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Crop quality depends on several factors, among which soil properties play a great role.
The use of organic products as sources of plant nutrients to improve crop quality has
been established. The use of biological nutrient sources to improve crop quality as
well as improve soil physical, chemical, and biological properties could be a viable
alternative to organic and/or conventional farming. However, there is little informa-
tion available on how soil properties and kiwifruit quality are affected by the use of
a biological farming system. Therefore, research was conducted with the objective of
comparing the response of conventional, organic, and biological management systems
on soil properties and kiwifruit quality in respect to Actinidia deliciosa (Hayward)
and A. chinensis (Hort16A). Greatest soil bulk density and lowest gas phase, maxi-
mum water-holding capacity, gravitational drainage, and hygroscopic moisture were
observed in Hayward in both biological and conventional management systems. The
variations in soil properties for total pH, nitrogen (N), phosphorus (P), potassium
(K), calcium (Ca), magnesium (Mg), sodium (Na), and aluminium (Al) were linked
to management practices, and electrical conductivity (EC), organic matter (OM), iron
(Fe), manganese (Mn), zinc (Zn), copper (Cu), and boron (B) were linked to cultural
species. The Ca/Mg ratio of these orchards was more than 7:1, and the Mg/K ratio
was less than 2:1, indicating application of dolomitic limestone is recommended over
high-Ca liming materials. The greatest yield, total soluble solids, and ionic strength
were obtained in Hort16A from conventional management. Greater P, Ca, Fe, Zn,
and Cu levels were recorded in organic Hayward than in other management systems.
However, greater total N, K, Mg, S, Na, Mn, and B contents were observed in conven-
tional Hort16A than in organic, biological, or conventional Hayward. The results of
this study indicated that all macronutrients flux in Hort16A better than in Hayward.
On the other hand, flux of micronutrients in Hayward was greater than in Hort16A.
The cost/benefit ratio is the most favorable, that is, lowest, for organic Hayward on
volcanic soils in the Bay of Plenty.
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Management System Effects on Kiwifruit 333

Introduction

About 90 elements are found in normal plant tissue, and only 16 or so elements are truly
established as essential elements for plant growth. All 16 essential plant nutrients are
naturally sourced from soil and microorganisms. There are not always enough of these
nutrients in the soil for healthy plant growth; therefore, it is necessary to use fertiliz-
ers to add the nutrients to the soil to achieve desired quality plant yield. Since chemical
fertilizers were first used commercially on a large scale, there have been claims that the
use of agricultural chemicals produce less wholesome and less nutritious food crops. The
organic farming movement began in part as a result of the belief that food grown using
more traditional, chemical-free methods was more wholesome. Food grown by these meth-
ods came to be known as organic. Conventional farming systems allow the use of many
synthetic chemical fertilizers, fungicides, insecticides, herbicides, and growth regulators,
while organic farming must be carried out in accordance with relevant certification stan-
dards. For New Zealand organic kiwifruit growers, BIO-GRO New Zealand is an organic
certifying organization that has strict input restrictions, and therefore organic growers must
rely on the application of organic matter and slow-release soil nutrients (BIO-GRO NZ
2001; Worthington 2001); other soil additives; natural products such as bone or blood
meal; and the management practices, such as crop rotation, tillage, and mulching, for nutri-
ent balancing and to overcome pest and weed problems. Management practices may alter
soil quality based on soil physicochemical and hydrological properties. Soil characteristics
influence basic soil functions, such as moderating and partitioning water and solute move-
ment and their redistribution and supply to plants; storing and cycling nutrients; filtering,
buffering, immobilizing, and detoxifying organic and inorganic materials; promoting root
growth; and providing resistance to erosion (Karlen et al. 1997).

The organic food market is a growing sector of the agricultural industry in many
parts of the world, and it is possible to find organically produced food in most super-
markets in Europe, Asia, Australasia, and North America. The world market for certified
organic foods was estimated to be worth US $23–25 billion in 2003 and is increasing
at roughly 19% per year (Kortbech-Olesen 2003). In New Zealand, organic kiwifruit has
been grown for several decades, but it was in 1990 that the Kiwifruit Marketing Board
(KMB: now divided into ZESPRI International Ltd. and Kiwifruit New Zealand) first des-
ignated an organic fruit pool for export and offered a specific payment per tray for organic
kiwifruit. Thereafter, production of organic kiwifruit (Actinidia deliciosa: Hayward-Green)
has increased rapidly from 13,000 trays in 1991 to 2.9 million trays harvested in 2009
and is expected to increase further in the future. Net returns per hectare are between
$5,500 and $6,500 greater for the organic group (http://www.maf.govt.nz/). The total acre-
age of A. deliciosa kiwifruit BIO-GRO certified is now 482 ha compared to 9,479 ha
for conventional kiwifruit. Actinidia chinensis (Hort16A: Gold) has 100 ha BIO-GRO
certified and 2032 ha managed conventionally (Zespri Outlook papers, February 2009;
http://www.zespricanopy.com/f1503,44413/44413_3Yr_Outlook_ORG_FA2LR.pdf).

There are several factors influencing the quality of food, including food safety (free
from harmful pesticide residues, mycotoxins, heavy metals, dioxins, and microorgan-
isms); nutritional value (composition of energy, fat, minerals, and vitamins); taste; and
appearance. Some researchers believe that organically produced foods contain lower con-
centrations of mycotoxins (Jestoi et al. 2004). However, others showed that mycotoxin
concentrations are usually similar or reduced in organic produce compared with conven-
tional products (FAO 2000). Woese et al. (1997) stated that no major differences could
be observed between apples, pineapples, or strawberries produced by organic means and
those produced by conventional means with respect to desirable constituents such as
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334 M. H. Rahman et al.

minerals, vitamins (viz., B1, B2, C), carbohydrates, proteins, and free amino acids as well
as organic acids. Hassey et al. (1997) found that organically grown kiwifruit is firmer than
those grown conventionally. On the other hand, Benge et al. (2000) reported that fruit
grown under “KiwiGreen” (a low-input conventional integrated pest-management system)
matured earlier than fruit from organic production, although they found the same fruit firm-
ness between the two production systems. In their study, the concentrations of nitrogen (N),
phosphorus (P), potassium (K), and magnesium (Mg) in fruit did not differ significantly
between production systems although the concentration of calcium (Ca) did tend to be
greater in fruit from organic orchards rather than that from KiwiGreen orchards. There is
ample, but circumstantial, evidence that on average organic fruit most likely contains more
of certain nutrients than conventional fruit, allowing for the possibility that organically
produced plant foods may in fact benefit human health more than corresponding conven-
tional ones. It is well established that the use of organic nutrient sources in improving
crop quality can be a viable alternative to conventional farming because organic farming
restricts the use of certain agrichemicals and promotes soil conservation and restoration
principles. Recently, conventional growers have begun to embrace biological management
tools such as soil or foliar sprays to feed crops and to boost microbial activity in the soil.
However, there is little information available on how kiwifruit production is affected by
biological farming systems. Additionally, very few studies have compared the nutritional
status (macro- and micronutrients) of kiwifruit produced by organic, biological, and con-
ventional production systems. Discussions in the papers outlined previously conclude that
application of organic composts and/or biological materials with differential nutrient com-
positions could change and/or enhance the nutritional quality of kiwifruit by changing
soil properties. Therefore, the main goal of this research is to measure distribution of
macro- and micronutrients in soil and kiwifruit with respect to organic, biological, and
conventional fertilization.

Materials and Methods

Study Sites and Management

The experiment was conducted during the 2007–2008 growing season in Te Puna, located
in the Bay of Plenty region of the North Island of New Zealand with the latitude of 37◦ 39′
S and longitude of 176◦ 11′ E. The average temperature and precipitation of the study area
are depicted in Figure 1 (source: National Institute of Water and Atmospheric Research,
New Zealand). All surface soils from experimental sites are classified as Allophanic Orthic
Pumice soils (Vitrads/Vitricryands Andisol, USDA; Mollic Andosol, FAO) formed pre-
dominantly from ryolitic tephra between ∼4000 and 40,000 years ago during the region’s
geographic history of periodic volcanic eruptions (New Zealand Soil Bureau 1954; Molloy
1988; Hewitt 1993). In this study, four orchards, namely Harvest Ridge, Hardaker, Okaro-
Green, and Okaro-Gold, were selected assuming the climate and soil type of the orchards
to be similar, although it is likely there are slight differences because of their geographical
separation. In all the orchards, vines were established in the early 1980s. Harvest Ridge
has been under organic management with Hayward (popularized as Green) [A. deliciosa
(A. Chev.) C.F. Liang and A.R. Ferguson var. deliciosa] since 2000. Hardaker has been
under biological management with Hayward since 2000. Okaro-Green and Okaro-Gold has
been under conventional management with Hayward since 1980, with Hort16A (popular-
ized as Gold) [A. chinensis Planch.] grafted on the Hayward rootstock in 1999. The Harvest
Ridge (organic Hayward), Hardaker (biological Hayward), Okaro-Green (conventional
Hayward), and Okaro-Gold (conventional Hort16A) orchards were 48, 50, 27, and 27 m
above the sea level, respectively. The experimental sites were silty loam soils for organic
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Figure 1. Monthly total precipitation (mm) and average temperature (◦C) of study area.

Hayward and biological Hayward and sandy loam soils for conventional Hayward and
conventional Hort16A. The soil colors of organic Hayward, biological Hayward, con-
ventional Hayward, and conventional Hort16A were 7.5YR2.61/2.89, 7.5YR2.52/2.39,
7.5YR2.99/2.72, and 7.5YR2.87/2.52, respectively, according to Munsell soil color charts.
Every year soil and leaf analysis is done in May and December, respectively, to achieve
the required level of mineral content in soil. Based on the results of the soil and leaf
tests, fertilizers from various sources are applied in August and December, according to
kiwifruit industry standard directed by Bio Soil and Crops Ltd., Te Puna, Tauranga, New
Zealand. The conventionally managed orchards received split applications of synthetic fer-
tilizers, while the organic orchard received organic matter, slow-release soil nutrients, and
other organic soil additives such as blood and bone meal. The organic orchards also used
other management practices such as mulching to help balance nutrients and to overcome
pest and weed problems. In the organic orchard, compost at a rate of ∼6 t ha−1 (50:50
chicken manure / green waste compost with 1.3% N, 1.0% P, 1.1% K, 0.5% sulfur (S),
3.3% Ca, 0.3% Mg, and 0.1% sodium (Na) was applied on the soil once a year, and lime
was added at a rate of 300 kg ha−1 every 4 years. In the biological management system,
Vitec Crop V [liquid fish / Tasmanian kelp / plant extract / added elements & Vitamins
76:18:3:3 with 2.1% N, 0.6% P, 0.4% K, 0.5% Ca, 0.2% Mg, 0.3% Na, 730 mg L−1 copper
(Cu), 750 mg L−1 zinc (Zn), 722 mg L−1 iron (Fe), 704 mg L−1 manganese (Mn), 34 mg
L−1 boron (B), 1.3 mg L−1 molybdenum (Mo), 1.3 mg L−1 selenium (Se), 110 mg L−1

iodine (I), 12 iu L−1 vitamin A, 22 iu L−1 vitamin D, and 20 iu L−1 vitamin E] at a
rate of ∼40 L ha−1 is used for soil or foliar sprays to feed crops and to boost micro-
bial activity in the soil. The conventionally managed orchards receive split applications
of pesticides, fungicides, and herbicides, while the organic and biological management
systems receive Bacillus thuringiensis subspecies kurstaki and “mineral spraying oils” as
biological insecticides. All sprays are applied according to kiwifruit industry standard as
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336 M. H. Rahman et al.

defined by ZESPRI Programme, ZESPRI Ltd., Tauranga, New Zealand, during kiwifruit
growth. The total inputs of N, P, K, Ca, Mg, S, and B were 100, 40.7, 184, 36, 47, 107, and
5 kg ha−1 yr−1, respectively, for organic Hayward; 67, 28, 161, 154, 66, 98, and 4 kg ha−1

yr−1, respectively, for biological Hayward; 124, 39, 218, 217, 91, 72, and 3 kg ha−1 yr−1,
respectively, for conventional Hayward; and 120, 46, 213, 301, 91, 89, and 4 kg ha−1 yr−1,
respectively, for conventional Hort16A.

Sampling

Undisturbed and disturbed soil samples were collected from plant row, wheel track, and
grass alley with three replications from a depth of 0–15 cm using Daiki Soil Sampler
(Daiki Rika Kogyo Co., Ltd., Japan), and 30 fruit and leaf samples from each orchard were
collected just before harvest on 12 May 2008. A sample pair of fruit and adjacent leaf was
collected from each of 30 vines to eliminate bias from the results. Leaf chlorophyll content
was measured during sample collection by a chlorophyll meter (CCM-200, Opti-Sciences
Corporation Inc., USA).

Soil Analysis

Bulk density (ρb) and particle density of soils were determined by the core method (Blake
and Hartge 1986). Total porosity (St) and three-phase distributions (solid phase, SP; liquid
phase, LP; gaseous phase, GP) were calculated by the volumetric method on pF 2.0 soils
collected with 100-mL core samples (Kezdi 1974). The hanging water column technique
with fritted glass Buchner funnel was used to measure moisture retention. Maximum water-
holding capacity, field capacity, and gravitational drainage were estimated and calculated
(www.daiki.co.jp). The individual soil samples were dried in a forced-air convection drier
at 30 ◦C for 72 h and crushed to pass through a 2-mm sieve. Sand, silt, and clay contents of
samples were measured by hydrometer method as per the instruction of Kalra and Maynard
(1994a). The moisture held by air-dry soil was taken as the hygroscopic water content. Soil
moisture content was measured after drying at 105 ◦C overnight (Gardner 1986). The pH
of soils was determined in a 1:2.5 soil/water suspension (Jackson 1973) by a digital pH
meter (IQ 160 pH meter, IQ Scientific Instruments, USA), and electrical conductivity (EC)
of soil was measured in 1:5 suspension (Kalra and Maynard 1994b) by digital conductivity
meter (IQ 170 conductivity meter, IQ Scientific Instruments, San Diego, Calif., USA).
Soil organic matter was estimated by the modified Walkey–Black method (Blakemore,
Searle and Day 1987), where the organic matter is oxidized by dichromate and sulfuric
acid. Soil organic matter was also estimated by loss-on-ignition (LOI) in a CEM model
905410 microwave furnace (CEM Corp., Matthews, N.C., USA). Total N content of soil
was determined by the Dumas combustion method (Kay and Hill 1998). Soil P, K, Ca,
Mg, Na, Fe, Mn, Zn, Cu, B, and aluminium (Al) were analyzed using inductively coupled
plasma–optical emission spectroscopy (ICP-OES) as the Mehlich 3 extended test (Mehlich
1984).

Fruit and Leaf Analysis

The fresh weights of fruit, leaf, and petiole were recorded. Leaf surface area (Boase,
Wright, and McLeay 1993) and petiole length were measured. The fruit volume was deter-
mined by the amount of water displaced when the fruit was immersed in water. At both
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the blossom end and stem end of the fruit, total soluble solids (TSS: ◦Brix) and elec-
trical conductivity (EC) were measured by a refractometer (Atago Co. Ltd., Japan) and
EC/TDS/salt tester (Oakton Ltd., Malaysia), respectively, at 22 ◦C. The ionic strength was
estimated according to Griffin and Jurinak (1973). Fruit and leaves were dried at 60 ◦C for
24 h using a ventilated oven (Hydraflow, Ezidri Ultra 1000FD, Hydraflow Industries Ltd.,
New Zealand), and the dry weight of each sample was weighed.

The leaf and fruit samples were dried at 80 ◦C for 24 h and ground to pass through
a 1-mm sieve. Total N content of fruit and leaf was determined by Dumas combustion
method (Kay and Hill 1998). The fruit and leaf samples were analyzed for basic elements.
Phosphorus, K, Ca, Mg, Na, Fe, Mn, Zn, Cu, B, and Al were analyzed by digesting at
205 ◦C in a 2:1 nitric acid / perchloric acid solution, and Mo and Co were analyzed by
digesting at 205 ◦C in a 6:1 nitric acid / perchloric acid solution using inductively coupled
plasma–optical emission spectroscopy (ICP-OES) and inductively coupled plasma–mass
spectrometry (ICP-MS), respectively.

Calculation of Parameters

The variations in organic–conventional (intraspecific variation: IaV) and A. deliciosa
(Hayward)–A. chinensis (Hort16A) (interspecific variation: IeV) are calculated as follows:

%IaV =
(

Organic Hayward − Conventional Hayward

Conventional Hayward

)
× 100 (1)

%IeV =
(

Conventional Hayward − Conventional Hort16A

Conventional Hort16A

)
× 100 (2)

Physiological efficiency (PE) and agronomic efficiency (AE) are calculated as

PE =
(

milligram of dry fruit weight

milligram of element in fruit

)
(3)

AE =
(

milligram of dry fruit weight

milligram of element applied

)
(4)

The nutrient flux (NF) is calculated as follows:

%NF =
(

Nutrient in plant organ

Nutrient in plant organ(s) + Nutrient in soil

)
× 100 (5)

Experimental Design and Statistical Analysis

The experiment was conducted in the randomized block design with nine replications for
soil and 30 replications for fruit and leaf. Samples were collected according to a system-
atic sampling design across S-shaped transects (Rahman and Sugiyama 2008). A one-way
analysis of variance (ANOVA) was employed. The least significant differences (LSD) test
was used to determine whether differences between means were statistically significant
(P < 0.05). Duncan multiple-range tests (DMRTs) were conducted to compare the results
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with the variation at a 5% level of significance. Data were pooled to establish correlations
between attributes and intercorrelation among attributes. All statistical analyses were con-
ducted by JMP 4.0 (SAS Institute, Cary, N.C., USA). Unless otherwise noted, all the results
are presented on an oven-dry basis.

Results and Discussion

Soil Properties

Changes in soil properties due to management and cultural practices are shown in
Table 1 (physical) and Table 2 (chemical). There are significant differences in liquid phase,
gas phase, maximum water-holding capacity, gravitational drainage, and hygroscopic
moisture content among treatments. Bulk density was lowest in Hayward with organic
management, although as we expected differences are not statistically significant between
treatments. Lowest gas phase, maximum water-holding capacity, gravitational drainage,
and hygroscopic moisture was observed in Hayward biological and conventional. The
variations in bulk density, three-phase distribution, maximum water-holding capacity, grav-
itational drainage, and hygroscopic moisture content were linked to management practices
(intraspecific) while variation for the field capacity was linked to species (interspecific).
Inputs of organic manure are likely to be the main reason for lowest bulk density and
greatest water-holding capacity in organic orchards. Our results are in accordance with
the findings of Riley et al. (2008), who also observed a decrease in soil bulk density and
increase in water-holding capacity with the application of composts and manures.

Organic-matter content and total N were greater, and pH and P were lower but not sta-
tistically significant in organic Hayward. Electrical conductivity was significantly greatest
in conventional Hort16A. Significantly greater contents of K, Mn, and Cu were observed
in organic Hayward. Zinc content was significantly greater in conventional Hort16A.
Calcium, Fe, and B contents in conventional Hort16A are greater than others. Greater val-
ues for interspecific variation in EC, organic matter, Fe, Mn, Zn, Cu, and B were observed
as compared to intraspecific. On the other hand, greater values for intraspecific variations in
total N, P, K, Ca, Mg, and Na were observed as compared to interspecific. Our results indi-
cate that EC, organic matter, and micronutrients are more related to cultural species than
management practices. Conversely, variations in most of the macronutrients are dependent
on management practices rather than cultural species.

The greatest Ca/Mg ratio was observed in organic Hayward, and the lowest was in
Hayward biological. A productive soil would have the ideal ratio of 7:1 Ca/Mg. The
Ca/Mg ratio we observed was more than 7:1 for all kiwifruit orchards, so application
of high-Ca limestone or gypsum (Ca-sulfate) is not required. Calcium is usually adequate
in kiwifruit if soil pH is maintained in the ideal range of pH 6.2–6.5. When Mg is low
and the ratio of Mg/K ratio is less than 2:1; dolomitic limestone is preferred over high-Ca
liming materials. Applying gypsum, high-Ca lime, or other Ca amendments is sometimes
recommended to add Ca, increase Ca/Mg ratios, and improve soil structure as well as C
storage capacity because of the interaction of Ca+2 with humic substances. Calcium ions
with multiple positive charges help build good soil structure by acting as bridges that bind
negatively charged clay particles together. These flocculated clays are basic building blocks
in the formation of stable soil aggregates (Muneer 1987; Bladh et al. 2001).

Morphological Traits of Fruit and Leaf

Fruit traits varied with management practices (Figure 2 and Table 3). The greatest fruit
yield, fruit volume, and fruit dry matter were observed in Hort16A compared to Hayward.
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Figure 2. Yield of kiwifruit grown in different management practices.

Organic Hayward had greater fruit volume, fruit dry matter, leaf surface area, and leaf
dry matter than conventional Hayward. The greatest fruit dry matter was recorded with
Hort16A conventional and the lowest with biological Hayward. As a consequence, the
lowest fruit moisture was obtained in conventional Hort16A as compared to the others.
Conventional Hort16A also had the lowest leaf surface area as compared with organic
Hayward and biological Hayward. Zespri (2008) found 6% and 11% greater yields
in conventional Hayward and conventional Hort16A, respectively, compared to organic
Hayward. Williams et al. (2000) observed greater water content in organic products than
in conventional products, which is similar to the results found in this study. The dry-matter
content of aboveground vegetables was greater in organic crops, whereas no difference
was detected in the dry matter and starch contents of belowground vegetables (Woese et al.
1997). Also, no differences were observed either in dry-matter content and sensory prop-
erties between organic and conventional fruit in experiments done by Ventura et al. (1983).
Greater dry-matter content in organic products can be explained by the fact that fertilizer
application is generally less intense in organic agriculture, and therefore organic produce
may be smaller than conventional produce. However, in this experiment larger fruit size
is associated with greater dry-matter content in organic management compared to conven-
tional management in Hayward. It may be noteworthy that except petiole dry matter, all
fruit and leaf traits are not significantly different between Hayward and Hort16A (Table 3).
Pronounced variations between organic and conventional (intraspecific) kiwifruit are found
for the fruit volume, chlorophyll content, leaf surface area, leaf dry matter, leaf mois-
ture, petiole length, petiole moisture, and petiole dry matter, whereas variation between
Hayward and Hort16A (interspecific) was found for fruit moisture and fruit dry matter.

Fruit and Leaf Constituents

The ◦Brix (TSS) is the internal parameter with the greatest impact on taste. Greater TSS
was recorded at the blossom end than the stem end, whereas lower ionic strength was
at the blossom end regardless of management practices and species (Table 4). Greatest
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344 M. H. Rahman et al.

TSS was recorded in conventional Hort16A followed by organic Hayward, whereas the
lowest was in the conventional Hayward system. In this study, the interspecific varia-
tion for TSS and ionic strength is more pronounced than intraspecific variation. Fertilizer
type and the application rate directly influenced the level of plant-available nutrients and
indirectly influenced plant physiology and chemical content. The TSS content in toma-
toes increases with increasing P content (Weston and Barth 1997). Phosphorus shortage
decreases the firmness of fruit (Sams 1999), and Ca increases firmness (Weston and Barth
1997). Increase in K causes a decline in the firmness of fruit (Sams 1999) and rise of both
total and titrateable acid in tomatoes (Weston and Barth 1997). Other findings report that
excess S decreases the “green” aroma and increases the pungency and S flavour in onion
(Mattheis and Fellmann 1999). However, this research suggests that TSS and ionic strength
in kiwifruit are influenced by genetic factors more than growing environment and manage-
ment practices. Thus, the most important predictors of kiwifruit quality in terms of TSS
and ionic strength are genetic factors.

Fertilizer management and method of application affected mineral and trace element
contents of kiwifruit, but the effects are not the same for all elements (Table 5). Greater total
N was accumulated in biological Hayward than both organic and conventional Hayward,
but greatest total N was accumulated in conventional Hort16A. In this study, greatest total
N in fruit and lowest in leaf (Table 6) is recorded in conventional Hort16A, however. In
the organic system, a lower N-release rate was thought to be responsible for lower N in the
fruit tissue. Vossen et al. (1994) stated that there is a trend for greater NH4-N and lower
NO3-N concentrations in the organic than in the conventional system (i.e., greater miner-
alization rate) but lower nitrification, which may reflect the lower total N in kiwifruit in
organic system. Worthington (2001) summarized the results of studies comparing nitrate
levels in conventional and organic foods and found that in 127 of the cases the nitrate levels
were greater in the conventional rather than organic foods, as opposed to 43 cases where
the nitrate levels were greater in organic than conventional foods, with 6 cases where no
difference was observed. The nitrate content in food is important because microbes convert
nitrate into nitrite in the animal stomach and in most cases microorganisms further convert
the nitrite to ammonia and ultimately amino acids and protein. However, if the rate of con-
version of nitrate to nitrite is greater than the conversion of nitrite to ammonia, then nitrate
toxicity occurs. Greatly accumulated nitrate can decrease oxygen-carrying capacity of the
blood by binding with haemoglobin to form methemoglobin, therefore blocking binding
of oxygen and ultimately constricting blood vessels, which can cause serious illness in
animals and humans (Bruning-Fann and Kaneene 1993).

In fruit of Hayward, only Cu was significantly different between organic and conven-
tional management. There was a trend toward increased P, K, Ca, Mg, Fe, Zn, Cu, and B
contents and lower S, Na, and Mn contents in the fruit of organic rather than conventional
system in Hayward (Table 5). On the other hand, there was a trend toward increased Mg
and Fe contents and lower total N, K, P, Ca, S, Mn, Zn, Cu, and B contents in the leaf of
organic rather than conventional Hayward (Table 6). Moreover, the lowest fruit total N, P,
K, Ca, Mg, Cu and B and greatest S, Na, Fe, Mn, and Zn were recorded in conventional
Hort16A compared to Hayward with different management practices. The interspecific
variation in kiwifruit for total N, P, Mg, S, Na, Mn, Zn, and B was more pronounced than
intraspecific variation. Greater intraspecific variation in kiwifruit nutrient was observed
for K, Ca, Fe, and Cu. Burgos et al. (2008) stated that plant nutrient element concentra-
tions may be different in different plant species. Based on extensive field and pot studies
conducted by Beutel (1980), the total N and K was deficient and P, Ca, Zn, and B were
adequate in kiwifruit leaf evaluated in late autumn (May) under a conventional growing

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
s
s
e
y
 
U
n
i
v
e
r
s
i
t
y
 
L
i
b
r
a
r
y
]
 
A
t
:
 
2
1
:
3
9
 
1
6
 
F
e
b
r
u
a
r
y
 
2
0
1
1



Ta
bl

e
5

N
ut

ri
en

ts
ta

tu
s

of
ki

w
if

ru
it

(a
ve

ra
ge

of
30

)
gr

ow
n

in
di

ff
er

en
tm

an
ag

em
en

ts
ys

te
m

s

Pr
op

er
tie

s
U

ni
t

O
rg

an
ic

H
ay

w
ar

d
B

io
lo

gi
ca

l
H

ay
w

ar
d

C
on

ve
nt

io
na

l
H

ay
w

ar
d

C
on

ve
nt

io
na

l
H

or
t1

6A
In

tr
as

pe
ci

fic
(%

)
In

te
rs

pe
ci

fic
(%

)

T
N

g
kg

−1
1.

40
aa

1.
49

a
1.

41
a

1.
61

a
−0

.7
1

−1
3.

04
P

m
g

10
0−1

g
24

.3
7a

24
.3

0a
23

.2
0a

21
.4

3a
5.

04
13

.7
2

K
m

g
10

0−1
g

28
0.

67
b

29
3.

33
ab

27
0.

33
b

30
3.

67
a

3.
82

−7
.5

7
C

a
m

g
10

0−1
g

32
.0

3a
27

.3
7a

b
30

.2
0a

b
26

.9
3b

6.
06

18
.9

4
M

g
m

g
10

0−1
g

2.
50

ab
2.

70
ab

1.
51

b
3.

57
a

66
.6

7
−2

9.
97

S
m

g
10

0−1
g

12
.4

7a
b

12
.4

3b
12

.9
3a

b
13

.7
0a

−3
.5

8
−8

.9
8

N
a

m
g

10
0−1

g
14

.2
0b

15
.8

7a
b

15
.7

0a
b

16
.5

7a
−9

.5
5

−1
4.

30
Fe

m
g

10
0−1

g
0.

26
a

0.
21

a
0.

23
a

0.
25

a
13

.0
4

4.
00

M
n

m
g

10
0−1

g
0.

09
a

0.
10

a
0.

10
a

0.
11

a
−1

0.
00

−1
8.

18
Z

n
m

g
10

0−1
g

0.
14

a
0.

11
a

0.
11

a
0.

12
a

23
.5

3
16

.6
7

C
u

m
g

10
0−1

g
0.

14
a

0.
12

b
0.

12
b

0.
13

ab
20

.0
0

7.
69

B
m

g
10

0−1
g

0.
19

ab
0.

20
ab

0.
17

b
0.

23
a

9.
62

−1
7.

39
N

/
P

—
5.

75
a

6.
13

a
6.

07
a

7.
51

a
−5

.4
8

−2
3.

53
N

/
C

a
—

4.
37

b
5.

44
ab

4.
67

ab
5.

99
a

−6
.3

8
−2

6.
89

C
a/

P
—

1.
32

a
1.

12
b

1.
30

ab
1.

26
ab

0.
97

4.
59

(K
+

M
g)

/
C

a
—

8.
84

b
10

.8
2a

b
9.

00
ab

11
.4

1a
−1

.7
8

−2
2.

51
M

g/
K

—
0.

00
89

0.
00

92
0.

00
55

0.
01

18
60

.5
3

−2
4.

23

a
V

al
ue

s
w

ith
in

co
lu

m
ns

an
d

pa
ra

m
et

er
s

fo
r

va
ri

ab
le

s
w

ith
sa

m
e

le
tte

rs
ar

e
no

ts
ig

ni
fic

an
tly

di
ff

er
en

ta
tp

<
0.

05
.

345

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
s
s
e
y
 
U
n
i
v
e
r
s
i
t
y
 
L
i
b
r
a
r
y
]
 
A
t
:
 
2
1
:
3
9
 
1
6
 
F
e
b
r
u
a
r
y
 
2
0
1
1



Ta
bl

e
6

N
ut

ri
en

ts
ta

tu
s

of
le

af
of

ki
w

if
ru

it
(a

ve
ra

ge
of

30
)

gr
ow

n
in

di
ff

er
en

tm
an

ag
em

en
ts

ys
te

m
sa

Pr
op

er
tie

s
U

ni
t

O
rg

an
ic

H
ay

w
ar

d
B

io
lo

gi
ca

l
H

ay
w

ar
d

C
on

ve
nt

io
na

l
H

ay
w

ar
d

C
on

ve
nt

io
na

l
H

or
t1

6A
In

tr
as

pe
ci

fic
(%

)
In

te
rs

pe
ci

fic
(%

)

T
N

g
kg

−1
19

.6
7a

b
19

.6
7a

21
.6

7b
14

.0
0b

−9
.2

3
40

.4
8

P
m

g
10

0−1
g

18
.6

7a
b

22
.6

7a
25

.3
4a

13
.6

6b
−2

6.
32

36
.5

9
K

m
g

10
0−1

g
13

33
.3

3a
b

16
66

.6
7a

b
18

33
.3

3a
11

33
.3

3b
−2

7.
27

17
.6

5
C

a
m

g
10

0−1
g

49
.0

0b
66

.3
3a

65
.3

3a
42

.3
3b

−2
5.

00
15

.7
5

M
g

m
g

10
0−1

g
47

3.
00

a
42

8.
67

a
42

0.
33

a
41

7.
33

a
12

.5
3

13
.3

4
S

m
g

10
0−1

g
45

.6
7b

52
.6

7b
60

.6
7a

b
81

.0
0a

−2
4.

73
−4

3.
62

N
a

m
g

10
0−1

g
10

.0
0b

10
.0

0b
10

.0
0b

20
.0

0a
0.

00
−5

0.
00

Fe
m

g
10

0−1
g

8.
93

a
7.

73
a

7.
90

a
9.

97
a

13
.0

8
−1

0.
37

M
n

m
g

10
0−1

g
12

.0
0b

15
.3

3a
b

13
.6

7a
b

17
.3

3a
−1

4.
63

−8
2.

69
Z

n
m

g
10

0−1
g

2.
10

b
2.

43
b

2.
97

b
6.

17
a

−2
9.

21
−6

5.
95

C
u

m
g

10
0−1

g
0.

73
a

0.
80

a
0.

83
a

0.
80

a
−1

2.
00

−8
.3

3
B

m
g

10
0−1

g
3.

40
ab

3.
20

ab
4.

77
a

2.
63

b
−2

8.
67

29
.1

1
N

/
P

—
10

5.
36

a
86

.7
7a

85
.5

3a
10

2.
44

a
23

.1
9

2.
85

N
/
C

a
—

40
.1

4a
29

.6
4b

33
.1

6a
b

33
.0

7a
b

21
.0

3
21

.3
6

C
a/

P
—

2.
63

ab
2.

92
ab

2.
57

b
3.

10
a

1.
79

−1
5.

26
(K

+
M

g)
/
C

a
—

12
.3

7a
b

8.
97

b
9.

24
ab

12
.5

4a
33

.9
2

−1
.2

9
M

g/
K

—
3.

55
ab

2.
57

ab
2.

29
b

3.
68

a
54

.7
3

−3
.6

6

a
B

la
de

an
d

pe
tio

le
.

b
V

al
ue

s
w

ith
in

co
lu

m
ns

an
d

pa
ra

m
et

er
s

fo
r

va
ri

ab
le

s
w

ith
sa

m
e

le
tte

rs
ar

e
no

ts
ig

ni
fic

an
tly

di
ff

er
en

ta
tp

<
0.

05
.

346

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
s
s
e
y
 
U
n
i
v
e
r
s
i
t
y
 
L
i
b
r
a
r
y
]
 
A
t
:
 
2
1
:
3
9
 
1
6
 
F
e
b
r
u
a
r
y
 
2
0
1
1



Management System Effects on Kiwifruit 347

system. Potassium, however, was much greater in the conventional system (Mäder et al.
1993). Phosphorus and K were greater in organic potatoes than in conventional potatoes
(Woese et al. 1997; Mattheis and Fellmann 1999). No difference in any trace element was
found from a review study by Woese et al. (1997) with the exception of Fe. Warman and
Harvard (1998) compared organic and conventional potatoes and sweet corn, grown on
low-fertility soil that had not been fertilized for at least 5 years, to overcome the effects of
previous fertilization. They found that in the tubers of organic potatoes, P, Mg, and Na con-
tents were greater and Mn was lower than in conventional tubers. In the leaves, however, B
and Fe were greater in organic plants, whereas Mg, N, and Cu were lower. The amounts of
Fe and Cu in leaves of sweet corn were greater in the conventional system. However, none
of the differences found in those studies were statistically significant. Kumpulainen (2001)
found conventionally grown potatoes and carrots had greater ash and N contents, while
organically grown ones had greater K and sodium contents. Jorhem and Slanina (2000) did
not find any significant differences in Cd, Pb, Cr, and Zn between organically and conven-
tionally grown potatoes. It can be inferred that there are differences between plants of the
same species grown under different management systems in how they accumulate mineral
elements in their various parts, as well as differences between plant species.

Nutrient-Use Efficiency and Nutrient Flux in Kiwifruit

Nutrient-use efficiency can be categorized into physiological nutrient-use efficiency and
agronomic nutrient-use efficiency. The results of nutrient-use efficiency for kiwifruit is cal-
culated by equations (3) and (4) and furnished in Table 7. Remarkably greater physiological
nutrient-use efficiency as well as agronomic nutrient-use efficiency for N, K, Mg, S, Na,
Mn, and B was recorded in conventional Hort16A than in Hayward irrespective of manage-
ments. Greatest physiological nutrient-use efficiency for P, Ca, Fe, and Zn was observed in
organic Hayward. In this study, organic Hayward showed lower physiological nutrient-use
efficiency for total N and Mn than biological or conventional Hayward. Lowest physio-
logical nutrient-use efficiency for Cu and B was recorded in conventional Hayward. The
relation between the rate of ion absorption by plant organs and the concentration of the ion
external to the root in the soil solution is important for plant nutrition studies to investigate
ion absorption mechanisms and evaluate mechanisms supplying nutrients to roots grow-
ing in soil (Mengel and Farber 1974). There are certain species-specific differences in the
ability to uptake and translocate various elements. We consider kiwifruit root, trunk, and
leader as constant media for transporting ions to leaf and fruit from soil. The nutrient flux
(transport) in kiwifruit is calculated by Equation (5), and results are depicted in Table 8.
Out of a total of 17 essential elements, 11 macro- and microelements were included in this
study to evaluate their flux in kiwifruit. The greatest total N, P, K, Mg, S, and B and lowest
Ca, Na, Fe, Mn, Zn, and Cu flux from soil to fruit were observed in Hort16A as compared
to Hayward. Moreover, the lowest total N, P, K, Mg, Cu, and B flux from soil to fruit were
observed in conventional Hayward as compared to organic Hayward, biological Hayward,
and conventional Hort16A. Out results indicate that with few exceptions all macronutrients
flux in Hort16A performed comparatively better than Hayward. On the other hand, flux of
micronutrients in Hayward regardless of management was greater than in Hort16A. It is
therefore predictable from this research that there are some species-specific differences in
ability of kiwifruit to take up and/or translocate various nutrient elements.

Correlation Study

In this study, we used Pearson’s correlation coefficients for correlation analyses of (i)
fruit traits versus soil physical properties, (ii) fruit traits versus soil chemical properties,
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(iii) leaf nutrients versus fruit nutrients, (iv) different soil properties, and (v) different
fruit traits that were established regardless of management practices and species. In many
cases there is no statistically significant positive or negative correlation between fruit traits
and soil physicochemical properties (Tables 8 and 9). Results of correlation analyses of
fruit traits versus soil physical properties are shown in Table 8. Fruit dry matter and TSS
showed significant negative correlation with soil liquid phase and field capacity, and posi-
tive correlation with soil gas phase, gravitational drainage, and hygroscopic moisture. Fruit
total N showed significant negative correlation with soil field capacity. Fruit Fe content
showed significant negative correlation with soil bulk density and liquid phase and positive
correlation with gas phase, maximum water-holding capacity, gravitational drainage, and
hygroscopic moisture. With few exceptions, fruit Na, Zn, and Cu showed the same correla-
tions as Fe. Fruit B showed significant positive correlation with soil hygroscopic moisture.
The correlation between fruit traits and soil chemistry is depicted in Table 9. Fruit dry
matter, TSS, ionic strength, Ca, and B showed significant positive correlation with soil Fe
and Zn. Fruit Mg significantly and negatively correlated with Mn and Cu. In this study,
only P, Cu, and B exhibited statistically positive correlation between soil and fruit, indi-
cating these nutrients rapidly transferred from soil to fruit without any interference (Table
9). Generally, it is believed that plants can maintain nutrient elements in their leaves at
stable levels (Granato et al. 2004), which may translocate to other plant parts according
to their requirements. In this study, out of 12 macro- and micronutrients, only P, Ca, Mg,
Na, Fe, and Zn showed statistically positive correlations between leaf and fruit, confirm-
ing that leaf analysis for only these nutrients is a positive indication of those nutrients in
fruit (Table 10). However, it is necessary to undertake similar analysis at different stages in
crop development to accurately predict this relationship, and it is advisable to conduct an
experiment analyzing other plant parts to predict kiwifruit nutrient translocation as well.
The relationships between soil and fruit traits are shown in Tables 11 and 12. The relation-
ships between macro- and micronutrients give an indication of the biochemistry of these
elements in soil as well as in the plant. It is noticed that relationships between elements are
often different in soil and in fruit, confirming quite different element behaviors in soil and
fruit. Among soil properties, electrical conductivity showed significant positive correlation
with Fe, Zn, and hygroscopic moisture and significant negative correlation with organic
matter and Mn (Table 11). Organic matter significantly and negatively correlated with Zn
and Al and positively correlated with Mn and field capacity. Soil total N significantly and
positively correlated with soil P, K, Ca, Mg, Fe, Mn, and B and significantly and negatively
correlated with Al (Table 11). Fruit dry matter significantly and positively correlated with
fruit TSS, ionic strength, Zn, and B (Table 12). Correlation between Zn and B in soil and
fruit is positive and statistically significant (Tables 11 and 12). This might be explained by
the similar chemical characteristics of these two elements. Some pairs of elements are well
correlated, indicating similar ability of the elements to enter into the plant (Kment et al.
2005).

Economic Analysis: Cost and Benefit Analysis

Zespri International Ltd. (2008) costs and gross revenue returns pertain only to the 2007–
2008 crop season and are evaluated on a per-hectare basis in NZ dollars ($). Fertilizer costs
were $1,400, $900, and $1,200 for organic Hayward, conventional Hayward, and conven-
tional Hort16A, respectively. Pest-management costs were $1,200, $1,400, and $1,600 for
organic Hayward, conventional Hayward, and conventional Hort16A, respectively. Weed-
control costs were the same for conventional Hayward and conventional Hort16A. On
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the other hand, no weed-control cost was required for organic Hayward because sheep
were used (data not shown). Harvest and other cultural costs were greater in conventional
Hayward and conventional Hort16A than in organic Hayward because of larger yields.
Gross revenue return per ha was $39,811 for organic Hayward, $29,717 for conventional
Hayward, and $60,053 for conventional Hort16A. Receiving a greater price from Zespri
is the norm for organically grown fruit with the grower receiving ∼$1.85 more per tray.
From our economic comparison, the cost/benefit ratio is graded as conventional Hayward
> conventional Hort16A > organic Hayward. It can be inferred that growing kiwifruit
organically is more profitable because of the lower cost/benefit ratio.

Conclusions

In this study, the changes in soil physical properties and macronutrients corresponded with
management practices. Remarkable differences in fruit yield between the management
practices were observed. Organic Hayward accumulated greater dry matter than both con-
ventional and biological Hayward. This was expected because of the lower supply of N and
therefore slower growth rate of organic kiwifruit. Significant differences in TSS and ionic
strength were recorded between organic Hayward and biological or conventional Hayward.
In terms of fruit nutrients, no significant differences can be established in chemical quality
between organically and conventionally grown Hayward except Cu. However, this study
confirmed that tradeoffs exist between organic and conventional production systems in
kiwifruit. The results highlighted the need for further evaluation of other parameters such
as vitamins, antioxidants, and mycotoxins of kiwifruit under different management sys-
tems in relation to human health. There have been remarkably few publications on product
quality or human health issues of organic produce. A major challenge for the future is
developing methods that link production systems to product quality and onward to human
health and well-being. This has been, and in fact still remains, a basic tenet of organic
agriculture that has not yet been fully explored. If we are to improve the sustainability of
organic agriculture in the long term, there will continue to be a place for a series of research
approaches to be employed.
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Kment, P., M. Mihaljevič, V. Ettler, O. Šebek, L. Strnad, and L. Rohlová. 2005. Differentiation
of Czech wines using multielement composition: A comparison with vineyard soil. Food
Chemistry 91 (1): 157–165.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
s
s
e
y
 
U
n
i
v
e
r
s
i
t
y
 
L
i
b
r
a
r
y
]
 
A
t
:
 
2
1
:
3
9
 
1
6
 
F
e
b
r
u
a
r
y
 
2
0
1
1



Management System Effects on Kiwifruit 357

Kortbech-Olesen, R. 2003. Market. In The world of organic agriculture, ed. M. Yussefi and H. Willer,
21–26. Tholey-Tholey, Germany: International Federation of Organic Agriculture Movements.

Kumpulainen, J. 2001. Nutritional and toxicological quality comparison between organic and
conventionally grown foodstuffs. Proceedings of the International Fertilizer Society 472:1–20.

Mäder, P., L. Pfiffner, U. Niggli, U. Balzer, F. Balzer, K. Plochberger, A. Velimirov, and J. M.
Besson. 1993. Effects of three farming systems (bio-dynamic, bio-organic, conventional) on
yield and quality of beetroot (Beta vulgaris L. var. esculenta L.) in a seven-year crop rotation.
Acta Horticulturae 339:10–31.

Mattheis, J. P., and J. K. Fellmann. 1999. Preharvest factors influencing flavor of fresh fruit and
vegetables. Postharvest Biology and Technology 15 (3): 227–232.

Mehlich, A. 1984. Mehlich 3 soil test extractant: A modification of Mehlich 2 extractant.
Communications in Soil Science and Plant Analysis 15 277–294.

Mengel, D. B., and S. A. Farber. 1974. Rate of nutrient uptake per unit of corn root under field
conditions. Agronomy Journal 66:399–402.

Molloy, L. 1988. Loamlands. In Soils in the New Zealand landscape: The living mantle, 55–69.
Wellington, New Zealand: Mallinson-Rendel Publishers Ltd. and NZ Society of Soil Science.

Muneer, M. 1987. Effect of calcium on the mineralization of organic carbon and stability of soil
aggregates. PhD thesis, University of Adelaide, Australia.

New Zealand Soil Bureau. 1954. General survey of the soils of North Island, New Zealand (New
Zealand Soil Bureau Bulletin 5). Wellington, New Zealand: New Zealand Department of
Scientific and Industrial Research.

Rahman, M. H., and S. Sugiyama. 2008. Dynamics of microbial community in Japanese Andisol
of apple orchard production systems. Communications in Soil Science and Plant Analysis 39
(11–12): 1630–1657.

Riley, H., R. Pommeresche, R. Eltun, S. Hansen, and A. Korsaeth. 2008. Soil structure, organic mat-
ter, and earthworm activity in a comparison of cropping systems with contrasting tillage, rota-
tions, fertilizer levels, and manure use. Agriculture Ecosystems and Environment 124:275–284.

Sams, C. E. 1999. Preharvest factors affecting postharvest texture. Postharvest Biology and
Technology 15 (3): 249–254.

Ventura M., A. de Jager, H. de Putter, and F. P. M. M. Roelofs. 1983. Nondestructive determination
of soluble solids in apple fruit by near infrared spectroscopy (NIRS). Postharvest Biology and
Technology 14 (1): 21–28.

Vossen, P., D. Jolly, R. D. Meyer, L. Varela, and S. Blodgett. 1994. Disease, insect pressures make
organic production risky in Sonoma County. California Agriculture 48 (6): 29–36.

Warman, P. R., and K. A. Harvard. 1998. Yield, vitamin, and mineral content of organically and
conventionally grown potatoes and sweet corn. Agriculture, Ecosystems and Environment 68
(3): 207–213.

Weston, L. A., and M. M. Barth. 1997. Preharvest factors affecting postharvest quality of vegetables.
HortScience 32 (5–7): 812–815.

Williams, C. M., O. Bridges, J. W. Bridges, H. Pennington, and P. B. Tinker. 2000. Shades of green:
A review of UK farming systems, 73–100. London: Royal Agricultural Society of England.

Woese, K., D. Lange, C. Boess, and K. W. Boegl. 1997. A comparison of organically and conven-
tionally grown foods: Results of a review of the relevant literature. Journal of the Science of
Food and Agriculture 74 (3): 281–293.

Worthington, V. 2001. Nutritional quality of organic versus conventional fruits, vegetables, and
grains. Journal of Alternative and Complementary Medicine 7:161–173.

Zespri International Ltd. 2008. 2008 season return analysis. Kiwiflier 276:4–5.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
s
s
e
y
 
U
n
i
v
e
r
s
i
t
y
 
L
i
b
r
a
r
y
]
 
A
t
:
 
2
1
:
3
9
 
1
6
 
F
e
b
r
u
a
r
y
 
2
0
1
1




