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As part of the effort to help restore the American chestnut, we have developed a system for 

production of clonal American chestnut trees from embryogenic cultures (Andrade and Merkle 

2005, Merkle et al. 2008). In this procedure, somatic embryos are germinated in vitro on gelled 

medium.  Once the embryos have produced both roots and a shoots, they are said to be “converted” 

to somatic seedlings.  Somatic seedlings are removed from the gelled medium and their roots 

washed free of medium before they are potted in peat-based potting mix and hardened off in a 

humidifying acclimatization chamber prior to transfer to the greenhouse. While this approach has 

been used to produce hundreds of American chestnut somatic seedlings, root system development 

for many of these trees has been weak, resulting in slow growth. American chestnut zygotic 

seedlings, by contrast, produce large, penetrating taproots, with a strong network of first-order 

lateral roots (Fig. 1). We believe the weak root systems of the chestnut somatic seedlings could be 

at least partially the result of germinating the somatic embryos in gelled medium and allowing the 

radicle to elongate into the medium for some weeks prior to potting. The resulting plantlets possess 

smooth taproots with few lateral roots and no root hairs. When such a plantlet is transferred to 

potting mix, its root system has relatively low absorptive capacity and limited access to water and 

mineral nutrients.  Thus, we sought an alternative to gelled medium for in vitro germination of 

American chestnut somatic embryos that would promote more vigorous root system development. 

Similar problems to those described above for our somatic seedling roots have been 

reported with the morphology of adventitious roots formed on microcuttings in gelled medium 

(Zimmerman 1988), and a number of alternative rooting substrates have been tested for their 

potential to overcome these problems. Alternative substrates tested with woody species have 

included cellulose plugs (Kim et al. 1989) vermiculite (Rugini and Verma 1982) and rock wool 

(Lin et al. 1995).  With regard to American chestnut, Maynard et al. (1998) employed a 
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“sandwich” treatment with layers of gelled medium and Per-lite/vermiculite/sand potting mix to 

transition American chestnut shoots originally rooted in gelled medium into potting mix for 

acclimatization. Newell et al. (2003, 2005) improved rooting of several Australian plants using 

“porous-agar” (agar-gelled medium that had been allowed to set and then blended aseptically with 

a hand-held blender) or “In Vitro Soil” (IVS), a mixture of peat, coarse sand and Per-lite, which 

was used to fill peat pots, watered to field capacity, drained and autoclaved. Newell et al. (2003) 

attributed at least some of the improvement in rooting performance to improved oxygen supply to 

the roots in the alternative substrates compared to gelled medium. While not originally designed 

for in vitro use, another alternative to peat-based potting mix and the other substrates listed above 

that could be used for rooting of microcuttings as well as germination of somatic embryos is the 

polymerized peat plug, which is made from a mixture of peat moss and polyurethane. Such plugs 

are manufactured by Grow-Tech, Inc. and marketed under the name FlexiPlugs®.  In two 

experiments, we tested the potential of polymerized peat plugs, both in vitro and ex vitro, as 

alternative substrates to gelled medium for American chestnut somatic seedling conversion. 

In the first experiment, American chestnut somatic embryos were produced from 

suspension cultures of two embryogenic culture lines (AM54.1 and WB484-3), as described by 

Andrade and Merkle (2005).  Embryos in this experiment had been stored at 4° C for over 22 

weeks, which is much longer than our standard 12-15 weeks. Following removal from the cold, 

embryos were transferred, five per vessel, to GA7 vessels (Magenta Corp.) containing 150 ml of 

germination medium (GM; Andrade and Merkle 2005), which included 1 g/l activated charcoal 

and was gelled with 1.5 g/l Phytagel (Sigma). Embryos were incubated in the dark at 25° C for one 

week, after which they were moved to a lighted incubator under cool white fluorescent light (100 

μmol·m
-2

·s
-1

) with a 16 h photoperiod at 25° C for one week. Then the embryos were divided into 
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four treatments: (1) Control treatment. Embryos continued to be incubated on gelled GM under the 

conditions described above. (2) Potting treatment. Embryos were removed from in vitro conditions 

and planted in Fafard No. 2 potting mix in “Hillson”-type Rootrainers (Spencer-Lamaire) which 

were placed in Ward Darleston (Bilston, UK) 22.5 x 11.5 in seed trays with vented, clear plastic 

domes.  The pad in the bottom of each tray was moistened with water and the trays, with vents 

closed, were placed in a Plexiglas humidifying chamber under cool white fluorescent lights (100 

µmol·m
-2

·sec
-1

) with 16 hour photoperiods.  Embryos were fertilized with Miracid (Scotts 

Miracle-Gro Products, Inc.) weekly. (3) Ex vitro plug treatment. Same as potting treatment, but 

instead of planting in potting mix, embryos were placed on Model 72B FlexiPlugs® (Grow-Tech, 

Inc.) with their radicles inserted into the pre-formed holes in the tops of the plugs. The plugs were 

saturated with tap water by submerging them for several minutes prior to embryo sowing. (4) In 

vitro plug treatment. FlexiPlugs® were autoclaved , then saturated with liquid GM by immersing 

them aseptically, twenty at a time, into 1 l of liquid GM in a sterile beaker for several minutes. 

Then plugs were transferred, two per vessel, to autoclaved GA7s and embryos were sown onto 

them as described above. GA7s with plugs were incubated under the same conditions as the 

control treatment. After one week, 5 ml of sterile liquid GM was aseptically pipetted into the 

bottom of the GA7s and this was repeated when the liquid in the bottom of the GA7s had 

disappeared (approximately every two weeks). Fifteen embryos of AM54.1 and seven or eight 

embryos of WB484-3 were tested in each of the four treatments. Data on germination (radicle 

elongation), shoot production and conversion to complete plantlets was collected after 6 weeks. 

 In the second experiment, American chestnut somatic embryos from three new, previously 

untested culture lines (THxRM-3, THxRM-15B and RMxTH-22B) were used. Following cold 

treatment for 15 weeks, embryos were incubated in GA7s in the dark for 3 weeks, then divided into 
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the same two in vitro treatments tested in Experiment 1 (control treatment and in vitro plug 

treatment). The numbers of embryos tested in each treatment were 40 for THxRM-3, 30 for 

RMxTH-22B and 12 for THxRM-15B. Conditions were the same as in Experiment 1 and 

germination, shoot production and conversion data were again collected after 6 weeks.  

In the first experiment, conversion to somatic seedlings was low overall (8%), compared to 

our previous results with similar material (Andrade and Merkle 2005), probably due to prolonged 

cold storage. No somatic embryos in the ex vitro plug treatment produced roots, shoots or somatic 

seedlings. While one of the embryos (from line WB484-3) in the potting treatment produced a 

shoot, it did not produce a root. The control treatment (gelled medium) only produced a single 

somatic seedling (4% conversion), from line WB484-3. By contrast, the in vitro plug treatment 

produced six complete somatic seedlings (26% conversion), all from line WB484-3. 

In Experiment 2, as in Experiment 1, overall conversion rates were very low (3%), even 

through only in vitro treatments were tested. Lines THxRM-3 and RMxTH-22B each produced 

one somatic seedling in a plug and none in gelled medium. Line THxRM-22B produced one 

complete somatic seedling and two shoots with undeveloped roots in gelled medium and two 

complete somatic seedlings in plugs.  Thus as in Experiment 1, overall conversion was higher 

using the plugs (10%) compared to gelled medium (2%). 

In both experiments, visual comparison of the root systems of the somatic seedlings 

produced using plugs in vitro versus those produced on gelled medium showed that the embryos 

allowed to complete germination in vitro on the plugs developed larger root systems with more 

lateral roots than those allowed to complete germination on gelled medium (Figs. 2a, 2b).  

After 6 weeks, the plugs with somatic seedlings were removed from the GA7s, rinsed free 

of residual GM by flushing with tap water, transferred to domed trays in the hardening-off 
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chamber and treated as described above for the potting treatment. These somatic seedlings 

continued to produce new leaves and a number of lateral roots were visible emerging from the 

plugs (Fig. 2c). Following hardening-off, somatic seedlings were repotted in potting mix in 3 gal 

pots, along with their plugs, and grown in the greenhouse. Examination of the root systems of 

these somatic seedlings a month following repotting showed that lateral roots continued to 

elongate out of the plugs and into the potting mix (Fig. 2d).  

 While these results are preliminary, they demonstrate that polymerized peat plugs are a 

potentially superior alternative to gelled medium for germination of American chestnut somatic 

embryos. For all the embryogenic culture lines tested, plantlet production rates were higher for 

plugs as for gelled medium, although rates for both treatments were unexpectedly low in these 

experiments. Root systems of somatic seedlings germinated in plugs expanded more rapidly and 

produced more lateral roots than somatic seedlings germinated on gelled medium. In addition, 

somatic seedlings germinated in plugs in vitro required much less handling to transfer to ex vitro 

conditions than somatic seedlings germinated on gelled medium.  The ability to sterilize the 

polymerized peat plugs for in vitro use makes them a very versatile substrate that should help us 

improve the efficiency of American chestnut somatic seedling production.
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Figures 1 and 2 

 

Figure 1.  Root systems of American chestnut zygotic seedlings following one year in the nursery 

show strong taproot and first order lateral root development. Taproots were severed at 10 in when 

seedlings were lifted.  Photo by Taryn Kormanik. 

 

Figure 2.  American chestnut somatic seedlings germinated in vitro on gelled medium or 

polymerized peat plugs. a. Somatic seedlings germinated on gelled medium tend to have 

unbranching taproots with no root hairs. b. Somatic seedlings germinated in vitro on polymerized 

peat plugs have branching roots that extend out of the plug. c. Somatic seedling with plug split 

open to reveal branching root system. d. Plug-germinated somatic seedling removed from potting 

mix with its plug after 1 month in the greenhouse shows roots continued to elongate into the 

surrounding potting mix. 

 

 


