nutrients, especially K. Plant physiological characteristics were closely related to soil and
leaf K. Deficiencies in leaf tissue K and P were identified as potentially important factors limiting
growth. Therefore, there is a need to adjust or balance the application of these nutrients. In
conclusion, the sufficiency ranges derived can be used as guiding principle in diagnosing

nutritional status of haskap cv. Indigo Gem.

Keywords: Haskap (Lonicera caerulea), boundary-line approach, Indigo Gem, nutrient
antagonism, nutrient sufficiency levels, soil-plant relationships, leaf tissue nutrients.
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4.1. Introduction

Haskap is a relatively new crop of rapidly growing interest in Nova Scotia (NS). For the
industry to thrive, sustainable management practices need to be developed. However, soil nutrient
management and tissue nutrient standards or norms for haskap are not clearly established (Bors
2009). Haskap grows about 2 m or more in height, leaves are simple, opposite, oval to elongated
leaves of between 3 and 5 cm long (Arus and Kask 2007; Hummer et al. 2012). A fully matured
haskap plant produces a dense and erect bushy plant of rounded shape with a diameter of between
1.5 and 2 m (Plekhanova 1992; Hummer et al. 2012). The fruit yields of haskap increase as the
plants increase in size (Plekhanova 1992) suggesting that management that increased bush size
could result in increased yield. The cultivated haskap plants begin to produce significant amounts
of fruit after four years in the field and reach full bearing after seven to eight years (Plekhanova
1992).

Management practices should be aimed at improving number and length of shoots in order
to optimize vegetative growth and maximize the first commercial harvest (McCarthy and Stoker
1988). The appropriate nutrient composition is required to achieve potential growth, development
and yield of all cultivated plants including haskap. Nitrogen (N), phosphorus (P), and potassium
(K), calcium (Ca), and magnesium (Mg) are particularly essential nutrients of crops (Yadong and
Shuang 2009; Havlin et al. 2014). The deficiency or excess amount in any of the essential nutrients
will disrupt either the vegetative or reproductive growth cycles in plants and/or alter nutrient
composition (Marschner 1995; Fageria 2001; Fuqua et al. 2005). Therefore, adequate supply of
plant nutrition is crucial for haskap establishment and production (Wrona 2011) as it is for most

plant.
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The imbalance of essential nutrients might contribute to slow haskap growth after
establishment. Therefore, the interactions of these essential nutrients and other minor nutrients
should be considered in ensuring haskap growth and productivity. Nutrient applications could have
a synergistic (positive), antagonistic (negative) effect, or no effect on plant growth and productivity
(Fageria 2001). Nutrient interactions are said to be positive (synergistic) when the application of
two nutrients increases productivity and antagonistic when yield is reduced as a result of an adverse
effect of one nutrient (Fageria 2001). This could be because of an excess of one nutrient which
reduces the availability and uptake of the other nutrient elements (Dibb and Thompson 1985). For
instance, increasing K levels in the soil would decrease availability and uptake of P, Ca, and Mg
while increasing Ca levels would also inhibit P, K, and Mg availability and uptake (Chou et al.
2011; Sun et al. 2013; Havlin et al. 2014). Balanced nutrition is essential for achieving the full
potential of bush growth and fruit yield (Fageria 2001; Pormale et al. 2009). A good understanding
of plant nutritional needs and nutrient interactions could be beneficial in understanding the
importance of a balanced supply of nutrients (Fageria 2001; Mattson and Van Iersel 2011; Santos
2011) and subsequently enhance haskap growth and yield.

Nutrient interactions are usually measured in terms of growth response and change in
nutrient concentrations (Fageria 2001). Several authors have used different growth response
parameters such as yield (Bhat and Sujatha 2013; Ali 2018), dry matter content (Blanco-Macias et
al. 2009), basal-area growth for trees (Vizcayno-Soto and Cote 2004; Quesnel 2004; Quesnel et
al. 2006), and tree growth rate (René et al. 2013) to diagnose and develop nutritional standards.
Therefore, the study of leaf tissue nutrient content and physiological characteristics will further
help in understanding the variability observed among haskap orchards in NS. The objectives of

this study were to 1) investigate the relationships between soil fertility, tissue nutrient contents, and
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plant physiological characteristics; and ii) derive nutrient sufficiency levels for haskap cv. Indigo

Gem. Emphasis was placed on macronutrients.

4.2. Materials and Method
4.2.1. Experimental Design and Location

The study of the relationship between soil fertility and leaf tissue nutrient status of haskap
cv. Indigo Gem and how it affects the physiological performance was carried out as a survey on
multiple farms with a range of soil conditions in Nova Scotia, Canada. Indigo Gem is the most
commonly grown variety present on all sites. A total of 19 soil and tissue samples were collected
in 2016 from 12 farms. Each sample represented a unique soil-leaf tissue combination. Plant
physiological characteristics were collected from the same soil-plant sampling locations as
described below. The history of agronomic practices of various fields and age of plants were
documented. The age of the plants sampled ranged from two to five years old plants growing under
field conditions for at least one growing season. The weed management practices across the farms
varied from cultivation at the base of plant, use of coconut fiber mats at plant base, wood-chip

mulch to no-weeding at all.

4.2.2. Soil Sampling and Analysis

Soil samples were collected in rows planted with Indigo Gem beginning from the 10™ plant
(to avoid a field edge effect) over an approximate 20 m length in May 2016. A composite of
approximately 10 subsamples were collected from between plants within a row to a depth of 15
cm using a sampling probe. Samples were stored in a cooler and refrigerated until submission to
the Nova Scotia Agricultural Laboratory Services for standard soil test analysis including Mehlich

IIT determination of mineral nutrients, but which omitted soil mineral N testing as this is not a
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standard practice. Mineral nutrient concentrations were determined using Mehlich III solution as

described in Chapter 3, section 3.2.2.

4.2.3. Plant Tissue Sampling and Analysis

A composite of whole leaf samples were collected from approximately 20 plants in the
same row length where the soil samples were collected at each location. A composite leaf tissue
sample was collected at approximately 50% color turn on the berry in June 2016. Leaves were
collected from new stem growth three to five nodes down from the tip of the branch. Leaf tissue
samples were stored in a cooler during transport and submitted to Nova Scotia Agricultural
Laboratory Services for elemental determination by inductively-coupled plasma spectrometer
(ICP, Thermo Fisher Scientific Inc., Waltham, MA). Leaf nutrient concentrations were determined

as described in Chapter 3, section 3.2.3.

4.2.4. Plant Physiological Characteristics and Observations

Bush volume was estimated as the cylindrical volume using the formula provided by Erb
et al. (1993) and modified by Hobson et al. (2013) (3.142 x height x width x 0.5 % breadth % 0.5)
to calculate the bush volume for blackcurrant. This measurement was done with a meter stick. The
chlorophyll content or greenness of leaves was measured using a SPAD meter (SPAD 502 plus,
Spectrum Technologies, Inc.). The leaves used for chlorophyll measurements were collected and
scanned to determine average leaf size with the aid of Compueye Leaf and Symptom Area
software. Plant growth rates were estimated by dividing the bush size by the age of the plants on
the field. Plant observations were also carried out for any visual nutrient deficiency symptoms.

Nutrient deficiency symptoms where based on common symptoms observed for other crops, no

51



chart was used. All data were collected only in the summer of 2016, from late July to early August

after berry harvest. These measurements were collected from 20 plants in each location.

4.2.5. Statistical Analysis
4.2.5.1. Boundary-Line Approach and Averaging Approach

The boundary-line approach (BLA) was proposed by Walworth et al. (1986) and has been
adopted by several authors (Schnug et al. 1996; Vizcayno-Soto and Cote 2004; Blanco-Macias et
al. 2009; Bhat and Sujatha 2013; Ali 2018) to determine and/or study nutrient sufficiency ranges
for several crops. The first step was to plot scatter diagrams of relative growth rate as a dependent
variable against leaf tissue nutrient concentrations as the independent variable. Secondly, the
scatter diagram was divided into 5-7 intervals, and only the maximum points were selected from
each interval for each nutrient. Thirdly, a second-degree polynomial function was generated from
the selected points. Optimum nutrient concentrations were obtained by solving the second-degree
function as reported by Ali (2018). The corresponding values to 90% of the highest growth rate
defines the minimum and maximum nutrient sufficiency ranges.

Prior to boundary line steps, it is important to remove outliers from the data set (Ali 2018).
Outlier test was carried out to detect and remove outliers from the leaf tissue nutrient
concentrations data set using box and whiskers plots (Fig. 4.1). There was no outlier point observed
for Leaf N, P, K, and Ca, except for Mg. The outlier point observed was 0.93% (the upper limit
for leaf Mg), which was excluded in the selection process.

The averaging approach is the mean of high growth rate subpopulation and were used in
this study for comparative purposes. In order to achieve this, the growth rate data were divided

into low (<0.10 m? yr'') and high growth rate (>0.10 m® yr'!) subpopulations. The mean of leaf
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tissue nutrient concentration of high growth rate subpopulation were recorded as the optimum

nutrient level for each nutrient element.

4.2.5.2. Principal Component Analysis

Principal Component Analysis (PCA) was used to synthesize the information derived from
the multivariate data set. The first step to a PCA is to standardize the variables, followed by
analysis to extract the principal components (Bowley 2008). PCA was applied to the selected
variables to ascertain how soil fertility and nutrient absorption affects physiological parameters.
PCA was performed on standardized data set (a mean equal to 0 and variance equal to 1) and
Kaiser’s rule and percentage of total variance explained were used in selecting and retaining
components. The data analysis was performed using Minitab (version 17, Minitab Inc., State

College, Pa.).

4.3. Results and Discussion
4.3.1. Soil Fertility Status

The soil fertility status of the study locations is presented in Table 4.1. The pH of the soils
was moderately acidic to neutral (pH values ranged from 5.22-7.04). The pH ranges observed were
within the tolerable levels for haskap (Retamales and Hancock 2012) and the variability was low
among the different sites. However, a recommended pH range has not been established for haskap
and therefore, could not confirm this finding with literature values for haskap.

Based on the soil fertility recommendation for small fruit crops (Nova Scotia Department
of Agriculture - NSDA 2010a), soil P and K ranged across locations from very low to extremely
high (65-2320 kg ha''and 65-753 kg ha™!, respectively). Soil Ca and Mg tends to be adequate and
ranged from 1225-6497 kg ha™! for Ca and 127-713 kg ha™! for Mg. However, the upper limit of
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the observed ranges for Ca and Mg was twice the recommended upper limits for small fruit crops
(NSDA 2010). In general, the variability observed within the various soil parameters measured

was low according to the criterion established by Wilding et al. (1994) i.e. 0.99-12.28%.

4.3.2. Growth and Leaf Tissue Nutrient Concentrations

A wide range of variability in leaf tissue nutrient concentrations was observed within the
study locations (Table 4.2). Wilding et al. (1994) criteria was used to determine the magnitude of
variability. They characterized coefficient of variation (CV) of 0-15% to be low, 15-35% as
medium, and 35-100% as high variability. There was high variability in growth rate and bush
growth, which ranged from 0.01-0.19 m® yr'! and 0.01-0.75 m?, respectively; while low variability
was observed in leaf size (Table 4.2).

Haskap cv. Indigo Gem leaf tissue concentrations of N, P, Ca, Cu, Zn, and Fe within
locations showed medium variability with CV between 16.69-33.95%. However, high levels of
variability were observed in leaf K, Mg, B, and Mn with CV ranging from 39.48-91.31%. The
levels of variability observed in growth and leaf nutrient concentrations could be due to variations
in plant age, soil properties and farmers’ nutrient management practices (Prive and Sullivan 1994;

Hargreaves et al. 2008; Kabata-Pendias 2004; Ali 2018) in the different study locations.

4.3.3. BLA Optimum Nutrient, Sufficiency Range(s) and Nutrient Ratio(s)

In the scatterplot diagrams, the data points were mostly grouped at lower growth rates (Fig.
4.2). The BLA second-degree polynomial regression functions for haskap cv. Indigo Gem were
generated with 5-7 interval points for leaf tissue nutrient concentrations (Fig. 4.2). Traditionally,
>10 interval points are normally used in developing BLA regression functions for large data sets

(Vizcayno-Soto and Cote 2004; Blanco-Macias et al. 2009; Bhat and Sujatha 2014; Ali 2018).

54



However, intervals <10 has also been used (Bhat and Sujatha 2014) and therefore, the number of
intervals used in this study could be suitable for the small data set to reduce the likelihood of
including haskap plants that are not growing in optimum conditions as reported by Vizcayno-Soto
and Cote (2004).

The application of BLA produced significant (p<0.10) second-degree functions with high
R? values ranging from 0.84-0.91 for leaf N, K, and Mg, and from 0.77-0.81 for N:P and K:Ca
ratios. For leaf P and Ca concentrations, the models produced were not significant (p>0.10)
indicating the need to significantly increase the data set (Quesnel 2004; Blanco-Macias et al.
2009). The optimal nutrient concentration, sufficiency ranges, and optimal nutrient ratios
corresponding to 90% maximum growth rate were obtained from the regression coefficient and
are presented in Table 4.3. The optimum values derived through the averaging approach (i.e. mean
high growth rate >0.10 m* yr'! subpopulation) population is also presented in Table 4.3.

The optimal leaf N and Ca derived from BLA tend to vary a little from that of the averaging
method, while for leaf P, K, and Mg, the optimum concentrations were comparable (Table 4.3).
The averaging method has been used to generate nutrient norms (Bhat and Sujatha 2014),
therefore, the methods were comparable in this study. This suggests that maximum bush growth
is possible within the same optimum nutrient levels derived from both methods (Bhat and Sujatha
2014). However, the most realistic approach would be to keep haskap nutrient levels at or very
close to the optimal leaf nutrient levels. The nutrient sufficiency ranges developed may be use as
guiding principle in assessing haskap nutritional status as reported by Bhat and Sujatha (2014) for
arecanut (Areca catechu L.).

On the other hand, high proportion of locations were diagnosed as having deficient or

excess nutrition, with few locations having adequate nutrition (Fig. 4.3a). Based on the N, P, and
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K concentration models, 53% of the locations were diagnosed as been deficient in N and P, while
58% were also deficient in K. However, 42% of the locations were diagnosed to have adequate
leaf N concentrations. High proportion of the locations were identified as having adequate leaf Ca
(58%) and Mg (74%) concentrations (Fig.4.3a). The % of locations diagnosed as having adequate
(74%) or excess (26%) Mg seems realistic when considering the widespread occurrence of Mg-
rich soil parent materials in eastern Canada as reported by Quesnel (2004). In general, majority of
the locations were identified as having deficient and/or adequate in one nutrient or the other. This
suggests that nutrient imbalance is the major problem slowing haskap bush growth in the studied
locations.

A balanced nutrition is vital in maximizing haskap growth and productivity. This involved
the use of nutrient ratios as reported for other plants (Bhat and Sujatha 2013; Horuz et al. 2013;
Dresler et al. 2015). Haskap nutrient ratios derived from BLA are also presented in Table 4.3. The
BLA nutrient ratios of P:K and K:Ca was identical to that of the averaging approach, while N:P,
N:K, K:Mg, and Ca:Mg ratios tend to vary widely between the two methods. However, any
variations in the derived nutrient ratios can result in reduced bush growth as reported for other
crops (Bhat and Sujatha 2013; Horuz et al. 2013; Dresler et al. 2015). The nutrient ratios derived
would be helpful in highlighting antagonistic relationships between nutrients and also, can be a
useful advance warning tool for overcoming insufficient nutrition in haskap.

The soil and leaf tissue data sets used in this study were collated from different locations
with different soil and climatic conditions. This might reduce the influence of seasonal variations
and climatic factors such as temperature and rainfall on haskap establishment and productivity as
expressed for other crops (Daugaard 2001; Bhat and Sujatha 2013). So, the nutrient sufficiency

ranges and ratios derived for haskap could be reliable.
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With regards to haskap nutrient ratios, the nutrient imbalance could be the major cause of
slow bush growth in the studied locations (Fig. 4.3b). Based on the nutrient ratio models, majority
of the locations were diagnosed as having below or within the BLA-nutrient ratios. The locations
with growth rate >0.10 m? yr'! (high-growth rate subpopulations) tend to have balanced nutrient
ratios, expect for N:K ratio that appears to be relatively low. More than half of the locations (74%)
were identified as having P:K ratio within the derived BLA nutrient ratio. For N:P ratio, 42% of
locations were diagnosed as having below the BLA nutrient ratios (Fig. 4.3b). Also, 53% of the
locations were identified as deficient in K:Ca and Ca:Mg. This suggests an imbalance among the
nutrients due to deficiency or excess of one nutrient or the other as reported in other crops (Chou

et al. 2011; Sun et al. 2013).

4.3.4. Comparison of BLA Derived Haskap Sufficiency Range(s) to Other Small Fruits

The BLA sufficiency nutrient ranges of haskap was compared to other small fruit crops
such as highbush blueberry and black currants as farmers tend to use sufficiency ranges for these
crops to evaluate the nutritional need of haskap. This could be attributed to the similar growth
stature and fruit type of these crops.

The BLA sufficiency levels for haskap were fairly comparable to black currants sufficiency
ranges than that of highbush blueberry. Haskap leaf Ca and Mg sufficiency levels were poorly
matched to that of black currant and highbush blueberry (Table 4.4). However, the approach used
to determine black currant (Barney and Hummer 2005) and highbush blueberry sufficiency levels
(NSDA 2010b) cannot be ascertained. The differences between the minimum and maximum
sufficiency levels for haskap were in general, wider than that for both other crops. This suggests
that the nutritional standards for black currant and highbush blueberry can not be used to determine

nutritional status for haskap. Haskap tended to have lower minimum and maximum sufficiency
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levels for N, P and K than black currant except for leaf Ca and Mg (Table 4.4). This also suggests

that haskap might have higher Ca and Mg requirements.

4.3.5. Relationship between Soil, Tissue, and Plant Physiological Characteristics

The principal component analysis (PCA) applied to selected soil available nutrients and
leaf tissue nutrients clearly identified the relationships among the variables, and how soil fertility
and nutrient absorption affected Indigo Gem physiological characteristics (Table 4.5).

Following Kaiser’s criteria (Bowley 2008), four principal components (PCs) were retained
that explained 80.0% of the total variance (Table 4.5). The first PC (PC1) explained 41.10% of the
total variance, which showed a positive relationship among leaf N, P, K, and plant health variables
and negatively related to soil organic matter (S.0.M), leaf Ca, and Mg (Table 4.5). The second PC
(PC2) accounted for 17.40% of the total variance; leaf K, Mg, and P were positively related to leaf
N, including plant physiological characteristics, while soil P, Ca, and Mg were negatively
associated to soil K (Table 4.4).

The negative grouping observed between soil P, Ca, and Mg versus soil K in PC2 suggests
a possible imbalance in nutrient supply. This is further revealed in the nutrient uptake pattern,
where leaf Ca and Mg were negatively related to leaf N, P and K in PC1 (Table 4.5). This
disturbance may be due to various nutrients competing for functional sites near the root surface or
within plant tissues (Fageria 2001; Bhat and Sujatha 2014). Nitrogen is an integral part of
chlorophyll, which converts light energy into chemical energy required for photosynthesis (Havlin
et al. 2014). The overlapping of N and SPAD (chlorophyll content) vectors was considered a clear
indication of the relationship between N and chlorophyll content as previously reported (Peterson
et al. 1993; Amaliotis et al. 2004; Bojovi¢ and Markovi¢ 2009). Cabrera (2004) also reported that

leaf N content is significantly correlated with chlorophyll content and color attributes in the rose
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plant (Rosa hybrida). This finding also confirms the relationship between the two variables (leaf
N and chlorophyll content).

Magnesium as a primary constituent of chlorophyll is essential for photosynthesis, and the
chlorophyll content accounts for 15-20% of Mg in plants (White and Broadley 2009; Havlin et al.
2014). It is therefore expected that leaf Mg to have a close association with leaf N and chlorophyll
content. However, the reverse was observed in both PCs (Table 4.5). Huang and Grunes (1992)
reported that increasing NO3™ levels would increase Mg uptake but would also decrease Mg
translocation. Similarly, the uptake of NH4" would reduce the uptake of Ca, Mg, and K (Havlin et
al. 2014). The negative association of leaf Mg and Ca with soil available nutrients such as P and
K (Table 4.5) confirms the antagonistic nutrient interaction. Similar observations were made for
other crops by several authors (Chou et al. 2011; Sun et al. 2013; Horuz et al. 2013; Havlin et al.
2014; Dresler et al. 2015). They all concluded that an increase in any of K, Ca and Mg levels would
affect the uptake of the other nutrients.

Furthermore, the opposite grouping of the leaf tissue nutrients in the PCs (Table 4.5)
supports antagonistic nutrient interactions. Several authors have reported that excessive levels of
any of the cations would inhibit availability and uptake of the others (Chou et al. 2011; Sun et al.
2013; Havlin et al. 2014). Also, the positive grouping of leaf N, P and K versus plant physiological
characteristics indicates the importance of these nutrients in haskap growth and establishment. It
has been reported that P and K are needed to stimulate growth, which leads to increased plant
growth and enhanced uptake of both nutrients (Havlin et al. 2014; Ali 2018).

Nutrient deficiency symptoms such as P and K were visible on Indigo Gem leaves (Fig.
4.4). This could be attributed to the nutrient imbalance (antagonistic interaction). These deficiency

symptoms conform with descriptions for P and K deficiencies in plants (Havlin et al. 2014).

59



According to the present findings, the deficiencies in Indigo Gem may be the result of complex
interactions between nutrients in the soil. Fageria (2001) stated that interaction of ions with similar
chemical properties compete for site of adsorption, absorption, transport, and functions on root
surfaces or within tissues; and this is common among Ca?’, Mg?*, K*, and Na*. The negative
correlation of leaf Mg with selected leaf nutrients confirms the role of antagonistic interactions
leading to nutrient deficiencies observed (Fig. 4.5) because of impaired nutrient uptake. Therefore,
it can be inferred that the deficiencies of P and K might be the major cause of growth variabilities

observed among the selected locations.

4.4. Conclusion

The BLA have been proved to be a reliable method in diagnosing and developing
nutritional standards in this study. The BLA sufficiency ranges for haskap cv. Indigo Gem leaf
were determined to be 2.2-3.0% for N, 0.2-0.3% for P, 0.8-1.3% for K, 1.6-2.1% for Ca and 0.1-
0.5% for Mg. These sufficiency ranges may be used to guide diagnosis of nutritional status of
haskap. Deficiencies in leaf tissue K and P were identified as potentially important factors limiting
growth of haskap in NS. Principal component analysis also clearly illustrated how nutrient
imbalance could hinder Indigo Gem growth and productivity because of antagonistic interactions
among soil nutrients. Fertilization should not be based on leaf tissue analysis alone; the
incorporation of both soil and tissue testing would give a better understanding of a balanced
nutrient supply. Finally, soil and plant tissue testing need to be considered before haskap develops
visual deficiency symptoms. This would help in detecting and averting nutrient deficiency or
excess during the growing season. More studies are needed to further elucidate nutrient

interactions and validate optimum nutrient concentrations in haskap leaf.
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Table 4.1. Descriptive statistics of soil pH, soil organic matter (S.0.M), and soil available nutrients
observed from 19 selected haskap locations growing Indigo Gem in Nova Scotia at a depth of 0-
15 cm.

Parameter(s) Units Mean Minimum Maximum CV * (%)
pH - 6.0 5.22 7.04 12.28
S.0.M % 4.92 2.80 7.70 3.24
P,0s kg ha’! 813.68 65.0 2320.0 1.16
K>O kg ha! 316.79 65.0 753.0 1.85
Ca kg ha’! 2919.68 1225.0 6497.0 2.01
Mg kg ha’! 343.68 127.0 713.0 2.25
Na kg ha’! 30.83 16.0 59.0 2.60
S kg ha'! 34.74 15.0 87.0 2.21
Al ppm 1387.42 745.0 1874.0 5.16
B ppm 0.56 0.50 1.10 4.0
Cu ppm 5.11 0.56 17.24 1.17
Fe ppm 186.42 122.0 297.0 3.73
Mn ppm 40.47 19.0 150.0 1.26
Zn ppm 6.87 1.09 32.01 0.99

& Coefficient of variation
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Table 4.2. Descriptive statistics of haskap cv. Indigo Gem growth characteristics and leaf tissue
nutrient composition from 19 selected haskap locations in Nova Scotia.

Parameter(s) Units Mean Minimum Maximum CV * (%)

Plant growth characteristic

Bush size m’ 0.21 0.01 0.75 110.07
Growth rate m? yr! 0.06 0.01 0.19 98.56
Leaf size cm? 9.23 2.24 14.39 34.28
SPAD"® - 33.53 26.60 40.0 9.96
Leaf tissue nutrient concentrations

N % 2.19 1.59 3.05 16.69
P % 0.23 0.16 0.33 22.58
K % 0.85 0.23 1.54 39.48
Ca % 1.91 1.42 2.61 18.28
Mg % 0.42 0.15 0.93 44.59
B ppm 36.99 16.93 96.60 45.71
Cu ppm 8.63 5.11 11.52 18.70
Fe ppm 80.85 51.73 151.60 33.95
Mn ppm 65.68 18.23 284.22 91.31
Zn ppm 18.23 11.62 34.69 33.28

 Coefficient of variation
® Chlorophyll content.
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Table 4.3. Second-degree polynomial function(s), sufficiency range(s), and nutrient ratio(s) for
leaf tissue nutrient concentrations in haskap cv. Indigo Gem generated using boundary-line
approach.

Nutrient(s) Second-degree polynomial R? Sufficiency range(s) Averaging

and ratio(s) function(s) approach

Optimum Minimum Maximum  Optimum *

N (%) y=-0.1962x>+ 1.0181x - 1.1475  0.84*  2.60 2.23 2.96 248
P (%) y=-16.075x>+ 8.1452x - 0.8611  0.30™  0.25 0.22 0.28 0.27
K (%) y=-0.2375x2+0.5132x -0.1154  0.84*  1.08 0.84 1.32 1.09
Ca (%) y=-0.2388x> + 0.8884x - 0.7026  0.67™  1.86 1.63 2.10 1.93
Mg (%) y=-04161x>+0.2613x +0.1235 091 *  0.32 0.14 0.50 0.32

Nutrient ratio(s)

N:P y =-0.0055x% + 0.1176x - 0.4385 0.81%* 10.80 8.90 12.60 9.13
N:K y=-0.0519x2 + 0.3008x - 0.2511 0.84" 2.90 2.35 3.45 2.28
P:K y =-3.165x> + 1.561x + 0.0324 0.49 " 0.25 0.18 0.32 0.25
K:Ca y =-0.7565x2 + 0.8645x - 0.0664 0.77* 0.57 0.43 0.72 0.56
K:Mg y =-0.0304x> + 0.1745x - 0.0713 0.57m 2.90 2.18 3.60 3.34
Ca:Mg y =-0.0095x2 + 0.1216x - 0.2237 0.80™ 6.40 5.10 7.70 5.94

* Regression coefficients are statistically significant (p<0.10).
@ Calculated from high-growth rate subpopulation (growth rate >0.10 m?® yr'!)
" Not significant.

63



Table 4.4. Comparison of haskap cv. Indigo Gem estimated boundary-lines sufficiency range(s)
and optimum nutrient ratio(s) to NSDA (2010b) nutrient recommendations for small fruit crops.

Nutrient(s) Haskap * Black currant ® Highbush blueberry ¢
N (%) 2.23-2.96 2.70-2.90 1.50-2.50
P (%) 0.22-0.28 0.26-0.30 0.10-0.40
K (%) 0.84-1.32 1.0-1.60 0.30-0.80
Ca (%) 1.63-2.10 1.0-1.50 0.20-0.70
Mg (%) 0.14-0.50 0.10-0.15 0.10-0.25
Nutrient ratio(s) ¢

N:P 10.80 10.0 8.00
N:K 2.90 2.15 2.86
P:K 0.25 0.22 0.36
K:Ca 0.57 1.04 1.56
K:Mg 2.9 10.40 4.00
Ca:Mg 6.40 10.0 2.57

 Nutrient sufficiency ranges and ratios derived from boundary-line approach

® Barney and Hummer (2005) nutrient sufficiency ranges for black currants

¢ Nova Scotia Department of Agriculture - NSDA (2010b) nutrient sufficiency ranges for highbush
blueberry

4 Nutrient ratios for black currant and highbush blueberry were calculated from recommended
sufficiency ranges.
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Table 4.5. Eigenvalues, cumulative variance (%), and loading scores between the first four
principal components of haskap cv. Indigo Gem.

Variable PC1? PC2 PC3 PC4

Soil parameters

pH 0.30 0.31 0.16 -0.08
S.OM*® -0.09 -0.20 0.53 -0.31
P,0s 0.29 0.10 -0.38 0.20
K>O 0.33 -0.16 0.04 -0.10
Ca 0.33 0.20 0.06 -0.00
Mg 0.13 0.52 0.06 0.004
Leaf tissue nutrients
N 0.20 -0.34 0.00 0.541
P 0.21 0.39 0.03 0.24
K 0.29 0.03 -0.32 -0.29
Ca -0.01 0.07 0.47 0.42
Mg -0.26 0.28 0.16 0.29
Plant physiological characteristics
Leaf size 0.29 -0.09 0.16 -0.25
Bush size 0.32 -0.08 0.29 -0.02
Growth rate 0.34 -0.11 0.26 -0.02
SPAD¢ 0.21 -0.39 -0.12 0.29
Eigenvalue 6.17 2.60 2.06 1.12
Cumulative 41.10 58.50 72.20 80.0

Variance (%)

# First principal component
®Soil organic matter
¢ Chlorophyll content.
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Figure 4.1. Box and whiskers plot of haskap cv. Indigo Gem leaf tissue nutrient content. The box
indicates interquartile range, line within the box indicates median, the whiskers represent 1.5 times
the interquartile range, and the dotted points represent outliers.
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Figure 4.2. Scatter diagram of bush growth rate vs. leaf N, P, K, Ca, and Mg nutrient
concentrations of haskap cv. Indigo Gem showing boundary lines approach described by second-
degree polynomial regression functions (p<0.10).
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Figure 4.3. Frequency of occurrence of nutritional status (a) and nutrient ratios (b) in haskap cv.
Indigo Gem from 19 locations across Nova Scotia. Diagnoses are based on the BLA generated

nutrient sufficiency ranges.
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Figure 4.4. Visual nutrient deficiency symptoms observed on haskap leaf cv. Indigo Gem. a) K-
deficient leaves showing chlorosis of leaf edges where tissue along veins and leaf base remain
green; b) P-deficient leaves showing purple coloration of leaf tips which progresses until the entire
leaf is purple.
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CHAPTERSS.

CONCLUSION

5.1 Overview of Problem and Research Objectives

Haskap (Lonicera caerulea L.) production in Canada is still nascent, especially in Nova Scotia
(NS) where for instance, optimal nutrient management practices are yet to be assessed. In Atlantic
Canada, it is anticipated that the haskap industry will be worth millions of dollars in the next five
years (O’Connor 2015). However, the inherent slow rate of plant growth could affect the targeted
valuation making it unattainable. Also, mechanical harvesting will be required for commercial
production, suggesting that haskap bushes will have to attain a minimum size to warrant
mechanization. Appropriate nutrient application can help reduce limitations to haskap bush
growth, yield and quality through the supply of adequate amount and type of nutrient applied at
the critical growth stage. However, the quantity of nutrients to apply is yet to be clearly determined
for haskap plants.

The amount of nutrient required by haskap depends on plant growth stage and characteristics,
environmental conditions, soil properties and management practices as reported for other crops
(Havlin et al. 2014). Moreover, the understanding of how different haskap varieties respond to the
aforementioned factors (especially soil-plant interaction) are important information for nutrient
management decisions. Typically, plant nutrient status for bush plants is determined by leaf
nutrient status. Nonetheless, there is no documentation on the level of variability in leaf tissue
nutrient levels among haskap varieties and/or how haskap respond to soil fertility levels.

To optimize bush growth and minimizing environmental impacts of nutrient use, nutrient
sufficiency ranges are helpful in diagnosing and correcting haskap nutritional status. But for

haskap, there is also no clear established leaf tissue nutrient sufficiency ranges (Bors 2012) making
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it difficult to assess nutritional status of haskap. Therefore, the development of soil and leaf tissue
nutrient standards would enable haskap growers to properly assess and/or apply the right amount
of nutrient needed for maximum bush growth and productivity. Also, the appropriate
recommendation will help minimize fertilizer misapplication and nutrient wastage.

The research presented in this thesis seeks to identify optimal standards for soil fertility and
leaf tissue nutrients for haskap production. This was achieved by addressing the following gaps: 1)
studying the relationship between soil fertility status and leaf tissue nutrient contents of haskap; ii)
identifying the level of variability in leaf tissue nutrient content among haskap varieties; and iii)
studying the relationship between soil, leaf tissue nutrient status and plant physiological

characteristics using Indigo Gem as a model variety.

5.2 Approach to Project and Conclusions

The first study was to 1) determine the relationship between soil fertility status and leaf tissue
nutrient content of haskap and ii) determine the levels of variability among haskap varieties
commonly grown in NS. A multi-locational field survey was conducted, and 148 soil samples were
collected in mid-May, and leaf tissue samples were collected starting from late June to early July
in 2015 and 2016 during which time 50% of the berries had turned color (Chapter 3). The result
revealed significant antagonistic relationships between leaf Mg content with soil and leaf tissue P,
K, and Ca. This suggests an imbalance in nutrient uptake pattern. Owing to the nutrient imbalance,
P and K deficiencies are the most visible symptoms observed in the fields. The P and K deficiencies
may be related to either low availability in the soil or an imbalance with competing nutrients such

as Ca and Mg, which were higher in the soil.
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A varietal comparison was conducted to determine the level of variability among varieties.
Firstly, the three most commonly grown varieties in NS, namely: Berry Blue (BB), Tundra (T),
and Indigo Gem (IG) were tested. The result revealed that the three varieties had similar leaf tissue
contents of N, K, Mg, and micronutrients except in P, Ca and Cu. IG and T had similar
compositions of nutrient uptake, which could be attributed to their similar genetic characteristics.
Secondly, IG was used as a reference to which all other varieties are compared because it was
widely grown and present in all the studied locations. The results also revealed wide variations in
leaf tissue nutrient contents among varieties. The greatest variation of IG from other varieties was
in P content. The least overall variability among varieties not including IG was in K, Ca and B and
the greatest variation was in Mg. From the result, it can be concluded that in most cases all varieties
were within 40% of the IG value.

The boundary-line approach (BLA) was applied to the data set to further understand the
relationship between soil fertility status and leaf tissue nutrient content, and to identify optimal
soil fertility levels. The BLA produced a curvilinear response with significant R? values for soil P,
K and Mg. This result revealed that at 90% of maximum leaf P, K, Ca, and Mg, the soil fertility
levels ranged from 80-280 kg P,Os ha™!, 260-570 kg K>O ha™!, 1300-4000 kg Ca ha™!, and 250-510
kg Mg ha'!. With regards to the soil levels observed in the studied locations and the BLA generated
soil fertility ranges, it can be concluded that more than 50% of the locations were deficient in soil
K, 8% were deficient in P2Os, 19% deficient in Ca and 46% deficient in Mg.

The final study (Chapter 4) determined the relationship between soil fertility and IG leaf tissue
nutrient content with physiological characteristics. Nineteen (19) soil samples were collected in
mid-May and leaf tissue samples were collected from the same locations as soil sampling starting

from late June to early July in 2016 during which time 50% of the berries had turned color, while
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physiological characteristics such as SPAD value (chlorophyll content), bush size, leaf size and
bush growth rate were measured after berry harvest between late July to early August of 2016. The
results revealed negative associations among soil available nutrients and leaf tissue nutrient
concentrations. A negative association was observed between soil P, Ca and Mg versus soil K, and
in leaf tissue nutrients between leaf Ca and Mg versus leaf N, P, and K. This result further
confirmed the antagonistic relationship (nutrient imbalance) observed in Chapter 3. The result also
revealed a positive relationship between leaf N, P and K versus plant physiological characteristics
showing the importance of these nutrients in haskap plant growth and establishment. Most
importantly, there was a close association between leaf K and plant physiological characteristics,
especially bush size, growth rate, and leaf size. This suggests that K is an important nutrient in
improving haskap bush growth. It has been reported that P and K are needed to stimulate plant
growth, which led to increased plant growth and enhanced uptake of both nutrients (Havlin et al.
2014; Ali 2018).

In order to further understand the variability in leaf tissue nutrient content and to identify
nutrient sufficiency ranges for haskap, BLA was also applied to study the relationship between
leaf'tissue nutrient content and bush growth rate. Bush growth rate was used since yield data cannot
be obtained at this stage of growth. Moreover, yield data which is dependent on the level of bee
pollination and plant age make yield data unreliable. Therefore, bush growth seems to be the better
option to yield data. The application of BLA produced significant (p<0.10) second-degree models
with high R? values ranging from 0.84 to 0.91 for leaf N, K, and Mg and 0.77 to 0.81 for N:P, N:K,
and K:Ca ratios. The result revealed that at 90% of maximum growth rate, the leaf tissue nutrient
sufficiency levels were 2.23-2.96% for N, 0.22-0.28% for P, 0.84-1.32% for K, 1.63-2.10% for

Ca, and 0.14-0.50% for Mg. This suggests that maximum bush growth could be obtained within
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the nutrient sufficiency ranges above. Considering the leaf tissue nutrient levels observed in the
studied locations and the BLA nutrient sufficiency ranges, it can be concluded that 53% of the
locations were diagnosed as being deficient in leaf N and P, while 58% were deficient in leaf K.
Considering the varietal comparison (Chapter 3) and the generated BLA nutrient sufficiency
levels (Chapter 4), the leaf tissue nutrient content of BB and T were within the IG BLA derived
nutrient sufficiency levels. Most of the other varieties such as Borealis, Larisa, Erin, Happy Giant,
Aurora, Ruth, and Blue Perfection tended to have slightly lower minimum and higher maximum
limit than the IG nutrient sufficiency levels. However, the number of samples of these varieties
were inadequate to conclude if these varieties would have a lower or higher nutrient sufficiency

levels than IG.

5.3 Recommendations

A balanced nutrition is crucial to achieving the full potential of bush growth. However,
imbalance or shortage of essential nutrients is the major factor to slow haskap growth after
establishment in NS. For the observed nutrient imbalance, there is a need for growers to
periodically carry out soil and plant tissue testing before haskap develops visual deficiency
symptoms. This would help in detecting and averting nutrient deficiency or imbalance during the
growing season. Also, the nutrient management strategies should be based on soil and leaf tissue
tests as the results will help growers to better understand balanced nutrient supply and adopt the
best nutrient management practices.

Owing to the variability in nutrient uptake among varieties and the financial involvement in
carrying out separate leaf tissue analysis for the different varieties, growers could either sample

only IG as a reference, or collect samples evenly from across all varieties in the field. IG can be
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used as a reference variety for assessing leaf tissue nutrient status, but should be recognized that it
is lower than other varieties in P and K, and higher in Ca.

The BLA sufficiency ranges for haskap cv. Indigo Gem leaf tissue was determined to be 2.23-
2.96% for N, 0.22-0.28% for P, 0.84-1.32% for K, 1.64-2.10% for Ca, and 0.14-0.50% for Mg.
The nutrient sufficiency ranges and ratios can be used to guide diagnosis of nutritional status of
haskap and to optimize haskap growth and productivity. Also, the established nutrient ratios would
be helpful in highlighting antagonistic relationships and in overcoming insufficient nutrition in
haskap production.

The following soil fertility ranges: 80-280 kg P>Os ha™!, 260-580 kg K>O ha™!, 1300-4000
kg Ca ha!, and 250-510 kg Mg ha! seem to be adequate for haskap production. However, to be
more efficient and economical, soil fertility levels: 80-190 kg P>Os ha!, 260-420 kg KO ha’!,
1300-2700 kg Ca ha!, and 250-390 kg Mg ha! would be adequate for haskap growth and

productivity as the derived BLA upper limits does not increase nutrient uptake.

5.4 Future Research
The studies provided insights on the response of haskap to soil fertility status as well as into
optimal soil fertility and leaf tissue nutrient ranges. However, several limitations were encountered
which can be addressed in the following way.
- Unable to collect yield data was one of the major limitations to this study. Therefore,
studying the relationship between soil fertility status and leaf tissue nutrient
concentrations in relation to haskap yield will be required. This will further provide

better understanding on the pattern of haskap response to soil fertility status.
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The locations under this study varied in terms of nutrient management practices, which
made it difficult to ascertain the actual amount of nutrient applied. Therefore, the derived
BLA soil fertility levels will have to be evaluated in a controlled growth conditions in
relation to haskap growth and productivity.

The data set used in developing leaf tissue nutrient sufficiency levels seemed to be
inadequate for this study. Therefore, future study needs to significantly increase the data
set. At least, 2-3 years of data set on leaf nutrient concentrations, growth and yield from
locations with a well-documented nutrient management practices would be ideal.

In some locations, high levels of soil Ca and Mg could be interfering with plant uptake
of K. Therefore, further research is needed to identify optimum K fertilization relative to
soil Ca and Mg levels.

Finally, field experiments will be needed to validate the derived BLA soil fertility levels
under varying climatic conditions using different haskap varieties. This would help in
validating both the BLA soil fertility and leaf nutrient sufficiency levels obtained in this

study.

76



REFERENCES

Abdollahi, M., Eshghi, S., and Tafazoli, E. 2010. Interaction of paclobutrazol, boron, and zinc on
vegetative growth, yield, and fruit quality of strawberry (Fragaria x Ananassa Duch . Cv .
Selva). J. Biol. Environ. Sci. 4: 67-75.

Abro, M.A., Lecompte, F., Bryone, F., and Nicot, P.C. 2012. Nitrogen Fertilization of the Host
Plant influences production and pathogenicity of Botrytis cinerea secondary inoculum.
Phytopathology, 103: 261-267.

Aitchinson, J. 1986. The statistical analysis of compositional data. Chapman and Hall, New York.

Ali, A.M. 2018. Nutrient sufficiency ranges in mango using boundary-line approach and
compositional nutrient diagnosis norms in El-Salhiya, Egypt. Commun. Soil Sci. Plant Anal.
49: 188-201.

Amaliotis, D., Therios, ., and Karatissiou, M. 2004. Effect of nitrogen fertilization on growth, leaf
nutrient concentration and photosynthesis in three peach cultivars. Acta Hortic. 449: 36—42.

Anikina, E. V., Syrchina, A.L., Vereshchagin, A.L., Larin, M.F., and Semeno, A.A. 1989. Bitter
iridoid glucoside from the fruit of Lonicera caerulea. Chem. Nat. Compd. 24: 598-599.

Arus, L., and Kask, K. 2007. Edible honeysuckle (Lonicera caerulea Var. Edulis) - underutilized
berry crop in Estonia. NJF Report, 3: 33-35.

Bakowska-Barczak, A.M., Myles, M., and Kolodziejczyk, P. 2007. Survey of bioactive
components in Western Canadian berries. Can. J. Physiol. Pharmacol. 85: 1139-1152.

Bafiados, M.P., Strik, B.C., Bryla, D.R., and Righetti, T.L. 2012. Response of high bush blueberry
to nitrogen fertilizer during field establishment—I. Accumulation and allocation of fertilizer
nitrogen and biomass. HortScience 47: 648—655.

Barker, A. V., and Pilbeam, D.J. 2007. Handbook of plant nutrition. CRC Press, Florida, US.

Barney, D.L., Cogger, C., Fitzpatrick, S.M., Hart, J., Miles, C., Miller, T., Moore, P.P., Murray,
T., Rempel, H., Strik, B., and Tanigoshi, L. 2007. Commercial red raspberry production in
the Pacific Northwest. Edited by D.L. Barney and C. Miles. Pacific Northwest Extension
publications..

Barney, D.L., and Hummer, K.E. 2005. Currants, gooseberries, and jostaberries: A guide to
growers, marketers, and researchers in North America. Edited by R.E. Gough. Food Products

Press, New York.

77



Basu, S.K., Thomas, J.E., and Acharya, S.N. 2007. Prospects for growth in global nutraceutical
and functional food markets: A Canadian perspective. Aust. J. Basic Appl. Sci. 1: 637—649.

Bates, T.E. 1971. Factors affecting critical nutrient concentrations in plants and their evaluation:
A review. Soil Sci. 112: 116-130.
Beauchemin, S. and Simard, R.R. 1999. Soil phosphorus saturation degree: review of some indices
and their suitability for P management in Quebec, Canada. Can. J. Soil Sci. 79: 615-625
Beaufils, E.R., and Sumner, M.E. 1976. Application of the DRIS approach for calibrating soil and
plant factors in their effects on yield of sugarcane. Pages 118—124 in South African Sugar
Technologists Association.

Bhat, R., and Sujatha, S. 2013. Establishing leaf nutrient norms for arecanut by boundary line
approach. J. Plant Nutr. 36: 849-862.
Bhat, R., and Sujatha, S. 2014. Soil fertility status and disorders in arecanut (Areca catechu L.)
grown on clay and laterite soils of India. Commun. Soil Sci. Plant Anal. 45: 1622—-1635.
Blanco-Macias, F., Magallanes-Quintanar, R., Valdez-Cepeda, R.D., and Vazquez-Alvarado, R.
2009. Comparison between CND norms and boundary-line approach nutrient standards:
Opuntia ficus - indica L. . CASE. Rev. Chapingo Ser. Hortic. 15: 217-223.

Bojovi¢, B., and Markovi¢, A. 2009. Correlation between nitrogen and chlorophyll content in
wheat (Triticum aestivum L.). Kragujev. J. Sci. 31: 69-74.

Bors, B. 2009. Growing haskap in Canada. [Online] Available:
www.fruit.usask.ca/articles/growinghaskapinCanada.pdf [2016 Mar. 16].

Bors, B. 2011. Indigo series haskap. [Online] Available:
http://www.fruit.usask.ca/Documents/Haskap/IndigoHaskap2011.pdf [2017 Sep. 26].

Bors, B., Thomson, J., Sawchuk, E., Reimer, P., Sawatzky, R., and Sander, T. 2012. Haskap
breeding and production - final report (pp. 1 — 142). Saskatchewan agriculture: Regina.
Bowley, S.R. 2008. A hitchhiker’s guild to statistics in plant biology. 2nd edition. Any Old Subject

Books, Guelph, Ontario Canada.
Boynton, D., and Compton, O.. 1944. The influence of differential fertilization with ammonium
sulfate on the chemical of Mclntosh apple trees. Pages 9-17 in Amercian society of

horticultural science.

Bozek, M. 2012. The effect of pollinating insects on fruiting of two cultivars of Lonicera caerulea

78



L. J. Apic. Sci. 56: 5-11.

Bryla, D.R., Strik, B.C., Ban, M.P., and Righetti, T.L. 2012. Response of highbush blueberry to
nitrogen fertilizer during field establishment - II . Plant nutrient requirements in relation to
nitrogen fertilizer supply. HortScience 47: 917-926.

Buskiené, L., and Uselis, N. 2008. The influence of nitrogen and potassium fertilizers on the
growth and yield of raspberries cv . “Polana.” Agron. Res. 6: 27-35.

Cabrera, R.I. 2004. Evaluating yield and quality of roses with respect to nitrogen fertilization and
leaf nitrogen status. Acta Hortic. 511: 157-170.

Cakmak, 1. 2000. Possible roles of zinc in protecting plant cells from damage by reactive oxygen
species. New Phytol. 146: 185-205.

Casanova, D., Goudriaan, J., Forner, M.M.C., and Withagen, J.C.M. 2002. Rice yield prediction
from yield components and limiting factors. Eur. J. Agron. 17: 41-61.

Castafieda-Ovando, A., Pacheco-Hernandez, M. de L., Pdez-Herndndez, M.E., Rodriguez, J.A.,
and Galan-Vidal, C.A. 2009. Chemical studies of anthocyanins: A review. Food Chem. 113:
859-871.

Chen, Y.X., Zhang, F.D., Tang, L., Zheng, Y., Li, Y.J., Christie, P., and Li, L. 2007. Wheat
powdery mildew and foliar N concentrations as influenced by N fertilization and
belowground interactions with intercropped faba bean. Plant and Soil, 291: 1-13.

Chen, G.L., Zhao, R.S., Ge, H.B., and Li, S.Y. 1999. Study on the content and distribution of NPK
in strawberry. J. Hebei Agric. Univ. 22: 62—64.

Chou, T.-S., Chao, Y.-Y., Huang, W.-D., Hong, C.-Y., and Kao, C.H. 2011. Effect of magnesium
deficiency on antioxidant status and cadmium toxicity in rice seedlings. J. Plant Physiol. 168:
1021-1030.

Christensen, L.P., Bianchi, M.L., Peacock, W.L., and Hirschfelt, D.J. 1994. Effect of nitrogen
fertilizer timing and rate on inorganic nitrogen status, fruit composition, and yield of
grapevines. Am. J. Enol. Vitic. 45: 377-387.

Conradie, W.J., and Saayman, D. 1989a. Effects of long-term nitrogen, phosphorus, and potassium
fertilization on chenin blanc vines. II. Leaf analysis and grape composition. Am. J. Enol.

Vitic. 40: 91-98.

Conradie, W.J., and Saayman, D. 1989b. Effects of long-term nitrogen, phosphorus, and potassium

79



fertilization on chenin blanc vines. I. Nutrient demand and vine performance. Am. J. Enol.
Vitic. 40: 85-90.\

CRAAQ 2010. Centre de référence en agriculture et agroalimentaire du Québec, 2™ Edition.
Fertilization Reference guide (In French). Ste-Foy, Qc, Canada.

Daugaard, H. 2001. Nutritional status of strawberry cultivars in organic production. J. Plant Nutr.
24: 1337-1346.

Delgado, R., Martin, P., Del Alamo, M., and Gonzalez, M.R. 2004. Changes in the phenolic
composition of grape berries during ripening in relation to vineyard nitrogen and potassium
fertilisation rates. J. Sci. Food Agric. 84: 623—630.

Dibb, D.W., and Thompson, W.R.J. 1985. Interactions of potassium with other nutrients. Pages
515-533 in R.D. Munson, ed. Potassium in Agriculture. ASA-CSSASSSA: Madison, WL

Emily K. Dixon, E.K., Strik, B.C., and Bryla, D.R. Weed management, training, and irrigation
practices for organic production of trailing blackberry: III. Accumulation and removal of
aboveground biomass, carbon, and nutrients. HortScience. 51: 51-66.

Domoto, P. 2011. Recognizing and correcting nutrient deficiencies in strawberries. [Online]
Available:
http://www.iowaproduce.org/pages/fruit/files/strawberry/Strawberry nutrition guide.pdf
[2017 Apr. 12].

Dresler, S., Bednarek, W., Tkaczyk, P., and Hawrylak-Nowak, B. 2015. Estimation of the macro-
and micronutrient status of raspberries grown in the Lublin region. Folia Hortic. 27: 53-62.

Du, Y., Pan, G., Li, L., Hu, Z., and Wang, X. 2010. Leaf N:P ratio and nutrient reuse between
dominant species and stands: Predicting phosphorus deficiencies in Karst ecosystems,
southwestern China. Environ. Earth Sci. 64: 299-309.

Easterwood, G.W. 2002. Calcium ’s role in plant nutrition. Fluid J. 2: 1-3. [Online] Available:
http://www.fluidfertilizer.com/pastart/pdf/36p16-19.pdf.

Ebrahimi, R., Souri, M.K., Ebrahimi, F., and Ahmadizadeh, M. 2012. Growth and yield of
strawberries under different potassium concentrations of hydroponic system in three
substrates. World Appl. Sci. J. 16: 1380—-1386.

Erb, W.A., Draper, A.D., and Swartz, H.J. 1993. Relation between moisture stress and mineral soil
tolerance in blueberries. J. Am. Soc. Hortic. Sci. 118: 130-134.

Fageria, V.D. 2001. Nutrient interactions in crop plants. J. Plant Nutr. 24: 1269-1290.

80



Fuqua, B., Byers, P., Kaps, M., Kovacs, L., and Waldstein, D. 2005. Growing blueberries in
Missuri. Missuri State University Bulletin,.

Gtisewell, S. 2004. N:P ratios in terrestrial plants: Variation and functional significance. New
Phytol. 164: 243-266.

Government of New Brunswick, Department of Agriculture, Aquaculture and Fisheries. 2011.
Modifications to the soil test reports and new phosphorus fertilization table for potatoes-2011.
[Online] Available:
http://www?2.gnb.ca/content/dam/gnb/Departments/10/pdf/Agriculture/PhosphorusPotatoe.p
df. [2018 Apr. 22]

Government of Prince Edward Island, Department of Agriculture and Fisheries. 2017.
Understanding the factor controlling phosphorus availability for crop production in PEL
[Online] Available: https://www.princeedwardisland.ca/en/information/agriculture-and-
fisheries/understanding-factors-controlling-phosphorus-availability-crop?wbdisable=true.
[2018 Apr. 22]

Hafeez, B., Khanif, Y.M., and Saleem, M. 2013. Role of zinc in plant nutrition- A review. Am. J.
Exp. Agric. 3: 374-391.

Handley, D.T. 2007. Strawberry nutrition: The ABCs of N, P, and K. Pages 2-5 in England
Vegetable & Fruit Conference.

Hanson, E., and Hancock, J. 1996. Managing the nutrition of highbush blueberries. East Lansing,
Michigan.

Hargreaves, J., Adl, M.S., Warman, P.R., and Rupasinghe, H.P.V. 2008. The effects of organic
amendments on mineral element uptake and fruit quality of raspberries. Plant Soil 308: 213—
226.

Harkins, H.R., Bernadine C. Strik, B.C., and Bryla, D.R. 2014. Weed management practices for
organic production of trailing blackberry, II. Accumulation and loss of biomass and nutrients.
HortScience, 49: 35-43.

Harmat, L., Porpaczy, A., Himelrick, D.G., and Galleta, G.J. 1990. Currant and gooseberry
management. Edited by G.J. Galleta and D.. Himelrick. Prentice Hall, Upper Saddle River,
NIJ.

Hart, J., Strik, B., White, L., and Yang, W. 2006. Nutrient management for blueberries in Oregon.

81


http://www2.gnb.ca/content/dam/gnb/Departments/10/pdf/Agriculture/PhosphorusPotatoe.pdf
http://www2.gnb.ca/content/dam/gnb/Departments/10/pdf/Agriculture/PhosphorusPotatoe.pdf
http://www2.gnb.ca/content/dam/gnb/Departments/10/pdf/Agriculture/PhosphorusPotatoe.pdf
https://www.princeedwardisland.ca/en/information/agriculture-and-fisheries/understanding-factors-controlling-phosphorus-availability-crop?wbdisable=true
https://www.princeedwardisland.ca/en/information/agriculture-and-fisheries/understanding-factors-controlling-phosphorus-availability-crop?wbdisable=true

Nutr. Manag. Guid.: 1-12.

Havlin, J.., Tisdale, S.., Nelson, W.., and Beaton, J.. 2014. Soil fertility and fertilizers: an
introduction to nutrient management. Edited byV.R. Anthony, W. Lawrensen, L. Dimmick,
and J. Gohr 8th edition. Pearson Education, Inc., New Jersey, USA.

He, J., and Giusti, M.M. 2010. Anthocyanins: Natural colorants with health-promoting properties.
Annu. Rev. Food Sci. Technol. 1: 163—-187.

Hobson, D.W., Lynch, D.H., Pruski, K., and Hammermeister, A.M. 2013. Fertility rate and timing
effects on organic black currant growth and yield during establishment. Acta Hortic. 1001:
335-342.

Hogg, R. V., Tanis, E.A., and Zimmerman, D.L. 2015. Probability and statistical inferencee. 9th
edition. Pearson Education, Inc. US.

Horuz, A., Korkmaz, A., Riistii Karaman, M., Dizman, M., and Turan, M. 2013. The evaluation
of leaf nutrient contents and element ratios of different raspberry varieties. J. Food, Agric.
Environ. 11: 588-593.

Huang, J.W., and Grunes, D.. 1992. Effects of root temperature and nitrogen form on magnesium
uptake and translocation by wheat seedlings. J. Plant Nutr. 15: 991-1005.

Hummer, K. 2006. Blue honeysuckle: A new berry crop for North America. J. Am. Pomol. Soc.
60: 3-8.

Hummer, K.E., Pomper, K.W., Postman, J., Graham, C.J., Stover, E., Mercure, E.W., Aradhya,
M., Crisosto, C.H., Ferguson, L., Thompson, M.M., Patrick Byers, P., and Zee, F. 2012.
Emerging fruit crops. Pages 97-147 in D.. Badenes, M.L., Byrne, ed. Fruit Breeding.
Springer, New York.

Iskra, A., Lafontaine, S., Phillips, C., Shellhammer, T., Trippe, K., Twomey, M., Woods, J., and
Gent, D. 2016. Nitrogen fertilization increases powdery mildew, arthropod pests, and nitrate
accumulation in hops. Phytopathology, 106: 199-200.

Kabata-Pendias, A. 2004. Soil-plant transfer of trace elements - An environmental issue.
Geoderma 122: 143-149.

Kacar, B., and Katkat, A. V 2009. Fertilizers and fertilization techniques. : 559. Noble Publication,
Ankara.

Kelling, K.A., Combs, S.M., and Peters, J.B. 2000. Plant analysis as a diagnostic tool. [Online]

82



Available: http://www.soils.wisc.edu/extension/publications/%0Ahorizons/2000/Plant
Analysis as Tool.pdf [2017 Sep. 19].

Khan, A.A., Jilani, M.S., Khan, M.Q., and Zubair, M. 2011. Effect of seasonal variation on tuber
bulking rate of potato. J. Anim. Plant Sci. 21: 31-37.

Kliewer, W.M., Bogdanoff, C., and Benz, M. 1991. Responses of Thompson seedless grapevines
trained to single and divided canopy trellis systems to nitrogen fertilization. Pages 282—289
in J.M. Rantz, ed. International symposium on nitrogen in grapes and wine.

Kowalenko, C.G. 2005. Accumulation and distribution of micronutrients in Willamette red
raspberry plants. Can. J. Plant Sci. 85: 179-191.

Kudo, M., Vagnoli, P., and Bisson, L.F. 1998. Imbalance of pH and potassium concentration as a
cause of stuck fermentations. Am. J. Enol. Vitic. 49: 295-301.

Lazaro Rodas, C., Pereira da Silva, 1., Amaral Toledo Coelho, V., Monteiro Guimaries Ferreira,
D., de Souza, R.J., and Guedes de Carvalho, J. 2013. Chemical properties and rates of external
color of strawberry fruits grown using nitrogen and potassium fertigation. Idesia (Arica) 31:
53-58.

Lefol, E. 2007. Haskap market development - the Japanese opportunity feasibility study. : 1-53.
[Online] Available: http://www.docstoc.com/docs/44874603/Haskap-Market-Development-
-The-Japanese-Opportunity-.

Lester, G.E., Jifon, J.L., and Makus, D.J. 2010. Impact of potassium nutrition on food quality of
fruits and vegetables: A condensed and concise review of the literature. Better Crop. 94: 18—
21.

Lolaei, A., Kaviani, B., Raad, M.K., and Rezaei, M.A. 2012. Effect of paclobutrazol and salinity
on vegetative and sexual growth and fruit Quality of strawberry (Fragaria < Ananassa Duch
.cv . Selva). Ann. Biol. Res. 3: 4663—4667.

Lu, J. 2003. Science of plant nutrition. 2nd edition. China agricultural University Press., Beijing.

Marschner, H. 1995. Mineral nutrition in higher plants. Academic press, Elsevier, San Diego, CA,
USA.

Marschner, H. 2011. Marschner’s mineral nutition of higher plants. Academic press, Elsevier, San

Diego, CA, USA.

Mattson, N.S., and Van lersel, M.W. 2011. Application of the “4R” nutrient stewardship concept

83



to horticultural crops: Applying nutrients at the “right time.” HortTechnnology 21: 667 — 673.

May, G., and Pritts, M. 1993. Phosphorus, zinc, and boron influence yield components in
Earliglow’ strawberry. J. Am. Soc. Hortic. Sci. 118: 43—49.

McCarthy, T.P., and Stoker, R. 1988. Effect of irrigation on yield, berry weight, and sugar content
of blackcurrants. New Zeal. J. Exp. Agric. 16: 321-327.

McCray, J.M., i, S., Powell, G., Montes, G., Perdomo, R., and Luo, Y. 2010. Boundary lines used
to determine sugarcane production limits at leaf nutrient concentrations less than optimum.
Commun. Soil Sci. Plant Anal. 41: 606—622.

Mehdi, K., Reza, M.M., Reza, K.A., and Soheila, R. 2008. Evaluation of manganese, boron,
potassium, calcium and zinc effects on yield and fruit quality of barberry (Berberis vulgaris
L.) plants. Hortculture, Environ. Biotechnol. 49: 293-297.

Mehlich, A. 1984. Mehlich 3 soil test extractant: A modification of Mehlich 2 extractant. Commun.
Soil Sci. Plant Anal. 15: 1409-1416.

Memon, N., Memon, K.S., and Hassan, Z. 2005. Plant Analysis as a aiagnostic tool for Eealuating
nutritional requirements of bananas. Int. J. Agric. Biol. 7: 824-831.

Miyashita, T., Ohashi, T., Shibata, F., Araki, H., and Hoshino, Y. 2009. Plant regeneration with
maintenance of the endosperm ploidy level by endosperm culture in Lonicera caerulea var.
emphyllocalyx. Plant Cell. Tissue Organ Cult. 98: 291-301.

Motamedi, S., Jafarpour, M., and Shams, J. 2013. Evaluation of nutrition on flower number and
yield of strawberry in greenhouse. Int. J. Agric. Crop Sci. 5: 2091-2095.

Mylavarapu, R.S. 2010. Diagnostic nutrient testing. Horttechnology 20: 19-22.

Naugler, C.T., and Wright, B. 2006. Wamboldt’s Nova Scotia wine growers’ guide. Blue Frog
Incorporated, Bridgewater, NS. [Online] Available:
https://books.google.ca/books?id=y fzGAAACAAI.

Niskanen, R. 2002. Nutritional status in commercial currant fields. Agric. Food Sci. Finl. 11: 301—
310.

Niskanen, R., and Dris, R. 2002. Nutritional status of strawberry fields. Acta Hortic. 567: 439—
442.

Nouri, E., Breuillin-Sessoms, F., Feller, U., and Reinhardt, D. 2014. Phosphorus and nitrogen
regulate arbuscular mycorrhizal symbiosis in petunia hybrida. PLoS One 9.

Nova Scotia Department of Agriculture 2010a. Soil test interpretation ratings for Nova Scotia

84



crops. [Online] Available: http:/novascotia.ca/agri/documents/lab-services/analytical-lab-
soil-interpretation.pdf [2016 Mar. 18].

Nova Scotia Department of Agriculture 2010b. Fruit crop tissue sampling guide. [Online]
Available: https://novascotia.ca/agri/documents/lab-services/analytical-lab-
fruitcroptissue.pdf [2016 Mar. 16].

O’Connor, J. 2015.September 18. Better than blueberries? Introducing Canada’s new superfood —
the haskap berry. Natl. Post. [Online] Available: http://nationalpost.com/news/canada/better-
than-blueberries-introducing-canadas-new-super-food-the-haskap-berry.

Parent, S-E., Parent, L.E., Rozane, D.E., and Natale, W. 2013. Plant ionome diagnosis using sound
balances: case study with mango (Mangifera Indica). Front Plant Sci. 4:449.

Parent, L.E., Cambouris, A.N., and Muhawenimana, A. 1994. Multivariate diagnosis of nutrient
imbalance in potato crops. Soil Sci. Soc. A. J., 58: 1432—-1438.

Parent, L.E., and Dafir, M. 1992. A theoretical concept of compositional nutrient diagnosis. J. Am.
Soc. Hortic. Sci. 117: 239-242.

de Pascual-Teresa, S., Moreno, D.A., and Garcia-Viguera, C. 2010. Flavanols and anthocyanins
in cardiovascular health: A review of current evidence. Int. J. Mol. Sci. 11: 1679-1703.

Patrick, A.E., Smith, R., Keck, K., and Berry, A.M. 2004. Grapevine uptake of '’N-labeled
nitrogen derived from a winter annual leguminous cover crop mix. Am. Soc. Enol. Vitic. 55:
187-190.

Peterson, T.A., Blackmer, T.M., Francis, D.D., and Schepers, J.S. 1993. Using a chlorophyll meter
to improve N management. Hist. Mater. from Univ. Nebraska-Lincoln Ext.: 1353. [Online]
Available: http://digitalcommons.unl.edu/extensionhist.1353.

Piao, H.C., Liu, C.Q., Zhu, S.F., and Zhu, J.M. 2005. Variations of C4 and C3 plant N:P ratios
influenced by nutrient stoichiometry in limestone and sandstone areas of Guihzou. Quat. Sci.
Rev. 25: 553-560.

Plaster, E.J. 2009. Soil science and management. Edited by D. Garza, D. Rosenbaum, M.
Bellegarde, and S. Royael 5th edition. Delmar, Cengage Learning, Clifton Park, USA.

Plekhanova, M.N. 1992. Blue honeysuckle: a new berry crop in Russia. Balsgard

Verksambhetsberattelse.

Pormale, J., Osvalde, A., and Nollendorfs, V. 2009. Comparison study of cultivated high-bush and

85



wild blueberry nutrient status in producing plantings and woodlands. Latv. J. Agron. 12: 80—
87.

Porro, D., Stringari, G., Failla, O., and Scienza, A. 2001. Thirteen years of leaf analysis applied to
Italian viticulture, olive and fruit growing. Acta Hortic. 564: 413—420.

Prive, J.P., and Sullivan, J.A. 1994. Leaf tissue analyses of three primocane-fruiting red raspberries
(Rubus idaeus L.) grown in six environments. J. Small Fruit Vitic. 2: 41-55.

Quesnel, P.-O. 2004. Use of a boundary line approach to determine optimum nutrition levels for
three conifers and their application to nutrient diagnosis in the boreal forest. McGill
University, Montreal, Qc.

Quesnel, P.O., Coté, B., Fyles, J.W., and Munson, A.D. 2006. Optimum nutrient concentrations
and CND scores of mature white spruce determined using a boundary-line approach and
spatial variation of tree growth and nutrition. J. Plant Nutr. 29: 1999-2018.

Rashid, A. 2005. Soils: Basic concepts and principles. Page in K.S. Memon and A. Rashid, eds.
Soil Science. National Book Foundation, Islamabad.

Reickenberg, R.L., and Pritts, M.P. 1996. Dynamics of nutrient uptake from foliar fertilizers in red
raspberry (Rubus idaeus L.). J. Am. Soc. Hortic. Sci. 121: 158-163.

René, W., Coté, B., Camiré, C., Burgess, M., and Fyles, J.W. 2013. Development and application
of CVA, DRIS, and CND norms for three hybrids of populus maximowiczii planted in
Southern Quebec. J. Plant Nutr. 36: 118-142.

Retamales, J.B., and Hancock, J.. 2012. Nutrition. Pages 103 — 142 in J.B. Retamales and J.F.
Hancock, eds. Blueberries. Wallingford: CABI.

Rhodes, P.J. 1986. Growth and yield of black currant (Ribes nigrum) established from cuttings.
New Zeal. J. Exp. Agric. 14: 63—69.

Roy-Bulduc, A., and Hijri, M. 2011. The use of mycorrhizae to enhance phosphorus uptake: A
way out the phosphorus crisis. J. Biofertilizers Biopestic. 2: 1-5.

Rupasinghe, H.P.V., Yu, L.J., Bhullar, K.S., and Bors, B. 2012. Haskap (Lonicera caerulea): A
new berry crop with high antioxidant capacity. Can. J. Plant Sci. 92: 1311-1317.

Santos, B.M. 2011. Selecting the right nutrient rate: Basis for managing fertilization programs.
HortTechnnology 21: 683—-685.

Schnug, E., Heym, J., and Achwan, F. 1996. Establishing critical values for soil and plant analysis

by means of the boundary line development system (bolides). Commun. Soil Sci. Plant Anal.

86



27:2739-2748.

Schreiner, P.R., Lee, J., and Skinkis, P.A. 2013. N, P, and K supply to pinot noir grapevines:
Impact on vine nutrient status, growth, physiology, and yield. Am. J. Enol. Vitic. 64: 26-38.

Self, J.. 2014. Plant analysis. [Online] Available: http://extension.colostate.edu/topic-
areas/agriculture/plant-analysis-0-116/ [2017 Sep. 19].

Shahrokhi, M., Eshghi, S., Tafazoli, E., and Tehranifar, A. 2008. Interaction of foliar application
of paclobutrazol and manganese sulfate on vegetative and reproductive growth of strawberry
cv . Paros. Adv. Nat. Appl. Sci. 2: 21-26.

Singh, R., Sharma, R.R., Moretti, C.L., Kumar, A., and Gupta, R.K. 2007. Pre-harvest foliar
application of calcium and boron influences physiological disorders, fruit yield and quality
of strawberry (F. X ananassa Duch.). Sci. Hortic. (Amsterdam). 112: 215-220.

Smith, S.E., Jakobsen, 1., Gronlund, M., and Smith, F.A. 2011. Roles of Arbuscular mycorrhizas
in plant phosphorus nutrition: Interactions between pathways of phosphorus uptake in
Arbuscular mycorrhizal roots have important implications for understanding and
manipulating plant phosphorus acquisition. Plant Physiol. 156: 1050—-1057.

Spayd, S.E., Tarara, J.M., Mee, D.L., and Ferguson, J.C. 2002. Separation of sunlight and
temperature effects on the composition of Vitis vinifera cv. merlot berries. Am. J. Enol. Vitic.
53:171-182.

Spectrum Analytical 2011a. Agronomic library: Phosphorus basics. [Online] Available:
http://www.spectrumanalytic.com/support/library/{f/P_Basics.htm [2016 Mar. 20].

Spectrum Analytical 2011b. Agronomic library: Potassium basics. [Online] Available:
http://www.spectrumanalytic.com/doc/library/articles/potassium_basics [2016 Mar. 20].
Spiers, M.J. 1993. Potassium and sodium fertilization affects leaf nutrient content and growth of *

Shawnee” blackberry. J. Plant Nutr. 16: 297-303.

Stellacci, A.., Armenise, E., Caliandro, A., and Rubino, P. 2010. Relationships between soil
concentrations in grapevine characteristics and leaf nutrient. Acta Hortic. 868: 135-142.

Stiles, W.G., and Reid, F. 1991. Orchard nutrition. Information bulletin 219.

Sun, X., Kay, A.D., Kang, H.Z., Small, G.E., Liu, G.F., Zhou, X., Yin, S., and Liu, C.. 2013.
Correlated biogeographic variation of magnesium across trophic levels in a terrestrial food
chain. PLoS One 8: €78444.

Szot, 1., and Wieniarska, J. 2012. Effect of foliar applications of Goémar BM 86 and soil applied

87



calcium nitrate on yield and berry quality of two blue honeysuckle cultivars. Acta Sci. Pol.,
Hortorum Cultus 11: 133-144.

Tagliavini, M., and Millard, P. 2005. Fluxes of nitrogen within deciduous fruit trees. Acta Sci. Pol.
cultus. Stamp. 41: 21-30.

Tessier, J.T., and Raynal, D.J. 2003. Tessier, Raynal - 2003 - Use of nitrogen to phosphorus ratios
in plant tissue as an indicator of nutrient limitation and nitrogen saturatio. J. Appl. Ecol. 40:
1-12.

Thompson, M.M. 2006. Introducing haskap, Japanese blue honeysuckle. J. Am. Pomol. Soc. 60:
164-168.

Thompson, M.M. 2008. Caprifoliaceae. Edited by J. Janick and R.E. Pauli The Encyclopedia of
fruit and nuts. CABI., Wallingford.

Throop, P.A., and Hanson, E.J. 1997. Effect of application date on absorption of 15nitrogen by
highbush blueberry. J. Am. Soc. Hortic. Sci. 122: 422-426.

Tisdale, S.L., Nelson, W.L., Beaton, J.D., and Havlin, J.L. 2002. Soil fertility and fertilizers. 5th
edition. Prentice Hall, New Delhi, India.

Trejo-Téllez, L.1., and Goémez-Merino, F.C. 2014. Nutrient management in strawberry: Effects on
yield, quality and plant health. Pages 239-267 in Nathan Malone, ed. Strawberries:
Cultivation, antioxidant properties and health benefits, 1st edition. Nova Science Publishers,
Inc.

Valko, M., Leibfritz, D., Moncol, J., Cronin, M.T.D., Mazur, M., and Telser, J. 2007. Free radicals
and antioxidants in normal physiological functions and human disease. Int. J. Biochem. Cell
Biol. 39: 44-84.

Vizcayno-Soto, G., and Cote, B. 2004. Boundary-line approach to determine standards of nutrition
for mature trees from spatial variation of growth and foliar nutrient concentrations in natural
environments. Commun. Soil Sci. Plant Anal. 35: 2965-2985.

Wallace, T.C. 2011. Anthocyanins in Cardiovascular Disease. Adv. Nutr. 2: 1-7.

Walworth, J.L., Letzsch, W.S., and Sumner, M.E. 1986. Use of boundary lines in establishing
diagnostic norms. Soil Sci. Soc. Am. J. 50: 123—-128.

Walworth, J.L., and Sumner, M.E. 1987. The diagnosis and recommendation integrated system
(DRIS). Pages 149-188 in B.A. Stewart, ed. Advances in soil science. Springer, New York.

Webb, R.A. 1972. Use of the boundary line in the analysis of biological data. J. Hortic. Sci. 47:

88



309-319.

Wheeler, S.J., and Pickering, G.J. 2003. Optimizing grape quality through soil management
practices. J. Food, Agric. Environ. 1: 190-197.

White, P.J., and Broadley, M.R. 2009. Biofortification of crops with seven mineral elements often
lacking in human diets — iron, zinc, copper, calcium, magnesium, selenium and iodine. New
Phytol. 182: 49-84.

Wilding, L.P., Bouma, J., and Goss, D.W. 1994. Impacts of spatial variability in interpreting
modeling. Pages 61-75 in R.B. Bryant and A.R. W, eds. Quantitative Modeling for Soil
Forming processes, 39th edition. SSSA, Inc., Madison, WI.

Wilkinson, S.R., Grunes, D.., and Sumner, M.E. 2000. Nutrient interactions in soil and plant
nutrition. Pages 89—112 in Handbook of soil science. CRC Press, Boca Raton, New York.

Winkler, A.J., Cook, J.A., Kliewer, W.M., and Lider, L.A. 1974. General viticulture. Edited byL.
Cerruti. University of California Press, California.

Wojcik, P., and Lewandowski, M. 2003. Effect of calcium and boron sprays on yield and quality
of “Elsanta” strawberry. J. Plant Nutr. 26: 671-682.

Wrona, D. 2011. The influence of nitrogen fertilization on growth, yield and fruit size of
‘Jonagored’ Apple Trees. Acta Sci. Pol. Cultus 10: 3—10.

Yadong, L., Shuang, Z., Hanping, D., and Xiuwu, G. 2009. Effects of nitrogen, phosphorus and
potassium on growth, fruit production and leaf physiology in blueberry. Acta Hortic.: 759—
764.

89



APPENDICES

Table A-1. Soil fertility recommendation for small fruit crops in Nova Scotia (NSDA 2010a)

Soil rating

Soil test levels (kg ha™)

P>0Os K20 Ca Mg
Low (L-, L, L+) 0-231 0-121 0-1187 0-80
Medium (M-, M, M+) 232-360 122-236 1188-3083 81-432
High (H-, H, H+) 361-558 237-514 3084-5434 330-563
Excessive (E) 559+ 515+ 5435+ 564+
Table A-2. Leaf tissue nutrient sufficiency ranges (NSDA 2010b)
Crop N P K Ca Mg B Zn Cu Mn Fe
% ppm
Black 2.7-2.9 0.26- 1.0-1.6 1.0-1.5 0.1-0.15 20-40  20-50 5-20 20-70 -
currants 0.30
Highbush 1.5-25 0.1-04 03-0.8 0.2-0.7 0.1-0.25 20-70  10-50 5-20 50-350 40-150
blueberries
Raspberries 2.0-3.5 0.2-0.5 1.0-2.0 0.8-25 0.25-0.5 20-60 15-100 5-20 20-200 25-200
Strawberries  2.0-3.0  0.2-0.5 1.5-2.5 0.5-1.5 0.25-0.5 20-60  15-100 - 20-200  25-200

“_*“: No available recommendation.
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Figure A-1. The different steps of the boundary-line regression approach to leaf tissue and soil
nutrient concentration relationship for all haskap varieties sampled in 2015 and 2016.
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Figure A-2. Box- and whiskers plot of soil P, K, Ca, and Mg nutrient concentrations in 2015 and
2016. The box indicates interquartile range, line within the box indicates median, the whiskers
represent 1.5 times the interquartile range, and the dotted points represent outliers.
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93



18.00 10.00 1.20
. o
16.00 - 9.00 1
| 1.00 1
14.00 1 8.00
7.00 1
12.00 1 0.80 1
6.00 1 °
10.00 1
5.00 1 _ 0.60 1
8.00 1 °
4.00 1
6.00 1 0.40 1
3.00 - -
4.00 1 200 -
0.20 1
2.00 1 1.00 1 -
0.00 0.00 - 0.00
N:P ratio N:K ratio P:K ratio
0.90 12.00 14.00
-]
0.80 1
10.00 - . 12.00 4 °
0.70 1
10.00 4
0.60 A 8.00 1
0.50 { 8.00 1
6.00 1
0.40 1 6.00
0.30 A 4.00 1
4.00 1
0.20 1
2.00 1 2.00 -
0.10 1
0.00 - 0.00 0.00 -
K:Ca ratio K:Mg ratio Ca:Mg ratio
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1.5 times the interquartile range, and the dotted points represent outliers.
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