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Nucellar embryony (polyembryony)

 Genetically identical embryos develop from the nucellar tissue

Seed propagation

Zygotic 
embryo



Photo credit: Beth Lamb, Phil Rucks Nursery

Cuttings and tissue culture propagation

Both methods produce genetically identical plants



Fast year-round production of uniform plants

Tissue culture propagation



Rootstock Parentage Released
True-to-

type

US-1279 Ψ/ƘŀƴƎǎƘŀΩ Ȅ ΨDƻǘƘŀ wƻŀŘΩ2014 0
US-1281 Ψ/ƭŜƻǇŀǘǊŀΩ Ȅ ΨDƻǘƘŀ wƻŀŘΩ2014 0
US-1282 Ψ/ƭŜƻǇŀǘǊŀΩ Ȅ ΨDƻǘƘŀ wƻŀŘΩ2014 0
US-1283 ΨNinkatΩ Ȅ ΨDƻǘƘŀ wƻŀŘΩ2014 >90%
US-1284 ΨNinkatΩ Ȅ ΨDƻǘƘŀ wƻŀŘΩ2014 >90%
US SuperSour 1 Pummelo Ȅ Ψ/ƭŜƻǇŀǘǊŀΩ2018 0
US Supersour 2 TF x (SO x C. ichangensis) 2018 TBD
US SuperSour 3 ΨSunkiΩ Ȅ ¦{-802 2018 TBD

Recent rootstock releases





ÁEvaluate plant traits during the nursery stage:
Short-term (nursery)

ÁEvaluate root structure, survival, and field performance 
during the early years and throughout the productive years.

Long-term (field)

Objectives



ÁStarting material: single node stem 
cuttings from 2-5-month-old branches

ÁRooting was stimulated by applying  
rooting powder (Hormodine) to the 
basal end of the cutting

ÁCuttings were maintained shaded and 
on an automated mist bench until 
acclimated

Cuttings propagation

Bowman and Albrecht 2017. Scientia Horticultura 225:681-688



ÁStarting material: buds from mature 
disease-free and true-to-type plants

ÁCulturing on agar nutrient medium 
(composition proprietary)

ÁSub-culturing to generate multiple 
shoot clusters

ÁSeparation into individual shoots and 
planting in potting medium

Tissue culture (TC) propagation

Albrecht et al 2017. Hort Science 52(11): 1569-1576 Photo credit: Beth Lamb, Phil Rucks Nursery



NURSERY



Tap root system

Tissue culture

Cutting

Seedling Root system 

differences

Adventitious 
root systems



Root system differences

CT TCSD

The root systems of CT and TC plants are 
ŎƻƳǇƻǎŜŘ ƻŦ ƳƻǊŜΣ ŦƛƴŜǊ Ǌƻƻǘǎ Ҧ ǎƳŀƭƭŜǊ 

root/shoot ratio 

Albrecht et al 2017. Hort Science 52(11): 1569-1576



Field -ready grafted trees

CT TCSD



Number of 
primary 

roots

Large size 
root mass 

(%)

Medium 
size root 
mass (%)

Fibrous 
root mass 

(%)

SD 1.4 c 55.8 a 20.6 b 23.6

CT 4.9 a 32.4 b 40.3 a 27.3

TC 3.6 b 42.8 b 34.2 a 23.1

*** *** *** NS

Root system differences persist in the field-ready plants

Albrecht et al. 2020, HortScience 55(5):729-737

Root mass fractions



R/S biomass 
ratio

SLA 
(cm2/g)

Leaf 
mass (%)

Stem 
mass (%)

Root mass 
(%)

SD 0.384 a 163.4 26.0 46.3 b 27.7 a

CT 0.310 b 157.8 24.7 51.8 a 23.5 b

TC 0.330 b 160.9 24.9 50.6 a 24.6 b

*** NS NS *** ***

Differences persist in the field-ready plants

Albrecht et al. 2020, HortScience 55(5):729-737

Biomass distribution



FIELD



Airspade tree excavations

Pokhrel et al. 2020, HortScience 56 (2), 163-172



{Ƙŀƭƭƻǿ Ǌƻƻǘ ǎȅǎǘŜƳǎ  ɐƴƻ ǘŀǇǊƻƻǘΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ǇǊƻǇŀƎŀǘƛƻƴ ƳŜǘƘƻŘ



Root crown analysis

No taprootNo taproot

SDSD



Root crown analysis

SD{5



CT TCSD

Root crowns

Root system differences are less noticeable after 2 years of field growth



Biomass distribution

0 20 40 60 80 100

TC

CT

SD

Dry biomass (%)

Roots

Stems

Leaves

¢ƘŜ ǇǊƻǇŀƎŀǘƛƻƴ ƳŜǘƘƻŘ ŘƛŘ ƴƻǘ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ǘǊŜŜ ōƛƻƳŀǎǎ ŘƛǎǘǊƛōǳǘƛƻƴ

No significant difference
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The propagation method did not influence the root mass fraction

bƻ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ



OTHER 
OBSERVATIONS



Root structure and uprooting resistance



Root structure and uprooting resistance



Root system 

phenotypes



Vertical root segment

Lateral root segment

Root system analysis



tƻǘ ōƻǳƴŘ Ǌƻƻǘ ǎŜƎƳŜƴǘ

Broken root segment

Root system analysis


