
Origin and Botany 
Although grown for thousands of years in its 

native China, kiwifruit is a relatively new fruit 
crop to the United States (Fig. 1). While the fuzzy 
or green kiwifruit (Actinidia deliciosa A. Chev) 
(Fig. 2) is the most well-known and commercially 
important species, the genus Actindia (Family 
Actinidiaceae) is comprised of some 66 different 
species native to eastern Asia. Other economi-
cally important species include hardy kiwi or kiwi 
berry (A. arguta), and A. kolomikta (Fig. 3) and 
the golden kiwifruit (A. chinensis) (Fig. 4), a newer 
crop to the Western world that has seen a substan-
tial increase in interest and demand.

Vigorous woody deciduous vines produce the 
round to egg-shaped berries of the fuzzy or green 
kiwifruit. The plants are dioecious (produce male 
and female flowers on separate plants) and pol-

Figure 1. Young kiwifruit (A. chinensis) vine in 
Changsha, China. Source: David Creech, Stephen F. Austin 
State University.

Figure 2. Fuzzy kiwifruit 
(A. deliciosa) foliage 
and fruit. Source: Tim 
Hartmann, Texas A&M
AgriLife Extension Service.
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Figure 3. Kiwi berry or 
hardy kiwifruit (A. arguta) 
at Clanton, Alabama. 
Source: Tim Hartmann, Texas A&M 
AgriLife Extension Service.

Figure 4. Green-fleshed fuzzy kiwifruit (Actinidia 
deliciosa) (top) and golden kiwifruit (A. chinensis) fruit 
(bottom). Source: David Creech, Stephen F. Austin State University.
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lished in California in 1967. As the California 
plantings rapidly increased in the 1970’s, efforts 
were made to establish an industry along the Gulf 
of Mexico from Alabama to the lower Atlan-
tic coast, particularly in South Carolina. These 
attempts were unsuccessful because the high winter 
chilling requirement of the ‘Hayward’ cultivar 
resulted in scarce flower and fruit production, and 
damage caused by severe freezes in the 1980s.

During the 1990s, two accessions of A. chin-
ensis were introduced from the Fruit and Tea 
Institute of Hubei, China, for trialing in Central 
Alabama. After more than a decade of trialing at 
the Chilton Research and Extension Center, the 
Fruit and Tea Institute and Auburn University 
jointly patented the ‘AU Golden Sunshine’ and ‘AU 
Golden Dragon’ cultivars. Also, ‘AU Fitzgerald,’ a 
seedling fuzzy kiwifruit that successfully fruited 
in the low-chill Mobile area, was released as an 
option for growing fuzzy kiwifruit along the Gulf 
Coast. All three cultivars, with their respective 
male pollinizers—CK-3 (‘Meteor’), ‘AU Tiger,’ and 
‘AU Authur’—have successfully fruited in Alabama 
for the past two decades. Recently, this success 
inspired the establishment of a 180-acre commer-
cial operation near Reeltown, Alabama, as well as 
interest in other areas along the Gulf Coast.

In Texas, Dr. David Creech of Stephen F. Austin 
State University in Nacogdoches, Texas, conducted 

Figure 6. Golden kiwifruit (A. chinensis) foliage and 
fruit. Source: Tim Hartmann, Texas A&M AgriLife Extension Service.

Figure 7. Golden kiwifruit production in New Zealand 
can attain yields up to 50,000 pounds per acre. 
Source: Tim Hartmann, Texas A&M AgriLife Extension Service.

linated primarily by 
insects (Fig. 5). 

A. arguta and A. 
kolomikta produce much 
smaller, completely 
smooth fruit. While 
they have exceptional 
cold hardiness, their 
tolerance to the Texas 
heat is questionable and 
their adaptation remains 
unknown. Like the 
fuzzy kiwifruit, golden 
kiwifruit plants have 
large leaves produced on 
vigorous vines. The fruit 
skin is smooth instead of 
fuzzy, the flesh is yellow, 
and the flavor is typically sweeter, less acidic (Fig. 6). 

Kiwifruit in the United States
The fuzzy kiwifruit (known in China as yangtao 

or mihoutao) was successfully introduced into New 
Zealand in 1904 as Chinese gooseberry (Fig. 7). The 
first commercial orchards were established in the 
1930s in the Bay of Plenty area on the north island 
of New Zealand. To increase interest for exports, 
the crop was renamed kiwifruit in 1959 for its 
resemblance to the national bird of New Zealand. 

Originally introduced to the United States in 
the 1930s, the first commercial orchard was estab-

Figure 5. Female 
kiwifruit flower (top) with 
visible pistil (anthers 
not functional) and male 
flower (bottom) with 
functional anthers and 
absent pistil. Source: Tim 
Hartmann, Texas A&M AgriLife
Extension Service.
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a preliminary trial with some success (Fig. 8). 
Planted in 2011, an observational planting of 30 
plants of the Auburn cultivars produced a light crop 
in 2014, heavy crop in 2015, light crops in 2016 and 
2017, and a good crop in 2018. The yield each year 
appears to be correlated with the amount of winter 
chilling that occurred. Replicated trials have been 
installed at Nacogdoches and near College Station, 
Texas, with additional sites identified for evaluation. 
While there appears to be some potential for golden 
kiwifruit, its future as a new specialty fruit crop in 
Texas remains undetermined.

Figure 8. Fruit harvested from first golden kiwifruit in 
Texas at Stephen F. Austin State University. 
Source: David Creech, Stephen F. Austin State University.

Figure 9. Young kiwifruit vines are particularly subject 
to freeze damage when not properly acclimated. 
Source: Tim Hartmann, Texas A&M AgriLife Extension Service.

Climatic Adaption
Widely considered a warm temperate or cool 

subtropical fruit crop, both golden and fuzzy 
kiwifruit have modest cold tolerance comparable 
to more subtropical crops such as fig, pomegranate, 
loquat, and olive. Temperatures as low as 14°F can 
damage individual canes, and maximum hardi-
ness for mature plants is generally 10°F. However, 
hardiness also depends on the plant’s age and how 
well it has acclimated. Autumn freezes of 27°F or 
28°F can damage plants that have not been able to 
harden off (gradually acclimate to environmental 
conditions such as sunlight, wind, and tempera-
ture). Plants may be more susceptible to freeze 
damage if they have been exposed to extended 
periods of warm mid-winter temperatures immedi-
ately before hard freezes. Freeze-damaged bark will 

crack or split along the trunk (Fig. 9). Fortunately, 
hardiness appears to improve with age. Some 
mature plants can survive single-digit temperatures 
when properly acclimated. 

Surprisingly, most kiwifruit cultivars have rel-
atively high winter chilling requirements for both 
sufficient vegetative bud break and flower produc-
tion (750 to 1,100 C.U.). Bud break and flowering 
typically occur slightly later for kiwifruit compared 
to blueberry, wine grapes, and most peach culti-
vars. Nevertheless, spring freezes at 30°F will kill 
new shoots, flowers, and young fruit. For optimum 
production, kiwifruit need a relatively long season 
of at least 225 frost-free days. 

Unlike many other fruit crops, kiwifruit (espe-
cially golden kiwifruit) prefer high humidity and 
have few fruit and foliage disease problems related 
to moisture. Wind speeds of only 20 mph can 
damage their large leaves and long, brittle shoots, 
plants, and fruit, warranting the use of windbreaks 
in many production regions.  

Orchard Site Selection
Since the two most limiting factors for kiwifruit 

production appear to be cold hardiness and winter 
chilling requirement (Figs. 10 and 11), selecting 
an orchard site with respect to latitude is crucial. 
Although limited cold hardiness helps prohibit 
large-scale planting north of US Department of 
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Agriculture (USDA) hardiness zone 8a, the Auburn 
cultivars have high chilling requirements that make 
consistent production difficult in regions that receive 
an average of at least 700 C.U. Production may be 
feasible further north and south, especially when using 
cold-protection, cultivars that require less chilling, and 
products such as hydrogen cyanimide for improving 
flowering. But regions currently suitable for produc-
tion are limited, based on latitude.

Kiwifruit also have specific soil requirements. Plants 
grow poorly in soils with a pH of 7.2 or greater, primar-
ily due to micronutrient deficiencies (especially iron) 
(Fig. 12). Soils with pH below 5.0 may require liming. 
Modifying soil pH by injecting acid or incorporating 
acidifying materials such as peat moss or pine bark may 
be feasible on some sites, but not those that are highly 
buffered or have high calcium concentrations.

Like most fruit, kiwifruit require good soil drain-
age, comparable to that of peach. Plants are highly 

Figure 10. Kiwifruit plants are considered hardy to 10°F or to USDA hardiness zone 8a. Source: USDA.

Figure 11. Texas chilling regions. Varieties or 
species with a chilling requirement that is too low 
for the region resume growth too quickly and are 
a spring frost liability. A chilling requirement that 
is too high results in poor production, growth, 
and fruit quality. Source: Aggie Horticulture website at 
https://aggie-horticulture.tamu.edu.
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susceptible to Phytophthora root and crown rot. 
Conversely, planting on sand may result in prob-
lems with root-knot nematode. Sandy-loam or 
silt-loam soils are considered ideal for production. 
The combination of climatic and soil requirements 
suggests that the most suitable region for produc-
tion is in central East Texas.

Kiwifruit also have high demands for irrigation 
water in terms of both quantity and quality—an 
orchard can require the application of 46 inches 
of good quality water during the growing season. 
Kiwifruit are highly 
sensitive to salinity, 
specifically sodium 
and boron (Fig. 13). 
Upper thresholds 
for irrigation water 
quality include 70 
parts per million 
(ppm) chloride, 50 
ppm sodium, 200 
ppm bicarbonate, 
0.25 ppm boron, 
and 0.75 EC × 10. 
Sites with poor 
groundwater qual-
ity might consider 
alternative sources 
for irrigation water 
such as ponds.

While kiwifruit typically break bud later than 
other fruit crops, do not place orchards in low-ly-
ing areas prone to frost. At the same time, avoid 
strongly-sloping sites that will make trellis con-
struction and management more difficult. Because 
the eastern half of Texas does not experience the 
high winds that occur in regions such as New Zea-
land, wind damage is not expected to be a major 
concern. Highly exposed sites may benefit from 
the planting of evergreen trees and large shrubs or 
construction of artificial windbreaks (Fig. 14).

Figure 13. Young plant 
showing necrotic foliage in 
response to poor quality 
irrigation water, most likely 
due to high levels of boron. 
Source: Tim Hartmann, Texas 
A&M AgriLife Extension Service.

Figure 12. Young kiwifruit plant exhibiting iron defi-
ciency growing in soil with 8.2 pH near Snook, Texas. 
Source: Tim Hartmann, Texas A&M AgriLife Extension Service.

Figure 14. Examples of natural (Casuarina sp. and 
Cryptomeria sp.) shelter belts (top) and artificial 
windbreaks (bottom) used to protect kiwifruit 
plantings from strong winds in Te Puke, New Zealand. 
Source: Tim Hartmann, Texas A&M AgriLIfe Extension Service.
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On sandy soils, sample for root-knot nematodes 
(Fig. 16). If populations are high, use fumigation, 
solarization, or select a new site altogether. Because 
kiwifruit are also susceptible to Armillaria or 
mushroom root rot, avoid sites recently occupied by 
hardwood forests.

Kiwifruit naturally grow under heavy leaf litter 
on the edges of woodlands. Adding an organic 
mulch helps modify soil temperature, conserve 
water, and improve the overall soil quality through 
releasing organic matter. Pine needles, pine bark 
mulch, leaves, and wood shavings are all effective 
mulch materials.

Orchard Layout and Planning
In New Zealand, China, Italy, and regions with 

similar climates, kiwifruit orchards can remain 
productive for well over 50 years. Because of 
this longevity and the expense of establishing an 
orchard, careful planning is a must. Consider cul-
tivar selection, plant vigor, training method, trellis 
system, chemical application, pruning, harvest, 
and pollination before installing an orchard. 

Plant spacing varies greatly, depending on soil 
type, trellis type, and training system (Fig. 17). 
Space rows from 12 to 18 feet apart and plants 10 
to 15 feet apart in the row. Planting density varies 
from 160 to 400 plants per acre, depending on the 
plant spacing. Use closer spacing for high-density 
plantings and on sites with less than ideal soil. 
Orchards with the T-bar trellis system may require 

Figure 15. Construction of berms or raised planting 
beds helps facilitate soil drainage on heavier soils and 
during periods of heavy rainfall.  Source: Tim Hartmann, 
Texas A&M AgriLife Extension Service.

Figure 16. Roots of field-grown nursery stock that 
have become infested with root-knot nematodes 
(Meloidogyne sp.). Source: Tim Hartmann, Texas A&M AgriLife 
Extension Service.

Figure 17. Commercial planting at Southeastern Kiwi 
Farming Cooperative, Reeltown, Alabama, exhibiting 
typical spacing between young plants using a pergola 
trellis system. Source: Tim Hartmann, Texas A&M AgriLife 
Extension Service. 

Soil and Site Preparation
Before planting, remove all vegetation in a 3- 

to 5-foot band along the rows. Incorporating an 
organic material such as composted pine bark may 
be beneficial, especially on marginal soils, but is not 
absolutely necessary. Collect soil samples from a 
depth of at least 18 inches and analyze them to help 
determine the most effective fertilizer application. 

Kiwifruit have large and vigorous root systems. 
While a depth of 2 feet of good soil is considered 
adequate, 3 feet is ideal. Good soil drainage is 
imperative. Rip clay or hard pans to allow move-
ment of water and roots. Avoid many of the prob-
lems associated with poor soil drainage through 
proper site selection. On sites where drainage is 
less than ideal, plant vines on raised berms at least 
12 to 18 inches tall and gently sloping so that the 
berm is at least 3 feet wide (Fig. 15). 
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more space between plants and rows compared to 
those with an overhead pergola.

Because male and female flowers are produced 
on separate plants, include male pollinizer plants 
that coincide with the flowering time of the respec-
tive female flowers for successful pollination and 
fruit set. One male for every five to eight female 
plants is adequate. Interplant males within the 
same rows as females or alternate male rows. For 
backyard production, a planting must contain at 
least one male. The planting scheme must also 
consider pollination and whether pollination will 
be facilitated by bees or done manually.  

Support Systems
In the wild, adjacent trees and shrubs support 

kiwifruit vines, which climb by twining around 
this support. The vigorous vines can produce over 
100 pounds of fruit and are not capable of support-
ing their own weight. Consequently, large-scale 
production relies on an extensive trellis system 
strong enough to support the weight of the entire 
vine and its crop, while facilitating pruning and 
training, harvest, pesticide application and other 
management tasks, and maximum light exposure. 

Two primary trellis systems are used for com-
mercial kiwifruit production: the T-bar and the 
overhead pergola system.

The T-bar system is a series of vertical posts 
with a horizontal beam mounted at the top, 6 to 
6½ feet above the ground. Pressure-treated lum-
ber (Fig. 18) (at least 4 inches in diameter), square 
tubing, and used oilfield iron pipe (Fig. 19) may 
all be used for post materials. These posts are 
typically 8 to 10 feet long and set at least 2½ feet 
in the ground or concrete or driven at least 3 feet 
into the ground using a post-pounding machine. 
The crossbeam often consists of 6- to 7-foot-long, 
pressure-treated, 2 × 4 inch or 2 × 6 inch lumber. 
Other materials can include iron pipe, angle iron, 
or square tubing that is either bolted or welded 
onto the top of the posts, depending on the materi-
als used. Braces connect the post and crossbeam to 
provide additional strength. Run three to seven 8- 
to 12½ -gauge galvanized wires along the length of 
the rows and mount them on top of the crossbeam, 
15 to 24 inches apart. High-tensile, 12½-gauge 
wire, which is used for vineyards, should be suffi-
cient. The center wire serves as the main support 
for the permanent cordon or “leader” structure of 
the plant, while the outer wires support the fruit-
ing canes.

Space post assemblies about 15 feet apart so 
they are not immediately adjacent to the plants. 
Wood posts should be 5 to 6 inches in diameter 

Figure 18. Golden kiwifruit trained on T-bar trellis 
system at Chilton Research and Extension Center, 
Clanton, Alabama, constructed from pressure-treated 
posts and 2 × 6 cross-arms. Source: Tim Hartmann, Texas
A&M AgriLife Extension Service.

Figure 19. Winged T-bar trellis system constructed 
from used oil field pipe (“drill stem”) at Texas A&M 
University Research Farm near Snook, Texas. The 
center wire will support the cordons, while fruiting 
canes will rest on the outer six. The lower wire 
supports irrigation tubing, and the structure is 
reinforced with H-brace system. Source: Tim Hartmann, 
Texas A&M AgriLife Extension Service.
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Figure 20. Typical overhead pergola trellis system 
in young orchard at Southeastern Kiwi Farming 
Cooperative, Reeltown, Alabama. Pressure-treated 
posts support both the high-tensile wires that 
support the cordons as well as braided wire running 
perpendicular to rows that support the other wires. 
Source: Tim Hartmann, Texas A&M AgriLife Extension Service.

for line posts within the row, and 6 to 8 inches in 
diameter for end posts. Use an H-brace or dead-
man post at the end of each row to maintain the 
heavy tension pulling inward on the trellis. The 
winged T-bar is a modification of the original 
T-bar design in which an outer section of each end 
of the crossbeam is fixed downward at a 45-degree 
angle. This downward-slanting design prevents 
canes from sliding along the wire and also reduces 
overall cane vigor. 

The overhead pergola system is a more complex 
design, with a solid trellis over the entire planting 
(Fig. 20). Rather than using short crossbeams, 
the horizontal support structure runs continu-
ously between and perpendicular to the rows. 
Pressure-treated, 2 × 6 inch (Fig. 21) lumber or 
braided galvanized wire, which either bolts or 
staples onto the top of the line posts, runs across 
the entire width of the orchard. For the pergola 
system, line posts are typically spaced 15 to 18 feet 
apart in the row and have two vines between them. 
Because this design results in tension pulling from 
four, rather than two sides, use the end posts with 
braces not only at the ends of the rows, but also at 
the ends of the horizontal braces, especially when 
using braided wire. Space 12 or 12½-gauge wire 

Figure 21. Overhead pergola system at Chilton 
Research and Extension Center, Clanton, Alabama, 
constructed with pressure-treated 2 × 6 beams in 
place of braided wire. Source: Tim Hartmann, Texas A&M 
AgriLife Extension Service.

Figure 22. End posts are pounded in at a 60-degree 
angle and braced with an anchor post driven deep 
into the ground. Source: Tim Hartmann, Texas A&M Agrilife
Extension Service

2 to 3 feet apart. As with the T-bar system, the 
center wire supports the leader or cordon, while 
the other wires that span the 10 to 15 feet between 
rows support the fruiting canes. The end-row 
assembly for pergola most commonly consists of a 
large diameter (8-inches diameter or greater) end 
post set at approximately a 60-degree or 70-degree 
angle facing outward, supported by an anchor post 
of similar size that is driven at least 6 or 7 feet into 
the ground (Figure 22). Similar end-row assemblies 
used for T-bar can also be used for the pergola 
system. 
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The T-bar system is easier and cheaper to con-
struct and requires less labor, but often results in 
lower per-acre yields compared to the overhead 
pergola. While the pergola typically has a higher 
yield potential, vine training can be more compli-
cated and often requires more specialized, low-pro-
file tractors and other equipment. The height of the 
trellis wires should be low enough for feasible har-
vest and pruning but tall enough to allow workers 
and equipment beneath them. T-bar trellis systems 
can be converted to pergola fairly readily by extend-
ing the crossbeams into a contiguous support and 
adding end posts to the sides of the orchard block.

Homeowners can use a simpler and less robust 
design for trellis structures. Fences, arbors, and 
pergolas covering patios can be made from wire or 
wooden lattice. However, each plant should have at 
least 100 square feet of surface area to cover.

Irrigation systems
Kiwifruit consume much water and are not 

generally drought-tolerant in Texas, even after 
establishment. The crop coefficient (Kc) for daily 
reference crop evapotranspiration (ET0) is estimated 
at 1.10 for mature orchards. Not surprisingly, daily 
irrigation demands of 10,000 gallons per acre have 
been reported in California plantings. An effective 
irrigation system should deliver enough water to 
supply all of the plants’ needs in the absence of rain. 

While roots can reach depths well below 6 feet, 
kiwifruit systems tend to spread. Most of the roots 
are located within the upper 16 inches of the soil 
profile, depending on the soil texture. As a result, 
kiwifruit benefit from frequent irrigation applica-
tions. The system’s wetting pattern should be large 
enough to accommodate this type of root system.

Three main types of irrigation are commonly 
used for kiwifruit: low-volume, sprinkler, and sur-
face. Drip irrigation has become increasingly popu-
lar in Texas, particularly for wine grapes, because it 
is efficient and reduces the likelihood of disease. It 
may also reduce the incidence of weeds and is well-
suited for sites that are strongly sloped. However, 
the emitters can be prone to clogging (especially 

when used with surface water sources) and animals 
can chew on and damage tubing. 

A single (0.5 or 1.0 gallons per hour [gph]) 
emitter placed near a plant will usually provide 
a sufficient amount of water during the first year 
of establishment. A single emitter is usually not 
able to deliver enough water or wet a large enough 
area of soil to properly supply the needs of vines 
after the first year (Fig. 23). While increasing the 
number of emitters can account for the larger root 
system, it is common to transition to a microsprin-
kler or microjet after the first year (Fig. 24). This 

Figure 23. Single drip emitters can be used for 
establishing small plants, but are not sufficient for 
irrigating large vines. Source: Tim Hartmann, Texas A&M 
AgriLife Extension Service.

Figure 24. Micro-jet sprinklers or microsprinklers are 
well-suited for kiwifruit irrigation because they result 
in a large wetting zone, yet are still relatively efficient.
Source: Tim Hartmann, Texas A&M AgriLife Extension Service. 
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Figure 26. Sprinkler mounted on steel rod above  
trellis and canopy for freeze protection at Southeast-
ern Kiwi Farming Cooperative, Reeltown, Alabama. 
Source: Tim Hartmann, Texas A&M AgriLife Extension Service. 

setup is relatively inexpensive, and inverted heads 
can be inserted into ¼-inch diameter plastic tubing 
hanging from an elevated ½-inch or ¾-inch plastic 
tubing near each plant.

Several types of jets or sprinklers are available 
with different spray patterns, varying by coverage 
area and emission rate. Many of these products 
deliver from 5 to 15 gph and can wet an area rang-
ing from 3 to 15 feet in diameter. Like drip emit-
ters, they can have problems with clogging.

Sprinkler irrigation used in New Zealand and 
other production regions tends to cost less to install 
and maintain than low-volume irrigation, and can 
be dual-purpose, providing frost protection when 
mounted above the canopy (Fig. 25). However, this 
type of irrigation tends to result in lower efficiency 
due to increased runoff and the potential for evap-

oration loss. Overhead sprinkler systems can also 
encourage the development of foliar diseases.

Many producers will primarily use low-volume 
irrigation but may also install high-volume sprin-
klers mounted on risers about 3 feet above the can-
opy (Fig. 26). These sprinklers provide frost protec-
tion in late spring during radiational frost events 
and may be effective for protecting dormant plants 
in midwinter freezes that threaten the survival 
of the vines. For such applications, a system may 
have to deliver as much as 120 gallons per minute 
per acre, presenting a challenge with respect to the 
pump capacity. 

Surface-applied irrigation, whether furrow or 
flood, is still used for kiwifruit production in some 
regions such as China. However, it is regarded as 
the least-efficient, presents many challenges for 
sloped sites, and may increase the spread of soil-
borne diseases such as Phytophthora.
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Figure 25. Jets or sprinklers can also be suspended 
from poly tubing attached to one of the trellis wires. 
Source: Tim Hartmann, Texas A&M AgriLife Extension Service.


