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Research Objective: The overall objective is to advance two complementary technologies, fruiting wall 
production systems and high tunnel production systems, that have the potential to significantly 
improve Michigan growers’ ability to sustainably produce and market specialty stone fruit crops 
like apricots, nectarines, and hybrid plums. 
Hypothesis 1: Fruiting wall systems for apricot/aprium, plum/pluot/plumcot, and nectarine 
varieties will achieve competitive yields, high fruit quality, and high orchard efficiencies. 
Hypothesis 2: High tunnel production systems for apricots/apriums, plums/pluots/plumcosts, and 
nectarines will expand specialty crop production opportunities for Michigan stone fruit growers. 
 
Activities and Accomplishments: Figure 1 depicts the four canopy architectures that are being developed in this project to 
create “fruiting wall” training systems, and Figure 2 illustrates the row spacing to accommodate 
three fruiting walls within each 28 ft. wide high tunnel (with comparable non-covered plots both 
north and south of each tunnel). The tunnels were not covered in prior years or before bloom in 
2014. This allowed all trees to develop at the same rate until the canopies had mostly filled their 
space by the end of 2013, and so there would be no difference in bloom and fruit set for 2014, 
the first planned fruiting year. Thus, although the tunnels were covered after fruit set, there was 
very little difference in ripening time between protected and unprotected trees. The plan for 2015 
will be to begin managing the trees separately from pre-bloom onwards to begin documenting 
differential ripening potentials. 

The extremely cold winter of 2013-14 resulted in significant cold damage and a delayed 
mortality for many apricot cultivars due to cambial damage, although there was only minor 
flower bud damage, resulting in good bloom and fruit set followed by subsequent tree collapse 
(Table 1). Generally, younger trees (those planted in 2012 vs. 2011) had higher mortality, 
including ‘Goldrich’ and ‘Orangered’, which were developed in Washington and New Jersey, 
respectively, as well as the aprium ‘Escort’, from California. The slightly older trees of 
‘Tomcot’, also from Washington, also had significant mortality. Crop loads were rated from 1 to 
3 (1 = moderate, 3 = excessively heavy). Surprisingly, ‘Apache’ and ‘Robada’, both from 
California, had very good survival and very good crops. ‘Goldstrike’ from Washington also had 
minimal structural cold damage, though little crop. The earliest apricot harvested was ‘Apache’ 
on June 28, followed by ‘Tomcot’ and ‘Wescot’ on July 9, then ‘Robada’, ‘Goldbar’, 
‘Goldstrike’, and ‘Orangered’ on July 18, and ‘Wilson Delicious’ on July 28.  

Nectarines had minor shoot and trunk damage, resulting in only slight tree mortality, but 
nearly all flower buds were killed. The percentage of trees with one or more fruits was recorded 
for each cultivar since all crop loads were minimal (Table 1). Two of the white-fleshed cultivars, 
‘Silver Gem’ (63%) and ‘Crimson Snow’ (59%), had the most trees with a few fruits, followed 
by ‘Hardired’ (50%) and ‘RedGold’ (36%). The earliest nectarine harvested was ‘Silver Gem’ on 
7/30, followed by ‘Easternglo’ on 8/5, ‘Arctic Snow’ on 8/8, and ‘Crimson Snow’ and 
‘Hardired’ on 8/15. 



 
 

Plums, pluots, and plumcots exhibited very little structural or flower damage, almost no 
mortality, and all set significant crops (Table 1). ‘FlavorGrenade’ and ‘Flavor Queen’ pluots 
were severely overcropped. The lack of damage to the pluots, all of which are on ‘Citation’ 
rootstock, was a bit surprising, considering their origin in California. The earliest plum or plum 
hybrid harvested was ‘Spring Satin’ plumcot on 7/18, followed by ‘Flavorosa’ pluot on 7/23, 
then ‘AU Rosa’ and ‘Queen Rosa’ plums on 8/5,  ‘Flavor Grenade’ pluot on  8/18, ‘Flavorich’ 
on 8/18, ‘Flavor Heart’ and ‘Flavor Queen’ pluots and ‘RF 47-1’ plumcot on 8/25, and ‘Flavor 
Gem’ pluot on 9/3.  

Tunnel-grown apricots (Figure 3) and nectarines (Figure 4) were slightly more vigorous 
than those grown with no cover, but open-grown plums (Figure 5) were, on average, more 
vigorous than tunnel-grown plums. Palmette and TSA canopies were slightly more vigorous than 
UFO canopies for their comparative stone fruit species or hybrids. The SSA has been the most 
vigor-limiting due to greater root competition. Pre-harvest (early July) summer hedging was 
imposed to improve light distribution to ripening fruit as well as to developing flower buds for 
2015, with no apparent negative impact on ripening fruit traits. SSA trees exhibited the least re-
growth following summer-hedging. Now that full canopies have been established, canopy 
tmaintenance strategies will begin focusing on fruiting wood renewal combined with crop load 
and leaf-to-fruit ratio management. 

Fruit size and quality was general excellent across all stone fruit species and hybrids, 
with the exception of ‘RF 47-1’ plumcot (which was very small) and ‘Flavor Grenade’ pluot 
which was heavily overset. The impact of the high tunnel was apparent on several aspects of 
fruiting. In the highly-blushed apricot ‘Robada’, fruit blush never developed under the tunnel 
(Figure 6), resulting in beautiful large fruit with blemish-free but blush-free orange skins. This 
has been seed before in tunnel-grown blush-type sweet cherries like ‘Rainier’, due to reduced 
transmittance of ultraviolet (UV) light through the tunnel plastic. The tunnels slightly reduced 
blush on red-skinned nectarines, but not nearly to the degree seen on apricot. There were no 
significant effects of the tunnel on red streaks in nectarine flesh or in any of the plums or plum 
hybrids. ‘Robada’ fruit were up to 39% larger under the tunnel as well, a trend that was also seen 
to a lesser degree (12% larger) with ‘Apache’ and ‘Tomcot’, and is presumed to be due to 
improved daily water relations (turgor). Fruit scab (Cladosporium carpophilum) also was absent 
under the tunnels, but was prevalent on ‘Wilson Delicious’ in the open orchard (Figure 7). The 
high tunnels also protected against leaf diseases, such as bacterial spot (Xanthomonas campestris 
pv. pruni), which were prevalent in the open orchard on some apricots (Figure 8) and plum 
hybrids (Figure 9). The tunnels did not protect against fruit brown rot (Monolinia fructicola), 
which required protective fungicide sprays.  
 
Impacts on Michigan’s Fruit Industries: Michigan stone fruits (peach, plum, apricot) have been grown in Michigan historically, but 
diseases, scarce labor, and competition from fruit shipped from dry western climates changed the 
economics of production over the past 40 years. The new production technologies being 
developed and evaluated in this project (fruiting wall training systems and protective covering 
systems) will change both the economics of production and market opportunities concomitant 
with increased regional consumer demands for high quality, locally-produced fruits and 
recognition of sustainable food growers’ contributions to local economies. This will equip 
Michigan stone fruit growers with improved sustainable stone fruit production techniques, higher 
labor efficiencies, earlier and more consistent cropping, higher fruit quality, reduced pesticide 
use, increased potential for protective climatic modification, and better retention (if not 
expansion) of regional high value fresh market share.  
 



 
 

Funding Partnerships: This project utilizes the high tunnel research site at the Clarksville Research Center that 
was established with a grant of $10,000 from MSU AgBioResearch and Project GREEEN, and 
$4,000 in-kind from Haygrove Tunnels.  Following the establishment of this MSHS project, we 
also procured $100,673 from a USDA-AFRI-Small Farms research grant ($499,997 total), in 
partnership with Cornell University, for development and demonstration of protective high 
tunnels and tunnel-adaptive production systems for stone fruits including apricots, plums, and 
peaches/nectarines.  
 
  



 
 

Table 1. Stone fruit type, cultivar, rootstock, tree mortality through 2014, and rating of the 2014 
crop in the high tunnel and non-tunnel research plot at the MSU Clarksville Research Center. 

 Fruit type Cultivar Rootstock Survival (%) Crop 
Rating  

   2013 2014  
Apricot     Rate 1-3 
 Apache apricot seedling 87 78 1.4 
 Earlyblush myrobalan 73 40 - 
 Goldbar apricot seedling 100 67 - 
 Goldrich myrobalan 100 27 - 
 Goldstrike apricot seedling 100 87 - 
 Harglow manchurian 20 13 - 
 Orangered myrobalan 87 31 - 
 Robada apricot seedling 87 87 1.6 
 Tomcot apricot seedling 81 59 1.1 
 Wilson Delicious redleaf peach 81 69 1.3 
Aprium      
 Escort Citation 87 7 - 
 Westcot Lovell peach 100 73 - 
Nectarine     % w/fruit 
Yellow-flesh Easternglo Bailey peach 96 96 26 

 Hardired Lovell peach 97 84 50 
 HoneyBlaze Lovell peach 96 88 5 
 RedGold redleaf peach 81 81 36 
 Royal Giant redleaf peach 97 97 6 

White-flesh      
 Arctic Sweet Bailey peach 100 100 8 

 Crimson Snow redleaf peach 91 91 59 
 Silver Gem Bailey peach 100 100 63 
Plum     Rate 1-3 

Red-flesh AU Rosa myrobalan 97 97 1.3 
 Queen Rosa myrobalan 100 100 1.3 
Plumcot      
 RF 47-1 myrobalan 97 97 1.0 
 Satin Spring redleaf peach 72 72 2.2 
Pluot      
 Flavor Gem Citation 100 100 1.6 
 Flavor Grenade Citation 100 100 3.0 
 Flavor Heart Citation 100 100 1.1 
 Flavorich Citation 100 100 1.4 
 Flavor Queen Citation 100 100 2.6 
 Flavorosa Citation 87 81 1.4 



 
 

  

  
Figure 1. Diagrams of the four canopy architectures for “fruiting wall” production of apricots 
and apriums, nectarines, and plums, plumcots, and pluots grown under high tunnels or in open 
orchards at the MSU Clarksville Research Center.  
 

  
Figure 2. Diagram of the three “fruiting wall” rows in each 28 ft wide high tunnel, and location 
of the various canopy architectures within each tunnel, depending on stone fruit species.  
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Figure 3. 2014 tree vigor (trunk cross-sectional area, TCSA) of A) apricot cultivars planted in 
2011 and trained to palmette (PLM) or upright fruiting offshoots (USO) canopy architectures, 
and B) apricot and aprium cultivars planted in 2012 and trained to a super slender axe (SSA) 
canopy architecture at the MSU Clarksville Research Center.  
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Figure 4. 2014 tree vigor (trunk cross-sectional area, TCSA) of A) nectarine cultivars planted in 
2011 and trained to tall spindle axe (TSA) or upright fruiting offshoots (USO) canopy 
architectures, and B) planted in 2012 and trained to a super slender axe (SSA) canopy 
architecture at the MSU Clarksville Research Center.  
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Figure 5. 2014 tree vigor (trunk cross-sectional area, TCSA) of A) plum and plumcot cultivars 
planted in 2011 and trained to palmette (PLM) or upright fruiting offshoots (USO) canopy 
architectures, and B) pluot cultivars planted in 2012 and trained to a super slender axe (SSA) 
canopy architecture at the MSU Clarksville Research Center.  
 
 
 



 
 

  
Figure 6. No apricot fruit blush under tunnel covers (left) and fully-blushed apricot fruit on open 
orchard trees (right) at the MSU Clarksville Research Center. 
 
 

  
Figure 7. Healthy apricot fruit under tunnel covers (left) and diseased apricot fruit on open 
orchard trees (right) at the MSU Clarksville Research Center. 

 



 
 

 

  
Figure 8. Healthy apricot foliage under tunnel covers (left) and diseased foliage on open orchard 
trees (right) at the MSU Clarksville Research Center. 
 

 
 

  
Figure 9. Healthy plumcot foliage under tunnel covers (left) and diseased foliage on open 
orchard trees (right) at the MSU Clarksville Research Center. 
 


