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ABSTRACT

This study was conducted in 2011 at the Univeislitirkansas, Fayetteville to
determine the optimum rate and time of nitrogengpilication for ‘Prime-Ark® 45’
primocane-fruiting (PF) blackberries under highrteinconditions. There were four N
treatments: Control (0), 10, 10-split, and 20 kg*ki@reatments 1, 2, 3, 4, respectively). In a
randomized complete block (RCB) design, the follogwariables were compared: total and
marketable yield, fresh weight of plant above gehuand cane diameter. Total fruit yields for
Treatments 2 and 3 (2.5 and 2.5 kg, respectivetygwhighest and significantly different from
the other treatmentp€ 0.05). Marketable yield had a similar trend aaltéuit yield, although
not significantly different. Cane diameter and plrash weight were not significantly affected
by fertilizer treatments. There were not significdifferences in N content in leaves among
treatments. Results indicated that either a siogplit N application of 10 kgN-hecould result
in better yields.

Four experiments were conducted to determine thet stable period in foliar elemental
concentration, in order to identify the best timefbliar fertilizer applications in ‘Prime-Ark®
45’ PF blackberry cultivar. The four experimentgeveonducted in five separate locations. In
North Carolina (N.C.), ‘Prime-Ark® 45’ leaf samplegre collected at three commercial farms;
in Clarksville, Arkansas (Ark.), three cultivarsife-Ark® 45’, ‘Prime-Jan®’, and ‘Ouachita’
were sampled; and in Fayetteville, Ark., ‘Prime-Brk5’ blackberry plants were sampled from
plantings managed under two cultural methods (tughel and ambient ). For N fertilization
trials, 0, 10, 10-split, and 20 kgi& rates were compared under high tunnel conditiBases
were compared for cultural practices (mown, mowtipped, and not pruned) under ambient

conditions. Leaf samples were collected and andlgxery two weeks from June to Aug. 2011.



Sampling dates revealed variations in foliar elet@lemutrient concentrations. In
Fayetteville, Ark., in one-year-old ‘Prime-Ark® 4blackberry plants, under high tunnel
conditions, the period with the highest level afreéntal stability was between 11 July and 25
July. Under ambient conditions, the most stablepewnas from 7 July to 25 July. In Clarksville,
Ark., the period of most stability in foliar nutneconcentration was from 30 June to 12 July. In
N.C., the proper period with most stability in |leaftrient content was between 5 July and 22
July. Also in N.C., the logarithm of variance meansilysis indicated that the least variance in

foliar elemental concentration occurred from 5 Jrg 22 July 2011.
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INTRODUCTION

The blackberryRubusL. subgenu®ubusWatson.) is a favorite fruit for many people
not only in the U. S. but also around the worldinBea native fruit in many countries, it has been
consumed as a favorite wild fruit for a long tirBéackberries are harvested for personal or
commercial use, and they come not only from the Wilt also from cultivated plants. Increasing
production of this fruit and the development of neternational markets are providing valuable
opportunities for producers of blackberries. Depetent of new cultivars with superior fruit

guality has created significant advantages for ettmers and consumers (Strik et al., 2007).

The most prominent area of blackberry productiaimésnorthern hemisphere; however,
production worldwide is increasing (Moore and Skind990; Clark, 2008). The number of wild
blackberry genotypes is vast, and the amount oforgal cultivars rises continuously. Indeed,
various types of blackberries with particular cluéeastics have been developed by researchers
and specific programs in the U.S. and overseaik (&tal., 2007). The University of Arkansas
has been developing new types of blackberry gemstgpccessfully over the last five decades.
The latest type is the primocane-fruiting (PF) klzerry. The advantage of PF cultivars is the
potential to expand the fresh market season anntiibugh diverse management practices such
as mowing and tipping, which makes PF blackbeareattractive crop to the wholesale trade

(Thompson et al., 2007).

Commercial production is constantly increasinglérblackberries, and guidelines for
production of new cultivars of blackberries havé Ineen fully developed. Farmers need specific
information about PF cultivars such as macro- ammtanutrient requirements to optimize yield
and financial returns. The information about prdjeetilization rates and timing for nitrogen (N)

applications to the floricane-fruiting blackberresd raspberries is accessible to both researchers

1



and farmers; however, nothing specific for PF bberky genotype fertilization has been

developed (Clark et al., 2005).

Soil elemental content and availability of thesé&ieats for plants are changing
constantly due to diverse factors such as plandumiption, erosion, leaching, natural or
artificial input of nutrients to soils, etc. Sonaysis provides information not only about the
existing elemental nutritional status of soils also information pertinent to sustaining an
optimum fertility condition according to the cropeds (Mylavarapu, 2010). While soil analysis
identifies the physical characteristics and amadimhineral nutrients contained in soils, foliar
(leaf or petiole) analysis measures the amounadoi enineral which is actually taken up by the
plants and reveals the plant’s nutritional stafmmés, 2001). According to Clark et al. (1989),
the need to make nutritional corrections quicklg ascurately makes leaf tissue analysis
relevant. However, elemental nutrient content efléaf changes according to sampling date. In
some periods during the growing season due to,@ailt and environmental factors (Clark et
al., 1989), the elemental content fluctuates. Stetided elemental values in nutrient
concentrations have been described to comparetathnalysis results. If these elemental
concentrations are within these standards, thepkae considered healthy (Troeh and

Thompson, 2005).

This research on PF blackberry cultivars was cotaduto address the need for
information on management guidelines for propeiieaton of N fertilizers. Also, it was
performed to determine the optimum stage of plavetbpment with less seasonal variation of
elemental nutrient content to obtain reliable fotiasue analysis for making the necessary

recommendations to improve yield and fruit quality.



Objectives

The objectives of the following experiments ardéadi®ws:

1. To determine the optimum rate and time of applacatf N fertilization for ‘Prime —Ark®

45’ PF blackberry cultivar under high tunnel coradis in one-year-old plants.

2. To determine, at three separate geographicatitots, the optimum period in which

nutrient concentrations in PF blackberry leavedia@enmost stable.

Hypothesis
From these objectives, the following hypothesés ull hypothesgshave been

developed:

1. Ho: Yield of the ‘Prime —Ark® 45’ PF blackberry tiwviar does not increase due to the

application of increased levels of N fertilizer.

It is expected that different rates of N fertilizgrplications will produce diverse
responses on yield of ‘Prime-Ark® 45’ PF blackbefFe literature review indicates N
fertilizers have a positive effect on yield, folrautrient levels, and fruit composition of

thornless blackberry production (Alleyne and Clar@97).

2. Ho: There is no seasonal variation of element mumfricontent in PF blackberry

leaves.

Researchers have studied changes to seasonahhgtncentrations in leaves in
diverse plant species. Clark et al. (1989) statasthese changes are affected by several

factors such as climate, plant age, soil, and tbfreampling, etc. Leaf samples should be



collected at an appropriate time when there islgialn leaf nutrient content and fluxes

are at a minimum.



. LITERATURE REVIEW

Brambles

Both blackberriesRubuslL. subgenuf®ubusWatson) and red raspberriédupus ideaus
L.) belong to a large set of species and hybridhvare usually called brambles or caneberries.
They belong to th®osacedamily and the genuBubug(Galletta and Violette, 1989; Clark and
Moore, 2008; Clark and Perkins-Veazie, 2011). TéeugRubusconsists of twelve subgenera.
Blackberries and dewberrieRifbusspp) belong to the subgeneEabatusred and yellow
raspberries and black raspberriBs ¢ccidentalid..) belong to the subgeneldaeobatus
(Rieger, 2006).

Within this subgenus, the natural occurring pldielyel ranges from diploid (2x= 2n= 14
chromosomes) to dodecaploid (12x= 2n= 84 chromospoore and Skirvin, 1990).
Blackberries have been hybridized by researchace she 1850s, when early cultivars such as
‘Lawton’ and ‘Dorchester’ were selected and introgld (Moore and Skirvin, 1990). According
to Clark (2008), in 1909, the Texas A & M Univeysitas the first American public institution
to develop a breeding program for blackberries. iather researchers in the U.S. followed
these efforts for several years. Through the dgtoi private and public breeding programs, 59
blackberry cultivars were released between 19822808 (Clark and Finn, 2008). The
blackberry breeding program at the University oka@rsas (UA) was established in 1964. This
program has developed several cultivars of blackhbecluding the most innovative and
promising genotype, the primocane-fruiting (PFcklzerry. The program objectives are to
improve plant and fruit characteristics, such asghality of berries, including better taste,
earlier ripening (to avoid summer heat), and lafning (for extended harvest); pest resistance,

thornlessness, and better shipping with improvedilvag capabilities (Clark, 1999; Clark and



Finn, 2008). During the last decade, the most rkakde achievement in blackberry production
has been the development of the primocane-fruguigvars. Strik and Thompson (2009)
describing the PF blackberry cultivars states tifiatplant type bears fruit on current-season
canes (primocanes) and on second season can&saffls) while all other types of blackberry
bear fruit only on the floricane. Although testedvarious regions worldwide, these new types of
PF blackberry were not grown commercially befor820According to Clark et al. (2005) the
first commercial PF blackberry cultivars ever relséwere by the University of Arkansas,
‘Prime-Jan®’ (Cv. APF-8) and ‘Prime-Jim®’ (Cv. APR2) in 2004, and ‘Prime-Ark® 45’ (Cv.
APF-45) in 2009 (Clark, 2008; Clark and Perkins-*ea2011). The development of new
blackberry cultivars continues worldwide. Currenptlyeeding programs have important
objectives to increase sweetness, soluble solidteng and flavor with lower levels of acidity
and astringency to increase the consumption okbkties (Clark and Finn, 2008).

The availability of old and new blackberry cultiganeans that the amount of land
dedicated to blackberry cultivation around the wdrhs been increasing (Clark, 2008). In a
survey conducted in 2005, Strik et al. (2007), fbtimat 20,035 ha of blackberries were
cultivated worldwide. From 1995 to 2005, the cudted blackberry area increased 45%, and the
entire production increased 154,603 tons worldwide005, 50% of the blackberry growing
areas in the world were planted with semi-eredivauis (for fresh market mostly), 25% with
erect (for fresh market), and 25% with trailingégp(for processing). There were a total of 2,528
ha of organic blackberry production globally in 80@ is estimated that by 2015 there may be
27,032 ha of commercial blackberry production wartte, which does not include wild plant

production (Strik et al., 2007).



According to the same survey (Strik et al., 20078, largest producing blackberry region
in the world was Europe, where 7,692 ha were ctiéigd with a commercial target. Serbia had
the largest blackberry cultivation area in bothdpar and in the world with 5,300 ha (69% of
European area). Hungary accounted for 1,600 ha Y, 2h# second-largest producer in Europe.

In North America, 7,159 ha of blackberries withaaenercial target were cultivated in
2005. The area cultivated in the United Statestivasecond highest in the world (4,818 ha),
and it had the highest worldwide production (35,88%). The state of Oregon had the largest
area of production in the United States (65%) wineostly trailing types were cultivated
(‘Marion’ and ‘Boysen’). Ninety five percent of thproduction was for processing, and the
remainder was marketed as fresh fruit. Californgs whe second largest blackberry producing
state. Mexico had 2,300 ha of commercially culedablackberry which was 32% of all North
America’s area dedicated to blackberry productidns production area has been increasing
steadily since 1995. In 2005, Central America, espnted by Costa Rica and Guatemala,
produced 1,753 tons of blackberries with a comnaétarget of 1,640 ha (94% and 6% of the
blackberry area of each country, respectively).ddon, Chile, and Brazil were the largest
blackberry producers in South America with 1,597B@uador accounted for more than 50% of
the production area (Strik et al., 2007).

Asia had 1,550 ha of commercially cultivated blaakies in 2005. All of the accounted
area and production in this region was locatedhm&. In Oceania, mostly in New Zealand, 259
ha of commercial blackberries were planted, an8®t6ns were harvested during that same
year. Africa reported 100 ha of commercial blackipewhich was grown in South Africa (Strik

et al., 2007).



In the U.S., according to the U.S. Depart. of Agitare (2012), 2,954 ha were harvested
in 2011. During the same year, blackberries cuigigdor the fresh market totaled $6,280,000
U.S., and for blackberries targeted for procestiegamount was $36,503,000. Thus, the total
U.S. blackberry production was $42,783,000.

The most recent data for Arkansas reported 209 bkacokberry in 2007 (U.S. Dept. of

Agriculture, 2009).

Vegetative growth

Blackberry plants grow as a small flowering shrafadrailing vine with stems,

commonly known as canes, arising from the rootustsbon crowns (Westwood, 1993; Rieger,
2006). Blackberry canes are biennial, but the cranh root system are perennial (Moore and
Skirvin, 1990; Crandall, 1995). According to Rie@g2006) blackberry canes that develop the
first year are vegetative and are called primocaDeasng the first year, the primocane can grow
to a length of 3-6 m on average, but it does noeldp flowers (Crandall, 1995). Flower bud
initiation occurs in the summer, then the cane wirgers and the next growing season the cane
blooms, bears fruit, and new cane elongation ugaakturs. This second year cane is called a
floricane. The lateral buds break and produce flsw&hen after fruiting, the floricanes senesce.
Except for the first year, during each season, regilants have both primocanes and floricanes

(Moore and Skirvin, 1990).

Primocane fruiting brambles have a modified hdbitit is produced on 1/3 to 1/2 tip
portion of the cane at the end of its first growsggason. This cane portion dies but not the rest of
the cane, which remains in dormancy, overwinterd, @oduces fruits the next growing season.

After this season, the cane dies (Crandall, 1995).



According to Rieger (2006), brambles can be thamthornless, and the canes can be
erect, semi-erect, or trailing (either prostrat@xmhing down). Trailing cultivars include
‘Silvan,” ‘Marion,” and ‘Thornless Evergreen’ anldet blackberry-raspberry hybrids
‘Loganberry,” and ‘Boysenberry.” semi-erect thotypes include ‘Loch Ness, Thornfree,’
‘Chester Thornless,” and ‘Cacanska Bestrna.” Biemtny types include ‘Brazos,’ ‘Cherokee,’
‘Choctaw,’ ‘Comanche,” ‘Cheyenne,” and ‘Tupy.’ ‘Asaho,” and ‘Navaho,’ are erect, thornless
cultivars. Trailing and semierect types such asribta and ‘Kotata’ only develop new
primocanes from buds on the crown. Erect typesldpugew primocanes from buds on roots or

from buds located at the floricane’s root crownedr, 2006; Strik et al., 2007).

Moore and Skirvin (1990) state that after emergepaenocanes grow quickly and
generally develop palmately compound leaves whachl@ave five or seven leaflets distributed
alternately along the cane. The margins of thehbiggeen colored leaves are fully toothed
(Crandall, 1995; Westwood, 1993). In contrast,laes of floricanes have different shapes and
smaller sizes, and the floricanes develop termifbdrescences. They bloom in small clusters or
racemes at the tip of the flowering lateral stemssially during late spring and early summer
(Moore and Skirvin, 1990). Each flower measuresuaBe3 cm in diameter. The flower has five
sepals and five white or pale pink petals with sav&tamens and pistils. All of these parts are
arranged on a fleshy elongated receptacle. Whefmuhés harvested, the receptacle remains on
the fruit (Westwood, 1993; Crandall, 1995; Rie@f06). Floricanes produce several short
lateral branches with some leaves, instead of dpugd lengthy canes. The fruit is not a true
berry but is composed of small drupelets. Botatyaals named an aggregate fruit (Rieger,
2006). Berries change color from green to reddistn to bright black (ripe) and finally to dull

black. Blackberries can have a productive life spiab5 to 20 years. However, in commercial



plantings, blackberries are kept for 5 to 10 yelrs to reduced productivity after this age (Pritts,

1991; Rieger, 2006; Clark et al., 2005; Clark apdkins-Veazie, 2011).

Primocane-fruiting blackberry cultivars such agriia-Jan®’, ‘Prime-Jim®’, and
‘Prime-Ark® 45’ are erect, thorny types. The PFdilaerry cultivars bear fruit on first-year
canes (Strik et al., 2007; Clark and Perkins-Veaxd 1). In general, PF blackberries produce
two crops annually, for an extended off seasonycton. ‘Prime-Ark® 45’ has two harvest
periods: the floricane produces fruit from earlyna June, and the primocane produces fruit

from August until the frost (Rieger, 2006; Strikagt, 2007; Clark and Perkins-Veazie, 2011).

Phenology of PF blackberries

Primocane yearDuring the first year, after planting in early isygy, the primocane grows
vegetatively until midsummer. The primocane foratetal buds at the base of each leaf (Takeda
et al., 2002). Only a few of these buds will betat branches the next growing season due to the
strong apical dominance of the primocane. Howa¥féne main cane is tipped in early summer,
branching will be promoted, generating strong,tfaliiaterals (Crandall, 1995; Takeda et al.,
2002). Reaching a certain height, the apical ne@risthanges from a vegetative to a
reproductive condition (Lopez-Medina et al., 1998)d if canes are not tipped, the top 10 to 12
buds on primocanes will flower. For ‘Prime-Ark® 4By Clarksville Ark., the primocane’s first
bloom date is 30 June, and the primocane’s fip& fiuit date is 8 Aug., but it continues until
frost. Buds at and below ground level remain vagetdClark and Perkins-Veazie, 2011; J.R.

Clark, personal commun.).

Floricane year:After overwintering, the primocane becomes a fanie and bears fruit
on the lower part of the cane where prior-yeattifngioccurred. After harvest, the complete cane

dies. For ‘Prime-Ark® 45’ plants, located at Clarile, Ark. (data collected during 2008 and
10



2009), phenological stages and dates are desdmp€thrk and Perkins-Veazie (2011), who
state the following: floricane bloom dates are1@% bloom, 28 Apr.; 2) 50% bloom, 4 May.

Floricane harvest date is 24 June (peak), alsdark§yille.

Dormancy:The climate of the northern hemisphere is favar&t blackberry growth.
This climate induces a period of dormancy due twtsthays and cool temperatures in fall
(Moore and Skirvin, 1990). Canes become dormantad@eezing temperatures. Effective
temperature to induce dormancy is arourfdC-2To break red raspberry bud dormancy,
approximately 1,100 to 1,400 chill h of total acaulated temperature beloW @ are needed.
The chilling requirement for blackberries is vatehnd depends on the cultivar. For ‘Arapaho,’
dormancy occurs at between 400 and 500 h, wheoedddvaho,” from 800 to 900 h are
required (Drake and Clark, 2000). After a triallwitiverse blackberry cultivars, Clark and
Carter (2006) reported a higher chilling requiret{e®00 h) for ‘Apache’ and ‘Ouachita’
cultivars. For ‘Prime-Jim®’, the chilling requiremiewas between 300 h and 400 h. For other PF

selections, the chilling requirement was betweeh3@nd 500 h (Clark and Carter, 2006).

Cold hardinessBlackberries cannot tolerate extremely low tempges (Stanton et al.,
2007). Canes can be damaged at temperatures EI6@ (Moore and Skirvin, 1990; Crandall,
1995). Blackberry canes can be severely injurédlied when temperatures are below 223
Winter hardiness or resistance to winter injuryhte canes is a crucial factor limiting the
production of this crop in cold climates (Moore &klrvin, 1990; Dana and Goulart, 1991).
Genotypes from Arkansas are deficient in hardimesise upper Midwest and northward (Moore
and Skirvin, 1990). According to Christman (20d8ackberry flowers are vulnerable to late

frosts, and are damaged when temperatures drop b21G.
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PF cultivars and fruiting characteristics

In 2004, the University of Arkansas released twacRlEvars, ‘Prime-Jan®’ and ‘Prime-
Jim®'. These cultivars have similar fruiting chaexestics to primocane-fruiting red raspberry
cultivars (Clark et al., 2005). In 2009, a thirdtar, ‘Prime-Ark® 45’ was released. ‘Prime-
Ark® 45’ has significant commercial quality frudtures such as adequate fruit size (from 5 to
9 g on average) and high concentration of solublieds (ranging from 8 to f®Brix). This means
sweetness and superior flavor and postharvest dép#ir shipping. These features have been
obtained specifically in moderate climates. Thedyad the most productive cultivars of
blackberries is higher in areas with mild climatast not in Arkansas where yield is negatively
affected by poor summer field-heat tolerance obRIEkberries. Excessive heat affects fruit-set
and berry quality (Ruple, 2010; Clark and Perkirea¥ie, 2011). Primocane-fruiting blackberry
cultivars which have been bred for a particuladpiiion region do not perform equally well in

dissimilar regions (Clark and Perkins-Veazie, 2011)

Cultural practices

Pruning and trellising:Brambles are planted in rows for ease of cultprattices and
increased yield (Pritts, 1991; Crandall, 1995; Ne&mn, 1998). Appropriate row spacing is
approximately 2.7 to 3.0 m between rows. Howevethis spacing plants do not develop
efficient canopy architecture (Bushway et al., 20@8hough expensive, trellising is beneficial
for blackberries because the plant canopy getsraitt movement and improved pesticide
efficacy due to a better spray penetration (Pri®81; Rieger, 2006). Trellising is favorable for
easier manipulation, such as access to fruit, olgapicking, and for providing a healthy
environment for berry development. The trellis Isedfiminate risk of cane breakage, and

provides space for handling and picking. Propeniorg, training, and trellising depend on the
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cultivar grown (Moore and Skirvin, 1990). AccorditggvVanden Heuvel et al., (2000), cane
stabilization was beneficial to increase the amaunat quality of Boyne’ and ‘Regency’ red

raspberry plants.

Mowing: For brambles, this practice is beneficial becaas®ving excessive canes
increases light penetration, disease and insettatpand provides space for manipulation
(Pritts, 1991; Rieger, 2006). For primocane-frigtnaspberries, Pritts (1991) stated that to obtain
a late-season crop, canes have to be cut to thdm@nnually in early spring. According to Bell
et al., (1995) in floricane-fruiting blackberrieapwing has been tested and shown to increase
yield. Mowing of primocanes of ‘Marion’ blackbersienot only enhanced yield but also
produced other benefits such as simple trainingpoks, reduction in pests and diseases,
increased percent of bud break, and closer spaBeibet al. (1995), compared mowed and not-
mowed primocanes of ‘Marion’ trailing cultivar. Rrocanes were cut off at ground level in four
periods, late April, May, June, and July during 1@&d 1992. The authors found that yield of
plants mowed (suppressed) in April was larger thmowed plants in 1992. Yields of April-,

May-, and June-mowed plants were larger than nowed@lants in 1993.

An important reason to mow PF blackberry planthésextension of the fresh market
production season. These genotypes can be eagiipufated to adjust harvest time (Thompson
et al., 2007; Strik and Thompsom, 2009). In ‘Prida&®’ PF blackberry, Thompsom et al.,

(2009) found positive effects of mowing combinedhasoft-tipping.

Tipping or pinchingTipping of primocanes is mostly practiced in comomedrorchards.
It is recommended so that plants can produce ldteds on the upper portion of the cane in
both floricane and PF blackberries (Moore and $kjrt990). Thompson et al. (2007) stated that

tipping is a relevant practice so that plants caerrupt the apical dominance and encourage
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branching of the upper portion of the primocanearly summer. A longer lateral branch
develops more fruit but in smaller size, while saped laterals will produce fewer but better
quality fruit (Thompson et al., 2007). The main €argrowing tip is headed or removed
carefully above an axillary bud (Rieger, 2006).pig the upper portion of plants is done in
early summer (Moore and Skirvin, 1990; Thompsoal ¢2007). According to Thompson et al.
(2007) summer tipping of primocanes and winter prgrof floricanes are part of the typical

cane management for erect, floricane-fruiting biteskies.

For PF blackberry cultivars, tipping is favoraldepromote branching and to improve
yield (Strick and Thompsom, 2009). It should beiedrout in early summer when canes are 1 m
tall. It consists of removing the upper 2 to 5 é&uncording to Thompson et al. (2007), this
practice encourages branching and increases thberwshnodes per cane compared to untipped
primocanes. For thorny, erect blackberries, tipgadgo referred to as topping) is suggested
when plants are 0.9 to 1.5 m high. In early spriatgral branches are reduced to 0.30 to 0.45 m.
Also, under high tunnel (HT) conditions, tippingdatnaining are needed to enhance off-season

production (Hanson, 2012).

General plant nutrition

Havlin et al. (2006) stated that a maximum yiela@rops is accomplished only if two
conditions occur simultaneously: First, the produnest be able to decrease or eliminate the
negative impact of more than 50 factors which aféecp production, such as plant and soil
factors. Secondly, the environmental conditionsr(atic factors) during the growing season
must be favorable to crop growth and developmevenEhough most climatic factors cannot be

controlled, many crop and soil factors can be abieiri and regulated to obtain increased yields.
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All of these factors are interrelated; therefooemaximize productivity they have to work

harmoniously (Havlin et al., 2006).

The soil has organic and mineral parts and thersityeof soil types depends mostly on
the parent material and climatic factors. Soilsardy have physical, chemical, and biological
properties, but also have solid, liquid, and gasqahases which are normally in physical and
chemical equilibrium (Kabata-Pendias and Pendi@80® The properties of soils come from
these phases. Plants require 17 essential nugliemients for proper development (Campbell et
al., 2000, Kabata-Pendias and Pendias, 2000; TaoeThompson, 2005). An essential plant
nutrient takes part in the total life cycle of gmnTrhe classification of essential macro- and
micronutrients is made according to their biocheiole and physiological function (Campbell
et al., 2000; Taiz and Zeiger, 2006). Nine elemantsreferred to as macronutrients because
plants utilize them in large quantities. Carbon, (@)drogen (H), oxygen (O), nitrogen (N),
phosphorous (P), and sulfur(S) comprise nearly 88%plant’s dry weight, and they are the
most important constituents of organic and inorgaeimpounds (Campbell et al., 2000).
Potassium (K), magnesium (Mg), and calcium (Ca)a#se considered macronutrients , but they
are needed in smaller amounts, approximately 1.6&ptant’s dry weight. There are eight plant
nutrient elements that plants need in very smalhgjties but are still vital for plant
development. Those include iron (Fe), chlorine (€bpper (Cu), manganese (Mn), zinc (Zn),
molybdenum (Mo), boron (B) and nickel (Ni) (Kab&andias and Pendias, 2000; Campbell et
al., 2000; Troeh and Thompson, 2005). Also, sodialomninum, cobalt, and silicon, and are
considered as micronutrients for some plants (Haatlial., 2006). These micronutrients have
essential activities such as cofactors or companergnzymes (Campbell et al., 2000; Troeh

and Thompson, 2005).
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Nitrogen as a main plant nutrieniitrogen (N) is one of the most important
macronutrients in crop nutrition. Nitrogen is adamental component for numerous
biochemical substances which plants use to growdamdlop such as hormones, coenzymes,
nucleic acids, proteins, and ATP (Campbell et28lQ0). This nutrient element is a significant
constituent of the plant’s light-absorbing moleculelorophyll (Troeh and Thompson, 2005).
Nitrogen is mostly taken up by roots and foliagknts can regulate absorption and assimilation
of N or N compounds through diverse mechanism(dehed especially by the soil

environment) (Krishna, 2002; Readman, 2004).

Nitrogen cycleThe process called the N cycle consists of the exsnon of N to either
molecules or substances necessary for human, grandhplant existence. Most of the N is in
earth’s atmosphere, and approximately 80% of thiecoates have two N atoms bonded together
(N2). The N molecule is not a form that plants can use (Cathpbal., 2000; Havlin et al.,

2006). In the N cycle, atmospherig N fixed by diverse processes that produce ammowiu
nitrate (NH;"/NOz) which are forms available for plant uptake (Janik986). This

transformation can be achieved by nonbiologicdliological means. For instance, lightning and
photochemical reactions are examples of non-bioldixation whereby Bimolecules are
converted into ammonium. Biological N fixation ocgwhen bacteria or cyanobacteria fix N

into ammonium (NH") in soils (Janick, 1986; Campbell et al., 2000yktaet al., 2006).

Several microorganisms such as N-fixing bacterthragcorrhizal fungi assist roots in
obtaining nutrients. Nitrogen is altered by baeenito forms available to plants. The
decomposition of these organisms causes the rebédsento the soil or water. The
transformation from amino acids to N forms avakafar plants is known as ammonification

(decomposing organic N into NHand nitrification (converting Nito NO, and to NQ)
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(Janick, 1986; Troeh and Thompson, 2005). Someshaatonvert nitrates (Ndpback to N

which is called denitrification, a process whicduees available N. Finally, to complete the
cycle, through several chemical and microbial psses, Mis released into the atmosphere to
begin the cycle again. All these processes occuomy naturally but also by industrial and
combustion fixation (Janick, 1986; Taiz and Zei@&06; Havlin et al., 2006). After plants
complete their life cycle, absorbed nutrients fritn@ soil that remain in plant debris go back to
the soil or nearby water sources. As with the Neyeach plant nutrient element has a particular

cycle (Havlin et al., 2006).

Nitrogen in the soil and planAccording toHavlin et al. (2006), the surface of roots has
the ability to absorb inorganic ions in small amisuinom soil solution. The ion movement from
soil to root surface requires contact between thvelnich can be achieved in three ways: root
interception, mass flow, and diffusion. Havlin €t(2006) stated that diffusion is slow in most
soils and occurs in short distances on the suriognoot surface. If N demand is not fulfilled
by mass flow, N need is supplied to the plant Bfudion or root interceptianAfter root
absorption, these inorganic ions are translocatetiverse plant parts to be utilized in their
biological functions (Taiz and Zeiger, 2006; Hawihal., 2006). Plants can take up soil N in two
forms: dissolved nitrate ions (N§pand ammonium ions (NH). These forms of N must be
present in sufficient amounts for satisfactory plautrition according to standardized values
(Campbell et al., 2000; Krishna, 2002). Nitrogeassimilated by plants via biochemical
reactions such as oxidation and reduction to fosrralent bonds with carbon to create organic
compounds (Taiz and Zeiger, 2006). The lack of |d astrient is the single most common

nutritional problem in plants (Campbell et al., BDBecause of either pH imbalance or
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insufficient amounts of available N in the soil. &her lesser factor is N depletion from non-

legume crops, which demand large amounts of N lEmtputrition (Havlin et al., 2006).

Nitrate (NOs) is mostly present in higher concentrations thamanium (NH ) in
warm, moist, and well-aerated soils, and the moverogboth ions (NQ and NH,) to plant
roots is by mass flow and diffusion (Krishna, 2Q0&nmonium is the major form of N that
plants absorb (Havlin et al., 2006). Ammonium uptaicreases at neutral pH values and
decreases when acidity increases. Ammonium’s absorpy roots decreases nutrient uptake of
cations such as €aMg®*, and K while absorption of NH;by roots increases absorption of
H.PQOy, SO, and Cl. When plants obtain N, the pH of the rhizosphere decreases because of
the exuded Hby roots to conserve charge balance inside thet.@ath biological activity and
nutrient availability can be affected by this afiadtion. Age and type of plant are two important
factors that determine the plant’s uptake of eitdlely” or NO; (Krishna, 2002; Havlin et al.,

2006).

Plants respond quickly to the application of N, asdally annual applications are
required (Campbell et al., 2000; Bordelon, 200bthBstunted growth and yellow-green leaves,
usually seen first in older leaves, are typicahsigf N deficiency, (Janick, 1986; Campbell et
al., 2000; Havlin et al., 2006). Nitrogen appliadcixcessive amounts can cause adverse effects
on yield and enhance vigorous vegetative growtlh siscmore elongated and weak primocanes
in blackberries. These negative effects lead teem®ed breakage, extended internodes which
can reduce yield per cane, and delayed maturityt @tal., 2006). High plant N content
increased transpiration, and exacerbated weaknestynm young plant tissues due to excessive
N applications. A desiccated foliar effect is evide of N toxicity under dry conditions (Pritts,

1991; Hart et al., 2006).
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Nitrogen fertilizers:Fertilizers are materials that provide nutrieenetnts to plants
(Janick, 1986). Fertilizers are added to soilsamby to supply plant nutrients but also to replace
utilized nutrients and recover its natural fewilfif roeh and Thompson, 2005). To obtain better
production, higher levels of N are supplied to erby using diverse chemical compounds.
Amounts and proper method of application of N fieetrs depend on the crop and cultivar
characteristics, environmental conditions, soilrabteristics, and crop management practices
(Janick, 1986). During the growing season, a sfegiént growth pattern is shown by most
plants as a function of accumulated nutrients. Sitagpe of the growth curve depends on the
plant. However, all plants have initial exponengedwth and nutrient accumulation rates

followed by a period of decreasing rates (Havlialet2006).

According to Janick (1986), fertilizers can be slaed as chemical or natural organics.
Nitrogen chemical fertilizers are synthesized frowwrganic sources such as ammonium nitrate,
urea, and cyanamid. Most of the N fertilizers ametlsesized by the Haber-Bosh process, in
which N, reacts with hydrogen to form ammonia (Havlin et 2006). The ammonia can be
utilized directly, but also manufactured in divefgans of N fertilizers (Janick, 1986). Nitrogen-
based fertilizers have been classified into N@sed or NF-based fertilizers (Krishna, 2002).
The type and level of fertilizers applied and absorby plants depends on the crop nutrient
needs, actual nutrient content in soil, and thélawdity of possible commercial nutrient
supplies. The main challenge for fertilization piargs is to predict a crop’s nutrient needs
(Janick, 1986). The availability of nutrients fdapts in appropriate amounts is necessary

information for farmers to obtain increased yigl@laiz and Zeiger, 2006; Havlin et al., 2006).

There are commercial fertilizers that provide immggly available N, such as calcium

nitrate (15-0-0), sodium nitrate (16-0-0), and gstam nitrate (13-0-44), but also a less readily
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available form of N provided by ammonium N, whishavailable in monoammonium phosphate
(11-52-0), diammonium phosphate (18-46-0), or amomarsulphate (21-0-0). Nitrogen from
organic sources is a third form of N that can gpéed to plants. First, N from organic sources
is turned to ammonium N, and after that to nitfdfdut a complete transformation could be

quick or take many yea(slavlin et al., 2006; Troeh and Thompson, 2005

The optimum time for fertilizer application deperafsfactors such as soil type, crop,
nutrient, and climate. Nitrogen fertilizers areeofta brief and limited source of nutrients because
of the mobility of nitrates, which are mostly dissad in soil water (Havlin et al., 2006). The
same happens with the N provided by microorganiemding after high levels of organic matter
are applied. Also, climate and temperature infleethe N availability because microorganism
populations increase nitrification in the springr(itk, 1986). Therefore, there are positive

responses in crops after N applications in thengpidanick, 1986; Havlin et al., 2006).

Blackberry nitrogen requiremen®verall, brambles require large amounts of N fanpl
nutrition and they easily absorb the nitrate N fonstead of the ammonium N form due to the
simple solubility and rapid movement into the plé@rart et al., 2006). According to Moore and
Skirvin (1990), N is the nutrient element most rieed for blackberry cultivation to promote
vegetative growth. Pritts (1991) states that thewmhof N required for blackberries varies due
to several factors such as physiological charattes|, water, soil characteristics, location,
cultural management, etc. He recommends that paipy fertilizations should be based on soil
test results. The results of laboratory analysisutfient content in soil are useful for farmers
because this tool helps to predict the applicatate of fertilizer and optimize yields (Taiz and

Zeiger, 2006).
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To encourage the highest growth early in the sedsdilizers should be applied during
early spring, before the beginning of growth. Ngea fertilization is required for proper growth
of primocanes during the spring (Hart et al., 20@&)cording to Strik (2003), in ‘Kotata,” no N
fertilizer was required or taken up until early Apvhen the primocanes started to emerge. Also
In ‘Kotata,’ it has been determined that around&%8 applied in soils is stored in roots and
crowns. This amount of N stored in crowns is usgcehrly season primocane (and leaf) growth
(Mohadijer et al., 2001). Usually N sources showddabded to soils on a regular basis, typically
each year; however, these applications should he darefully to avoid burning plant roots or
producing excessive vegetative growth insteadwf buds. Applying N at inappropriate times

can cause soft fruit in several species of friahps (Troeh and Thompson, 2005).

According to Eames-Sheavly et al., (1991), N aphiresplit applications is more
efficient in brambles. Frequently, the first N splpplication is made in March and the following
in May. Naraguma and Clark (1998) state that asffect of N fertilization on 'Arapaho’
thornless blackberry, split application allowedhegN concentrations in leaves; however, no
more benefits were found from split applicationsdve and Skirvin (1990) state that if in the
first application, one-year-old plants do not steawinitial vigorous growth, an additional
application should be done in the spring. For ‘KataStrik (2003) stated that N is not necessary
during the first year and N applications could eawnter injury as a result of N fertilizer
applied later than June. Thus, annual applicatidmé fertilizer should be made during early

spring, before growth begins.

Because PF blackberries have been recently devtlapaate of N fertilization has been
determined for these new genotypes. Nitrogen isgtirecommendations are based primarily on

raspberry and floricane blackberry production pcast
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According to Moore and Skirvin (1990), during thestf year, prior to planting, fertilizer
should be broadcast within the row area during laregharation, and the amount of fertilizer
should be the minimal rates suggested but suffi¢emplant growth. If initial applications are
required, fertilizer applications should be posgubantil growth begins. For brambles,
recommended rates for N fertilization vary betw@8rto 56 kcha® during the first year (Pritts,
1991; Crandall, 1995; Hart et al., 2006; Strik, 00For raspberry primocane nutrition, Hart et
al. (2006) concluded that in the establishment,y@anmer-bearing red raspberries need 33.6 to
56 kgha' of N, and the following years 56 to 89.6ha* of N, using the higher rates for semi-
erect types. According to Mahler and Barney (20@8pberry production will require N
application rates from 56 to 67.2'kg*, which should be applied shortly after planting.
Primocane-fruiting or fall-bearing red raspbermesd 22.4 kba’ of N additionally at bloom.
For blackberries, recommended rates of N are B tigha™* for the first year, 39.2 to 72.8 kg
N-ha for the second year, and 67.2 to 89.6 Kgali the following years (Moore and Skirvin,
1990; Pritts, 1991; Spiers, et al., 1999; Hartl.e2806; Kowalenko, 2006; Havlin et al., 2006;

Strik, 2008).

Soil conditions for blackberriesn general, blackberries grow on a wide range of so
types, from sandy to clay loam, but not waterloggeits. They prefer deep and fertile soils, and
plenty of organic matter. Soils with proper draieamd moisture-retention properties are
recommended. Blackberries are usually more drolodgstant and deeply rooted than raspberries
(Moore and Skirvin, 1990). The soil pH should béasen 5.8 to 6.5 for good performance
(Gordon, 1991; Rieger M. 2006According to Bordelon, (2001), a proper soil bulgliprogram
for blackberry production requires incorporatingamic matter in soils for several important

reasons, most important among them: Crop and nmgandsm residues are in constant
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decomposition, which leads to humus because boghamd microorganism residues have
significant amounts of essential elements. Thesengisl elements are released into soil
solution, improving structure and physiochemicalgarties by significantly increasing the
cation-exchange capacity (CEC) (Jones, 2001). Araqpyalications of large amounts of
composted manure are suggested for preservingestility in blackberry cultivation (Gordon,

1991).

Seasonal variation and plant nutrients

Leaf nutrient concentrations are affected by ggmatplant part, and sampling date.
Clark et al. (1988) stated that the sampling diggeificantly influenced the elemental nutrient
content of ‘Cherokee,’ ‘Cheyenne,” and ‘Comanchachkberries The elemental nutrient content
in a plant can vary due to non-nutritional facteush as soil characteristics, type of plant, level
of maturity, and environmental conditions (Hugealet1979). Variations in leaf nutrient
concentrations are caused by the availability afients in soil, whose values within
standardized limits create positive impacts ondgeVariations above or below these
standardized limits will impact yields negativelgt et al., 2006). Even though samples come
from the same plant, specific plant parts can dord#ferent amounts of elemental nutrients
(Huges et al., 1979; Jones, 2001; Troeh and Thom@€a5). In regard to the elemental content
and its seasonal variation in brambles, Hughet €1@79) mentioned that in ‘Meeker’ red
raspberriesit was found that the age of the plant did not isigently influence elemental
nutrient concentrations, while there was consideraériation of element nutrient
concentrations among genotypes and sampling datentrast, measurements of N content in

leaves of ‘Chester Thornless’ blackberry were défe within the sampling year (Malik, et al.,
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1991). Thus, the age of plants had effects on curatgons of N in leaves, which contradicts

Hughes et al. (1979).

According to Hart et al. (2006), it is better torgde leaves when nutrient concentration
in bramble leaves is stable. Also, the authorgdtttat tissue levels of N and K in some
blackberries and raspberries become stable iRdldyeand early August, giving a consistent
analysis result. However, it may be difficult tdhéave in some brambles because there are
periods when rapid changes in elemental contentrpas a consequence, results of leaf samples
collected at those times can have dissimilar restit‘Willamette’ raspberry, after N and B
fertilization, Kowalenko (2006) found that leafdige N concentrations were extremely dynamic
and had high variability which made it difficult@mappropriate to determine plant N status

without comparative (standardized values) data (&ewnko, 2006).

Clark et al. (1988) studied the seasonal variatiomutrient concentration in leaves
(blade and petiole separately) of three blackbeutirvars: Cherokee, Cheyenne, and Comanche
from May to Aug. Higher nutrient concentrations eéound in blades but not in petioles.
However, these blackberry leaf parts did not hageifscant differences in nutrient content. The
authors found that concentrations of N, P, K, Za, &d Fe were highest in May and then
decreased during each sampling date from June gagtulnitially, Ca content increased (from
0.68 to 1.33%) and during the three following samptiates the concentration was stable.
Magnesium content in leaves fluctuated during #maing dates. The concentration of Mg
increased until the last date of sampling whehahtdecreased. All means of these Mg values
were statistically non-significant. In the same exment, it was found that cultivars had
significantly different concentrations for P, CagMZn, Fe, and Mn. Also, Clark et al. (1988)

found that blackberry nutrient concentrations wseasonally, similar to the change in
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elemental concentration in red raspberry leavemguhat same period. It was established that
for these blackberry cultivars a proper time fotexiing samples was between mid-July to mid-
August for all of the elements because little on4s@nificant differences were observed during

this period (Clark et al., 1988).

Nitrogen (N):Generally, plants contain 1 to 6% N by weight (Haet al., 2006).
According to Pritts (1991), the N content of braeplant dry matter is between 2 and 3%. In
some blackberry genotypes, leaves are represenfaant parts to determine the nutritional
status, such as in the ‘Chester Thornless’ blacllmidtivar, whose leaves of primocanes and

floricanes are the plant parts with higher N cohtean other tissues (Malik et al., 1991).

A bramble plant with less than 1.9% leaf N conisrdonsidered either N-deficient.
(Pritts, 1991). A primary symptom of N deficieneybrambles is yellow leaf color, which may
include older leaves with reddish tips. Nitrogem@entrations in leaves develop diverse
relationships with other nutrients and substanBeit$, 1991; Crandall, 1995). In the
‘Willamette’ red raspberry cultivar, N fertilizepalications resulted in higher leaf N content late
in the growing season (Kowalenko, 2006). In ‘Dornfad’ red raspberries, increased N
application rates resulted in increased leaf Feeotmations, in addition to decreased leaf

contents of Ca and Mg (Spiers, et al., 1999).

Blackberries develop different types of responsgsurding the amounts and time of
application of N fertilizer. In an experiment withrapaho' thornless blackberry, it was found
that N, P, K, Ca, S, and Mn foliar nutrient concatibns were affected by both N application
rate and time (Naraguma and Clark, 1998). In ‘GireBhornless’ blackberries, it was found that
N applied to the soil was transferred to the priargctissues, fruit, and roots. The remaining N

fertilizer was transferred to all plant parts sastroots and floricanes, and the unused portion
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was stored in the floricanes (Malik, et al., 199gcording to Naraguma and Clark (1998), Mn
concentrations were greater when higher N rates wagplied in an 'Arapaho’ thornless
blackberry. N levels greater than 3% in tissuestessult in N toxicity, and plants that are too

vigorous with a reduced number of flower buds ($2003).

Phosphorus (P)This macronutrient has important functions intietabolism of plants
(Pritts, 1991). Through diverse chemical proced3as,an important component of organic
substances, such as nucleic acids, phosphate cosiggqahosphoproteins, phospholipids,
enzymes, etc. (Janick, 1986; Troeh and Thompsdg;28avlin et al., 2006). Average P content
in plants is between 0.10 and 0.5% (Westwood, 1B@3jin et al., 2006). The common P
deficiency symptoms in brambles are stunted plemt/th and purple-colored older leaves
(Pritts, 1991).

Phosphorus is an important macronutrient for consraebramble production because P
is required in relatively large amounts, and ieafbecomes deficient in commercial orchards.
Compared with other crops, brambles require loweleof P (Crandall, 1995). Excessive P can
obstruct micronutrient uptake. Thus, accuraf®sRpplications should be based on soil and leaf
analysis, soil pH, and cation-exchange capacityQCEither HPO,4 or HPG4 can be absorbed
by plants. Soil pH impacts P availability directihe molecule HP&, is greatly absorbed at
high soil pH values. Phosphate ions react with @hMg in alkaline soils and with Al and Fe in
acidic soils, generating few soluble substancesvéder, Mo is less available in acidic soils and
more available in low alkaline soils. Phosphoroassinot have good mobility in soil, so surface
banding fertilizer applications of P is not as efifee as subsurface banding applications. The
development of a good root system is essentidP fl@rtilization in brambles. Increased plant

root mass will aid P uptake, which occurs basicdtpugh diffusion (Pritts, 1991; Crandall,
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1995; Havlin et al., 2006). Phosphorous generaesus types of interactions with other
elements. For example, in ‘Dormanred’ raspberhég) P fertilizer rates increased leaf P, K,
and Cu concentrations in leaves; however, Ca uptaseinhibited (Spiers, et al., 1999).

Potassium (K)Potassium, absorbed a$ ién, is required in large amounts for plant
nutrition. The positive charge helps to regulage®lcal neutrality in the soil and the plant.
Potassium cations balance negative charges of @sigh as nitrate, phosphate and others
(Troeh and Thompson, 2005). Potassium is utilipetlansport nitrates from roots to leaves and
to regulate stomata for proper gas exchange (catlmxnde, water vapor, and oxygen) with the
atmosphere (Pritts, 1991; Havlin et al., 2006) bdambles, proper O applications should be
based on leaf and soil analysis, and soil parasétrause excessive amounts of banded K may
burn new roots, especially in sandy soils (Crand&195). Uptake of K occurs essentially
through diffusion, so root mass is needed to imerd\plant uptake (Troeh and Thompson,
2005). Potassium becomes more effective wherbitdadcast into soils before plants are
established. Potassium is mostly required duriag élevelopment (Pritts, 1991). Adequate K in
the plant is usually reflected in appropriate ffuihness (Hart et al., 2006). According to Pritts
(1991), adequate foliar concentration range is f@oénto 2.5% in brambles. Contents of K less
than 0.6% in leaves can mean low fruit quality, arate than 3% can reduce leaf Ca, Mg, Zn,
and N (Pritts, 1991; Hart et al., 2006).

According to Hart et al. (2006), in brambles, nlatienship has been found between K
content in soil and K levels in leaves. Potassiluttfiates in leaves during the growing season,
and it decreases as fruit load increases (StriB3R@Potassium fertilization can create nutritional
imbalances. In ‘Dormanred’ raspberries, the higlkefrtilizer rate augmented the leaf content

of P, K, Fe, and Cu, but Ca and Mg uptake wereaedSpiers, et al., 1999). In ‘Thornless
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Evergreen’ blackberries, K fertilization generata and Mg deficiencies (Nelson and Martin,
1986).

Increased K fertilizer applications caused K comi@ion in leaves to rise. However, the
increased K caused a decrease in Mg and Zn cant&itawnee’ blackberry leaves. In the same
experiment, K concentrations in ‘Dormanred’ rasppéraves were negatively correlated with
plant growth (Spiers, 1993). In contrast, Clark 8wmdvers (1945) stated that increased rates of K
applied in black raspberry and boysenberry plaggsited in increased yields with higher foliar
K, larger canes, and bigger, firmer berries.

Calcium (Ca):This is an essential nutrient for cell wall men@atructure and
permeability, as well as several physiological psses (Janick,1986; Pritts, 1991; Havlin et al.,
2006). Calcium is present in sufficient amountsoils and plant tissues, and it is rarely applied
to blackberry plantings. In brambles, calcium cabta plants is between 0.6 and 2.5%. Calcium
deficiency does not commonly occur except in swith high moisture fluctuation (Pritts, 1991).
Foliar chelated Ca applications work well when eotions are needed by crops (Pritts, 1991,
Havlin et al., 2006). To maintain a proper balaot€a with P and K, these nutrients should be

applied when blackberry plants are in dormancyate fall (Pritts, 1991).

In ‘Cheyenne’ blackberries, Ca fertilization incsed plant growth after two growing
seasons (Spiers, 1987). In ‘Dormanred’ raspbeiagtp| leaf Ca content was negatively
correlated with plant growth. Also, leaf Ca andri€rieased linearly with Ca fertilization, but it

had an opposite effect on leaf Mg (Spiers, 1993).

Magnesium (Mg)This element is essential for chlorophyll synteesid N metabolism.

Plant concentration of Mg in brambles ranges frofnt0 2.5% (Pritts, 1991). Rates from 4.5 to
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27.2 kgha' of Mg are recommended for soil applications arb ®&gha’ of Mg in 378.5 L of

water for foliar applications (Havlin et al., 2006)

Kowalenko (2006) stated that leaf Mg was positivayrelated with soil Mg. Through
leaf analysis it has been observed that variousstgb relationships occur between Mg and other
elements. In ‘Dormanred’ raspberry plants, the arg¥ig fertilization rate positively influenced
leaf Mg, but the leaf Ca decreased (Spiers, 19p&rS et al., 1999). In ‘Cheyenne’
blackberries, Mg and Ca fertilization increasedhpgrowth after two growing seasons (Spiers,
1987). Similarly, in ‘Dormanred’ raspberries, 1&a§ was positively correlated with plant

growth (Spiers, 1993).

Sulfur (S):Both N and S are key components of proteins. 8uifthe sulfate form, S§
is moderately mobile in soil. Deficiency symptonne aimilar to N deficiency (Pritts, 1991;
Janick, 1986; Havlin et al., 2006). Usually S agpgtions are not required. If it is needed, 34 to
45 kg Sha* could be sufficient for making nutritional corriects (Hart et al., 2006). Overall,
proper amounts of plant S concentration are bet@ebEhand 0.50 % with a common 15:1, N:S

ratio (Pritts, 1991; Hart et al., 2006).

Boron (B): This element is important to auxin activity (FjtL991). In brambles, B is
necessary for bud break and fruit set in somewauki(Hart et al., 2006). Boron promotes
growth of tips and roots. When it is deficient oils, roots do not grow properly, and this limits
other nutrient uptake. This element is preseneny emall amounts and has high mobility in
soils. Boron deficiencies can promote plant abnditiea such as reduced yields, small berries,
deformed fruit, and, in extreme deficiencies, cdiedack (Hart et al., 2006). Dicot plants have
B concentrations that range between 30 and 5Rgn@Pritts, 1991; Havlin et al., 2006). For

predicting B needs in fruit crops, tissue testsmaoee accurate than soil tests (Hart et al., 2006).
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To correct nutritional problems in brambles, eitheyadcast or foliar sprays are recommended
with application rates between 1.12 to 1.8 kga&" and 0.11 to 0.17 kg'Ba*, respectively

(Pritts, 1991; Hart et al., 2006; Shaw, 2010).

Kowalenko (2006) observed that B concentrationsduasiderable variability in
‘Willamette’ red raspberry leaves. At the beginnofghe growing season, primocane leaf B
content was generally high. However, at the enth@fgrowing season, it declined and became

more stable.

Copper (Cu):Copper is required for carbohydrate and protemtlssis. It activates
numerous enzymes and enhances respiration (JA9i8&). General plant tissue concentration
of Cu varies between 5 and 20 kuj* (Janick, 1986; Havlin et al., 2006), whereas f@nfibles
it varies from 7 to 50 mig™* (Pritts, 1991). Copper is effective when appliedad or leaves.
Application rates between 1.12 and 22.4Ej of Cu were adequate to correct nutritional
problems (Havlin et al., 2006). If deficiencies ocdoliar applications should be used only if
needed. Constant applications of this element cadiygce excessive amounts of Cu
concentrations in the soil (Janick, 1986; Havlialet2006).

Manganese (Mn)Manganese is necessary for P and Mg uptake. Masgatediciency
in brambles is rarely observed. However, in soithwH greater than 7.0, Mn deficiency can be
present (Pritts, 1991; Hart et al., 2006). Instefsbil applications, several foliar sprays during
the growing season at rates between 1.12 to 3Mrkiga™ can be effective (Crandall, 1995).
Manganese content in plants varies from 20 to 5§@gtt (Pritts, 1991; Hart et al., 2006; Havlin
et al., 2006). In 'Dormanred’ raspberry, leaf Mmtent was positively correlated with plant

growth (Spiers, 1993).
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Zinc (Zn):This element is regularly present in small quétitn fruit plants. Itis a
component of organic substances and complexesasuptoteins and auxins (Janick, 1986;
Pritts, 1991; Havlin et al., 2006). Zinc concentmas in bramble leaves are between 20 and 50
mgkg™ (Pritts, 1991). A common observable symptom ofi&ficiency is terminal leaves with
rosette shape, and light green, yellow, or whiterirenal chlorosis, mainly in older leaves
(Janick, 1986; Pritts, 1991). Foliar applications fiequently used, but soil applications of this
nutrient, either broadcast or banded, are moreieffi because leaves can take up only small
quantities of Zn. For rates between 5.6 and 22.Zrkigg’, broadcast application is

recommended (Pritts, 1991; Havlin et al., 2006).

Iron (Fe): Iron is a component of several organic substaneceksiding chlorophyll and
enzymes. It is involved in chlorophyll syntheslsys, chlorosis is a typical symptom of Fe
deficiency (Janick, 1986; Pritts, 1991; Havlin bt 2006). In plant tissue analysis, adequate Fe
content varies from 50 to 200 rkg™ (Pritts, 1991). Foliar sprays are the best mefbod
applying Fe (Crandall, 1995). Foliar rates of 2B4Feha’ are recommended for effective Fe
management (Pritts, 1991). Similar to Mn, Fe isrggty and easily tied-up, or fixed to the soil

(Pritts, 1991; Havlin et al., 2006).

Diagnosis of plant nutrient status

Unhealthy plants will exhibit visual symptoms oftnent imbalances (Campbell et al.
2000; Jones, 2001). Beyond this visual nutritiahagnosis, soil and plant analysis, which
includes tissue testing, are relevant tools foigiee making in agricultural production.
According to Moore and Skirvin (1990), results @her soil or plant analysis are crucial to

determining what elements are actually requiredusigg standard methods of analysis,
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laboratories generate reliable analytical datdhabthe information can be universally

understood by farmers and the scientific commui@gmpbell et al., 2000; Jones, 2001).

Solil testing:Soil analysis, also referred to as soil testing, msethod for determining
accurately what nutrient levels are present irsthie Soil testing requires one to follow various
necessary steps, beginning with field samplingyhich samples are collected using a probe that
is pushed into the soil. Then, the representativepde is prepared for laboratory analysis. The
soil test consists of mixing the soil sample withextracting solution. The soil reacts with the
extracting solution, releasing the nutrients (Traed Thompson, 2005; Havlin et al., 2006). The
soil analysis indicates the amount of nutrient @etipotentially available to the root in the soil
before planting. Soil tests provide significantimhation such as pH al@EC (Havlin et al.,

2006; Taiz and Zeiger, 2006). A soil tests prowndeessary information for lime, amendments,

fertilizer, and cultural practices (Jones, 2001).

Plant tissue testing?lant analysis, also referred to as leaf and tiasiadysis, is the
technique which measures the elemental contergsne of a particular plant part.
Complementary to the soil test, leaf analysis edlrus accurately about plant nutritional status.
Likewise, the tissue elemental levels are reliaidgcators of mineral nutrient sufficiency,
deficiency, or toxicity. Plant analysis is not onigeful to estimate the elemental mineral content
of tissue, which is taken by a specific plant plaut, it is also relevant for determining nutritibna
status by comparing with standardized values fweific crop (Jones, 2001; Taiz and Zeiger,
2006; Havlin et al., 2006). Depending on the methsed to determine the concentration of
elemental nutrients in specific samples, therecareesponding standardized values for each
nutrient. These values are used to compare plantasults and to obtain adequate information

about plant nutritional status. The accuracy o$¢hgeneralized limits of nutrient concentration
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can be affected by factors such as characterstittee soil or growth medium, soil fertility
management, crop genotype, plant growth charattsisind specific factors related to each
location (Krishna, 2002). This test is significémt both farmers and researchers when it is

necessary to identify the mineral nutrition stadtisrops (Jones, 2001).

Increased tissue concentrations of a nutrient predesponses such as plant growth or
fruit yield because these are often directly relatenutrient availability. If nutrient mineral
elemental concentration in a tissue sample is iowhat is commonly named the deficiency
zone, plant growth is usually also low. In this epif nutrient availability increases, growth or
yield also increases. The maximum level of thealeficy zone is the critical concentration
where the deficiency zone becomes the adequate &bttas point, the minimum tissue content
of a nutrient mineral produces maximum growth @ldi In the adequate zone nutrients are in
sufficient amounts and may be increased to thd lawehich further increases do not stimulate
growth or yield. However, the concentrations of tloérients in the tissue may continue
increasing. When the tissue content rises beyomddiequate zone, the nutrient mineral added
drives plants to the toxicity zone, resulting irtg&ases in growth and yield (Taiz and Zeiger,

2006).

In brambles, N content is about 2-3% of plant dgtter. Plants with leaf elemental
content less than 2% are in nutritional deficiershygw the common symptoms, and cannot yield
or grow properly. Plants that have more than 3%Neeontent are in nutritional toxicity.

Despite their vigorous appearance, they cannotenaufficiently and develop low fruit

firmness (Eames-Sheavly et al., 1991).

Leaf or plant analysis requires the following stegasmpling, sample preparation,

laboratory analysis, and interpretation. Severahbdes contribute to misinterpretation of the
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results of a plant analysis including care of sangpltime of sampling, number of plants to
sample, and the type and amount of tissue takeplaet. Environmental factors can affect the
elemental nutrient content of plants. Elementafieat concentration varies according to the
plant part. So, the results can differ becausaanitelements are not homogeneously distributed
in the plant or within plant parts (Jones, 2001anPanalysis is a better tool to manage the
application and control of fertilization progranms blackberries and raspberries. By using plant
analysis, it is possible to make nutritional cotieats before nutritional problems occur. Through

this method, it is feasible to improve yields amngliy of fruit crops (Hart et al., 2006).

Foliar Sampling:Jones (2001) suggests the following procedurediarfsampling of
brambles: determining the specific plant part awition where samples will be taken, choosing
the proper period for collecting samples, and deit@ng the amount of samples per plant and
the number of plant units per sampling batch. Tuggested time for collecting leaves is the first
week of August (Pritts, 1991). Young mature leatvies,ones that are located just below the
growing tip on main branches or stems and expasédltsunlight, should be collected
randomly. Sample leaves have to be complete arlthiiedhese leaves should not be damaged
by insects, mechanical contact, chemical spraysstations, dust, climatic or nutritional stress,

shading, or death (Jones, 2001; Hart et al., 2006).

Clark et al. (1989) studying blueberries and teeasonal variation in foliar nutrient
elemental content, stated that the period of sangplith stability is between mid-July to mid-
August (following harvest). For raspberries, Hugeal. (1979) stated that the period with the
least variation of nutrient level concentrationsurs during the last two weeks of August.
Naraguma (1998) reported that blackberry leaf sagyiere collected in August. Clark et al.

(1988) collected mature blackberry leaf samples)fpzimocanes in the section six to ten nodes
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from the terminal between 15 and 20 May until rdydhe first week of August. As a general
suggestion for obtaining consistent results inbasty and blackberry leaf samples, Hart et al.
(2006) recommended that it is better to sampledgavhen nutrient content is stable. For N and
K, the period is late July and early August becaws@tions of foliar elemental concentrations
are at a minimum. Likewise, they suggest choositlg one fully expanded, clean, and healthy

leaf per cane and taking fully expanded leaves fpoimocanes about 30.5 cm from the tip.

High tunnels and organic production of blackberries

High tunnels have the capability to protect pldrisn adverse weather conditions and to
extend their period of growth and production (Theom et al., 2009). In 2005, under high
tunnel (HT) conditions, 315 ha of commercial blagkies were grown worldwide. In the same
year, under HT conditions, there were a total 6£8,ha of organic blackberries were produced
globally (Strik et al., 2007). According to Lamaattal. (2002), since 1993, HT crop production
has been increasing as well as the types of cndfigated. A HT is a type of greenhouse which
has some specific characteristics such as a siodyethylene plastic layer which covers all the
structural supports, no heating system. Ventilatsomccomplished by two doors at opposite ends
of the enclosure, and by raising the plastic orbibi® sides. Drip irrigation systems are
commonly used. High tunnel dimensions vary and dems the manufacturer. Typical
structures are large enough to perform the besdralipractices including planting, monitoring,
and harvesting. Bushway et al. (2008) stated tiHaledgth and width can be variable, but
dimensions should allow air circulation to redueataccumulation. It is recommended that the
peak be a minimum of 2.4 to 2.7 m and post extassabout 1.2 to 1.5 m high. Wider HTs

allow better management, but, totally dependenmnaterials. Long tunnels have poor cross
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ventilation. A standard HT size is 9 m wide and28ng. Thirty seven HTs of the standard size

will cover the area of one hectare (Bushway e28l08; Demchak, 2009).

According toLamont et al. (2002), HTs have advantages and disadges when
compared to greenhouses. Advantages include: loagtr semi-permanence, and portability.
Additionally, HTs provide good crop protection aggiintense winds, heavy rains, low
temperature, and frosts. Hanson et al., (2011)daanlier harvest and improved yields in HT
production of PF and floricane-fruiting red rasplyeaaultivars as well as increased plant vigor,
fruit quality, and fewer diseases. According to@iaelli (2009), higher profits and product
marketability are achieved due to reliability, ieased yields, higher quality, and better crop
timing. For small fruit production, HTs have margniefits for two main reasons: First, berry
crops have better quality; second, fewer pest atldogen attacks. Additional positive effects for
PF blackberries are extended season and off-séasoproduction (Heidenreich et al., 2008;
Thompson et al., 2009). Rom et al. (2010) statatiitnen blackberry and raspberry plants were

cultivated under HT conditions, the harvest penbthose plants was extended for 3 weeks.

Heidenreich et al. (2008) stated that even thougiventionally produced food is still
less expensive than organic food, several advasitageh as lower input costs, high-value
markets, and premium prices increase farm incordenaake organic bramble production more
attractive. Rom et al., (2010) also mentioned thganic blackberry production presents fewer
problems than other small fruits due to its speatgiistability for this type of production. The
authors determined that organic production of biamban promote more revenues for farmers
due to off season production, modified environmlecaaditions, reduced pest attack, and less

need of pesticides.
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Pest and disease control in high tunnéaim et al. (2010) stated that in organic,
conventional, and HT bramble production, some inaed disease attacks may occur, and insect
scouting should begin after planting and carrietveeekly. Under HT production, a common
bramble pest is the two-spotted spider mitet(anychus urtica&och). This pest can be
controlled with predatory mitegnother important pest is the Japanese beetle(Ri@)jillia
japonicaNewman) which can be controlled with traps, howetraps do not prevent
neighboring JB from entering the area. The OrgMaterials Review Institute (OMRI) has
recommended using one of the following organic ygpm 10 to 14 day intervals: Surround
particle film (Kaolin clay), Neem (vegetable oByganic (pesticide derived from
chrysanthemums) or Pyrell{fPyganic plus rotenone). The doors of the HT aeneq to
circulate air at ground level and eliminate hunpdts to avoid fungal diseases. This air
circulation can be enhanced by using household(flotsnson and Lewis, 2005; Bushway et al.,

2008).

Successful blackberry fruit production

To succeed in blackberry production in terms of ami@nd quality of fruit, producers
need to consider cultivar selection (Perkins-Veanig Collins, 1996), orchard cultural practices,
and fruit plant nutrition (Pritts, 1991). The apprate cultivar for environmental conditions
influences fruit quality in erect blackberries. Acding to Perkins-Veazie and Collins (1996),
blackberry cultivars have differences such as iipgdate, fruit flavor, shape, size, and color.
The cultivar can negatively affect marketable yielek to winter hardiness. According to Strik et
al. (2012), proper cultural practices (tipping, niogy and row covers) increase yield, extend
fruiting season, and improve cane architectureFobRckberries. Plant nutrition may be the

most important factor in blackberry production hessaproper nutrient management can
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improve yield. In addition to N, other macro- anetranutrients are needed for adequate
blackberry production (Pritts, 1991). Evaluatinglaard returns, Rom (1994), found that gross
returns depend on three factors: fruit qualityitfquantity, and market value. Market value may

not be controlled by fruit growers, however, farmean control fruit quality and quantity.
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[I. CHAPTER 1

OPTIMUM RATE AND TIME OF APPLICATION OF N-FERTILIZA  TION FOR
PRIME-ARK® 45 PF BLACKBERRY CULTIVAR UNDER HIGH TUN NEL
CONDITIONS

Abstract

Increasing production of blackberiRibusL. subgenufRubusWatson.) and the
development of new worldwide markets allows for artpnt opportunities in the production of
this fruit. New genotypes, such as primocane-mgi{iPF) blackberries, can extend the growing
season and create benefits for farmers and consufewith new cultivars, there are some
important cultural practices, including plant ntibm parameters, which need to be developed in
order to optimize yield and financial returns. Tigective of this research project was to
determine the optimum rate and time of nitrogengpplication to PF blackberry. This study
was conducted in 2011 at the University of Arkangagicultural Research and Ext. Center,
Fayetteville. ‘Prime-Ark® 45’ blackberry plants veecultivated under high tunnel conditions.
There were four N treatments: Treatment 1 (contra N applied); Treatment 2 (10 kg-hHa
Treatment 3 (10 kg-h& 50% split application); and Treatment 4 (20 kg-h&ingle
applications of N were applied in mid May, and $ipéit application of 50% in mid May (20
May), and 50% last week of July (27 July). Ammonisuaifate (NH),SO, was the source of N.
A randomized complete block (RCB) design was usigld four blocks and five plants per
experimental unit. The following variables were sww&d: total and marketable yield, fresh
weight of plant above ground, and cane diametdl.aBd foliar analysis for N concentration
was conducted. Leaves for foliar analysis wereectdid on 11 July. Total fruit yields for

Treatment 2 and Treatment 3 (2.5 and 2.4 kg, réispd0 were the highest and significantly
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different than the other two treatments (1 andMthough not significantly different, marketable
yield had a similar trend as total fruit yield. @asiameter and plant fresh weight were not
significantly affected by the fertilizer treatmen#dthough there were no significant differences
of N foliar content among treatments, Treatmena@ the highest mean at the end of the

sampling period.

Mn and B foliar concentrations were significantlffefent due to the N rates applied.
Conversely, no significant differences among tresatts were found for the following elements:
P, K, Ca, Mg, S, Na, Fe, Zn, and Cu. Results indat¢hat either a single or split N application

rate of 10 kg N-hadid result in the highest yield.
Introduction

From 1995 to 2005, worldwide blackberry cultivatiooreased 45%. Approximately
20,035 ha of blackberries worldwide were cultivateath conventionally and organically in
2005 (Strik et al., 2007; Clark, 2008). In 200% tultivar ‘Prime-Ark® 45’ (Cv. APF-45) was
introduced by the University of Arkansas as a pagare-fruiting (PF) blackberry genotype
(Clark, 2008). Primocane fruiting blackberries gramd flower on the first year growth. The
currently available PF blackberry cultivars arecerthorny types (Rieger, 2006; Strik et al.,
2007). Blackberries are well adapted to diversesyg soils with pH values ranging from 4.5 to
7.5. However, for better plant development, soilgitéuld be between 6.0 to 6.5 (Pritts, 1991;
Gordon, 1991, Crandall, 1995). At this pH, physgital disorders and nutritional problems can
be avoided (Pritts, 1991). Some environmental facioe also important in blackberry
cultivation. High or low temperatures can have aseeffects on fruit quality and quantity

(Crandall, 1995). Also, the magnitude of light ntipted by the canopy of plants is a significant
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environmental factor for plant development. Cates teceive sunlight will bear more berries
(Pritts, 1991). Lower light intensity, between 18 186 lux of radiation is needed for proper
growth in brambles (Moore and Skirvin, 1990). Aretfactor is day length which can affect
flower bud initiation. Wind is a crucial factor kecse canes can be desiccated by strong winds.
Thus, it is necessary to reduce wind damage, ssichrze breakage, through trellising and other

cultural practices (Moore and Skirvin, 1990; Prift891; Rieger, 2006).

Irrigation is necessary throughout the growing eea#t is required mainly during the
period from bloom to harvest (Crandall, 1995). Orrmation is appropriate to brambles because
it is not only efficient but also is an effectiveeuof water when properly installed. Water
constantly drips around the root zone, while raigaes and the area between rows stay dry and
firm. Other advantages are even moisture surrognthi@ root zone and minimal water loss
(Pritts, 1991, Stiles and Reid, 1991; Crandall,3t%ieger, 2006). Proper soil drainage reduces

disease problems, such as Phytophthora rooPtottophthora sp.jPritts, 1991; Rieger, 2006).

Nitrogen is an essential macronutrient for plaregguired in greatest amounts for proper
growth and development of floricane-fruiting blaekiies (Moore and Skirvin, 1990). According
to Pritts (1991) nitrate N is mostly used by blaskies due to the solubility and the fast
movement into plants. During establishment, foriélane-fruiting blackberry plantings, only
manure applications, as a source of N, are sughést@lant fertilizing (Moore and Skirvin,
1990; Gordon, 1991). Pritts (1991), Hart et al.0@0 and Strik (2008) recommend N
applications at rates from 22 to 561y in the first year. For the second year, suggestess
for N fertilizer vary from 45 to 112 Kga® (Pritts, 1991; Alleyne and Clark, 1997; Naraguma,

1998; Mahler and Barney, 2000; Kuepper et al., 26028t et al., 2006; Strik 2008).
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Nitrate- and urea-based fertilizer are the mostroomy used for blackberry fertilization,
Ammonium sulphate (21-0-0) is also an acceptahliecgoof N because of its minimal
hygroscopicity and leaching features (Havlin et2006). The efficiency of N uptake in plants is
improved by split applications of fertilizer becausis kind of application synchronizes the N
availability and the plant’s growth process. Inrhldes, it is recommended for the first N split
application to be in March and the second in Magnjgés-Sheavly et al., 1991; Pritts, 1991; Taiz
and Zeiger, 2006). Naraguma and Clark (1998) fathatisplit applications promoted higher N
concentrations in leaves in 'Arapaho’ thornleseHlidarry. However, no other positive effects

were reported.

Cultural practices on floricane-fruiting blackbesisuch as pruning, trellising, and
annual mowing help to increase fruit production giedd quality (Morrison, 1998; Kuepper et
al., 2003; Rieger, 2006; Thompson et al., 200f)pihg of primocanes is recommended to
promote branching and increase the number of figiiodes per cane (Moore and Skirvin,
1990; Thompson et al., 2007).

Phytophthora root roRhytophthora spp, Japanese beetledpillia japonicaNewman),
Two-spotted miteg¢Tetranychus urtica&och), and the Raspberry crown borer (RCB)
(Pennisetia marginataare frequently observed in commercial orchardbr{don and Lewis,
2005; Rom et al., 2010). Blackberry pests and desgaan be controlled by planting clean stock
and using adequate sanitary and pesticide mea@ddoese and Skirvin, 1990).

The availability of appropriate amounts of nutrgeit soils is necessary for increased
yields and improve produce quality (Taiz and Zei@&06; Havlin et al., 2006). Specific
information about timing and rate of N applicatidosnew PF blackberry genotypes is needed

to increase production and financial returns (Cktrkl., 2005; Clark and Perkins-Veazie, 2011).
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High tunnel blackberry production is becoming p@puih the U.S. (Demchak, 2009).
High tunnel provides several advantages for PFbkarcy growth and development such as off-
season production, reduced incidence of diseaseased yield, and improved berry quality.
(Demchak, 2009). High tunnel cultivation allowsengion of the fruit production season
(Thompson, et. al., 2009). High tunnels facilitateventional and organic blackberry
cultivation. Benefits of organic blackberries prodd under HT include extended harvest

season, and higher fruit quality with a reductiompests and diseases (Rom et al., 2010).

Total yield: The goal of blackberry growers is to obtain adaygeld of high quality
berries (Pritts, 1991). Total yield of blackberngshe sum of all berries harvested and weighed
periodically during the growing season. Diversatsigies to increase quality and yield of

blackberries have succeeded during the last yeach, as the use of HTs.

Marketable yieldMarketable yield consists of those berries chdsan the total fruit
yield that meet market specifications. After hatydse yield is selected and graded according to
the market requirements. Berries should be hardestar ripe because eating quality does not
improve after harvest (Mitcham et al., 1998). Maakde berry selection based on the grade
standards. Berries should be black in color, tyrgrdperly shaped, and not overripe. Damaged
or decayed fruit due to sun-scald, diseases, leteild be rejected. Ranges of tolerance for mold
are < 1% and < 5% depending on the grades. Inarof berries, not more than 10%, by
volume, should fail to meet the grades. For otiee tof defects and requirements are indicated
by the standards for grades of dewberries and bé&dles of the U.S. Dept. of Agr. (1928),

Perkins-Veazie, et al. (1996), Mitcham et al. (19@8d Perkins-Veazie (2004).

Fresh weightFresh weight comprises the measurement of alt plars that develop

above ground (stems, leaves, laterals, etc.). Bk plants utilize nutrients in different
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amounts and periods during the growing seasonderdo develop a sufficient plant structure to
bear fruit (Pritts, 1991). Plants utilize N throwgih the growing season but the absorbed amounts
of N vary according to plant age. Young plants albbsoore nitrogen and N represents a greater
percentage of the dry weight of a young plant taamature plant. Nitrogen deficiency cause

stunted plant growth and reproductive problemséhrand Thompson, 2005).

Cane diameterCane diametas measured through the center of the perpendicular
section of the main cane, cut at a specific heagpotve ground. This parameter is linked to plant
growth and development in most blackberry genotyggduran et al. (2008), while studying
eight blackberry cultivars, found that fruit weighés positively affected by cane diameter in
some cultivars with a negative effect in one caltivn raspberries, both cane diameter and cane
height are strongly correlated (Crandall et al74:Qennings and Dale, 1982). A large cane
diameter means the production of multiple lateadla node but a reduced number of lateral

fruit-bearing nodes (Jennings, 1979).

Foliar nutrient concentration due to N fertilizatioProper use of soil and plant analyses
IS necessary to optimize yields. These tools hejgrovide balanced amounts of macro- and
micronutrients (Mylavarapu, 2010). Plant analysicates the actual nutrient content in leaves
and nutritional status (Pritts, 1991; Westwood,339%art et al., 2006). Leaf nutrient
concentrations vary according to the plant partseason (Westwood, 1993). Less than 2% N in
blackberry leaves causes nutritional disorderspdaits cannot grow and develop optimally. In
contrast, leaf N concentration greater than 3% yred plants with more vegetative growth
(Pritts, 1991). The most reliable protocol to collliar samples is as follows: Primocane leaves
exposed to full sunlight, and located just below ginowing tip six to ten nodes from the

terminal are randomly collected. Complete, cleaalthy leaves, free of injuries are collected
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(Clark et al., 1988; Clark et al., 1989; Pritts919Jones, 2001). For floricane-fruiting
blackberries, the period for sampling with staiiit elemental concentration is between mid

July to mid August (Hart et al., 2006).

The objective of this study was to determine thgnoum rate and time for N
fertilization for the ‘Prime-Ark® 45’ PF blackbergultivar under high tunnel conditions in one-

year-old plants.
Materials and Methods

Experiment 1.

This study was conducted at the University of AdanAgricultural Research and
Extension Center, Fayetteville, Ark. (lat.°38'N, long. 9410°29"W). The soil type in the high
tunnel (HT) was a Captina silt loam (Typic Fragilidurhe initial soil analysis (29 March,
2011), indicated low to moderate natural fertilpy of 6.2, and a moderately low cation
exchange capacity of 8.0 cmolckgippendix B, Table B.1). The soil pH was measured i
soil-water mixture extraction of 1:2 (weight:volujpaccording to the procedure indicated by
Donahue (1983). Using the Specific lon Electrodé¢hme (Donahue, 1992), NEN
concentration in soil was measured at 15 md.Rdne Mehlich-3 solution (Mehlich, 1984) and
the Inductively Coupled Plasma (ICP) Emission Sjescbpy method was used to measure P
and K, (78 and 136 mg.Kgrespectively), and Ca, Mg, S, Zn, Fe, Mn, Cu, Bnélll of them
were within optimum levels according to the Univigref Arkansas, Cooperative Extension
Service, recommendations. These analyses were ctaudat the Soil Testing and Research
Laboratory, University of Arkansas, Marianna, AMl soil tests were analyzed following the

same procedures and methods, with the exceptiarcomplementary soil analysis for P, K, and
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microelements on 16 May (Appendix B, Tables B.B1b0). Soil samples were extracted by
Mehlich-3 solution (Mehlich, 1984), and the concated solution was measured by using the
Spectro ARCOS-SOP (side on plasma)-ICP methodeaginicultural Diagnostic Laboratory —
Altheimer- Dept. of Crop Soil and Environmentaleé®ce, University of Arkansas, Fayetteville.

‘Prime-Ark® 45’ PF blackberry plants were cultivdtender HT conditions, from spring
to fall in 2011. Cuttings were rooted in 2010, atahted in rows in the high tunnel on 18 Mar.
2011. The HT (Haygrove solo series, Haygrove LidK.) was constructed during 2010. The
HT was a Quonset, (single-bay) with the followingensions: 7.6 m wide, 58.8 m long, and
3.72 m high. The tunnel was oriented from nortedath, and was covered with 6 mm
transparent polyethylene plastic. Prior to plantswjl surface was leveled with a Dstope for
proper drainage. The area of the high tunnel wasgetl into three main raised rows. These rows
were 0.9 m wide, 0.2 m high, and 53.8 m long. Rlavdre set 0.6 m apart. Blackberry plants
were established in two outside rows wittoe spacing of 3.7 m. Each experimental unit
consisted of five plants per treatment. Rows wereled in four blocks, each block contained
all treatments. The west side row had only onelblo east side row three blocks. Plants were
drip irrigated as needed with in-line emitters sghat 0.3 m intervals.

‘Prime-Ark® 45’ primocanes were mowed 10 cm abowlsvel 5 days after planting;
then primocanes grew homogeneously. After weediagually on 5 Apr., fresh rice hull mulch
was applied, and the borders of the rows were eaverth black plastic mulch leaving 0.3 min
the middle of row exposed, approximately. Manuat¢aveg continued over the growing season
on a regular basis. When plants were 1.0 m talll4odune they were tipped. A *V’ double

curtain trellis was installed on 27 June. Canesweined between double sets of trellis wires

53



spaced at 0.6 m and 1.2 m high and tied to theswaseng plastic tape during the following 10

weeks, as they grew.

The following N fertilizer treatments were appligd:Control - no N applied; 2) 10 kg
N-ha'; 3) 10 kg N-hd (split application); and 4) 20 kg N-HaSingle applications of N fertilizer
were broadcast on 20 May. For Treatment 3, spptiegtion was broadcast 50% on 20 May and
the 50% on 27 July. Actual NEN in the soil was 33.6 kg-Haaccording to the soil test
(Appendix B, Table B.1). Ammonium sulfate (21-Ov@gs the N fertilizer used. The fertilizer
was broadcast uniformly on the surface of the retwken canes in a 3.0 m x 0.2 m band.
Fertilizer was not applied in areas between twtedsht treatments. The mulch between plants
was removed and fertilizer was applied directlytte soil. After the fertilizer application, the

mulch was replaced.

The doors were closed to maintain proper tempezattnen day or night temperatures
fell below 8 to 16C for extended off season production. The dooreweened when
temperatures rose above’C0Sidewalls were opened when necessary, duriranblnd fruit
bearing periods. High tunnel doors were closedeasled to encourage vegetative development

until 15 Nov. After that date doors were openeththuce plant dormancy.

Signs and damage of Two-spotted spider n{ifesranychus urtica&och) were
observed at very low and treatable levels of iafigsh. To control this pest, two species of
beneficial predatory mite$s@lendromus occidentaliesbittandNeoseiulus californicus
McGregor) were released in the high tunnel on 9ahth4 Aug. 2011. On 24 June, Japanese
beetles Popillia japonicaNewman) were observed attacking plants. To codfaphnese beetles,
kaolin clay (Surround WP®) was sprayed on leave8 dan and 1 July 2011 (Johnson and

Lewis, 2005; Rom et al., 2010).
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Parameters measured:

Total yield: The fruit yield of primocanes was measured a®fedt All berries per each
experimental unit were harvested and weighed usipigecision scale (Sartorius, Acculab-Vicon,
Elk Grove, Ill.), either once or twice a week, whbry were totally blue or black colored. The
total fruit weight per experimental unit was reaead Total fruit yield was the sum of the weight
of all berries which includes fruit with mechanicaisect, and disease damage. First fruits were

harvested the first week of August and harvestaexasnded until the second week of November.

Marketable yieldMarketable fruit was graded and weighed. The failhg grading
parameters were used to select marketable besreesand shape, ripeness, color and physical
condition. In general, fruit without defects ungatadle to the consumer in a direct sale was
culled (U.S. Dept. of Agr., 1928; Perkins-Veazieak, 1996; Mitcham et al., 1998; Perkins-

Veazie, 2004).

Fresh weightWeight of green material (leaves and stems) patrirent was measured.
All plants were cut 5 cm above ground after harvBtmaterial in each experimental unit was
tied to avoid losing plant parts; then, it was vireid using a portable scale (VEIT Electronics —

BAT1, Czech Rep.).

Cane diameterThis parameter was measured from the 10 widestssbem each
experimental unit. The stem was measured at 10bowesthe ground. Two diameters per cane

were measured. The 10 cane diameters were averaged.

Nutrient concentrationTo determine macro- and micronutrient foliar cartcation, leaf
analyses were conducted approximately every twksydgeom June to August 2011. According

to the protocol, six mature leaves from each expenial unit, located six to ten nodes below the
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growing tip, were collected randomly (Clark et 4B88). After collection, leaves were rinsed in
deionized water. In the laboratory, leaves wereddfor 24 hr at AT in a convection oven.
Samples were subjected to total N analysis, whiak @onducted by combustion in an Elementar
VarioMax analyzer instrument (Elementar Americas,IMt. Laurel, NJ), and P, K, Ca, Mg, S,
Na, Fe, Mn, Zn, Cu, and B by wet digestion usingaemtrated nitric acid and 30% hydrogen
peroxide on a hot block. A 0.25 g sample was degeand brought to 25 ml volume. The
digestate was analyzed using an inductively couplasima spectrophotometer (ARCOS-SOP,
ICP - Spectro Analytical Instrument, Mahwah, NJisTanalysis was conducted at the
Agricultural Diagnostic Laboratory- Altheimer — Depf C.S.E.S., University of Arkansas,

Fayetteville.

The possible effects of N fertilization rates oa fbliar macro- and micronutrient
concentrations in ‘Prime-Ark® 45’ PF blackberriesre determined for the sampling date with
relative stability in elemental content. The samgldate was 11 July, because for floricane-
fruiting blackberries, the period with most stalyiin elemental nutrient concentration and
minimum variability is mid July (Clark et al., 1988

All data were analyzed as a randomized completekllRCB) design with four blocks,
five plants per experimental unit, and four treattsgN fertilizer levels). Data were analyzed
using SAS statistical program (SAS Institute IN@02, Cary, N.C.), PROC MEANS and PROC
MIXED. Means separated by Least Significant Differe (LSD) with 5% level of significance

(p<0.05).
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Results

The soil results (Appendix 2, Table B.2) indicatedt all macro- and micronutrients
were in adequate concentrations and were optimalrégoer plant growth and development
(Hart et al., 2006; Espinoza et al., 2007), (Apperzd Tables B.3 to B.10).

Total yield: Nitrogen fertilization rates significantly affectéotal fruit yield,p= 0.048
(Fig. 1). Through LSD comparison of meansp<®.05, Treatment 2 (631.1 g) and Treatment 3
(815.3 g) were statistically similar and resultedhe higher yields than Treatments 1 and 4.
Treatment 4 (269.4 g), with the highest N rate iopplhad a lower yield response, which was
statistically similar to Treatment 1 (426.0 g). st began on 12 Aug. and ended on 17 Nov.
for all treatments, due to freezes during the feifg days, in which temperatures were below -5

°C. (See Appendix A. Table A.1 for descriptive istats of this variable).
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Fig. 1. Total fruit yield responses obtained frayarfN fertilizer rates applied
on ‘Prime-Ark® 45’ PF blackberry cultivar. Mean seation was performed
by LSD atP <0.05. n: 16 experimental units.

*Split application of N fertilization rate.
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Marketable yieldResults indicated that all treatments producedaimesponses on
marketable berrieshe estimate@=0.05 (data not shown). Although there were natificant
differences among treatments, marketable yieldahsichilar trend as total fruit yield, where
Treatment 3 had the highest marketable yield (78h.Zreatments 2, 1, and 4 had lower
marketable yields (540.5 g, 354.4 g, and 221.2gpectively). Approximately 15% of the
berries were eliminated per treatment based ontgw@aicording to the grading parameters
recommended by the U.S. Dept. of Agriculture (19P&rkins-Veazie, et al. (1996), Mitcham et

al. (1998), and Perkins-Veazie (2004).

Fresh weight and Cane diametéttant fresh weight (branches and leaves) and cane
diameter othese ‘Prime-Ark® 45’plants were not significandffected by any of the N

treatment rates.

Nutrient concentration in leaves as affected bgillization: As was described at the
beginning of this section, all leaf N concentratrnaans were within the standardized values
indicated by Clark, et al. (1988), Pritts (199X)d&arcia (2007). The total average of N
concentrations measured during all sampling datealf treatments combined (from June to
August, 2011) was 2.6%. The minimum N concentratm@an measured for the same sampling

period was 1.9% and the maximum 3.3% (Appendix Zbl& A.2).

Nitrogen concentration means were statisticallyilainon any given sampling date: 14
Jun= 2.88%p¢= 0.16), 29 Jun= 2.89%¢ 0.49), 11 Jul= 2.66%p€ 0.06), 25 Jul= 2.66%pE
0.88), 4 Aug.= 2.42%pE 0.82), and 26 Aug= 2.31% € 0.30). However, there were significant
differences in leaf N concentrations among sampliaigs |p= <0.0001). Foliar N concentrations

for all treatments (T), (T1: 0-control, T2: 10, TR-split, and T4: 20 kg.Ha displayed a
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downward trend for the sampling period (Fig. 2)wewer, Treatment 3 had the highest

concentration and an ascending change of leaf lkenbat the end of the sampling period.
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Fig. 2. Trends of N concentration means in lea¥éBrime-Ark® 45’ PF blackberry cultivar
(from June to Aug. 2011), per treatmentkied).
*split application of N fertilization rate, Treatmie3 (10 kcha).
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Results indicated that there were no significaffecBnces in N concentration in leaves
of ‘Prime-Ark® 45’ on 11 July, 2011 [period of sthty in nutrient concentrations during the
growing season as stated by Clark et |. (1988pimctne fruiting blackberries] due to the N
fertilization rates appliedoE 0.06). In descending order, foliar N concentrainas: Treatment 3
(10 kg.h&, split application) 2.82% N, Treatment 2 (10 kgtha.65% N, Treatment 4 (20

kg.ha') 2.60% N, and Treatment 1 (0 kgH2.60% N.

There were significant differences in elementalosamration in ‘Prime-Ark® 45’ leaves
due to N fertilization rates for B0 0.003) and Mng = 0.01) on 11 July 2011 (Fig. 3). The N
fertilization rates did not significantly influencencentrations of € 0.44), K p= 0.12), Ca

(p= 0.47), Mg p= 0.10), S (6= 0.27), Na (6= 0.48), Fe §= 0.28), Zn p= 0.36), or Cug= 0.36).
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Fig. 3. Manganese and B content in ‘Prime-Ark® BF blackberry leaves (nkg™), based on
analysis of foliar samples collected on 11 July®201
*split application of N fertilization rate.
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Discussion

According to Marx et al. (1999), NO-N and NH" -N concentrations in soil can be
measured through soil tests at the time of samptinty. However, future soil conditions for the
same elements are not reflected (Marx et al., 1999)s, to determine the nutritional status over
time, foliar analyses were conducted and the resudlicated that N foliar concentrations were
within standardized values suggested for braml@teK et al., 1988; Pritts, 1991; Garcia,
2007). During vegetative growth, foliar N concetitras were optimal, but decreased to 2.7%
during blooming, and from 2.4 to 2.3% during fmgj which is the low standard limit of the
optimum range (Hart et al., 2006).

The ammonium sulfate (21-00-00) that was applie@@May (single application) and
27 July (split application). The analysis on 29 A(fgppendix 2, Tables B.3, 4, 5, and 6),
indicated higher N@N content in the soil than the previous reporsarinpling on 29 Mar.
(Appendix 2, Tables B.1). Based on soil analysigld@ct., per treatment, during the blooming
and fruiting period (Appendix 2, Tables B.7, 8a8id 10), the N@N content in soil was lower
than before and after fertilizer applications. Hernitwas possible that some of the NOsoil
content was taken up by the plants.

There were no visual symptoms of N deficiency, salyellow leaf color, older leaves
with reddish tips, or evidence of excessive N aggions such as vigorous vegetative growth,
elongated and thinner primocanes or breakage,tend&d internodes (Pritts, 1991; Hart et al.,
2006).

Total yield: In this experiment, it was expected that differ&siponses in fruit yield,
according to each treatment, would be observedodn contributes to increased fruit yields in

brambles (Pritts, 1991; Hart et al., 200Byth Treatments 2 and 3 had the higher yield resgpon
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while Treatments 1 and 4 were statistically siméad lower from the two others. Treatments 1
(0 kg Nha® - control) and 3 (10 kg Na’ - split) were significantly different and this result is
consistent with Rempel et al. (2004), who stated tie unfertilized treatment had the lowest
yield response, and the split-N treatment the ragkield in both years of experimentation (2001
and 2002) in ‘Meeker’ red raspberry. Hence, unlieed blackberries plantings tend to produce
the lowest response, and split applications to beeraffective increasing yields.

Treatment 4, which had the highest amount of Niadptlid not have the highest
response in yield, as was expected. The yield eaffinent 4 might have been affected by an
excessive N application, or some other unidentifeedor(s). However, due to the observed
vigorous growth in several plants, it is possilblatthe main cause was the excessive N
application. According to Hart et al. (2006), minim amounts of N have to be applied to soils
because in brambles, less N is required in theiplgyear than in subsequent years. Nitrogen
applied in higher levels than necessary negatiact yield and promote excessive growth
which leads to long and thin primocanes.

The significant differences in total yield, as r@spes to the N treatments, are the
opposite of other results obtained in similar expents (Naraguma and Clark, 1998; Rempel et
al., 2004). In a three-year experiment with matArapaho’ thornless blackberry plants,
Naraguma and Clark (1998) found no significant oesgs in total yield after N fertilization at
various levels and split applications in any yga894, 95, and 96). Also in ‘Meeker’ red
raspberry, Rempel et al. (2004) found no signifigaeld responses and these authors also
reported that in other experiments in red raspbgiailack of response in yield has been

observed.
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Treatments 2 and 3 had the highest yields, whidltate that these N rates were
adequate for the first year of cultivation. Howewbe amounts of harvests obtained in this
experiment were less than 40% of the minimum tyheavest reported in Oregon by Clark et
al. (2005) and Arkansas by Strik et al. (2008)miature, field-grown ‘Prime-Jan®’ and ‘Prime-
Jim®’ cultivars, yields of 1600 to 5900 kg (Clark et al., 2005) were obtained, and in Oregon
4000 to 6100 ka* (Strik et al., 2008) were harvested. In ‘Prime-®ri5,’ yields of 14100 and
5600 kgha' were obtained in Arkansas in 2008 and 2009, reisqeée (Clark and Perkins-
Veazie, 2011). The amounts of berries harvestediatcate that an economic analysis should
be done in order to identify whether this amount/bsted is cost-effective or not in the first year
of ‘Prime-Ark® 45’plants. One factor that could leaproduced these lower yields is the higher
temperatures during the summer (Clark et al., 2@®%k and Thompsom, 2009).

For the establishment year, either only manureiegpdns (Moore and Skirvin, 1990;
Gordon, 1991) or N fertilizer at rates greater tBarkg Nha®, frequently are recommended in
floricane-fruiting blackberries. Also, similar anms of N fertilizer applications have been used
in other experiments in PF raspberries and blacidsefPritts, 1991, Spiers, et al., 1999; Hart et
al., 2006; Kowalenko, 2006; Strik, 2008). In thiperiment, rates of 10, 10 (split), and 20 kg
Nha' were applied and results indicate that 10 RugNis an appropriate fertilizer rate for
‘Prime-Ark® 45’ in either single or split applicat, if off-season production is desired under
HT conditions during the first year of cultivatidduring the following years, when the root
system of plants is more developed, it will be gueso determine if the N concentrated in
leaves is beneficial for extended production. Onalihgs indicate that for one-year old ‘Prime-
Ark® 45’ PF blackberries, single or split applicats of 10 Kcha' have the higher responses in

yield.
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Marketable yieldAfter grading and elimination of unmarketable frselected berries
were weighed. It was found that all treatment resps were statistically similaP {falue=
0.051). Treatments 2 and Treatment 3 did not resglignificant responses in marketable yield
as opposed to the results for total yield. Howetrexr,numerical result is similar to the total fruit
yield trend. Treatment 4 had a low response evengin it was the highest N rate applied.
Maybe this treatment was excessive for the plamtisadfected the berries. According to Hart et
al. (2006), important amounts of N goes to thetframd excessive N applied in late-winter or
early-spring could affect fruit firmness and qualit brambleslit was found that on average
15% of the berries were eliminated, which is caesiswith Demchak and Clark, (2011) who
reported that under high tunnel conditions fromA2@. to 21 Oct. 2011, the percentage of

marketable berries in three-year-old plants ofrffedArk® 45’ PF was 85% of the total yield.

Cane diameterAll cane diameters were statistically similar netless of N application
rates. It was expected that different responsesaor diameter would occur due to the N
fertilizer rates and the HT conditions because& been shown in other studies that HTs
promote plant and cane vigor (Demchak, 2009). Ats8)Villamette’ red raspberries, cane
diameter was positively correlated with the amaafrftuit per lateral and per cane; which is
related to plant nutrition status (Crandall et 80.74). This was also determined by Eyduran, et
al. (2008) and Jennings (1979) who state that deamaeter is mostly linked to plant growth and
development in most blackberry genotypes. Cane elimmeasurements may represent a
reasonable range of normal diameter for one-yahplaints of ‘Prime-Ark® 45’ PF blackberry
cultivar in regard to the previous parameters tes@n the other hand, Eyduran et al. (2008),

studying eight blackberry cultivars, found that ealiameter significantly affected fruit weight
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in seven cultivars. Thus, ‘Prime-Ark® 45’ cane deter may not only be related to nutritional
status but also to another factor.

Total fresh weightThe weight of total leaves and branches per exygerial unit were
not significantly affected by any of the N treatrteerf? value= 0.8525). However, as is
explained in Naraguma (1998) root weight data wscaollected and it could have presented a
more complete picture of differences in total freghight due to the N rates applied in this
experiment. Also Malik et al., (1991) in an expegmhusing ‘Chester Thornless’ stated that the
roots and primocane plant parts are the major coes of the plant biomass. For one-year-old
‘Prime-Ark® 45’ PF blackberry plants, cultivatedder high tunnel conditions, fresh weight
may not reflect differences due to N fertilizati@tes applied to these plants.

The results are consistent with results of expaniséhat used dry weight instead of
fresh weight. According to Rempel et al. (2004 )gpplication had no significant effect on plant
dry weight in ‘Meeker’ red raspberry.

Nutrient concentration in leaves due to N fertitina: Basedon the literature review, it
was expected that the first weeks of July is agolewith stability in elemental concentration in
floricane-fruiting blackberry leaves (Clark et dl988). Thus, analysis was carried out in leaves
collected on 11 July. Nitrogen fertilizer rates kgxbdid not cause significant differences in the
concentrations of most of the nutrient elementdistly except for Mn and B. This is consistent
with Naraguma and Clark (1998), who found no sigaiit responses in elemental foliar content
after various N levels and split applications te soil. All elements tested showed proper
concentration within the standardized values suggdsy Clark et al. (1988), Pritts (1991), and
Garcia (2007). In experiments carried out in 19880ung ‘Chester Thornless’ blackberry, N

content in leaves was lower than when were two-gpéaplants in 1989 (Malik, et al., 1991).
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Thus, it is expected that in future years, the Noemtrations may increase where the same N
rates are used.

Means of N concentrations in leaves for the sarmggderiod: N concentration decreased
throughout the sampling period. This seasonal dech N foliar content could be attributed to
physiological reasons (Hart et al., 2006) but alsdlining N in the soil resulting from leaching
and immobilization into the organic fraction (Hawvbt al., 2006). Although statistically similar,
the leaves from Treatment 3= 10 kg'taf N fertilizer (split application) had the highies
concentration of N at the end of the sampling gk(&6 Aug.) (Fig. 2). Nitrogen concentrations
were not measured in the following weeks. Deterngrihe trend of these N concentrations may
be important for off-season production because INbgirequired the rest of the extended
harvest period. According to Naraguma and Clarl@8)9N split application promoted higher N
concentrations in leaves of plants cultivated urasebient conditions; however, no more
benefits were found from split applications of NAmapaho' thornless blackberry. Conversely,
under high tunnel conditions, split application niyappropriate because the off-season
production could require more N for increased yiédlll means of N leaf concentration over time
were within the standardized leaf nutrient conteties (Garcia, 2007; Pritts, 1991) but also

with those found by Clark et al. (1988).

Conclusion

For one-year-old ‘Prime-Ark® 45’ PF blackberry pisnunder HT cultivation, results of this
study indicated that either a single or split Nlaapion at rate of 10 kgN.Raresulted in the
best yield. The results suggested that both intdiae (moderate) rates of N produces the most
desirable responses and the high rate may posshiyeffectual for fruit production in one year

old plants produced under HT conditions. Highestcemtration of N at the end of the growing
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season remained in leaves which may be availableffseason production due to split
application of N fertilizer. Nitrogen rates applidl not significantly affect the concentration of

macro and micronutrient tested on July 11, withekeeption of Mn and B.
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Appendix A. Statistical Data:

Table A.1. Descriptive statistics of variables meed
upon pomological traits in ‘Prime-Ark® 45’ blackiver

cultivar.
Total yield (g)

Treatment Mean SD  MinimumMaximum
T1 426.00 159.23 217.90 601.30
T2 631.10 195.50 436.00 899.60
T3 815.33 343.83 505.60 1185.30
T4 269.38 82.03 163.50 363.30

Marketable yield (g)

Treatment Mean SD  MinimumMaximum
T1 354.35 139.93 189.10 530.70
T2 540.53 187.20 342.70 790.70
T3 725.23 343.79 413.90 1094.20
T4 221.15 79.14 128.10 315.90

Total fresh weight (Kg)

Treatment Mean SD MinimumMaximum
T1 6.549 0.597 5.982 7.160
T2 6.778 1.205 5.768 8.516
T3 6.270 1.778 4.300 8.597
T4 6.518 0.738 5.590 7.200

Cane Diameter (mm)

Treatment Mean SD MinimumMaximum
T1 11.27 0.86 10.30 12.31
T2 11.24 0.30 10.91 11.62
T3 11.55 0.89 10.30 12.39
T4 11.06 0.60 10.43 11.66
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Table A.2. Descriptive statistics of variables megad upon elemental
nutrient concentration in ‘Prime-Ark® 45’ blackbgcultivar, in
Fayetteville, under high tunnel conditions.

Leaf tissue concentration

Variable* N Mean SD Minimum Maximum
N 96 2.64 0.28 1.92 3.33
P 96 0.21 0.03 0.15 0.26
K 96 1.75 0.21 1.3 2.18
Ca 96 0.44 0.13 0.15 0.68
Mg 96 0.31 0.03 0.25 0.39
S 96 0.19 0.02 0.15 0.23
Na 95 23.34 30.27 1.3 125
Fe 96 65.11 32.96 40.8 359.2
Mn 96 127.01 82.36 16 419.8
Zn 96 34.47 4.20 25.8 43
Cu 96 10.18 2.21 6.2 20
B 96 33.70 4.93 25 43.8

* Units: N, P, K, Ca, Mg, and S: %;
Na, Fe, Mn, Zn, Cu, and B: mgkg
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Appendix B. Soil and foliar analysis:

Table B.1. Soil analysis report for samples codlddanh Fayetteville on 29 Mar.,
under high tunnel conditions.

Date Processed: 3/29/2011
Field ID: Fay. - High tunnel
1. Nutrient Availability Index
. Concentration Soil test level
Nutrient . (Mehlich 3)
ppm Kgha
P 78 174.7 Above Optimum
K 136 304.6 Optimun
Ca 901 2018.2 -
Mg 68 152.3 -
S0O4-S 17 38.1 -
Zn 3.4 7.6 -
Fe 237 530.9 -
Mn 133 297.9 -
Cu 2.1 4.7 -
B 0 0.0 -
NO3-N 15 33.6 Medium
2. Soil Properties
Property Value Units
Soil pH (1:2 soil-water) 6.2 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 7 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)
Total Ca Mg K Na
64.9 55.9 4.7 3.6 0.7
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Table B.2. Solil analysis result for samples codah Fayetteville on 16 May, under high tunnel
conditions.

STUDY: Blackberry — High tunnel ARRIVED: 5-24-20
ID: May 16 LOGGED: 5-26-2011
LOCATION: Fayetteville OUT: 6-01-2011

PROCEDURES : Mehlich 3 extractable (1:10 ratioglgsis by Spectro ARCOS ICP
PH: 6.4

EC: 459 umhos/cm

P K Ca Mg S Na Fe Mn Zn Cu Bl N

77.5| 220.6 1076.3| 86.1 | 111.5 13.1 | 260.2 178.2 3.6 2.( 0.6 1384
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Table B.3. Soil analysis result for samples codidan Fayetteville on 29 Aug.,

under high tunnel conditions, Treatment 1.

Date Processed:
Field ID:

8/29/2011
Fay. — High tunnel — T1

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 67 150.1 Above Optimum
K 101 226.2 Medium
Ca 935 2094.4 -
Mg 66 147.8 s
SO4-S 10 22.4 -
Zn 5.1 11.4 -
Fe 229 513.0 -
Mn 129 289.0 -
Cu 1.9 4.3 -
B 0.0 0.0 -
NO3-N 20 44.8 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.7 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 8 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total

Ca Mg

K Na

68.8

58.1 6.8

3.2 0.8

78




Table B.4. Soil analysis result for samples codidan Fayetteville on 29 Aug.,

under high tunnel conditions, Treatment 2.

Date Processed:
Field ID:

8/29/2011
Fay. — High tunnel — T2

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 72 161.3 Above Optimum
K 109 244.2 medium
Ca 965 2161.6 -
Mg 73 163.5 -
S0O4-S 15 33.6 -
Zn 3.9 8.7 -
Fe 222 497.3 -
Mn 136 304.6 -
Cu 2.0 4.5 -
B 0.0 0.0 -
NO3-N 28 62.7 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.3 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 8 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total Ca

Mg

K Na

69.9 58.1

7.3

3.4 1.1
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Table B.5. Soil analysis result for samples codidan Fayetteville on 29 Aug.,

under high tunnel conditions, Treatment 3.

Date Processed:
Field ID:

8/29/2011
Fay. — High tunnel — T3

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 71 159.0 Above Optimum
K 101 226.2 Medium
Ca 923 2067.5 -
Mg 67 150.1 s
SO4-S 14 31.4 -
Zn 4.2 9.4 -
Fe 206 461.4 -
Mn 140 313.6 -
Cu 2.0 4.5 -
B 0.0 0.0 -
NO3-N 22 49.3 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.3 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 8 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total Ca

Mg

K

Na

68.8 57.5

7.0

3.2

1.1
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Table B.6. Soil analysis result for samples codldan Fayetteville on 29 Aug.,

under high tunnel conditions, Treatment 4.

Date Processed:
Field ID:

8/29/2011
Fay. — High tunnel — T4

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 70 156.8 Above Optimum
K 97 217.3 medium
Ca 880 1971.2 -
Mg 64 143.4 s
SO4-S 31 69.4 -
Zn 3.4 7.6 -
Fe 212 474.9 -
Mn 124 318.1 -
Cu 1.8 4.0 -
B 0.0 0.0 -
NO3-N 26 58.2 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.3 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 8 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total

Ca Mg

K Na

67.7

56.8 6.9

3.2 0.8
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Table B.7. Soil analysis result for samples codldah Fayetteville on 4 Oct.,

under high tunnel conditions, Treatment 1.

Date Processed:
Field ID:

10/04/2011
Fay. — High tunnel — T1

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 68 152.3 Above Optimum
K 96 215.0 medium
Ca 1113 2493.1 -
Mg 68 152.3 -
SO4-S 15 33.6 -
Zn 3.9 8.7 -
Fe 262 586.9 -
Mn 149 333.8 -
Cu 2.3 5.2 -
B 0.3 0.7 -
NO3-N 11 24.6 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.6 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 9 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total

Ca Mg

K Na

72.2

62.0 6.3

2.7 1.1
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Table B.8. Soil analysis result for samples codldah Fayetteville on 4 Oct.,

under high tunnel conditions, Treatment 2.

Date Processed:
Field ID:

10/04/2011
Fay. — High tunnel — T2

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 71 159.0 Above Optimum
K 96 215.0 Medium
Ca 1126 2522.2 -
Mg 66 147.8 s
S0O4-S 15 33.6 -
Zn 4.1 9.2 -
Fe 267 598.1 -
Mn 154 345.0 -
Cu 2.4 5.4 -
B 0.3 0.7 -
NO3-N 14 31.4 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.4 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 10 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total Ca

Mg

K Na

68.5 59.1

5.8

2.6 1.1
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Table B.9. Soil analysis result for samples codldah Fayetteville on 4 Oct.,

under high tunnel conditions, Treatment 3.

Date Processed:
Field ID:

10/04/2011
Fay. — High tunnel — T3

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 74 165.8 Above Optimum
K 94 210.6 Medium
Ca 1065 2385.6 -
Mg 65 145.6 -
SO4-S 18 40.3 -
Zn 3.9 8.7 -
Fe 240 537.6 -
Mn 150 336.0 -
Cu 2.1 4.7 -
B 0.2 0.4 -
NO3-N 15 33.6 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.4 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 9 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total Ca

Mg

K Na

71.3 61.1

6.2

2.8 1.2
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Table B.10. Soil analysis result for samples codldan Fayetteville on 4 Oct.,

under high tunnel conditions, Treatment 4.

Date Processed:
Field ID:

10/04/2011
Fay. — High tunnel — T4

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 70 156.8 Above Optimum
K 93 208.3 Medium
Ca 1137 2546.9 -
Mg 66 147.8 s
SO4-S 18 40.3 -
Zn 3.9 8.7 -
Fe 243 544.3 -
Mn 140 313.6 -
Cu 2.1 4.7 -
B 0.3 0.7 -
NO3-N 9 20.2 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.4 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 10 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total

Ca Mg

K Na

68.8

59.2 5.7

2.5 1.4
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V. CHAPTER 2
DETERMINATION OF THE OPTIMUM PERIOD FOR FOLIAR SAMP LING IN
PRIME-ARK® 45 BLACKBERRY LEAVES.

Abstract

To determine the optimum period for foliar samplingvhich elemental concentrations
in ‘Prime-Ark® 45’ primocane-fruiting (PF) blacklrgrleaves are the most stable (the range of
dates when elemental concentrations are similawy, studies were conducted at three locations,
two in Arkansas (Fayetteville and Clarksville) amtke in North Carolina (N.C.), from spring to
fall of 2011. In Fayetteville, at the Univ. of ArRgr. Res. and Ext. Ctr., two experiments were
conducted. In the first study, one-year-old ‘Prigad® 45’ blackberry plants were cultivated
under high tunnel conditions with conventional ngaraent practices and the effects of four N
fertilization rates were evaluated (0- control, 10ssplit, and 20 kg Ma™). In the second studly,
under ambient conditions and organic managementipea, three types of cultural practices
were compared in three-years-old ‘Prime-Ark® 4%diberry plants: mowing of canes, (mown
on 15 May), mowing and tipping (mown on 15 May aipdl5 June), and not pruned (control).
In Clarksville, at the Univ. of Ark. Fruit Res. Stéhree blackberry cultivars, ‘Prime-Ark® 45,
‘Prime-Jan®,” and ‘Ouachita,” were used in ordectonpare the variation in elemental
concentration of PF leaves to floricane-fruitingdkberries, because for this genotype the
seasonal variation in elemental concentration leas Imnore thoroughly studied. Plant phenology
was noted in all experiments. In N.C., the peribdtability in elemental concentration was
determined over time for ‘Prime-Ark® 45’ blackbemiants, which were grown at three
commercial orchards (‘SunnyRidge’ farms at Tolu€aith, and Owl's Den). All leaf samples

were collected following the protocol described@lgrk (1988), rinsed, ground, and analyzed.
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Total N was analyzed by combustion and P, K, Ca, 8d\Na, Fe, Mn, Zn, Cu, and B by wet
digestion. It was found that all elemental concatidns in ‘Prime-Ark® 45’ blackberry leaves
varied according to sampling date for all locaticgscept in Clarksville, where sampling date
did not significantly affect Fe concentration. Texiod of relative stability in foliar nutrient
concentrations and the best time for leaf sampliace as follows: In Fayetteville under high
tunnel and ambient conditions, from 11 July to @by Jfrom 10% to 50% bloom) and from 7
July to 25 July (10% bloom to first ripe fruit) sectively. In Clarksville, the period with most
stability in elemental nutrient content was fromX&Me to 12 July (first harvest), and in N.C.
from 5 July to 22 July (after 10% bloom).

In Fayetteville under high tunnel conditions, thedte treatments affected only P and K
concentrations, and under ambient conditions allfnactices treatment affected Mn and Zn
concentrations. In Clarksville the cultivar treatrhdid not affect the elemental concentrations of
any cultivar.

A complementary statistical analysis to determimemvthe lowest variance in foliar
nutrient concentrations occurred was conducted fmmli}{.C., and the results indicated that the

lowest variance occurred from 5 July to 22 Julyrfarst of the elements.

Introduction

Increased concentrations of nutrient elementsantgissues produce responses such as
increased plant growth and fruit yield (Taiz andgée, 2006). These concentrations can be
affected by several factors such as environmeimg, afssampling, and genotype. Hughes et al.
(1979) stated that in red raspberries cultivate@riegon, the age of the plant did not
significantly influence foliar elemental concenioats, while genotype and date of sampling

resulted in wide variation in nutrient concentratidhe authors determined that the period of
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minimum variance to nutrient concentrations ocalidering the last two weeks of August.
Clark et al. (1988) stated that sampling date &icamtly influenced elemental leaf content of
floricane-fruiting blackberries. The authors comgd that in Arkansas, the period between mid-
July to mid-August is the best for collecting Isaimples for floricane-fruiting blackberries due

to the stability in foliar elemental concentrations

Plant analysis is a technique to measure the el@in@mtent of tissue of a particular
plant part and to determine nutritional status €302001). Depending on sampling time and the
method used to determine the concentration of eteahautrients in specific samples, there are

corresponding standardized values exist for eatfientiand crop (Krishna, 2002).

For leaf sampling in brambles, the most recent neand completely expanded leaves
are randomly collected in midsummer (from mid-Jalynid-August), taking only one leaf per
cane (Clark et al., 1988; Jones, 2001; Domoto, R@0Iark et al. (1988) suggested the lowest
variation in elemental concentration occurs in mataaves between th& @nd 18 node from
the apex of primocanes. Studying the seasonalti@ariaf nutrient concentration in leaves of
three blackberry cultivars (‘Cherokee’, ‘Cheyenraid ‘Comanche’), Clark et al. (1988)
determined that concentrations of N, P, K, Zn, &d Fe were highest in May; then they
decreased from June to August. Initial Ca contecrteiased and then, from May, remained stable
in all subsequent samplings. Magnesium contergands fluctuated during the period of
sampling. It increased until July but then decrdasdil the last sampling date. Cultivars had

significantly different concentrations for P, CagMZn, Fe, and Mn.

New consumer preferences for ‘healthy’ producethedavailability of organic
cultivation guidelines and technologies, such gk hunnels, have increased the interest in

organic production of blackberry under HT condison
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Blackberries can be cultivated organically undesH#ith fewer problems than other
small fruits due to enhanced environmental cona#jalecreased pest and disease problems, and
higher quality fruits (Rom et al., 2010). Yieldsmimocane-fruiting (PF) blackberries under
high tunnel conditions are increased, and the grgweason and off-season fruit production is
extended (Thompson, et al., 2009). In addition,gidmote increased plant vigor, fruit quality,
and fewer diseases in bramble producficemont et al., 2002; Hanson et al., 2011; Thompson
et al., 2009; Rom et al., 2010). According to Heiggch et al., (2008), blackberry production
season can be extended for a period of weeks hyg UEl's. In some summer-fruiting cultivars,

the harvest can be extended beyond May and for &alhfeuiting cultivars until November.

The phenological stages provide significant infaliorathan calendar dates for crop
management. Phenology is important in plant tesiegause the nutrient status and the demand
change throughout the growing season. The mogtairétage for plant testing is the period from

bloom to the early fruiting stage for most fruiapts (Havlin et al., 2006).

Experiments in other fruit species of the Rosacdanmsly can be used to obtain relevant
information about blackberry nutrition. Some trenfiglemental seasonal variation are
described as follows: In apples, N, P, and K tresfdsutrient concentration decreased
throughout the growing season and as the leavedate\Calcium, Mg, and B concentrations
increased because plants demanded more of thesentsiais the growing season progressed
(Rom, 1994). These trends are also consistenttiwatbe concentration trends found by Wright
and Waister (1980) in red raspberries, except fgr Which had a stable pattern. Clark et al.
(1988) found in floricane-fruiting blackberry gegpes that the foliar elemental concentrations
changed seasonally. The trends of these elemeatgioe were similar to those for apples

(Rom, 1994) and for red raspberries (Wright and3f¢aj 1980) described above.
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The objective of this study was to determine, eg¢¢Hocations, the optimum period for
collecting foliar samples in which nutrient elemenncentrations in ‘Prime-Ark® 45’
blackberry leaves are the most stable. The pefigthbility is defined as the interval of
sampling dates for which the elemental concentnatiand aggregates, do not change or are

statistically similar.

Materials and Methods

This study was conducted from May to Sept. 201tlvimstates, Arkansas and North
Carolina (N.C.). In Arkansas, in two locations: Etgville at the University of Arkansas
Agricultural Research and Ext. Center, and Clatlesait the University of Arkansas Fruit
Research Station. In N.C., in three ‘SunnyRidgahia(commercial orchards): Owl's Den

(Lincoln County), Toluca (Cleveland County), andtFgCleveland County).
Leaf analyses:

To conduct leaf analysis, six leaves were takaedaenly from each experimental unit
(EV). Each EU was a plot with five plants whereadific treatment was applied. Every two
weeks, mature leaves, located six to ten nodesvibie growing tip, were collected (Clark et
al., 1988). Criteria for leaf selection includedl &olar exposure, no insect, disease, or
mechanical damage, and no visible nutrition imbadarn(Jones, 2001). When samples were
collected, phenological stages were noted. Aftdection, leaves were rinsed in deionized
water, labeled, placed in paper bags, and browagihet laboratory. In the laboratory, leaves were
dried in a convection oven (24 hr,°@), and passed through a 20 mesh sieve using the
Intermediate Wiley Mill (A.H. Thomas Co., Philadblp). Total N was analyzed by combustion
in an Elementar VarioMax analyzer instrument (Eletae Americas Inc., Mt. Laurel, NJ)

(Horneck and Miller, 1998), and P, K, Ca, Mg, S, Ra, Mn, Zn, Cu, and B were analyzed by
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wet digestion using concentrated nitric acid an%3ydrogen peroxide on a hot block. A 0.25 g
sample was digested and brought to 25 ml volumadolyng deionized water (Huang and
Schulte, 1985). The digested solution was analysatg an inductively coupled plasma
spectrophotometer (ARCOS-SOP, ICP - Spectro Araltnstrument, Mahwah, NJ[ponohue
and Aho, 1992). This analysis was conducted byAtcultural Diagnostic Laboratory-

Altheimer - Dept. of Crop, Soil, and Environ. Stiniversity of Arkansas, Fayetteville.

Experiment 1. Fayetteville, Arkansas:

This study was conducted at the University of Awdas Agricultural Research and Ext.
Center, Fayetteville (lat. 864" N, long. 9410°29"W), from spring to fall in 2011. This section

of the study was conducted on plots in two envirents: a) high tunnel and b) ambient.

Experiment 1.a. Fayetteville - High tunn@rime-Ark® 45’ PF blackberry plants were
cultivated under high tunnel (HT) conditions andflsamples were collected from June to
August, one sample from each treatment (five plamsr EU). The soil type was a Captina silt
loam (typic fragiudult). Soil samples were collettesing a probe and penetrating vertically 20
cm below ground level and removing a representdtikg of soil per treatment area as is
suggested by Jones (2001). The soil analysisganipled on 29 Mar., 2011) indicated a pH of
6.2, and a moderately low cation exchange capatify0 cmolc.kg. The soil pH was
measured according to the procedure indicated mabwae (1983), in a soil-water mixture
extraction of 1:2 (weight:volume). Soil NN was extracted with aluminum sulfate and
measured with a specific-ion electrode (Donahu82),%ccording to procedures described by
Baker and Thompson (1992). For the remaining maand microelements, the soil sample was
processed and extracted by using the Mehlich-3isolgMehlich, 1984), and the concentrated

solution was measured by using the Inductively Gadiplasma (ICP) Emission Spectroscopy
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(Donohue and Aho, 1992). These analyses were ctedlat the Soil Testing and Research
Laboratory, University of Arkansas, Marianna. Resulere 15, 78, and 136 mgképr N, P,

and K, respectively (Appendix D, Table D.1). Alllsests were analyzed following the same
procedures and methods (Appendix D, Tables D.3.1@Dwith the exception of another soil
analysis for P, K, Ca, Mg, S, Na, Fe, Mn, Zn, GujJ 8 conducted on 16 May at the Agr.
Diagnostic Laboratory - Altheimer - Dept. of Cr&wil, and Environ. Sci., Univ. of Ark.,
Fayetteville. The soil sample was processed amaeed by Mehlich-3 solution (Mehlich,
1984), and the concentrated solution was measyr&poctro ARCOS-SOP (side on plasma) —
ICP (Appendix D, Table D.2). The soil analysis nemd a sample collected on 29 Mar.
(Appendix D, Table D.1) indicated that N® level in soil before planting was medium (33.6
kgha'), P was above optimum (174.7a'), and K was optimum (304.6 kgi*) in the

complete area of planting. Similar reports for skgper treatment collected on 29 Aug.
(Appendix D, Tables D.3, 4, 5, and 6), indicateat tlor all treatments, P content in soil was
above optimum (150.1, 161.3, 159, and 156:8&g Treatmentsl, 2, 3, and 4, respectively) and
K was medium (226.2, 244.2, 226.2, and 217:B&g Treatmentsl, 2, 3, and 4, respectively).
The NQ-N concentration was medium (44.8, 62.7, 49, anddi&i’; Treatmentsl, 2, 3, and 4,
respectively). Based on the soil analyses, petnrexat, sampled on 4 Oct. (Appendix D, Tables
D.7, 8, 9, and 10) for all treatments, P concelanan soil was above optimum (152.3, 159,
165.8, and165.8 Kga’; Treatments 1, 2, 3, and 4, respectively) and K madium (215, 215,
210.6, and 208.3 Kug'; Treatments 1, 2, 3, and 4, respectively). The-NGoil concentration

was medium (24.6, 31.4, 33.6, and 20.h&g Treatments 1, 2, 3, and 4, respectively).

For the experiment, a Quonset (Single-bay) typd©{7.6 m wide, 58.8 m long) was

used. The HT (Haygrove solo series, Haygrove IUK,.) had been covered with 6 mm
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transparent plastic. Prior to planting, soil suefaas leveled with a (°Slope for proper
drainage. The area of the high tunnel was dividéal three rows. ‘Prime-Ark® 45’ plantlets
were established in the two side rows. The rowswlerided in four blocks. The west side row
had only one block and the east side row threekbld€ach block contained all treatments.
Raised beds were constructed (0.85 m wide, 0.1&gh) Wwith drip irrigation, which consisted of
in-line emitters spaced at 0.6 m. The rows werereal (3.8 th™) for about 30 min (7.6 L) per
day, from April to December. One-year-old cuttingsre planted in rows in the high tunnel on
18 Mar. 2011. Five days after planting, primocamnese cut to 10 cm above soil level to
invigorate the plants and induce branching. Plasiee weeded manually during the growing
season on a regular basis. On 5 Apr., fresh rile mulch was applied to the whole planting
area and the row borders were covered with blaagtisl mulch to prevent erosion and weed
growth, leaving the planted row exposed 0.3 m witlants were tipped on 14 June when they

were 1.0 m tall. Plants were trellised on 27 Jusiagia ‘V’ double curtain shape.

The effects of four N fertilizer rates were studasdfollows: control- no N applied
(Treatment 1), 10 kg N-Ra(Treatment 2), 10 kg N-fa split application (Treatment 3), and 20
kg N-ha* (Treatment 4). Ammonium sulfate (21-0-0) was #ilizer N source due to its low
leaching and hygroscopicity (Havlin et al., 200B8)e fertilizer was broadcast uniformly on the
surface of the row between the main canes in a3x0.25 m band. The first, N fertilizer single
applications, and 50% of the split application wiereadcast on 20 May, 63 days after planting.
The remaining 50% of the split application was bliczest on 27 July, 131 days after planting.
Two-spotted spider mitg3 etranychus urtica&och) and Japanese beetlBgfillia japonica
Newman) were observed in low and treatable levieiisfestation. Two species of beneficial

predatory mitesGalendromus occidentalidesbittandNeoseiulus californicuslcGregor) were
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released in the HT on 9 June and 4 Aug. to cotitetwo-spotted spider mites. Kaolin clay
(Surround WP®) was applied on 9 June and 1 Jutptdrol the Japanese beetles (Johnson and
Lewis, 2005; Rom et al., 2010).

The statistical design was a randomized completekiRCB) design. The data were
analyzed as a split-plot in time for elemental @niation in ‘Prime-Ark® 45’ leaves, with N
fertilization rates as the whole plot and the agetehe subplot with four replicates. All analysis
was carried out using Statistical Analysis SysteogFRam 9.2 (SAS Institute, Carry, N.C.). The
ANOVA was conducted by the PROC MEANS and PROC MIXffocedures. Mean separation

was by Least Significant Difference (LSD) at th@3®probability level f<0.05).

Experiment 1.b. Fayetteville - Ambiefitwo-year-old ‘Prime-Ark® 45’ PF blackberry
plants were cultivated under ambient conditions @g@nic management practices. The
blackberry ‘Prime-Ark® 45’ plants were establishedix rows. Five plants per each EU were
distributed on each row. Raised beds were constll€.85 m wide, 0.15 m high) with a drip
irrigation system, which consisted of in-line emig spaced at 0.60 m. The soil texture was silt
loam- silt clay loam. To increase organic mattet sail fertility, poultry litter fertilizer was
incorporated into the soil, 1 kg per experimentat an 4 Apr. Nutrient concentration in poultry
litter was total N= 2.8 %, NFHN= 2,291 mg-kg', NOs-N= 2 mg-kg", Total P, 1.4 %, Total K,
1.8%. In addition, 0.74 kay™* of an organic commercial fertilizer 3-1-5 (Bradfi®rganics® -
Lucious Lawn & Garden, PMI Nutrition Internation&8rentwood, MO) was applied. The soil
analysis report indicated the soil had a pH of &rf?] a cation exchange capacity of 14.0
cmolc.kg’. The soil had actual level content of N, P, and K nutrients of 19, 76, and 253
mg.kg* (above optimum), respectively (Apendix D, Table I).MWeeds were controlled

manually, and plants were mulched with aged hardWzaok. Plants were drip irrigated as

94



needed. This experiment had 3 treatments, not gr(gmntrol, neither mow nor tip - Treatment
1); mowing (Treatment 2); and mowing and tippinge@tment 3), and these cultural practices
were conducted as follows: First, for Treatmemlants did not receive any treatment (neither
mow nor tip). For Treatment 2, plants were mowedarhOabove ground on 15 May. Treatment
3, plants were mowed on 15 May 10 cm above gromddigped by removing the main cane’s
growing tip when plants were 1 m high on 15 Jureaflsamples were collected from these

plants from June to August. Phenological stage® weted for every sampling date.

The design of the experiment was a randomizedpteimblock design with four
replicates. The data were analyzed as a splitipliiine for elemental concentration, having
three management practices as the whole plot anddte as the subplot. All analysis was
conducted using Statistical Analysis System Prog®a&r(SAS Institute, Carry, N.C.), The
ANOVA was calculated by the PROC MEANS and PROC HIDXprocedures. Means separated

by Least Significant Difference (LSD) at the 0.05mbility level.

Experiment 2. Clarksville, Arkansas:

This study was conducted at the University of Adas) Fruit Research Station at
Clarksville, Ark. (lat. 3831°'58” N, long. 9324°2” W) between spring and fall in 2011. The soil
type was a Linker fine sandy loam (typic hapludulBseviously, a soil analysis indicated the
soil had a pH of 6.2, and a moderately low catiwchange capacity of 7.0 cmolc/kg. The soil
had a content of N, P, and K nutrients of 19, 44, 801 mg.kd, respectively (Appendix D,
Table D.12). The area of the study had two rowssaweral EU (5 plants) with diverse
blackberry cultivars. The rows in the field rantdaswest, running perpendicular on a 25%
slope. Plants were provided drip irrigation withlime emitters, and water was applied as

needed. The EUs were selected according to theautequired for this research. These plants
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were two-year-old, mulched with black plastic, aredlised in a 'V’ type. Canes were trained

between double sets of trellis wires located an®.&nd 1.2 m high.

Leaves from three blackberry cultivars were samfriech May to July. The treatments
were two PF blackberry cultivars: ‘Prime-Ark® 45&iPrime-Jan®,” and one floricane-fruiting
blackberry cultivar: ‘Ouachita.’ This last cultivaras utilized as a control to assess differences in
the seasonal variance of elemental concentratitwaele® PF versus floricane-fruiting
blackberries. When samples were collected, pheraabgtages were noted. Plants were
managed as follows. Compound fertilizer (19-19+48% applied twice, once on 25 Mar. and
again on 31 May. Per each EU 312 g were applied (flants per plot). Plants were provided
drip irrigation with in-line emitters spaced at 0.® intervals. Pruning was conducted in mid-

November. No relevant pests or diseases were adaserv

The design of the experiment was a randomized cateplock. The data were analyzed
as a split-plot in time, with three blackberry otdts as the whole plot and the sampling date as
the subplot. All analysis was carried out usingiStigal Analysis System Program 9.2 (SAS
Institute, Carry, N.C.). The ANOVA was calculategthe PROC MEANS and PROC MIXED
procedures. Means separated by Least SignificdférBnce (LSD) with 5% level of

significance §p<0.05).
Experiment 3. North Carolina:

This study was conducted on three farms: Owl’s Peimcoln County (lat. 3%330'10” N,
long.8718'43” W), Toluca - Cleveland County (lat. 25'56” N, long.8£32’15” W), and Faith
- Cleveland County (lat. 332'4” N, long.8138’39” W). Five-year-old ‘Prime-Ark® 45’ PF
blackberry plants were cultivated at those threaroercial orchards. The soil type was clay

loam at Toluca farm, clay loam at Owl’'s Den farm¢gaandy clay loam at Faith farm. The soils
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had moderate natural fertility and moderate orgamatter content. All farms had pH values of
approximately 6.0, and a cation exchange capatity® cmolc/kg. Periodic liquid fertilization
was applied to maintain optimum soil-test leveldB@am, personal comm.). Fertilization,
irrigation, and weed control followed standard coenomal practices. Plants were provided drip
irrigation with in-line emitters spaced at 0.3 nenvals. Plants were tipped at Toluca Farm on 12
May, at Owl's Den Farm on 10 May, and at Faith farm15 May. No insects or diseases were

observed. Four plots per farm were establishedlteat samples.

To determine the most stable period of nutrientceotration over time, data of elemental
foliar concentration for macro- and micronutriemere analyzed usinga@mplete randomized
block design with split-plot in time, having sanmglidates as treatments and rows within farms
as blocks. Leaves were collected from three fabtlteks) and four replicates. All analysis was
carried out using Statistical Analysis System Paag®.2 (SAS Institute, Carry, N.C.). The
ANOVA was calculated by the PROC MEANS and PROC HIXprocedures. Mean separation
was by Least Significant Difference (LSD) at th@®probability level. To support the statistical
findings, a complementary observational descriptias conducted. It was assumed that the
description of trends can help to confirm the statal findings and accomplish the objective of

this study, which consists of identifying periodsstability in elemental nutrient content.

Determining the lowest variance of elemental natri@ncentration in ‘Prime-Ark 45®' leaves

over time in North Carolina:

‘Prime-Ark® 45’ leaf concentrations data from Nofarolina were appropriate for
determining the date at which variances of nutrgamicentrations among samples are the
minimum. All data were transformed, and the lodpamitof leaf elemental concentration variance
for macro- and micronutrients were analyzed asnaptetely randomized block design, with
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dates of leaf sampling as treatments and farmatftmts) as blocks. The analysis was carried out
statistically by using SAS 9.2 (SAS Institute, GaxyC.), the ANOVA was calculated by the
PROC MEANS and PROC MIXED. Means separated by L8agtificant Difference (LSD) at

P<0.05.

Results
Experiment 1. Fayetteville, Arkansas:

Experiment 1.a. Fayetteville - High tunnel:

Nitrogen fertilization rates applied in ‘Prime-Ark&’ blackberries significantly affected
P and K foliar elemental concentratiops(.05) (Appendix C, Table C.5). For P, N fertilizati
rates had different responses.016). Treatments 1 and 4 (control and 20 KgaX,
respectively) were not significantly different fromach other and showed the lowest foliar
concentrations (0.20% for both treatments), whileaiments 2 and 3 (10 and 10-split K¢Hal
! respectively) were not significantly differentdanad the highest foliar concentrations (0.21%
in both). Also for K, N fertilization treatment halifferent response£0.008). Treatment 2 (10
Kg N'Ha?) had the highest K concentration (1.82%) and vigmsficantly different from
Treatments 1, 3, and 4 (Control, 10-split, and 20N¢Ha*, respectively), whose concentrations
were statistically similar (1.7%, 1.8%, and 1.7%spectively). Nitrogen fertilization rates did
not significantly affect foliar elemental concertima in N, Ca, Mg, S, Na, Fe, and B.

Sampling date significantly affected the leaf cartcation of N, P, K, Ca, Mg, S, Na, Fe,
and B in ‘Prime-Ark® 45’ blackberries ak0.05 (Appendix C, Table C.5).

Significant interactions of N fertilization ratessampling dates (Appendix C, Table C.5)
were found for Mn (Table 2.1), Zn (Table 2.2), & (Table 2.3) leaf concentrations in ‘Prime-

Ark® 45’ for the sampling periodp0.05).

98



Through the LSD mean comparison for each elemewgs found that N, K, Ca, Mg,
Na, and Fe foliar concentrations were not signifigadifferent between 11 July and 25 July
sampling dates for all treatments, and sharediagef stability for these elements.
Independently, per each element, foliar concemtnati P, S, and B was significantly different
during the sampling period. These concentratiangudited, which indicates no period of
stability for these elements between 11 July andul (Table 2.4). Also, the independent
analysis of interactions by using the LSD test\r (Table 2.1), Zn (Table 2.2), and Cu (Table
2.3) foliar concentrations indicated that all ofsle elemental mean contents had a shared period
of relative stability in elemental concentratioretvieeen 11 July and 25 July sampling dates.

During these intervals, the foliar concentratioresevstatistically similar.

In a qualitative description, elemental concentragiin ‘Prime-Ark® 45’ leaves changed
during the sampling period as follows: Foliar N tamt was the highest in June (2.88%). Then,
the N concentration decreased during the subsegaeniling dates to 2.31% (Table 2.4).
Phosphorous and K decreased during for the samgéitess (from 0.22 to 0.19% and 1.99 to
1.57%, respectively). Conversely, B concentratimreased over time, from the first sampling
date (28.14 mg.kY to the final sampling dates (39.09 +wy'), exhibiting some minor
fluctuation in the last sampling date (Table 2HQwever, a period of relative stability was
observed from 29 June to 11 July. Calcium, Mg, &, &hd Fe concentrations (Table 2.4)
fluctuated over the entire sampling period. Alldeelements, except S, had a period of relative
stability during 11 July to 25 July (Table 2.4).ri&dl N rate treatments, Mn (Table 2.1), Zn
(Table 2.2), and Copper (Table 2.3) concentratftutsuated during the sampling period. All

these elements had a period of relative stabilityndy 11 July to 25 July.
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Plant phenologyln Fayetteville under high tunnel conditions, 10Bdming was
observed on 4 July, 50% of plants were in bloon29duly. First ripe fruit was observed on 4

Aug. Harvest ended on 17 Nov. with a freeze event.

100



Table 2.1. Experiment 1.a: Interaction of N feraliion rates and sampling date on Mn
concentration in leaves of ‘Prime-Ark® 45’ PF blaekry cultivars grown in Fayetteville, Ark.
under high tunnel conditions from June to August?0

Sampling dates

N rates
(Kg.ha') 14 Jun 29 Jun 11 Jul 25 Jul 4 Aug. 26 Aug.
mg.kg"
Control 67.88 57.55 60.45 66.63 45.50 122.77
10 224.72 177.12  77.75 72.10 48.50 185.72
10-split 155.07 96.40 94.63 85.43 60.75 230.92
20 229.60 188.35 178.90 141.52 99.25 280.70

LSD (¢=0.05) to compare means at same date: 70.94

LSD (0¢=0.05) to compare means at different dates: 59.96

Shaded area represents similarities of means walements and dates of stability in nutrient
concentrations for most of the elements.

Table 2.2. Experiment 1.a: Interaction of N fertiliion rates and sampling date on Zn
concentration in leaves of ‘Prime-Ark® 45’ PF blaekry cultivars grown in Fayetteville, Ark.
under high tunnel conditions from June to August20

N rates Sampling dates
(Kg.ha?) 14 Jun 29 Jun 11 Jul 25 Jul 4 Aug. 26 Aug.
mg.kg"
Control 30.33 37.28 34.85 36.63 28.25 31.68
10 35.53 37.00 32.75 35.03 33.43 32.83
10-split 31.15 37.95 30.45 38.73 37.28 33.38
20 31.50 41.30 35.38 37.40 31.08 36.10

LSD (0¢=0.05) to compare means at same date: 4.40

LSD (0¢=0.05) to compare means at different dates: 4.68

Shaded area represents similarities of means walements and dates of stability in nutrient
concentrations for most of the elements.
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Table 2.3. Experiment 1.a: Interaction of N feraliion rates and sampling date on Cu
concentration in leaves of ‘Prime-Ark® 45’ PF blaekry cultivars grown in Fayetteville, Ark.
under high tunnel conditions.

N rates Sampling dates
(Kg.ha?) 14 Jun 29 Jun 11 Jul 25 Jul 4 Aug. 26 Aug.
mg.kg"
Control 7.98 13.43 10.98 10.75 9.20 7.80
10 8.70 10.75 10.68 11.55 12.73 7.50
10-split 8.10 11.18 9.73 11.70 13.63 7.25
20 7.83 11.05 10.58 11.98 11.10 8.08

LSD (0=0.05) to compare means at same date: 1.867

LSD (0¢=0.05) to compare means at different dates: 1.869

Shaded area represents similarities of means walements and dates of stability in nutrient
concentrations for most of the elements.

Table 2.4. Experiment 1.a: Mean nutrient conceiatnatof macro and micronutrients in one-
year-old ‘Prime-Ark® 45’ blackberry leaves colledte Fayetteville, Ark. under high tunnel
conditions, and sampled from June to August 2011.

Sampling Date

Element 14-Jun 29-Jun 11-Jul 25-Jul 4 Aug. 26 Aug.
%
N 2.88 ¢ 288 c 267 Db 2.66 b 243 a 231 a
P 022 b 024 ¢ 0.19 a 021 b 0.19 a 0.19 a
K 1.99 c 191 c 178 b 1.73 b 155 a 157 a
Ca 047 b 044 b 047 bc 052 dc 021 a 0.56 d
Mg 0.29 b 032 d 030 bc 0.30 bc 0.27 a 0.36 e
S 0.20d 022 e 018 b 0.20d 0.17 ab 0.18 b
mg.kg"

Na 1488 b 995 al 9.12 ab 14.78 ab 87.19 c 273 a
Fe 55,39 a 8929 b 5144 a 66.13 a 5588 a 7254 ab
B 2814 a 3053 b 31.82b 3407 c 39.09d 3856 d

*Means separated by LSP5 0.05. Each value is a mean of 16 sample cond@mnrisa

Means within elements with the same letter arassiclly similar.

Shaded area represents similarities of means welements and dates of stability in nutrient
concentrations for most of the elements, baseti®period that includes statistical similarities
in all of the elements.
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Experiment 1.b. Fayetteville - Ambient:

The cultural practice treatments resulted in sigaift effects on Mn and Zn
concentrationsp<0.05), (Appendix C, Table C.6). For Mn, culturahgtice treatments had
significantly different responsep<0.02). The Treatment 1, (not pruned - control) Arehtment
2 (mown) were not significantly different from eaather and showed higher foliar
concentrations (169.85 and 149.92kgd, respectively) than Treatment 3. Conversely,
Treatment 3 (mown and tip) had the lowest concéintrgd112.50 mdkg?), and was significantly
different from the others. Also, cultural practiceatment affected significantly Zn
concentrations in leavep<£0.03). The higher foliar concentration responsesvobserved in the
Treatment 1 (not pruned - control, 38.29kad) and Treatment 2 (mown, 37.63 k'), which
were not significantly different from each othehellowest concentration was observed in
Treatment 3 (mown and tip, 33.71 #uj'), which was significantly different from the othero
treatments. Cultural practice did not significaraffect elemental concentration in N, P, K, Mg,

S, and Fe (Appendix C, Table C.6).

Sampling dates significantly affected the foliancentrations of N, P, K, Mg, S, Fe, Mn,

Zn in ‘Prime-Ark® 45’ blackberriesp<0.05), (Appendix C, Table C.6).

Significant differences were found for the interactof cultural practices x sampling
dates ap<0.05 (Appendix C, Table C.6), for Ca (Table 2.5 (NYable 2.6), Cu (Table 2.7),

and B (Table 2.8) in leaf concentrations of ‘Pritué® 45’blackberries for the sampling period.

The results of the LSD mean comparison for eaamehe indicated that N, P, K, Mg, S,
Fe, and Mn foliar concentrations were statisticallyilar between 7 July to 25 July sampling

dates, having a similar a period of stability dgrthat time. Zinc did not have similar means
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over the same sampling dates (Table 2.9). Addilipnhe independent analysis of interactions
for Ca (Table 2.5), Na (Table 2.6), Cu (Table 2and B (Table 2.8) foliar concentrations by
using the same test indicated that all of thesensiead a common period of relative stability

between 7 July and 25 July sampling dates.

Qualitatively, the ‘Prime-Ark® 45’ foliaconcentration trends for the sampling period
were as followsN and P concentration means decreased from 1®@X2# Jun. Then, they
exhibit a trend of relative stability (Table 2.®ptassium fluctuated during the sampling period
and displayed a period of stability from 7 Jul2®July (Table 2.9). Magnesium and S
concentrations increased over time and these elathmncentrations had a similar period of
stability from 7 July to 25 July (Table 2.9). Irand Mn varied overtime, these foliar elemental
concentrations had a common period of stabilityrdu? July to 25 July (Table 2.9). Zinc
concentration fluctuated during the sampling pegad it had a similar period of stability with
the rest of the elements from 10 Jun to 7 July i@ at®). For all cultural practices, Na leaf
concentration was low during June and July, buteiased during the first week of August and
then decreased at the final sampling date. De#pte fluctuations, Na concentration showed a
period of stability between 7 July and 25 July (léah6). Calcium, Cu, and B concentrations
varied according to the sampling dates (Tables2/4,and 2.8, respectively) and these elements

displayed a period of stability from 7 July to 28yJ

Plant phenologyln Fayetteville under ambient conditions, 10% Ihoof primocanes

was observed on 24 June and first ripe fruit wag4duly.
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Table 2.5. Experiment 1.b: Interaction of cultysedctice and sampling date on Ca concentration
in leaves of ‘Prime-Ark® 45’ PF blackberry cultigagrown in Fayetteville, Ark. under ambient

conditions from June to August 2011.

Sampling dates
10 Jun 24 Jun 7 July 25 July 4 Aug. 27 Aug.
%

Cultural practices

Control 0.52 0.38 0.49 0.49 0.38 0.40
Mowing 0.55 0.45 0.47 0.62 0.45 0.49
Mowing +

Tipping 0.54 0.62 0.52 0.55 0.30 0.50

LSD (0¢=0.05) to compare means at same date: 0.13

LSD (0¢=0.05) to compare means at different dates: 0.10
Shaded area represents similarities of means walements and dates of stability in nutrient

concentrations for most of the elements.

Table 2.6. Experiment 1.b: Interaction of cultysedctice and sampling date on Na concentration
in leaves of ‘Prime-Ark® 45’ PF blackberry cultigagrown in Fayetteville, Ark. under ambient

conditions from June to August 2011.

Sampling dates
10 Jun 24 Jun 7 July 25 July 4 Aug. 27 Aug.

Cultural practices

mg.kg"
Control 16.33 19.00 23.38 19.08 101.00 3.93
Mowing 22.03 20.65 18.45 18.55 116.25 5.55
Mowing +
Tipping 8.88 13.03 14.68 20.98 86.75 6.50

LSD (0¢=0.05) to compare means at same date: 10.62

LSD (0¢=0.05) to compare means at different dates: 10.58
Shaded area represents similarities of means walements and dates of stability in nutrient

concentrations for most of the elements.
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Table 2.7. Experiment 1.b: Interaction of cultysedctice and sampling date on Cu concentration
in leaves of ‘Prime-Ark® 45’ PF blackberry cultigagrown in Fayetteville, Ark. under ambient
conditions from June to August 2011.

Sampling dates

Cultural practices
10 Jun 24 Jun 7 July 25 July 4 Aug. 27 Aug.

mg.kg"
Control 10.18 12.58 12.53 15.78 11.48 14.80
Mowing 9.85 11.03 11.85 13.35 8.98 15.03
Mowing +
Tipping 10.30 9.80 11.20 12.10 10.58 18.53

LSD (0¢=0.05) to compare means at same date: 2.64
LSD (¢=0.05) to compare means at different dates: 2.37
Shaded area represents similarities of means walements and dates of stability in nutrient

concentrations for most of the elements.

Table 2.8. Experiment 1.b: Interaction of cultysedctice and sampling date on B concentration
in leaves of ‘Prime-Ark® 45’ PF blackberry cultigagrown in Fayetteville under ambient
conditions from June to August 2011.

Sampling dates

Cultural practices
10 Jun 24 Jun 7 July 25 July 4 Aug. 27 Aug.

mg.kg"
Control 40.13 31.75 34.15 38.50 36.90 36.58
Mowing 41.03 32.23 34.18 42.75 43.25 38.35
Mowing +
Tipping 36.55 35.70 34.43 35.73 41.90 39.65

LSD (0¢=0.05) to compare means at same date: 6.59
LSD (0¢=0.05) to compare means at different dates: 4.59
Shaded area represents similarities of means walements and dates of stability in nutrient

concentrations for most of the elements.
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Table 2.9. Experiment 1.b: Mean nutrient concemnatof macro and micronutrients

in ‘Prime-Ark® 45’ blackberry leaves collected iayetteville, Ark. under ambient conditions,
sampled from June to August 2011.

Element Sampling Date
10-Jun 24-Jun 7-Jul 25-Jul 4 Aug. 27 Aug.
%
N 2.73 B 2.29 a 2.40 a 240 a 2.19a 2.36 a
P 0.28d 0.23b 0.22 b 0.24 bc 0.19a 0.24 bc
K 156D 1.52b 1.64bc 1.69c 1.63 bc 142 a
Mg 0.28 a 0.28 a 0.30 b 0.30 b 0.32¢c 0.34d
S 0.15a 0.17 b 0.18 c 0.18 c 0.19c 0.20d
mg.kg*
Fe 60.69a 63.70a 61.62ab 57.10a 59.83 a 66.87 c
Mn 177.20c 133.00a 126.80a 147.20ab 118.40a 161.90b
Zn 33.09 a 33.21a 34.68a 4286b 33.71a 41.72 b

“Means separated by LSP5 0.05. Each value is a mean of 12 sample condantsa
Means within elements with the same letter araessilly similar.
Shaded area represents similarities of means walements and dates of stability in nutrient

concentrations for most of the elements, baseth@périod that includes statistical similarities
in all of the elements.
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Experiment 2. Clarksville, Arkansas:

Cultivar did not significantly affect Mg, Fe, M&n, and B foliar concentrations at

p<0.05 (Appendix CTable C.7).

Sampling date significantly affected Mg, Mn, ZndaB foliar concentration$€0.05).

However, Fe concentrations were not affected bypfiagndate (Appendix CTable C.7).

Significant interactions for blackberry cultivasampling date (Appendix Table C.7)
were found for N (Table 2.10), P (Table 2.11), Kalfle 2.12), Ca (Table 2.13), S (Table 2.14),
Na (Table 2.15), and Cu (Table 2.16) in ‘Prime-Ar&® leafconcentrations gi<0.05 for the

sampling period.

The LSD mean comparison per each element shovaed/idp, Mn, Zn, and B foliar
concentrations were statistically similar betwe@rl@ne and 12 July sampling dates, exhibiting
a similar period of stability (Table 2.17). Alsbgetindependent analysis of interactions by using
the LSD test, indicated that these means of foliercentrations had a common period of relative
stability mostly located between 20 June and 1 Sainpling dates, however, some exceptions
were observed as follows: for N (Table 2.10), ‘Chutet and ‘Prime-Ark® 45’ had statistically
different means on 12 Jul. For P (Table 2.11), ‘¢hita’ had a statistically different mean from
other dates on 12 Jul and ‘Prime-Ark® 45’ on 20.Jor K (Table 2.12), ‘Prime Jan®’ had a
statistically different mean from other dates onJuR For Ca (Table 2.13), ‘Ouachita’ had a
statistically different mean from other dates onJ2@ and ‘Prime-Ark® 45’ on 12 Jul. For S
(Table 2.14), ‘Ouachita’ and ‘Prime-Ark® 45’ on I8l. For Na (Table 2.15), ‘Prime-Ark® 45’

and ‘Prime Jan®’ on 12 Jul. Finally, for Cu (TaRld.6), in ‘Prime Jan®’ on 12 Jul.

Qualitatively, the ‘Prime-Ark® 45’ foliar concentrans described trends during the

sampling period as follows: N foliar concentrationsreased from May to June, and then these
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elemental concentrations decreased during thedatapling dates until 12 Jul. The last
sampling date on 28 Jul the N leaf content incr@$able 2.10). These N concentrations
showed a relative period of stability from 20 Jom&0 Jun sampling dates. Phosphorous, K, and
S concentrations increased from May to June andttiese elemental concentrations decreased
during the later sampling dates (Tables 2.11, Z2ah#,2.14, respectively), and these elemental
concentrations displayed a relative period of $itglfrom 20 June to 12 July sampling dates.
Conversely, Mg, Fe, and B leaf concentrations iasee during the sampling period, and they
had a period of relative stability from 20 Jund ®July sampling dates (Table 2.17). Iron
increased from 31.44 mkg* on 19 May to 73.07 mkg™ for the last sampling date (28 Jul), and
B from 17.00 to 26.12 mg.Kg Manganese, and Ca leaf content decreased fromtd/ayne,

and then these elemental concentrations increagatydhe later sampling dates (Table 2.17
and table 2.13, respectively). Manganese and Ceetcdrations displayed a period of relative
stability from 20 June to 30 June. Copper folianatrations (Table 2.16), fluctuated from the
beginning to the end of the sampling period; da(Table 2.15) and Zn (Table 2.17) foliar
concentrations fluctuated during the same samplergpd and they had a period of stability

between 20 June to 12 July sampling dates.

Plant phenologyin Clarksville, 10% bloom of floricanes was obsahon 25 April in
‘Ouachita’, 16 April in ‘Prime-Jan®’, and on 17 Apin ‘Prime-Ark® 45.’ First harvest was on
13 June in ‘Ouachita’, on 5 June in ‘Prime-Jan®d &n 6 June in “Prime-Ark® 45." Last

harvest was on 25 July in ‘Ouachita,’ 9 July iniffe-Jan®’, and 8 July for ‘Prime-Ark® 45.
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Table 2.10. Experiment 2: Interaction of cultivadasampling date on N concentrations in
leaves of three blackberry cultivars grown in Céaike, Ark. from June to August 2011.
Sampling dates

Cultivar
19 May 3 Jun 20 Jun 30 Jun 12 Jul 28 Jul
%
Ouachita 2.99 2.95 2.28 2.24 1.98 2.06
Prime Jan® 2.68 2.21 1.80 1.72 1.78 1.77
Prime-Ark 45® 3.05 3.09 1.95 1.80 1.67 1.84

LSD (0¢=0.05) to compare means at same date: 0.25
LSD (0=0.05) to compare means at different dates: 0.24
Shaded area represents similarities of means welements and dates of stability in nutrient

concentrations for most of the elements.

Table 2.11. Experiment 2: Interaction of cultivadasampling date on P concentrations in leaves
of three blackberry cultivars grown in Clarksvillrk. from June to August 2011.
Sampling dates

Cultivar
19 May 3 Jun 20 Jun 30 Jun 12 Jul 28 Jul
%
Ouachita 0.23 0.25 0.19 0.16 0.15 0.15
Prime Jan® 0.22 0.19 0.19 0.17 0.19 0.17
Prime-Ark 45® 0.25 0.27 0.22 0.18 0.17 0.13

LSD (0¢=0.05) to compare means at same date: 0.04
LSD (0¢=0.05) to compare means at different dates: 0.03
Shaded area represents similarities of means walements and dates of stability in nutrient

concentrations for most of the elements.
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Table 2.12. Experiment 2: Interaction of cultivadasampling date on K concentrations
in leaves of three blackberry cultivars grown im@kville, Ark. from June to August 2011.
Sampling dates

Cultivar
19 May 3 Jun 20 Jun 30 Jun 12 Jul 28 Jul
%
Ouachita 1.44 1.77 1.18 1.15 1.21 1.08
Prime Jan® 1.23 1.32 1.21 1.33 1.55 1.33
Prime-Ark 45® 1.44 1.83 1.54 1.49 1.47 1.15

LSD (¢=0.05) to compare means at same date: 0.21
LSD (¢=0.05) to compare means at different dates: 0.17
Shaded area represents similarities of means welements and dates of stability in nutrient

concentrations for most of the elements.

Table 2.13. Experiment 2: Interaction of cultivadaampling date on Ca concentrations in
leaves of three blackberry cultivars grown in Céaike, Ark. from June to August 2011.
Sampling dates

Cultivars
19 May 3Jun 20 Jun 30 Jun 12 Jul 28 Jul
%
Ouachita 0.57 0.58 0.67 0.84 0.86 0.96
Prime Jan® 0.59 0.70 0.70 0.71 0.62 0.68
Prime-Ark 45® 0.56 0.38 0.41 0.44 0.58 0.87

LSD (0¢=0.05) to compare means at same date: 0.12
LSD (0¢=0.05) to compare means at different dates: 0.13
Shaded area represents similarities of means walements and dates of stability in nutrient

concentrations for most of the elements.
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Table 2.14. Experiment 2: Interaction of cultivadasampling date on S concentrations in leaves
of three blackberry cultivars grown in Clarksvilkrk. from June to August 2011.
Sampling dates

Cultivar
19 May 3 Jun 20 Jun 30 Jun 12 Jul 28 Jul
%
Ouachita 0.19 0.22 0.19 0.19 0.14 0.13
Prime Jan® 0.15 0.15 0.13 0.13 0.12 0.12
Prime-Ark 45® 0.19 0.23 0.17 0.16 0.13 0.12

LSD (0¢=0.05) to compare means at same date: 0.023
LSD (0¢=0.05) to compare means at different dates: 0.022
Shaded area represents similarities of means welements and dates of stability in nutrient

concentrations for most of the elements.

Table 2.15. Experiment 2: Interaction of cultivadaampling date on Na concentrations in
leaves of three blackberry cultivars grown in Céaike, Ark. from June to August 2011.
Sampling dates

Cultivar
19 May 3 Jun 20 Jun 30 Jun 12 Jul 28 Jul
mg.kg"
Ouachita 21.87 19.17 8.97 9.26 6.23 17.23
Prime Jan® 15.50 19.10 11.40 12.10 4.60 19.13
Prime-Ark 45® 19.53 10.50 13.97 14.53 5.30 23.07

LSD (0¢=0.05) to compare means at same date: 5.69
LSD (@=0.05) to compare means at different dates: 5.31
Shaded area represents similarities of means walements and dates of stability in nutrient

concentrations for most of the elements.
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Table 2.16. Experiment 2: Interaction of cultivadaampling date on Cu concentration
in leaves of three blackberry cultivars grown im@bville, Ark. from June to August 2011.
Sampling dates

Cultivar
19 May 3 Jun 20 Jun 30 Jun 12 Jul 28 Jul
mg.kg"
Ouachita 6.20 7.17 7.90 6.79 6.77 7.10
Prime Jan® 8.13 7.77 11.93 10.13 12.70 10.50
Prime-Ark 45® 7.97 8.33 11.63 11.97 10.97 6.90

LSD (0¢=0.05) to compare means at same date: 2.35

LSD (¢=0.05) to compare means at different dates: 1.95

Shaded area represents similarities of means welements and dates of stability in nutrient
concentrations for most of the elements.

Table 2.17. Experiment 2: Nutrient concentratiohsiacro and micronutrients
in leaves of three blackberry cultivars collecteiarksville, Ark., sampled from
May to July 2011.

Element Sampling Date
19-May 3-Jun 20-Jun 30-Jun 12-Jul 28-Jul
%
Mg 0.23 4 0.30 b 0.31b 0.32b 0.29b 0.32b
mgkg
Fe 31.4% 5114 66.62° 5556° 69.14°  73.07°
Mn 132.98a 118.46a 122.87a 148.86ab 188.04b 250.28 c
Zn 30.68 c 29.51b 3252 d 2945bc 26.61b 22.24 a
B 17.00 a 17.19a 15.36 a 18.15ab 19.62b 26.12 c

“Means separated by LSP5 0.05. Each value is a mean of 9 sample concéengat

Means within elements with the same letter arassiclly similar.

Shaded area represents similarities of means welements and dates of stability in nutrient
concentrations for most of the elements, baseti®period that includes statistical similarities
in all of the elements.

NSNonsignificant.
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Experiment 3. North Carolina:

There were significant differences for P, K, Cay,Ma, Fe, and B foliar concentrations
of ‘Prime-Ark® 45’ across the six sampling datps@.05). However, there were no significant
differences in sampling dates for N, S, Mn, Zn, @udfoliar concentrations (Appendix C, Table

C.8).

The LSD test for mean comparison for P, K, Ca, leligd foliar concentrations indicated
that they were statistically similar between 5 Jamg 22 July sampling dates, showing a period
of stability for all of these elements (Tables 3.Mitrogen and S concentrations were
statistically similar throughout the sampling periéor the microelements, the LSD test
indicated that for Na, Fe, and B foliar concentnasi there were statistically similar foliar mean
content between 5 July and 22 July sampling datesying a period of stability for all of them
(Tables 2.19). Manganese, Zn, and Cu concentratvens statistically similar throughout the

sampling period.

Qualitatively, the data indicated that mean cotregions had specific trends for each
element tested over time as follows: N, P, K armb&centrations decreased during the sampling
period. Nitrogen and S content were higher in Mag2§ and 0.22%, respectively) than in later
sampling dates. Nitrogen and S concentrations deeteuntil the last week of July (2.36 and
0.15%, respectively), but exhibited a small inceedsring the last sampling dates in August
(2.48 and 0.16%, respectively) (Table 2.18). AB@nd K foliar concentrations decreased from
the beginning until the final sampling period (fr@29 and 1.91 to 0.17 and 1.22%,
respectively) (Table 2.18). Calcium concentratiftastuated over time. Calcium concentrations

decreased from the first date of sampling (lastkneeMay to first week of June). Then, the
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concentration increased until the third week oy Juhen the concentration decreased until the

last date (Table 2.18).

Magnesium, Na, Fe, Mn, and B foliar concentratimeseased during the sampling
period (Tables 2.18 and 2.19). With the exceptibanoinitial fluctuation during the second and
third sampling dates, Na and Mn foliar content @ased in the remaining sampling dates. Iron
had a significantly lower foliar concentration ireM(37.7 mg.kd), then values were higher and
remained consistent for the remainder of the samggleriod. Magnesium and B concentrations
increased from the first sampling date (0.31% a®d8mg.kd, respectively) throughout the
sampling period with only a minor decrease betwberlast two sampling dates (Tables 2.18
and 2.19). Sodium and Mn concentrations fluctuftaa the first sampling date until the end of

June, then they increased in subsequent samplteg (Eable 2.19).

Zinc and Cu concentrations decreased over tinleofAhese elements showed a period
of relative stability in elemental concentratioretvieeen 5 July to 22 July sampling dates (Tables

2.18 and 2.19).

Plant phenologyln North Carolina, 10% bloom of primocanes waseobsd as follows:
at Toluca Farm on 15 June, at Owl's Den Farm odukf, and at Faith Farm on 14 June. First
harvest was: at Toluca Farm on 1 Aug., at Owl's Barm on 1 Aug., at Faith Farm on 31 July.

Last harvest was on 21 Oct. at all North Carolilznngs.
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Table 2.18. Experiment 3: Mean nutrient concerdretiof macronutrients in ‘Prime-Ark 45®’
blackberry leaves collected in North Carolina frbtay to August 2011.

Element Sampling Date
20-May 4-Jun 22-Jun  5-Jul 22-Jul 4 Aug. 22 Aug.
%

N 3.26° 2.91 2.63° 2.51% 236"  250° 2.48"

P 0.29b 0.28 b 0.23b. 0.19a 0.18 a 0.18 a 0.17 a
K 191c 197c 159b 165D 1.40 ba 1.37 ba 1.22 a
Ca 0.44 a 0.38a 048a 0.62bc 0.75c 0.67c 0.66 c
Mg 0.31a 0.34 ab 0.37b 040c 041c 0.44d 041c
S 0.22°  0.22% 0.19° 0.17° 0.18°  0.a7° 0.16

“means separated by LSP50.05. Each value is a mean of 12 sample concemntgat

Means within elements with the same letter aressilly similar.
Shaded area represents similarities of means walements and dates of stability in nutrient
concentrations for most of the elements, baseth@périod that includes statistical similarities

in all of the elements.
NSNonsignificant.

Table 2.19. Experiment 3: Mean nutrient concerdregiof micronutrients in ‘Prime-Ark 45®’
blackberry leaves collected in North Carolina, sEdfrom May to August 2011.

Element Sampling Date
20-May 4-Jun 22-Jun 5-Jul 22-Jul 4 Aug. 22 Aug.
mgkg™

Na 16.824 12.50a 6.05a 1751a 2537a 11442b 119.92b
Fe 37.71a 63.08b 62.79 55.08b 63.81b 68.58 b 63.92 b
Mn 221.04%  169.81° 190.28° 239.79° 339.20'° 355675 392.92°
Zn 35.30°  37.67"  31.8%°5 2939 2987 2854° 28.58'S
Cu 9.385 11.45% 9.735 9.3%'S 9.20's 8.83'S 8.09S

B 33.14a 3958ab 36.38: 41.61bc 47.90c 60.08 d 58.80 d

“means separated by LSPx0.05. Each value is a mean of 12 sample concentsat

Means within elements with the same letter arassiclly similar.
Shaded area represents similarities of means welements and dates of stability in nutrient
concentrations, based on the period that inclutdstcal similarities in all of the elements.

NSNonsignificant.
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Determining the lowest variance of elemental natri@ncentration in ‘Prime-Ark 45®' leaves

over time in North Carolina:

The analysis of the means of logarithm (log) vazenof foliar concentrations showed
that the variance among leaf samples during thekagnperiod were not significantly different
for N, P, K, Mg, S, Fe, Mn, Zn, and Cu contentimiime-Ark® 45’ leaves. The foliar
concentrations of Ca, Na, and B, however, wereifstgntly different (Appendix C, Table C.9).
The means of log variances of Ca concentratiort$ified during the sampling period. At the
beginning, higher values were observed. Then,dvedt and statistically similar variances were
observed on 22 June, 5 July, and 22 July samphtgsdOn the subsequent sampling dates the
variances of the concentrations were statistiadiffgrent and larger (Table 2.20). The means of
log variances of Na concentrations increased ones. tDue to the statistical similarities, this
element had the lowest concentration from 20 Ma32duly (Table 2.21). Boron variances,
within element, increased over time. The lowestarares were observed on three sampling

dates, (20 May, 4 June, and 22 July) (Table 2.21).
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Table 2.20. Experiment 3: Mean of log variancematronutrient concentrations of ‘Prime-Ark
45®’ in North Carolina, sampled from May to Aug§tl1, to identify when the minimum
variance period occurs.

Element Sampling Date
20-May  4-Jun 22-Jun  5-Jul 22-Jul 4 Aug. 22 Aug.
N 296" 356 -4.03 -3.63° -466°  -350° -2.84°
P 7715 -7.66% -6.98'° -7.99% 779" 839"  .8.86°
K -4.28%  4.10° -3.258% 4995 487 4235  507°
Ca -6.80c -6.50bc -449a -397a -5.13ab -6.28bc -4.26a
Mg -8.30"  -8.00° -6.55'° -6.80° -7.19%  .7.28®  .7.38°
S -8.28> .8.73® -9.34% -9.4%° 914"  919®  -.8.08°

“mean of log variances separated by LSD, P<0.05.

Mean of log variances within elements with the sdetter are statistically similar.

Shaded area represents similarities of mean ofdoig@nces within elements and sampling dates
of lowest variance in nutrient concentrations.

NSNonsignificant.

Table 2.21. Experiment 3: Mean of log variancemafronutrient concentrations of ‘Prime-Ark
45®’ in North Carolina, sampled from May to Aug§tl1, to identify when the minimum
variance period occurs.

Element Sampling Date
20-May 4-Jun 22-Jun 5-Jul 22-Jul 4 Aug. 22 Aug.
Na 1.4 a 223ab 146ab 1.98ab 294ab  4.58hbc 6.05c
Fe 2.94° 5.28'S 4.04% 3.668'° 4.10% 4.40% 3.26%
Mn 8.12% 7.27% 7.78% 7.41% 7.69% 8.04% 8.92%°
Zn 1.53%5 1.94' 2.40% 1.89'° 2.48'%S 2.59% 1.18'
Cu -0.8%"° -0.73%  -.0.49" 0.21% 0.49% 0.08%°  -1.22%
B 0.58 a 1.11a 3.17b 3.09b 1.23 a 3.50b 376 b

“mean of log variances separated by LB€0).05.

Means of log variances within elements with the s#etter are statistically similar.

Shaded area represents similarities of mean ofdoig@nces within elements and sampling dates
of lowest variance.

NSNonsignificant.
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Discussion

In all locations, the average of N, P, K, Ca, 8gNa, Fe, Mn, Zn, Cu and B means of
foliar concentration (foliar analyses conductedrfrivlay to August) were within the ranges
stated by Pritts (1991), Havlin et al. (2006), &wlcia (2007), but also within the concentration
values for floricane-fruiting blackberries descddgy Clark et al. (1988). On average, N
concentrations values were below 3%, which is ms$lek range required for plant growth (Pritts,
1991; Havlin et al., 2006; Garcia, 2007; ClarklgtE88). Nitrogen levels greater than 3% in
tissue test result in N toxicity to plants, exceeggrowth, and small number of flower buds as
indicated by Strik (2003). Hence, the N supply freoil in those plantings was sufficient to meet
plant demand. Nutritional imbalances were not oleor noticed through leaf analyses on

these plants, and yield decreased at high N rate.

Experiment 1. Fayetteville, Ark.:

Experiment 1.a. Fayetteville - High tunn&lnder these conditions, N fertilization rates

had diverse effects on elemental nutrient contetgaves of ‘Prime - Ark® 45’ blackberry.

Nitrogen fertilization rates provided significantifferent responses for P and K leaf
concentrations. The effects of N fertilization traants on ‘Prime - Ark® 45’ blackberry leaf
elemental concentrations for the sampling periodlmaattributed directly to the N fertilization
levels used in this experiment because this wam#jer nutrient contained in the solil in
different amounts while the reminder macro- andragtement were not modified and at
optimum levels. According to Naraguma and ClarlO@N, P, K, Ca, S, and Mn leaf content
were affected by both N rate and application tineatinents in ‘Arapaho’ thornless (floricane-

fruiting) blackberry, which is consistent with aasults for P and K, only.
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For P, results indicated that Treatments 2 ariD3a0d 10-split kg Ma*, respectively)
had the higher responses in leaf nutrient contemte Treatments 1 and 4 (0O-control and 20 kg
Nha', respectively) had the lowest responses and vimitasto each other, but significantly
different from Treatments 2 and 3. Both concentrativalues 0.21% (Treatment 2 and 3) and
0.20% (Treatments 1 and 4) were within the limftthe standardized for N foliar

concentrations.

Also for K, Treatment 2 (10 kg'h&') had the highest response in leaf nutrient content
(1.82%), while Treatments 1 (1.7%), 3 (1.76%), 4r{d.74%) had the lowest responses. These
three treatments were statistically similar to eaitter (O-control, 10-split, and 20 kghs®,
respectively) but significantly different from Tite@aent 2. Treatment 2 appeared to be more
effective for increased K foliar content due toétilization in ‘Prime - Ark® 45’ blackberries
for plant growth and development. Sufficiency rafmeK foliar content is between 1.5 and
2.5% (Pritts, 1991; Garcia, 2007). Even thougheteBar concentrations were significantly
different, they may not be biologically significai like manner, Naraguma and Clark, (1998)
found that N fertilization rates affected P andadfir concentrations. However, some

concentrations were significantly different but sall and not relevant for plant nutrition.

Increased amounts of N are found in leaves aftirtization. According to Malik et al.
(1991) and Naraguma at al. (1999), recently Nlfeeti applied is allocated first in new plant
parts such as primocane leaves and berries anel khgéssue concentrations remain until the end
of the season. Even though N fertilization ratesrdit produce significant differences in N foliar
concentration, there are numerical difference®iiaf concentrations that reflects the different N

levels applied.
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Sampling date affected N, P, K, Ca, Mg, S, Na,dpel, B foliar concentrations of ‘Prime-
Ark® 45’ blackberries, showing significantly difiemnt concentrations for the sampling period.
For N and B, this is consistent with Kowalenko (8D&ho found that leaf tissue N
concentrations in ‘Willamette’ raspberry, after hdaB fertilization, were too dynamic and had
high variance. This made it difficult and unsuitabd determine plant N status without
comparative (standardized values) data. Also mekperiment, elemental nutrient
concentrations of P and Mn were variable accorthrgpmpling dates. The seasonal variation in
leaf nutrient concentrations, according to samptiates found by Clark et al. (1988), was
consistent with our results for N, P, K, Ca, Mgd&® concentrations (S, Na, and B were not

studied by those authors).

The interaction of N fertilization rate x samplidgte significantly affected Mn, Zn, and
Cu concentrations, which means that the trendsaom¢entrations over time were different for
different fertilization treatments. Naraguma andr&] (1998) stated that '‘Arapaho’ thornless
blackberries develop different types of responsdsaf elemental content in regard to the
amount of and time when N fertilizer is applied, 8ese types of interactions were expected.
For these interactions, independent analyses paregit were conducted to identify periods of

stability through the LSD test, which is descriltetiow.

According to our objective, it was assumed thdetailed analysis of interactions were
not relevant in this case. The central purposéisfdtudy is to identify the periods of stability o
elemental nutrient content, if any. The qualitathscription of mean concentration trends

helped to support the statistical finding of tHisdy.

Based on the LSD comparison and the statisticalagitres, there is a period of relative

stability of nutrient concentration means betwegdly and 25 July sampling periods
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(approximately) in one-year-old ‘Prime-Ark® 45’ bkberry leaves collected in Fayetteville

under high tunnel conditions.

The shared period of stability, found statisticallias supported by the qualitative
description of mean concentratitiends over time. Numerically, N content was thghkst in
June and remained stable from 11 July to 25 Juig. N concentration decreased during the
subsequergampling dates. Also, P and K decreased duringah®ling period with a period of
stability from 11 July to 25 July. This N tendensyconsistent with those described for apples,

raspberries and blackberries by Wright and Waidt@80), Clark et al. (1988) and Rom (1994).

Calcium, Mg, Na, Fe, Cu, Mn, and Zn concentratifistuated over the entire sampling
period, but had a period of relative stability beén 11 July and 25 July. Calcium trend was not
consistent with the trend described for apples (R#84), but consistent with the Ca trend
indicated by Hughes et al. (1979) for red raspbsraind Clark et al. (1988) for floricane-fruiting
blackberriesin apples, Mg concentrations increased during émepsing period (Rom, 1994).
However, our result is consistent with Hughes e(1#179), which found that concentrations
fluctuated over time for red raspberries. Also, §ltiand Waister (1980) found the same
concentration trend in the same type of raspb&iryilarly, for floricane-fruiting blackberries,
Clark et al. (1988) found that Mg concentrationgfliated for the sampling dates. In red
raspberries, Hughes et al. (1979) found that Mrcentration decreased over time, which is not
consistent with our result. Conversely, Fe conegiains decreased during the sampling period in
floricane-fruiting blackberries (Clark et al., 1988opper concentrations over time fluctuated,
which is consistent for the red raspberries (Hugted., 1979), but not for the three cultivars of
floricane-fruiting blackberries studied by Clarkadt (1988). In our study, Zn concentrations

fluctuated during the sampling period, while Zn centrations decreased in the three cultivars of
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floricane-fruiting blackberries studied by Clarkagt (1988). Sodium concentrations fluctuated
during the sampling period, but descriptions ofaanirations over time were not found in the
literature for this element. Also, Mn, Na, and Sicentration trends were not reported by Clark
et al., (1988) for blackberries, nor in Wright aMaister, (1980) for raspberries, or Rom (1994)

for apples.

Boron concentrations increased over time, fronfitisesampling date to the end
sampling dates, exhibiting some minor fluctuatiorshe last sampling date. This concentration
trend is consistent with the trend for apples dbsdrby Rom (1994) and for red raspberries by
Wright and Waister (1980). However, in red rasplesrieaf B concentrations fluctuated during

the growing season (Huges et al., 1979; KowaleBR66).

As a result, a common period of relative stabiiifyelemental content in leaves was
observed from 11 July to 25 July, approximatelye ttuthe N fertilization rates applied to
‘Prime-Ark® 45’ under high tunnel conditions for stmf the elements, which mostly coincides

with the trends found for apples, raspberries, floreccane-fruiting blackberries.

It was found, statistically, that there are pesiodlrelative stability in foliar elemental
concentration means caused by N fertilization e#fiects for N, Ca, Mg, S, Na, Fe, Cu, and B.
The description of most of the elemental trendpéeto confirm the statistical findings. These
periods of relative stability of foliar nutrientwoentration means mostly occurred between 11
July and 25 July in ‘Prime-Ark® 45’ blackberry lessscollected in Fayetteville in high tunnel

conditions. Likewise, this period coincides witke tbhenology stage of 10% to 50 % bloom.

Experiment 1.b. Fayetteville - AmbieRlants of ‘Prime-Ark® 45’ cultivated under
organic management were subjected to the followuityiral practice treatments: not pruned -

control, mown, and mown and tip (Treatment 1, 2| 3jrespectively).
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Cultural practices significantly affected the centration of Mn and Zn. Drake and Clark
(2003), studying the effects of some cultural pcas, in ‘Prime-Jan®,” and ‘Prime-Jim®,’ such
as tipping and cane management, found significiatts on yield and berry weight. This
indicates that those cultural practices alteredpthysiological and nutritional activity of these
plants so that they can produce more fruit, reggimore nutrients. Independent analysis for Mn
indicated that Treatment 1, (not pruned - contol) Treatment 2 (mown) were statistically
similar from each other and showed the higher fa@ncentrations (169.85 and 149.92kgd,
respectively) while Treatment 3 (mown and tip) izel lowest concentration (112.50 k'),
and was significantly different from the others.mdanese foliar concentrations were high at the
beginning of June and decreased during the subsemqanths until the end of August. This fact
could imply that Mn was required during the blooghand initial fruiting periods, because as is
explained in Havlin et al. (2006), the role of Mnghotosynthesis and other organic processes,
and promoting enzyme reactions is well known. Atsdtural practice treatment significantly
affected Zn concentrations in leaves. The highkauifgoncentration responses were observed in
the Treatment 1 (not pruned - control, 38.29%uid) and Treatment 2 (mown, 37.63 kuj'),
which were not significantly different from eacthet. The lowest concentration was observed in
Treatment 3 (mown and tip, 33.71 gj'), which was significantly different from the othero
previous treatments. The Zn concentration in leavagased from the blooming period to the
end of the growing season. Zinc is an importanaciofr and participates in several enzymatic
functions (Havlin et al. (2006). The availabilitfy 2n is positively correlated with the availability
of auxins, which is important to promote cell elatign (Pritts, 1999). Thus, the increased Zn
foliar concentrations observed during the last wesfkJuly and August could mean that this

nutrient was present in sufficient amounts for pdagvelopment (Table 2.9). Sufficiency range

124



for Zn foliar content is between 20 and 50kag (Pritts, 1991; Garcia, 2007). Cultural practices

did not significantly affect the concentrations\yfP, K, Mg, S, and Fe.

Sampling date significantly affected the concerdraeof N, P, K, Mg, S, Fe, Mn, and Zn,
for the sampling period possibly due to physiolagiphenological, and environmental factors.
Most of these effects may be attributed to chamgetemental concentration according to the
phenological stages, as the levels were changiniguiv production. According to Edwards and
Asher (1974), for periods of exponential developteatrient requirement increases in regard
to plant age and size. Thus, for optimum plant ghowutrients supply and uptake have to
increase. Not only in red raspberries but alséandane-fruiting blackberries, sampling date
affected foliar nutrient concentrations generatimgseasonal variation in leaf nutrient

concentrations, according to sampling dates (Gaed., 1988; John and Daubeny, 1972).

The cultural practices x sampling date interactiomere only significant for Ca, Na, Cu,
and B concentrations. These interactions requirddgendent description in order to understand
the pattern through both factors affected the fa@ncentrations. Also, these analyses were
performed per element so that periods of stallitglemental concentration through the LSD

test can be determined, which is described below.

As a result of th& SD mean comparison, a stable period in foliar eoti@tion was
observed between 7 July to 25 July sampling dé&gesnost of the elements in ‘Prime-Ark® 45’
blackberry leaves collected in Fayetteville undabgent conditions. Also independent analysis
for N, P, K, Ca, S, Na, and Cu due to interactionsising the same test, revealed the same

period of relative stability.

Statistical findings were supported by the qualieadescription of elemental foliar

concentration trends for the sampling period dgfed: In a numerical basis, N and P leaf
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content decreased during the sampling period. Tinesds were consistent with the N and P
foliar concentration trends for apples, red raspegrand the three floricane-fruiting blackberry
cultivars described by Rom, (1994), Wright and W&i$1980), and Clark et al. (1988),
respectivelyPotassium foliaconcentrations fluctuated over time. This findimgzadicts the
foliar content trends found by Rom (1994) for agpM/right and Waister (1980) for red
raspberries, and Clark et al. (1988) for threedhme-fruiting blackberry cultivars. A reason for
this fluctuation might be need of this elementffart development due to the increased
concentrations observed during the fruiting pefioduly to 4 Aug.). These elements showed a

period of stability between 7 July and 25 July skngpdates.

Calcium, Na, Cu, and B foliar concentrations véiaecording to the sampling dates and
these elements described a period of stability eetws July to 25 July sampling dates. Calcium
trend was not consistent with the foliar concerdratrend described for apples (Rom, 1994) for
red raspberries, or for floricane-fruiting blackhbes (Clark et al., 1988), but consistent with
Hughes et al. (1979 opper foliar concentrations fluctuated over theging period, which is
consistent for the trend of red raspberries (Hughed., 1979), but not for the three cultivars of
floricane-fruiting blackberries studied by Clarkadt (1988) Boron foliar concentration trend is

consistent with the trend for red raspberries (Hugeal., 1979; Kowalenko, 2006).

Manganese fluctuated during the sampling periodedl raspberries, Hughes et al.
(1979) found that Mn concentrations decreased twer, which is not consistent with our
findings. Sulfur foliar concentration increasedidgrthe sampling period. Manganese, Na, and S
foliar concentration trends were not reported iarkt al., (1988) for blackberries, nor in

Wright and Waister, (1980) for raspberries, or RA®904) for apples.
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Magnesium foliar concentrations increased for Hraing period. In apples, Mg foliar
content increased over time (Rom, 1994). Iron cotrtaéions varied over time. This trend is not
consistent for the three floricane-fruiting blackiyecultivars reported by Clark et al. (1988).
Also, Zn concentrations fluctuated during the sangpperiod in this experiment while Zn
concentrations decreased in the three cultivafl®otane-fruiting blackberries studied by Clark
et al. (1988). All of these elements had a peribelative stability during the interval of 7 July
to 25 July sampling dates, which mostly coincidét whose found for apples, raspberries, and

floricane-fruiting blackberries.

Statistically, there are intervals of dates foichhelemental concentrations did not
change or were similar for N, P, K, Mg, S, Fe, Mnd Zn obtained through LSD mean
comparisons and independent analysis of interaxtibnese periods of relative stability of
nutrient concentrations means mostly occurred betweJuly and 25 July sampling dates, in
‘Prime-Ark® 45’ blackberry leaves collected in Fégeille in ambient conditions. This period

matches with the phenology stage of 10% bloom astripe fruit.

Experiment 2. Clarksville, Ark.:

Fully productive plants of ‘Prime-Jan®,” ‘Prime4® 45,” and ‘Ouachita’ blackberry
cultivars have been previously cultivated for expental purposes with sufficient fertilization

and proper management.

In this experiment, none of the elemental conediains were significantly affected by
the cultivar treatment (‘Prime-Jan®,’ ‘Prime-Ark& 4 and ‘Ouachita’). Studying three
floricane-fruiting blackberries cultivars (‘Cheraké‘Cheyenne,” and ‘Comanche’) Clark et al.
(1988) found significant differences in foliar ce@mtrations, among cultivars for P, Ca, Mg, Zn,

Fe, and Mn, which is not consistent with our resuMso, John and Daubeny (1972), in fourteen
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cultivars and selections of red raspberries fouguifscant differences for N, P, K, Ca, Mg, S,
Na, Fe, Zn, and B, and particular variations foC8, and S were higher among some of these

red raspberries while Mn and Cu foliar concentragiovere not significantly different.

Sampling date significantly influenced elemengaflconcentrations of Mg, Mn, Zn, and
B. Thus, these concentrations varied accordingth sampling date. This finding was
supported by John and Daubeny (1972) who statéddler macro- and microelements
concentrations were affected by sampling datedrraspberries with the exception of Mg and
Mo. Also, Clark et al. (1988) found significant f@ifences due to sampling dates for N, P, K, Ca,
Mg, Zn, Fe, and Cu foliar concentrations in thrieei¢ane-fruiting blackberries which is

partially consistent with our results.

The cultivar x sampling date interaction signifidlg affected N, P, K, Ca, S, Na, and Cu
foliar concentrations for the sampling period.Hree floricane blackberries, Clark et al. (1988)
found significant interaction of cultivar x sammgidate only for Mg. Thus, these interactions are
not consistent with our results. The cultivar x pling interaction did not significantly affect
Mg, Fe, Mn, Zn and B concentrations. Independetistical analyses per element were

conducted to determine periods of stability, féroélthese interactions, through the LSD test.

By using the LSD mean comparison within elemehtsas found that Mg, Fe, Mn, Zn,
and B concentrations were statistically similariagi30 June to 12 July, showing a period of
stability for most of these elements at that tidleo, in independent analyses through the same
test for the interactions of N, P, K, Ca, S, Naj &u was found the same interval of sampling

dates as a period of relative stability.

Qualitatively, each elemental mean concentratestdbed trends for the sampling

period as follows: N, P and K concentrations irvésadecreased over time and they showed a
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period of stability from 20 June to 12 July. Thé®mds are consistent with those found for
apples (Rom, 1994), red raspberries (Wright andst¥gi1980), and blackberries (Clark et al.,
1988). Calcium and Cu concentrations fluctuatethftbe beginning to the end of the sampling
period. This Ca trend was not consistent with teed described for apples (Rom, 1994), but
consistent with Hughes et al. (1979) for red ragpeeand Clark et al. (1988) for floricane-
fruiting blackberries. Copper concentrations flatad over time, which is consistent for the red
raspberries (Hughes et al., 1979), but not fotthinee cultivars of floricane-fruiting blackberries

studied by Clark et al. (1988).

Magnesium, Fe, Mn, and B leaf concentration ineedaduring the sampling period, and
they had a period of relative stability from theJhe to 12 July sampling dates, approximately.
In apples, Mg, concentrations increased duringstimapling period (Rom, 1994). Conversely,
concentrations fluctuated over time for red raspeger(Hughes et al., 1979; Wright and Waister,
1980) and for floricane-fruiting blackberries (Haat al., 1988). Fe concentrations decreased
during the sampling date in floricane-fruiting litherries Clark et al. (1988). Also, in red
raspberries Mn concentrations decreased over titughes et al., 1979), which is not consistent
with our findings. Boron concentration increaseérmwme. This concentration trend is
consistent with the trend for apples described bynR1994) and for red raspberries by Wright

and Waister (1980).

Sodium and Zn concentrations fluctuated duringstimae sampling period and they had a
period of stability between the 20 June and 12 Saiypling dates. Sulfur and Zinc
concentrations fluctuated during the sampling er@ontrarily, Zn concentrations decreased in
the three cultivars of floricane-fruiting blackbies studied by Clark et al. (1988). Manganese,

Na, and S concentration trends were not reporté&lark et al., (1988) for blackberries, nor in
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Wright and Waister, (1980) for raspberries, or RA9094) for apples. These description of
trends of elemental concentration means over tidigated that the best period with the most
stability in elemental nutrient content is from thet week of June to the second week of July,
which mostly coincide with those found for applespberries, and floricane-fruiting

blackberries.

These periods of relative stability of mean nunrieoncentrations are mostly located
between the 30 June to 12 July sampling datesrekeof ‘Prime-Ark® 45’ collected in

Clarksville. This period overlaps with the plangplology stage of first ripe fruit.

Experiment 3. North Carolina:

There were significant differences among sampliaigsl for P, K, Ca, Mg, Na, Fe, and
B. However, it was found that sampling date did sighificantly influence elemental
concentration of N, S, Mn, Zn, and Cu. For theseneints there is a period of total stability from
the beginning to the end of the sampling period.réd raspberries, John and Daubeny (1972)
stated that foliar elemental concentrations welectgd by sampling dates for most of the
elements tested: N, P, K, Ca, S, Na, Fe, Mn, Zn,add B with the exception of Mg. In three
floricane-fruiting blackberries, Clark et al. (1988und significant differences for N, P, K, Ca,
Mg, Zn, Fe, and Cu foliar concentrations, whichroborates the results of this study. The
seasonal variation in elemental concentration atears for ‘Prime-Ark® 45’ PF blackberry

cultivar.
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The LSD test for mean comparison within elemendécated that P, K, Ca, Mg, Na, Fe,
and B, had statistically similar concentrationsioigithe 5 July to 22 July sampling dates,

showing a period of stability for most of thesenadats.

Qualitatively, N, P, K, S, and Zn decreased dutirgsampling period and had a phase
of stability from 22 June to 22 July, but P and&dla period of stability between 5 July to 22
July. These N, P, and K trends are consistent théhrends described for apples, raspberries and
blackberries by Rom, (1994), Wright and WaisteB)9 and Clark et al. (1988), respectively.
Zinc concentrations fluctuated during the samppegod which is consistent with the study of
three cultivars of floricane-fruiting blackberribg Clark et al. (1988). Calcium, Mg, Na, Mn, Fe,
and Cu concentrations fluctuated during the sargperiod. The Ca trend was totally different
from the trends stated by Rom (1994) in applesgirand Waister (1980) for red raspberries,
and Clark et al. (1988) for blackberries. It isyoobnsistent with Hughes et al. (1979). In apples,
Mg, concentrations increased during the samplingpg€dRom, 1994). In red raspberries
concentrations of Mg decrease over time (Hughes ,et979), but in blackberries the trend
fluctuated (Clark et al., 1988). According to Clatkal. (1988), Fe decreased during the
sampling period, this is not consistent with theuteobtained in this experiment. Copper
concentrations over time decreased and this isstens with the three cultivars of floricane-
fruiting blackberries trends studied by Clark et(2B88). Manganese, Na, and S concentration
trends were not reported in Clark et al. (1988)dilackberries, nor in Wright and Waister,
(1980) for raspberries, or Rom (1994) for applesoB concentration increased over time. This
concentration trend is consistent with the trendafaples described by Rom (1994) and for red
raspberries by Wright and Waister (1980). Thusdibscription of elemental concentration

means showed that the period with the most stallielemental nutrient content was between
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05 July to 22 July sampling dates for most of tteer- and microelements tested in ‘Prime-

Ark® 45’ cultivar cultivated in North Carolina.

It was found statistically that there were noeliéinces in elemental concentration means
for the sampling period for N, S, Mn, Zn, and Culdiionally, the LSD mean comparison test
indicated periods of relative stability of nutrie@ncentration means, which were mostly located
between 5 July and 22 July sampling dates in ‘P#me® 45’ blackberry leaves collected in
three commercial orchards in North Carolina. THewlings were supported by the trends of
mean concentration over time which describe peroddsability during the same period for most
of the elements. This period of stability coincideith the plant phenology stage of after 10%

bloom of primocanes (on 15 June 10% was observed).

Determining the lowest variance of elemental natri@ncentration in ‘Prime-Ark 45®' leaves

over time in North Carolina:

Due to the variations within sampling date, thelgsia of the mean of logarithm (log)
variances was used to identify periods with minimeariance. N, P, K, Mg, S, Fe, Mn, Zn, and
Cu variances in foliar concentrations were statdly not different for the sampling period,
which represents a period of relative stabilityn@ersely, Ca, Na, and B were significantly
different. According to the LSD mean comparison, téde log variances of Ca concentrations
showed the lowest variances were observed betw2darie to 22 July sampling dates. The
means of log variances of Na concentrations inextaser time. This element had the lowest
concentration between 20 May to 22 July samplirtgsi@Boron means of log variances
increased over time. The lowest variances wererebdeon 20 May, 4 June, and 22 July

sampling dates (Table 2.26).
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As a result, the period of minimum variance amoag@les taken at the same date was
found between the 5 July and 22 July samplingsjagproximately, for all of the macro- and

micro-elements tested.

Effects of sampling date in elemental concentratifmn all locations:

It has been reported that sampling date signifigaffected foliar nutrient
concentrations in red raspberries (John and Dayld€m2; Huges et al., 1979) and in floricane-
fruiting blackberries; (Clark et al., 1988). Inghexperiment, also sampling date effects were
observed in all locales (Table 2.22). The signifm@of this effect per element is described as
follows: Nitrogen foliar concentrations depended upon sargpdiate in Fayetteville under both
HT and ambient conditions. In Clarksville, N foliewntent was also affected by the interaction
of cultivar x sampling date, while in N.C. nitrogiiar concentration did not depend upon
sampling date. Phosphorous leaf content dependsd sgmpling date in Fayetteville, under HT
and ambient conditions and in N.C. In Clarksvikefoliar content was also affected by the
interaction of cultivar x sampling date. Potassiotrar concentrations depended upon sampling
date in Fayetteville under HT conditions, under embconditions, and in N.C. In Clarksville, K
foliar content was also affected by the interactiahivar x sampling date. Calcium leaf
concentrations depended upon sampling date in feajlét under HT conditions and in N.C. In
Fayetteville, under ambient conditions and in Glailke, Ca foliar concentrations depended
upon sampling date but also the interactions diicail practice x sampling date and cultivar x
sampling date, respectively. In all locations (Rtaxelle- HT and ambient conditions,
Clarksville, and N.C.), Mg foliar concentrationgpg@ded upon sampling date. Sulfur foliar
concentrations depended upon sampling date in feaylét under both HT and ambient

conditions. In Clarksville, S foliar content was@lkaffected by the interaction of cultivar x date,
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while in N.C., sampling date did not affected & lsantent. Sodium foliar concentrations
depended upon sampling date in Fayetteville unigr tannel conditions and in N.C. In
Fayetteville, under ambient conditions and in Clailke, Na leaf content was also affected by
the interaction of cultural practice x samplingedand cultivar x date, respectively. Iron foliar
concentration depended upon sampling date in Feay¢tunder HT and ambient conditions and
in N.C. In Clarksville, sampling date did not sifigantly affect Fe concentrations. Manganese
leaf concentrations were significantly affectedsaynpling date in Fayetteville under ambient
conditions and in Clarskville. In Fayetteville und€T conditions, Mn leaf content was also
affected by the interaction of N rate x samplingedén N.C., sampling date did not affect Mn
leaf concentrations. In Fayetteville under ambganiditions and in Clarksville, sampling date
significantly affected Zn leaf content. In Fayettievunder HT conditions, Zn foliar
concentration was also significantly affected by ithteraction of N rate x sampling date. In
N.C., sampling date did not affect Zn foliar conttations. The interactions of N rates x
sampling date, cultural practice x sampling datel, eultivar x sampling date, also significantly
affected Cu foliar concentrations in Fayetteviltelar HT, and under ambient conditions, and in

Clarksville, respectively. In N.C., sampling datd dot significantly affect Cu leaf

concentrations. In Fayetteville under HT conditiansClarksville, and in N.C., sampling date
significantly affected B foliar concentrations, \hin Fayetteville under ambient conditions, the

interaction of cultural practice x sampling datgoasignificantly affected B foliar concentrations.

In ‘Willamette’ raspberry, For N and B, KowalenkZ006) found that leaf tissue N
concentrations were too dynamic and had high veeiaafter N and B fertilization. Likewise, P
and Mn were variable according to sampling datdso for red raspberries, John and Daubeny

(1972) stated that foliar elemental concentratisage affected by sampling dates for most of the
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elements tested: N, P, K, Ca, S, Na, Fe, Mn, Zn,a@d B with the exception of Mg.

Conversely, N foliar concentration in N.C. and Mg &ll locations contradicts this report.

In three floricane-fruiting blackberries, Clarkadt (1988) found significant differences
due to sampling dates for N, P, K, Ca, Mg, Zn,dral Cu foliar concentrations, which
corroborates the results of this study (Sulfur, &aj B were not studied by those authors), with
the exception of Fe foliar concentration in Claikeyand Zn and Cu in N.C. that contradict
their findings (Table 2.22). Thus, sampling dagn#icantly affected foliar N, P, K, Ca, Mg, S,
Na, Fe, Mn, Zn, Cu and B elemental concentrationali locations, with the exception of N, S,
Mn, Zn, and Cu in N.C. and Fe in Clarksville. Exbough these elements were not significantly
affected, there was a tendency for N in N.C. tg weith sampling date because {healue
(0.094) was close to 0.05. The high variabilityttbieates these levels of significance can be
attributed to the variable environment and the $athpling process, which was conducted by

different technicians.
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Table 2.22: Significance due to sampling date aclosations.

Sampling date / locations

Element Fayetteville - Fayetteville -
High tunnel Ambient Clarksuville North Carolina

N S S S* NS
P S S S* S
K S S S* S
Ca S S* S* S
Mg S S S S
S S S S* NS
Na S S* S* S
Fe S S NS S
Mn S* S S NS
Zn S* S S NS
Cu S* S* S* NS
B S S* S S

S Sampling date is significant
NS Sampling date is not significant
* Interaction is significant (different sites hatfferent 2 factor).
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Conclusions
Experiment 1. Fayetteville, Arkansas:

Experiment 1.a. Fayetteville - High tunnel:

Foliar elemental concentrations in one-year-olanierArk® 45’ PF blackberry varied
seasonally for the macro- and micronutrients tedbedpite this variation, a period of relative
stability, between 11 July and 25 July samplingedatere determined for the most of elements
tested, approximately, after 10% bloom occurs. fineat 2 (10 kdna') resulted in highest
concentration for P and K after the N applicatiaisle in the reminder elements tested N
fertilizer applications did not affect the foliamrtent for the remaining of elements tested.

Experiment 1.b. Fayetteville - Ambient:

In leaves of ‘Prime-Ark® 45’ PF blackberries colied in Fayetteville, grown under
ambient conditions, seasonal variation of foli@neéntal content was found for the macro- and
micronutrients tested. Conversely, periods of nedastability of nutrient concentration means
were determined between 7 July and 25 July sampites, between 10% and 50 % blooming,
approximately. Cultural practices (mowing and tigpiaffected Mn and Zn foliar elemental

concentrations. Treatments not pruned and mowrthetdighest responses for these elements.

Experiment 2. Clarksville, Arkansas:

‘Prime-Ark® 45’ PF blackberry grown in Clarksvilleampling date caused ample
variation in foliar elemental concentrations. Hoee\periods of relative stability of nutrient
concentration means were located between the 3®ahoh12 July sampling dates, during the
phenological stage of first ripe fruit. CultivaP{ime-Jan®,” ‘Prime-Ark® 45, and ‘Ouachita’

blackberry cultivars) did not affect the foliar glental concentrations for the sampling period.
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Experiment 3. North Carolina:

In North Carolina, based on the analysis for th@opleof stability over time and the
minimum variances, the best period for collectiegflsamplesf ‘Prime-Ark® 45’ is from 5
July to 22 July approximately, after 10% bloom ascT his founding was supported first,
gualitatively, where trends of elemental concermdrameans indicated that the period with most

stability in elemental nutrient content was the sarariod.
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Appendix C. Statistical Data:

Table C.1. Descriptive statistics of variables nuead for Chapter I
upon elemental nutrient concentration in ‘Prime-@r5’ blackberry
cultivar, in Fayetteville, under high tunnel comalis.

Leaf tissue concentration

Variable* N Mean SD Minimum Maximum
N 96 2.64 0.28 1.92 3.33
P 96 0.21 0.03 0.15 0.26
K 96 1.75 0.21 1.3 2.18
Ca 96 0.44 0.13 0.15 0.68
Mg 96 0.31 0.03 0.25 0.39
S 96 0.19 0.02 0.15 0.23
Na 95 23.34 30.27 1.3 125
Fe 96 65.11 32.96 40.8 359.2
Mn 96 127.01 82.36 16 419.8
Zn 96 34.47 4.20 25.8 43
Cu 96 10.18 2.21 6.2 20
B 96 33.70 4.93 25 43.8

* Units: N, P, K, Ca, Mg, and S: %;
Na, Fe, Mn, Zn, Cu, and B: mgkg
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Table C.2. Descriptive statistics of variables nuead for Chapter I
upon elemental nutrient concentration in ‘Prime-@r&5’ blackberry
cultivar in Fayetteville under ambient conditions.

Leaf tissue concentration

Variable* N Mean SD Minimum Maximum
N 72 2.39 0.24 1.94 3.12
P 72 0.23 0.04 0.17 0.34
K 72 1.58 0.18 1.26 2
Ca 72 0.48 0.11 0.22 0.84
Mg 72 0.30 0.03 0.24 0.38
S 72 0.18 0.02 0.14 0.23
Na 71 30.04 33.89 2.7 123
Fe 72 61.63 8.80 47.7 97
Mn 72 144.09 46.64 39 265.6
Zn 72 36.54 5.90 23.1 53.5
Cu 72 12.22 2.89 7.9 22.1
B 72 37.43 5.03 27.4 55.1

* Units: N, P, K, Ca, Mg, and S: %;
Na, Fe, Mn, Zn, Cu, and B: mgkg
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Table C.3. Descriptive statistics of variables nuead for Chapter I
upon elemental nutrient concentration in ‘Prime-@&5,” ‘Prime-Jan®,’
and ‘Ouachita’ blackberry cultivars in Clarksville.

Leaf tissue concentration

Variable* N Mean SD Minimum Maximum
N 54 2.22 0.52 1.56 3.29
P 54 0.19 0.04 0.13 0.31
K 54 1.37 0.24 0.98 2.02
Ca 54 0.65 0.17 0.35 1.04
Mg 54 0.30 0.05 0.19 0.4
S 54 0.16 0.04 0.1 0.26
Na 54 13.94 6.31 3.9 32.1
Fe 54 57.78 33.12 23.1 257.3
Mn 54 159.09 78.96 55.4 406.9
Zn 54 28.51 5.15 19.4 40.9
Cu 54 8.94 2.40 5.6 17.1
B 54 18.85 4.63 10.5 35.6

* Units: N, P, K, Ca, Mg, and S: %;
Na, Fe, Mn, Zn, Cu, and B: mgkg
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Table C.4. Descriptive statistics of variables nuead for Chapter I
upon elemental nutrient concentration in ‘Prime-@r&5’ blackberry
cultivar in North Carolina.

Leaf tissue concentration

Variable* N Mean SD Minimum Maximum
N 84 2.68 0.57 1.64 4.64
P 84 0.22 0.07 0.11 0.41
K 84 1.60 0.32 1.04 2.56
Ca 84 0.57 0.18 0.29 0.95
Mg 84 0.38 0.05 0.27 0.52
S 84 0.18 0.04 0.12 0.32
Na 84 44.65 48.24 2.7 158
Fe 84 59.28 15.18 22.3 98
Mn 84 272.67 221.85 30 1001
Zn 84 31.87 7.11 20.2 55.5
Cu 84 9.49 2.10 55 15.8
B 84 45.36 11.24 29.2 71.3

* Units: N, P, K, Ca, Mg, and S: %;
Na, Fe, Mn, Zn, Cu, and B: mgkg
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Table C.5. Experiment 1.p:values from the ANOVAs for the elemental
content in ‘Prime-Ark® 45’ leaves collected in Fagwille, Ark. under high
tunnel conditions from June to August 2011.

Element N treatment  Sampling date N x Date intevact
N 0.417 <.0001 0.624
P 0.016 <.0001 0.532
K 0.008 <.0001 0.996
Ca 0.917 <.0001 0.845

Mg 0.174 <.0001 0.270
S 0.105 <.0001 0.307
Na 0.356 <.0001 0.994
Fe 0.657 0.006 0.597
Mn 0.004 <.0001 0.012
Zn 0.013 <.0001 0.020
Cu 0.845 <.0001 0.003
B 0.134 <.0001 0.689

“ P-value smaller than 0.05 indicates statistical ificance at 5%RP< 0.05).
Shaded areas indicate significant differences.
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Table C.6. Experiment 1.p:values from the ANOVAs for the elemental
content in ‘Prime-Ark® 45’ leaves collected in Fagwille, Ark. under
ambient conditions from June to August 2011.

Element Cultu.ral Sampling date Culturlal pract?ce x Date
practice interaction
0.580 <.0001 0.539
P 0.700 <.0001 0.784
K 0.158 <.0001 0.060
Ca 0.248 <.0001 0.001
Mg 0.910 <.0001 0.083
S 0.166 <.0001 0.529
Na 0.032 <.0001 0.012
Fe 0.163 0.0085 0.249
Mn 0.022 0.0015 0.166
Zn 0.033 <.0001 0.130
Cu 0.317 <.0001 0.009
B 0.639 <.0001 0.036

“ P-value smaller than 0.05 indicates statisticsiiyificant at 5% (P< 0.05).
Shaded areas indicate significant differences.
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Table C.7. Experiment -values from the ANOVAs for the elemental
content in ‘Prime-Ark® 45’ leaves collected in Haville, Ark. from June to
August 2011.

Cultivar x Date

Element Cultivar Sampling date  interaction
N 0.005 <.0001 0.0002
P 0.419 <.0001 <.0001
K 0.099 <.0001 <.0001

Ca 0.001 <.0001 <.0001
Mg 0.086 <.0001 0.239
S 0.003 <.0001 0.002
Na 0.831 <.0001 0.005
Fe 0.152 0.078 0.476
Mn 0.488 <.0001 0.059
Zn 0.069 <.0001 0.289
Cu 0.022 <.0001 0.001
B 0.2589 <.0001 0.1372

“ P-value smaller than 0.05 indicates statisticsiiyificant at 5% (P< 0.05).
Shaded areas indicate significant differences.
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Table C.8. Experiment 3: Table Bfvalues for each
element concentration over time in ‘Prime-Ark 45®’
blackberry leaves collected in North Carolina from

May to August 2011.
Element P-value
N 0.094
P 0.027
K 0.0001
Ca 0.002
Mg <.0001
S 0.183
Na <.0001
Fe 0.023
Mn 0.319
Zn 0.201
Cu 0.301
B <.0001

“ P-value smaller than 0.05 indicates
statistically significant at 5% 0.05).
Shaded areas indicate significant differences.
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Table C.9p-values from the ANOVAs of mean of log
variances of elemental concentrations over time of
‘Prime-Ark 45®’ blackberry leaves collected in Nort
Carolina from May to August 2011.

Element Daté
N 0.526
P 0.175
K 0.083
Ca 0.005
Mg 0.411
S 0.345
Na 0.009
Fe 0.300
Mn 0.367
Zn 0.427
Cu 0.556
B 0.007

“ P-value smaller than 0.05 indicates statisticsiipificant
at 5% (P< 0.05).
Shaded areas indicate significant differences.
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Appendix D. Soil and foliar analysis:

Table D.1. Soil analysis report for samples coidan Fayetteville on 29 Mar.,
under high tunnel conditions.

Date Processed: 3/29/2011
Field ID: Fay. - High tunnel
1. Nutrient Availability Index
. Concentration Soil test level
Nutrient . (Mehlich 3)
ppm Kgha
P 78 174.7 Above Optimum
K 136 304.6 Optimun
Ca 901 2018.2 -
Mg 68 152.3 -
S0O4-S 17 38.1 -
Zn 3.4 7.6 -
Fe 237 530.9 -
Mn 133 297.9 -
Cu 2.1 4.7 -
B 0 0.0 -
NO3-N 15 33.6 Medium
2. Soil Properties
Property Value Units
Soil pH (1:2 soil-water) 6.2 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 7 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)
Total Ca Mg K Na
64.9 55.9 4.7 3.6 0.7
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Table D.2. Soil analysis result for samples coliddnh Fayetteville on 16 May, under high tunnel
conditions.

STUDY: Blackberry — High tunnel ARRIVED: 5-24-20
ID: May 16 LOGGED: 5-26-2011
LOCATION: Fayetteville OUT: 6-01-2011

PROCEDURES : Mehlich 3 extractable (1:10 ratioglgsis by Spectro ARCOS ICP
PH: 6.4

EC: 459 umhos/cm

P K Ca Mg S Na Fe Mn Zn Cu Bl N

77.5| 220.6 1076.3| 86.1 | 111.5 13.1 | 260.2 178.2 3.6 2.( 0.6 1384
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Table D.3. Soil analysis result for samples coiddnh Fayetteville on 29 Aug.,

under high tunnel conditions, Treatment 1.

Date Processed:
Field ID:

8/29/2011
Fay. — High tunnel — T1

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 67 150.1 Above Optimum
K 101 226.2 Medium
Ca 935 2094.4 -
Mg 66 147.8 s
SO4-S 10 22.4 -
Zn 5.1 11.4 -
Fe 229 513.0 -
Mn 129 289.0 -
Cu 1.9 4.3 -
B 0.0 0.0 -
NO3-N 20 44.8 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.7 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 8 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total

Ca Mg

K Na

68.8

58.1 6.8

3.2 0.8
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Table D.4. Soil analysis result for samples coiddh Fayetteville on 29 Aug.,

under high tunnel conditions, Treatment 2.

Date Processed:
Field ID:

8/29/2011
Fay. — High tunnel — T2

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 72 161.3 Above Optimum
K 109 244.2 medium
Ca 965 2161.6 -
Mg 73 163.5 -
S0O4-S 15 33.6 -
Zn 3.9 8.7 -
Fe 222 497.3 -
Mn 136 304.6 -
Cu 2.0 4.5 -
B 0.0 0.0 -
NO3-N 28 62.7 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.3 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 8 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total Ca

Mg

K Na

69.9 58.1

7.3

3.4 1.1
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Table D.5. Soil analysis result for samples coiddn Fayetteville on 29 Aug.,

under high tunnel conditions, Treatment 3.

Date Processed:
Field ID:

8/29/2011
Fay. — High tunnel — T3

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 71 159.0 Above Optimum
K 101 226.2 Medium
Ca 923 2067.5 -
Mg 67 150.1 s
SO4-S 14 31.4 -
Zn 4.2 9.4 -
Fe 206 461.4 -
Mn 140 313.6 -
Cu 2.0 4.5 -
B 0.0 0.0 -
NO3-N 22 49.3 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.3 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 8 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total Ca

Mg

K

Na

68.8 57.5

7.0

3.2

1.1
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Table D.6. Soil analysis result for samples coiddn Fayetteville on 29 Aug.,

under high tunnel conditions, Treatment 4.

Date Processed:
Field ID:

8/29/2011
Fay. — High tunnel — T4

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 70 156.8 Above Optimum
K 97 217.3 medium
Ca 880 1971.2 -
Mg 64 143.4 s
SO4-S 31 69.4 -
Zn 3.4 7.6 -
Fe 212 474.9 -
Mn 124 318.1 -
Cu 1.8 4.0 -
B 0.0 0.0 -
NO3-N 26 58.2 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.3 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 8 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total

Ca Mg

K Na

67.7

56.8 6.9

3.2 0.8
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Table D.7. Soil analysis result for samples coiddn Fayetteville on 4 Oct.,

under high tunnel conditions, Treatment 1.

Date Processed:
Field ID:

10/04/2011
Fay. — High tunnel — T1

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 68 152.3 Above Optimum
K 96 215.0 medium
Ca 1113 2493.1 -
Mg 68 152.3 -
SO4-S 15 33.6 -
Zn 3.9 8.7 -
Fe 262 586.9 -
Mn 149 333.8 -
Cu 2.3 5.2 -
B 0.3 0.7 -
NO3-N 11 24.6 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.6 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 9 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total

Ca Mg

K Na

72.2

62.0 6.3

2.7 1.1
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Table D.8. Soil analysis result for samples coiddn Fayetteville on 4 Oct.,

under high tunnel conditions, Treatment 2.

Date Processed:
Field ID:

10/04/2011
Fay. — High tunnel — T2

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 71 159.0 Above Optimum
K 96 215.0 Medium
Ca 1126 2522.2 -
Mg 66 147.8 s
S0O4-S 15 33.6 -
Zn 4.1 9.2 -
Fe 267 598.1 -
Mn 154 345.0 -
Cu 2.4 5.4 -
B 0.3 0.7 -
NO3-N 14 31.4 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.4 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 10 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total Ca

Mg

K Na

68.5 59.1

5.8

2.6 1.1
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Table D.9. Soil analysis result for samples coiddn Fayetteville on 4 Oct.,

under high tunnel conditions, Treatment 3.

Date Processed:
Field ID:

10/04/2011
Fay. — High tunnel — T3

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 74 165.8 Above Optimum
K 94 210.6 Medium
Ca 1065 2385.6 -
Mg 65 145.6 -
SO4-S 18 40.3 -
Zn 3.9 8.7 -
Fe 240 537.6 -
Mn 150 336.0 -
Cu 2.1 4.7 -
B 0.2 0.4 -
NO3-N 15 33.6 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.4 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 9 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total Ca

Mg

K Na

71.3 61.1

6.2

2.8 1.2
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Table D.10. Soil analysis result for samples codldan Fayetteville on 4 Oct.,

under high tunnel conditions, Treatment 4.

Date Processed:
Field ID:

10/04/2011
Fay. — High tunnel — T4

1. Nutrient Availability Index

Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)

P 70 156.8 Above Optimum
K 93 208.3 Medium
Ca 1137 2546.9 -
Mg 66 147.8 s
SO4-S 18 40.3 -
Zn 3.9 8.7 -
Fe 243 544.3 -
Mn 140 313.6 -
Cu 2.1 4.7 -
B 0.3 0.7 -
NO3-N 9 20.2 -
2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.4 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 10 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Estimated base saturation (%)

Total

Ca Mg

K Na

68.8

59.2 5.7

2.5 1.4
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Table D.11. Soil analysis result for samples codldan Fayetteville on 4 Oct.,

under ambient conditions.

Date Processed: 3/29/2011
Field ID: Fay. - Amb.
1. Nutrient Availability Index
Nutrient Concentration Soil test level
ppm kgha (Mehlich 3)
P 76 170.2 Above Optimum
K 253 566.7 above Optimum
Ca 1683 3769.9 -
Mg 148 331.5 -
S0O4-S 19 42.6 -
Zn 7.6 17.0 -
Fe 164 367.4 -
Mn 123 275.5 -
Cu 4.7 10.5 -
B 0 0.0 -
NO3-N 19 42.6 -

2. Soil Properties

Property Value Units
Soil pH (1:2 soil-water) 6.2 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 14 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam

Silty Clay Loam

Estimated base saturation (%)

Total Ca

Mg

K

Na

74.8 60.7

8.9

4.7

0.5
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Table D.12. Soil analysis result for samples cedidan Clarksville on

9 Aug. in Clarksuville.

Date Processed: 8/9/2011
Field ID: Clarksville
1. Nutrient Availability Index
Nutrient Concentration Soil test level
ppm kgha' (Mehlich 3)
P 44 98.6 Optimum
K 101 226.2 Optimun
Ca 795 1780.8 -
Mg 40 89.6 -
S0O4-S 9 20.2 -
Zn 9.6 21.5 -
Fe 81 181.4 -
Mn 110 246.4 -
Cu 4.7 10.5 -
B 0.2 0.4 -
NO3-N 19 42.6 -
2. Soil Properties
Property Value Units
Soil pH (1:2 soil-water) 6.2 --
Soil EC (1:2 soil-water) umhos/cm
Soil ECEC 8 cmolc/kg
Organic Matter (Loss on Ignition) %
Estimated Soil Texture Silt Loam
Estimated base saturation (%)
Total Ca Mg K Na
68.7 56.4 7.1 4.4 0.8
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V. CONCLUSIONS

For one-year-old ‘Prime-Ark® 45’ blackberry plamsitivated under HT conditions,
either a single or split N application at a ratd 6fkg-ha® using ammonium sulfate fertilizer
resulted in a higher fruit yield. Under the samaditions, marketable yield, cane diameter, and
fresh weight were not significantly affected by dyplied N fertilizer rates. Applied N
treatments did not cause significant differencefotiar elemental concentration, except for Mn
and B.

Under HT conditions, N fertilizer rates affecte@id K foliar concentrations of one-year
old ‘Prime-Ark® 45’plants; however, the differenossre small and probably not important for
plant nutrition. The best period of relative stapibf nutrient concentrations and for collecting
samples was between 11 July and 25 July sampliteg dapproximately, when 10% and 50%
bloom occurs.

Under ambient conditions when mowing and tippingengracticed, the 7 July to 25 July
sampling dates, approximately, were a relativedplet period for nutrient concentration and the
best period for collecting samples, during the 1)&m and the first ripe fruit. The cultural
practices used as treatments did not result igrafgiant impact on foliar elemental
concentrations.

In Clarksville, for ‘Prime-Ark® 45’ blackberry cultar, the period with most stability in
foliar elemental nutrient content was between 3teJand 12 July sampling dates,
approximately, during the first ripe fruit. Thisrped is the most appropriate for collecting
samples, during the first ripe fruit. Independemdlgises for interactions indicates this period of

stability for Prime ark 45, which is not necesgattle same for the remaining cultivars tested.
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In North Carolina, the period with most stabilityelemental nutrient content was
between 5 July and 22 July sampling dates. Indhgedocation, the logarithm of variance
means indicated that the least variance occurs &dnoly to 22 July sampling dates for most of

the elements, after 10% bloom of primocanes.
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