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Researchers fronz 
Virginia Tech have 

concluded that pine tree 
C 

for . 
on tamer 

substrate shows promise 
as an alternative to peat 1noss 
and pine bark for nursery and 

greenhouse production. 

Crops 

A fter more than four years of research and develop
ment a l Virginia Polytechnic Institute and State University 
(Virginia Tech). Blacksburg, pine tree substrate (PTS), manu
factured by grinding freshly harvested pine trees, shows excel
lent promise as an alternative and renewable container 
substrate for nursery and greenhouse crop production. Once in 
commercial production (we are uncertain as to the timetable at 
this point), PTS will be competitively priced, locally available 
(where pine trees can be grown) and of consistent high quality. 
This is a totally different approach to container substrate pro
duction in that a new material is created for use as a container 
substrate rather than mining peat (a nonrenewable resource) 
or using pine bark or some other industry byproduct of incon
sistent quality and limited availability. 
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I he development of a new substrate for 
container-grown nurspry crops is timely 
because the availability of pine bark is cur
rently unpredictable due to rcdured 
forestry production and its increased use 
as fuel and landscape mulch. htnher, the 
cost of peat substrates continues to rise 
due to transportation and growing em i 
ron mental corH:ern~ over the mining of 
peat bogs in Canada and l:urope. 

I hi~ article reports on till' currl'nt 
scatus of our PIS research, induding 
che manufacturing prores<, , ph} ~real 
propertrcs, cost, growth trials, fertility 
management, post transplant landscape 
evaluation, wood toxicity and commer
cialization efforts. 



What is PTS? PIS is made b} chipping 
freshly harvested lobloll} pine trees (Pi
nus raeda). which produces chips 
approximately 1 inch by I inch by one
fourth of an inch. rhef>e chip~ arc further 
ground in a hammer mill to produce a 
substrate of a gi\ en particle size range 
designed to nwet specific substrate re
quirements (such as air ~pace and water
holding capacity) for a wide variety of 
plant genera and container sizes. Our re 
search has shown that chips produced 
from pirw log:. (with or without bark) or 
entire pine trees, including limbs and 
needles, are acceptable for producing 
PTS (no plant gro\\th difference was ob
served with the inclu'iion of bark. limbs 
or needles compared to growing in pine 
\\ood only). No compol>ting of PTS is 
necessary. and the trees can be harvested 
one day and used to pot plants the next 
day after grinding and amending. 

Loblolly pine trees arc native to the 
southeastern US, but have a distribution 
and potential planting range across 
much of the US. The large potential 
growing area for loblolly pme means that 
trees can be grO\\ n in close proximity to 

greenhouse and nursery operations 
across a large portion of the country, sav
ing on shipping costs of raw products 
needed for manufacturing and deli\·ering 
substrates to grower'>. Abo, the harvest of 
pine trees is less weather-dependent 
than peat harvest, and pine trees are re
newable and pose fewer environmental 
concerns associated with harvest. 

WP have also found that subs trate~ 

produced from pine trees are of consis-

The development of a new substrate for container

grown nursery crops is timely because 

the availability of pine bark is currently unpredictable 

due to reduced forestry production and 

its increased use as fuel and landscape mulch. 

tem qual it). regardless of the ume of year 
that trees are harvested. I he production 
of PTS interfaces the already existing pa
per industry for which large volumes of 
pine wood chips arc produced for paper 
production. We evaluated 12 different 
tree species, including hardwoods and 
o ther pine species, for p roducing PTS 

and found that loblolly pine i'> the best 
choice overall in terms of substrate sta
bility and plant growth. 

One advantage to PTS apart from 
the fact that it c,tn be produced at are
duced cost in close proximit) to growers 
\\here pine trees arc available is that 
physical properties, such as particle size, 
can be easily altNed to meet the needs of 
particu lar p lants and container size.~ by 
the degree of grinding rhe degree of 
grinding is controlled b} the .. creen size 
with which the hammer mill i-. fitted. 
Screens with larger holes produce r·t S 
with more coarse particles, and screens 
with smaller holes produce PTS V\ ith 
finer particles. 

For example, we have found thai sub 
strate air space rang<•d from 18 percent to 
39 percent for PT'l ground in a hammer 
mill, with screens ranging in size from 
one-~ixteenrh of an inch to one-fourth of 
an inch. An air space range of I 0 1wrcc•nt 
to 30 percent is often quoted a'> being 
ideal for container substrate~. Conraincr 
capacity (the amount of\\ater the sub-
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'>Irate hold:.) ranged from 43 percent to 
65 percent, which is within the range of 
45 percent to 65 percent that i'> norma II} 
considered acceptable. These results 
demonstrate that I 00 percent PTS can he 
produced with phy~ical propenie'> simi
lar to commercial substrates. 

I fowever, the inrrcast>d grinding time 
required to produce <I PTS with a particle 
size fine enough to possess physical 
properties stmilar to peat moss or aged 
pine bark may be cost-prohibitive due to 
energy and labor cosh associ.ttcd with 
grinding. I arge-particle PTS prepared 
\\~th larger scre£•n-.- thus les'i cxpen'iive 
to produce- could be amended with 
materials, ~uch as peat mos'i, aged pme 
bark or sand, to increase water-holding 
capacity and decrease aeration. l hesc 
amendments could also increase the 
cation exchange capacit~ of the PTS, 
which is quite low compared to peat 
moss or aged pine bark. 

Cost of producing PTS. Pine chips pro
duced for the paper i ndu~try or for fuel 
can be purchased for $5 to $6 per cubic 
yard. Arter adding the cost'> of grinding 
and extra fertilizl'r, one could conceiv
ably produce a substrate for well under 
$15 per cubic yard <·om pared to more 
than $40 for traditional peat substrates 
and $20 or more for aged pine bark. de· 
pending upon shipping distance. 

Growth results. We ha\ e successfully 
produced a wide range of nurser) and 
greenhouse crops in PTS, including 30 
genera of woody plants, three genera of 
greenhou~e crops. 14 genera of bedd ing 
plants and seven genera of herbaceous 
perennials. Boot growth of annual and 
woody plants grown in PTS is equal-



and most often better- than root 
growth of the same plants in peat moss 
or pine ba rk. This is likely due to the 
greater air space, but similar water-hold
ing capaci ty, of PTS compared to tradi
tional substrates. 

Fertilizer requirements. In most stud
tee;, additional fertilizer is required for 
PTS comparl'tl to commercial peat moss 
or pine bark substrates. Our research has 
concluded that it takes approximately 
I 00 parts per mi llion more nitrogen from 
a 20- 10-20 soluble fertilizer to produce 
comparable growth of bedding plams, 
poinsettia and chrysanthemums in p rs 
than 111 peat substratec;. llowever, the ad
dition of 25 percent peat moss or aged 
pine bark to PTS has been shown to im
prove p lant growth, especially at lower 
fertilizer rates. This is likely because peat 
moss and pine bark increase the reten
tion of nutrients available for plant up
take by increasing the cation exchange 
capacity of PTS. For woody plants, it has 
been s hown that an additional2 to 4 
pounds per cubic yard of controlled-re
lease fertilizer is rl:!quired (depending on 
species, PTS particle size and irrigalion 
regime) for optimal plant growth in PTS 
compared to pine bark. 

Our research also has shown that the 
higher nitrogen requirements are due in 
parr to more microbial immobilization 
of nitrogen in PTS because of the high 
carbon-to-nitrogen ratio of the noncom
posted wood. But even though more nu
trients arc added, we have found that less 
nitrogen actually leaches out of PTS com
pared to traditional substrates. Thus, en-
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\ ironmental concerns related to fertilizer 
leaching and contaminating the environ
ment are not an issue. 

Lime and sulfur requirements. Ac
cording to our research, adding lime is 
not required for PTS due to the in her
ently high pi I (around 6.0) of freshly har
vested and ground pine wood. I Towever. 
when peat mo~!> and pine ba rk are put 
into PTS, lime is required in proportion 
to the r<~tto of peat moss and p ine bark 
added. tor woody plants, a large number 
of genera have been grown without lime 
additions tha t have comparable growth 
to those grown in p ine bark. which re
quires lime depending upon the species 
grown. Also. the addition of sulfur is re
quired for PTS when growing marigold. 
Su lfur can be supplied as e lemen tal sul
fur, Micromax, ferrous sulphate, magne
sium sulfa te or calcium sulfate at the rate 
or 1 l,l pounds per cubic yard. 

Substrate s tability during produc
tion. Even though we have demon 
strated higher microbial activity in PTS 
compared to peat moss or pine bark, it 
does not result in substrate shrinkage 
over a two- to three-month plant produc-
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We evaluated 12 different tree species ... for 

producing [pine tree substrate] and found that 

loblolly pine is the best choice overall in tenns of 

substrate stability and plant growth. 

tion cycle for greenhouse crops. Even af
ter two years in larger con tainers ~\ith 
woody crops, no visible degradation or 
shrinkage occurred with the PTS sub
strate compared to pine bark. The lack of 
shrinkage in the face of microbial activity 
and some decay of PTS are likely due to 
increased root volume. which fills the 
void left by the dcca) ing PTS. 

She lf life and landscape pe rform 
ance. We ha\ e found that plants grown 
in P1 Sand maintained under retai l or 
residential conditions retain their qua li ty 
and do not dry out differen tly or requ irt' 
any more irrigation than plants produced 
with tradit ional substrates. Also, no dif
ferences in appearance or growth index 
have been obsened two to thret' years 
a fter transplanting into the landscapt• 
for 12 species of woody plants, including 
red maples (Acer mhrum) and pin oaks 
(Quercus paltlstrisl. plantt•d from 15-gal
lon containers. 

The landscape performance of four 
annual species and five perennial species 
al!>o shows no differences in visible ap
pearance or growth index. !'his indicates 
that plants grown in PTS establish and 
perform just as well as plants grown in 
peat moss or pine bark. 

Toxicity issues. When freshly harvt•st<'d 
trees arc ground and immediately used 
to plant 14-day-old plugs of marigold or 
tomato seedlings, there can be ~ome re
duction in seedling growth compared to 
plants grown in peat moss or pme bark. 
We determined the degree of toxicity for 
12 species of various har<h.,:oods and 
softwoods, and lobloll} pine wa~ the least 
toxic. Growth inhibition was related to 
the level ofpolyphcnolics in thr wood. 
Leaching the substrate with water can re-



duce the toxicity to seedlings in PTS, and 
some of our research indicates that the 
aging of logs before grinding, as well as 
the aging of PTS after grinding, can re
duce the ext em of toxicity. Regardless, 
our research has shown that toxins 
quickly dissipate with irrigation, and 
with proper attention to mineral nutri
tion, there is little - if any- difference 
in plant growth between PTS and tradi 
tional substrates. 

Commercialization. Due to enthusias
tic grower interest in PTS. an effort is un
derway with a number of growers to test 
PTS on a wide range of nursery and 
greenhouse crops. To date, planrs in PTS 
are doing as well as in pine bark or peat 
moss. Commercial substrate producers 
sec the potential of PTS as a viable con
tainer substrate, which could reduce the 
cost of substrates to their clients. We are 
thus working with these companies to 
evaluate PTS for commercial production 
and marketing. The opportunity also ex
ists for larger growers to purchase a ham-
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Hammer mill screen size 

Grinding pine chips 10 a hammer mill with larger screens (one-fourth of an inch) compared 
to smaller screens (one-sixteenth of an mch) decreases growth of 'Inca Gold' mangold due 
to decreasmg contamer capacity and mcreased aeration. 

Hammer mill Marigold shoot 
dry weight (grams) 

39 
3.7 
3.1 
3.3 
2.8 

Percent 
air space 

18.2 
23.2 
31 8 
31.3 
39.1 

Percent 
container capacity 

65 1 
62.5 
54.8 
47.9 
43.3 

Azalea requ1res approxrmately 4 pounds per cubrc yard more of a controlled·relea~e tertii zer for 
optimal growth 10 a p1ne tree substrate than 1n a pme bark substrate 
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A greater percentage of nitrogen 1s 1mmob1hzed m pme tree substrate (PTS) compared to a 
peat moss or pine bark substrate. 
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mer mill and produce PTS for themselves 
where pine chips are available. 

Our efforts in the near future will focus 
on commercialization of PTS by helping 
growers and commercial substrate com
panies apply research results from our 
many experiments to the production and 
utilization of PTS. 

The authors wish to express apprecia
tion to tile following groups for support
ing their research and commercialization 
efforts: American Floral Endowment, Hor
ticultural Research Institute, Virginia 
Agricultural Council, Virginia Nursery & 
Landscape Association, Vi rgi 11 ia Tobacco 

Commission and numerous nurseries in 
the Mid-Atlantic region. 
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