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Abstract.--The program applies state-of-the-art equi pment and
met hods to i nput weather, culture, growth, quality, handling, and
field data into a conputerized database at each Forest Service

nursery. The ultimate goals of the programare to increase
efficiency, inprove reforestation success, and | ower costs.

| NTRODUCTI ON

The Reforestation I nprovement Program (RIP)
is a conmbined effort of the three divisions of the
USDA Forest Service -- National Forest System
Research, and State & Private Forestry -- to
i mprove nursery seedling quality and plantation
survival and growth. The concept is to use state-
of -the-art data | ogging and conputer technol ogy
to nonitor selected seedlots and determ ne the
rel ati onshi ps anong environnmental conditions,
nursery culture, seedling handling, seedling

characteristics, and performance after outplanting.

This information will be used to refine nursery
;and reforestation practices, develop a continuing
quality control system and identify know edge
gaps that require research

Fol | owi ng the Seedling Quality Wrkshop at
Oregon State University in 1984, representatives
fromthe three divisions of the Forest Service
di scussed the agency's nursery program and the
research needed to inmprove the production of
qual ity bareroot stock. In January 1985, a team
of nursery managers and research scientists
devel oped a draft proposal to inplement RIP. The
final proposal was approved, all 11 Forest Service
nurseries agreed to participate, and plot estab-
l'i shnent got underway by spring 1986. This paper
descri bes the objectives, procedures, and current
status of the program
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JUSTI FI CATI ON

RI P was begun at this time for severa
reasons. The National Forest Managenent Act of
1976 requires that the successes and failures in
our reforestation program be clearly docunented
and reported to Congress. Responsibility for
successful reforestation has been included in
line officers' performance standards. W are
meki ng nore detail ed eval uati ons of plantation
survival and growh, and the results of these
eval uations have dramatically increased the
visibility of our reforestation program The
"Productivity | nmprovenment Analysis of Reforesta-
tion" report published in 1983 states that a 10-
percent reduction in reforestation failures in
the National Forest System woul d save $2, 624, 000
annual ly and that a 50-percent reduction would
save nore than $13, 000,000 annual ly. Assuning at
| east a 10-percent inprovenment in reforestation
success, the programis easily justified on a
purely econom c basis. This is, of course
desirable, but we feel that the public inmage and
prof essi onal reasons for inproving reforestation
success are even nore inportant.

MAKI NG A CASE FOR MONI TORI NG

Quality nonitoring is done in nost industries
where market conpetition, liability, and reputa-
tion are inportant factors. In our "industry"
the reasons for nonitoring are (1) our desire to
refine and inprove, (2) our pride and reputation
and (3) our accountability. Beyond these com
pelling reasons, monitoring is inpetus for pro-
fessional growth. Wthout recording our inputs
and their effects, our expertise grows slowy,
because we have no clear records of the fac-
tors that contributed to our successes and
failures. Wth nonitoring inplemented we can
Il earn from both our successes and our failures,
and readily pass that expertise on to our associ-
ates and successors.

Many plantation failures are difficult if
not inpossible to explain with the data presently



collected. We sinply do not know if the problens
are occurring at the nurseries, during shipping
and handling, during planting, or if they are
due to site factors or |lack of seedling adapta-
tion. As always, nore research is needed to
provi de answers, but research may not be enough
Presently, the mnds of experienced nursery
managers and foresters are the databases that
hol d the wi sdom gl eaned from years of experience
Two unavoi dabl e problens with this tradition

are (1) the menory is volatile, and (2) the data-
bases eventually transfer or retire. To progress
from here, we need to devel op conputerized data-
bases to store the volumes of existing and future
data and efficiently put them at our disposal
Once a fairly conplete database is devel oped

for each nursery, and research has adequately
filled in the inportant gaps in our know edge

we will be in a position to attain higher |evel
goal s such as: (1) tailoring culture to unique
conditions within nurseries and to individua
speci es and seedlots, (2) identifying and mani -
pulating critical factors that nopst affect
planting stock quality, (3) devel oping an effec-
tive systemto evaluate planting stock quality
and predict field performance, (4) devel oping

pl anting stock and site preparation prescriptions
for individual sites, and (5) devel opi ng conputer
model s for the entire reforestati on process

Sone of the | atest devel opnents in refores-
tation science illustrate these points. There
is a trend towards specific nursery culture of
i ndi vi dual seedl ote. Jenkinson (1980) has
devel oped time windows for lifting several mgjor
timber species and specific seed sources at
individual nurseries. Lifting seedlings outside
these wi ndows results in reduced survival and
growth, and in the worst case, plantation fail-
ure. The Weyer haeuser Conpany3 has | ed the way
in growing seedlings by famly (seed collected
froma clone in a seed orchard), observing
growth response to cultural treatnents, and
grouping famlies with sinmilar growth into
"response groups". Cultural treatnents are then
tailored to each "response group" to grow seed-
lings to desired specifications. This increasing
sophi stication brings increasing conplexity and
the need for nore detailed record keeping, a task
that conputers can help us with nicely.

PARTI CI PANTS AND ORGANI ZATI ON

All 11 Forest Service nurseries are parti-
cipating in the program The nurseries are the
center of RIP and the principal benefactors.

The initial level of conmmtnment at each nursery
is to monitor three successive crops of planting
stock of two seedlots of one species, and to
establish two field plots on different sites.

3Personal comuni cation with Dr. WIlliam C
Carl son, Tree Physiol ogi st, Weyerhaeuser Co.
Sout hern Forestry Center, Hot Springs, AR 71902

The follow ng organi zational structure was
devel oped for RIP in order to nmaintain
conmuni cation and continuity:

Data from
Recording Equipment and Hand Entry

|

1BM - XT
Summaries Raw Data
Archive at National Graphics Archive
Computer Center Hardcopy at Nurseries

|

Participating Units
and Interested Parties

A national steering committee nonitors the
overall program and nodifies it as necessary.
The program coordinator facilitates installation
of the nonitoring system and inplenentation of
data coll ection, summarization, and archival
A scientific analysis team (SAT) was created to
sel ect appropriate seedling neasurenent equi pment
and techni ques, devel op data collection and
anal ysi s procedures, and provi de feedback and
reconmendations to individual nurseries. The
teamwi || evaluate the data froma research
perspective and identify specific problem areas
that need additional research

Pat hol ogi sts from the participating Regi ons
wi || conduct pathogen and mycorrhizae anal yses.
Nat i onal Forests and Ranger Districts interested
in participating in the outplanting phase were
identified before specific seed sources were
sel ected for nonitoring. The program has al so
arranged for a local research scientist to
provi de gui dance for each nursery, a technician
avai | abl e by phone to provide support and spare
parts for instrumentation problenms, a software
devel oper to prepare specialized nmethods to
collect, sumarize, graph, and archive RIP's
data, and a technician to help with data
processi ng.

EXPECTED BENEFI TS

Benefits will increase each year as we
moni tor new seedl ots, encounter different
weat her conditions, nodify cultural practices,
and accumnul ate information on field perfornmance.
Expected short- and long-term benefits are as
foll ows:

Short-term (1 to 5 years)

1. Installation and inplenmentation of state-of-
the-art equi pnment and nethods at the nurseries
to nmonitor weather, culture, growth, quality,
handling, and field variables, and efficient-
Iy sunmarize and retrieve the data on a
conputeri zed database at each nursery.



2. Devel opnent of a standardi zed system for
col l ecting and anal yzing nursery data to
facilitate interchange of information and
technol ogy anong nurseries, research units,
and National Forests.

3. I ncreased awar eness of seedling biol ogy
t hrough tracking of seedling perfornmance
fromseed to site.

4. I dentification of stages in stock production,
handl i ng, shipping, and planting where
quality is lost, so that nursery nmanagers,
foresters, and researchers can focus their
efforts on the nost critical areas. Sone
i Mmedi ate i nprovenent in reforestation
success i s expected from recogni zi ng and
correcting conspi cuous probl ens.

5. | mproved communi cations between nursery
managers, field foresters, and researchers,
eventual | y devel opi ng feedback |inkages
bet ween these groups based on commopn goal s.

6. I mproved cultural and handling nethods in
the nursery by utilizing the database to aid
deci sions on when to performcertain practi-
ces, and to docunent the effects on seedling
qual ity and perfornmance.

Long-term (5 years and | onger)

1. Significantly increased and nore consistent
tree survival and growth after outplanting,
with fewer failures and replants, and | ower
reforestation costs. W should see increased
efficiency through the entire reforestation
process.

2. Devel opnent of specific cultural reginmes to
mat ch seedl ot s and seedling characteristics
to individual sites, thus utilizing the full
potential of each site.

3. I mproved nursery practices and know edge of
the relations between stock quality, site
condi tions, and field performance wll
improve our ability to predict tree survival
and growth on a variety of sites and optin ze
the cost of stock production.

4. Devel opnent of a flexible quality control
program for individual nurseries that can be
continually refined. Seedling production
will gradually shift froman art to a science,
enabl i ng nursery managers to mani pul ate
numer ous vari abl es and consistently grow
seedlings to target specifications.

ESTABLI SHVMENT OF NURSERY PLOTS

Each nursery is nonitoring two different
seedl ots of at |east one of the mmjor species
that it produces; five western nurseries are
noni tori ng ponderosa pine, four western nurseries
are nmonitoring Dougl as-fir, one northern nursery
is monitoring red pine, and one southern nursery

is monitoring both Ioblolly and | ongl eaf pines.
Ten nurseries made their initial sowings in 1986,
and one nursery began this year.

The sane seedl ots of each species will be
sown for 3 consecutive years so that they will be
grown under a variety of weather conditions.
Standard cultural practices will be used in the
100 feet of seedbed that will be sown for each
seedl ot and year. All the sowings wll be
clustered as close together as possible so that
they are in simlar soil and subject to simlar
weat her conditions.

ENVI RONMVENTAL MEASUREMENTS

El ectroni c recordi ng weat her stations are the
heart of the environnental nonitoring phase of RIP.
One station is |located on a pernmanent site at each
nursery to coll ect baseline weather data. A second
station is |located near the test seedbeds so that
sensors can nonitor the weather and soil condi-
tions to which the seedlings are actually exposed.
Conditions measured are: air tenperature at 1.5 m
above ground and at the seedling canopy |evel
(20 cm, relative humdity, precipitation and
irrigation, wind speed and direction, incom ng
radi ant energy and photosynthetically active
radi ation, soil surface tenperature, and soil
tenperature and noisture in the seedling rooting
zone. The recorder scans the sensors every 5
m nutes and records the hourly maxi rum m ni num
and average tenperatures; average humdity, radi-
ation, and wind direction; average and maxi num
wi nd speed; and total precipitation or irrigation.

One-time measurenments of soil physical
characteristics were nade in the test beds, and
periodi c nmeasurenents will be made of soil fer-
tility, pathogen levels, and quality of irrigation
and runoff water.

Envi ronmental conditions that the seedlings
are subjected to during lifting, processing,
shipping, and planting will be carefully nonitored.
This will include factors such as root exposure
time; tenperatures during grading, storage, and
shi ppi ng; and nunber of tines the seedlings are
handl ed. Tenperatures during storage and shi pping
wi || be neasured by another recording device, a
Dat apod4, that will be placed inside packing bags
to record tenperature hourly until the seedlings
are renoved fromthe bags for planting.

These environmental and history data will
be used in graphics, in correlations with seed-
ling growth in the nursery, and in interpreta-
tions of observed responses to culture.

4The use of trade or firmnames in this
publication is for reader information and does
not inmply endorsenent by the U.S. Departnment of
Agricul ture of any product or service.



CULTURAL PRACTI CES

Al'l cultural activities perfornmed on the

test seedlots will be docunented by date and
specific treatment. Any errors and unusual
occurrences will be noted. Cultural practices

i nclude seed stratification, sow ng, nulching,
thi nni ng, weeding, fertilization, irrigation,
pesticide application, shoot and root pruning,
and wrenching. No experinental treatnents wll
be applied to the nonitored seedbeds, but if any
practice is changed nursery-w de during the

program the nodified practice will also be
instituted in the RIP seedbeds. This information
will be used primarily for interpreting results

rat her than for making specific correl ations
with grow h and performance.

SEEDLI NG MEASUREMENTS

Despite all the high-tech gadgetry, seed-
lings are the main focus of the program We
wi |l exam ne them outside and in, i.e. norpho-
| ogically and physiologically, and correl ate
their devel opnent, growh, and condition with
(1) nursery environnent and culture, and (2)
field performance.

Monitoring will begin with establishment of
history plots at tine of sowing to determ ne
germ nation rates and pl antable seedlings as a
percent of seeds sown. Random sanpl es of seed-
lings in the seedbeds will be repeatedly neasured
to determ ne height and di ameter growth, bud
activity, and foliage color; and separate sanples
will be destructively neasured to obtain root
gromh. We will nonitor plant noisture stress
during dornmancy induction and mneral nutrient
status in the fall when the seedlings have
st opped growi ng.

Several neasurenents and tests will be done
when seedlings are |lifted: norphol ogical (exter-
nal ) characteristics will be measured -- height,

stem di aneter, bud length, dry weight, and
foliage color; and physiological (internal)
conditions will be assessed by several tests--
m neral nutrient status, carbohydrate reserves,
root grow h potential, cold hardiness, and
stress resistance.

Car bohydrate and mineral nutrient analyses
require sophisticated equi prent and will be done
by private or university laboratories. The root
growth potential, cold hardiness, and stress
tests, however, will be done at the nurseries.
This will be nore economical, and the seedlings
will not be subjected to storage and shi pping
that mght alter their physiology. The main
reason for doing the tests on site, however, is
to give nursery personnel greater famliarity
with the specialized neasurenents and tests of
pl anting stock quality.

ESTABLI SHVENT OF FOREST PLOTS

The payoff is, of course, field performance
of the seedlings. It makes no sense to grow high
quality seedlings if they are going to fizzle after
out pl anting, or disappear into the unknown.
Therefore, we have asked various Forest Service
Ranger Districts to establish and nonitor test
pl antations. Planting stock fromeach nursery

wi |l be outplanted on two forest sites; each wll
have an el ectronic weather station identical to
those used at the nursery. The sites will be

partially planted in each of 3 consecutive years.
Dependi ng on the conpatibility of the nonitored
seedlots with the seed zone of each forest site,
sone test plantations will be planted with both
seedlots and others will have only one. Only 200
seedl ings per seedlot will be planted and tracked
per site, so it will not be a heavy workl oad.
Site preparation will be the biggest problemon
many sites because the programrequires that
approxi mately one-third of each site be planted
in each of 3 consecutive years, but with site
conditions as simlar as possible. W will work
individually with each National Forest to devel op
a planting plan that is operationally feasible,
statistically valid, and consistent with RIP plans
and obj ecti ves.

As with the nursery phase, environnental
condi tions, handling, seedling characteristics,
and seedling performance on the field plots will
be recorded for |ater anal yses and correl ations.
We are working with the National Forests this
year to nmake sure preparations are nmade for
installing forest plots during the 1988 planting
season.

DATA HANDLI NG AND ANALYSI S

Data coll ection and analysis are critical
parts of RIP. The general plan for data flowis
as foll ows:

National Steering Committee
A

pirection
A2EQPI84

Program Coordinator

eyeq

Consultation

Regionsg Research

Vi (SAT)

Nurseries & Field Units

Data

Ft. Collins
Computer Center
{Archive)



Each nursery was provided with a mcro- Nursery Nursery
conmputer, electronic weather stations and data
reader, datapods and reader, a portable data Weat her Seedl ing growth
collector, and software to receive the trans- Hi story vs Seedling norphol ogy
mtted data, automatically sumarize it, and Cul ture Seedl i ng physi ol ogy
archive it.

Nursery Field

Weat her data are stored in a renovable
menmory pack that holds 32,000 bits of information Seedl i ng nor phol ogy Seedling cond. on arrival
(64 K packs are now avail abl e). The packs are Seedl i ng physiology vs Seedling surv. and growth
changed once a month. A full pack is plugged Processing & handling
into a special reader that transmts the data
to a mcroconputer where a conmuni cations pro- Field Field
gram captures it and stores it as an ASCII file. Site weat her Seedl ing surv. and growh
The pack is then erased and reused. The same Site history Vs
scheme is used to retrieve package tenperature Pest probl ens

data stored in the Datapods. The scheme designed
for the portable data collector to collect seed-
ling data and transmt it to the conputer for

processing is covered in nore detail in a separ-

ate paper (Rietveld and Ryker 1988).
ASCI| files containing the data are inpor-
ted into preformatted spreadsheets where stand- 1.

ardi zed data summari es and graphs are automa-
tically generated through the use of macros.
Graphs of weather data show nonthly summaries

of : incom ng radiant energy, photosynthetically
active radiation, precipitation, percent relative
hum dity, air tenperature at
ture at 20 cm w nd speed, wind direction, soil
surface tenperature, soil tenperature at 15 cm
and soil nmoisture at 15 cm G aphs of seedling
data are generated show ng: seed germ nati on,
hei ght growth, caliper growth, root growth, and
bud activity, all in relation to tine, air tem
peratures, soil tenperatures, soil npisture, and
sol ar radi ation. Paraneters such as grow ng
degree days, chilling hours, and potenti al

evapotranspiration are al so cal cul ated. Raw 3.

and summari zed weat her and seedling data from
the nurseries and forest sites are archived at
the nursery, and summarized data are archived at
the National Computer Center at Fort Collins,
CO, for safekeeping and sharing w th approved
interested parties.

| NTERPRETATI ON OF DATA

Nursery managers can mani pul ate the data
and generate other sunmaries and graphs as they
wi sh. Such information will be useful in plan-
ning and eval uati ng day-to-day nursery operations
and nmaking decisions, as well as building a
strong database for continuing quality control.

The data will also be evaluated by RIP's
scientific analysis team Because RIP is not a
control | ed research experinment, the opportuni-
ties to apply statistical analyses will be
limted. Initially, the teamw |l be restricted
to making inferences based only on observati ons;

after data are collected for three crops of 1.

planting stock (fall 1990), it will be possible
to apply some limted statistical analyses. The
general types of conparisons that will be nmade
are as follows:

1.5 m air tenpera- 2.

Scientific analysis is expected to take the

foll owi ng progression:

Observati ons

Evaluate field perfornmance -- if a seedl ot
does poorly at one site and not at the other
site, look at site data; if a seedlot per-
forms poorly on both sites, | ook at both
site and seedling quality data.

Eval uate repeatedly nmeasured variabl es (seed-
l'ing height, caliper, root growh, foliage
color, bud activity, plant noisture stress,
root growth potential, and carbohydrate
reserves) -- the only thing that can be done
early in the programis to flag anything

that | ooks suspect, since we don't know what
constitutes a normal level for the variables
at each nursery.

Contrast variables -- note differences in
sel ected variabl es between seedlots, sites,
and nurseries (for the sane species). G aph
sel ected variables for all nurseries grow ng
the same species (ponderosa pine or Dougl as-
fir) to become fam liar with basic nursery
and seedl ot differences.

Eval uate nodels and indices -- evaluate the
useful ness of various nodels to rel ate weat her
variabl es to seedling growth and phenol ogy

(e.g. degree hours with seedling growth in
the nursery, chilling units with cold hardi-
ness, etc); and evaluate the ability of

existing stock quality indices to predict
seedling quality and performance.

Eval uat e unusual events -- evaluate the
effects of any disasters or any unusual

weat her events, contrasting nursery practices
and field operations.

Statistical Analyses
Correlations -- by fall 1990, we wll have
first-season perfornance data on three crops
of planting stock on each of two forest sites,
giving a sanple size of six for each seedl ot.
Correl ation anal ysis of planting stock quality



vari abl es (seedling height, caliper, dry

wei ght, root growth potential, carbohydrate
reserves, etc.) with perfornmance vari abl es
(survival, height growth, caliper growth,
etc.) will be barely possible because of the
smal | sanpl e size.

2. Regression analyses -- sinple linear re-
gression will be possible after we have data
for three crops of stock. However, the real
power of regression analysis cannot be
realized until a sufficient range of data
points is available, which will cone with
addi tional years of monitoring. To sone
extent, datasets can be expanded by incl ud-
ing data fromnore than one seedl ot and
nursery (for the same species), but only
if they satisfy certain tests for conmon
regressions.

3. Devel op standards and indices -- with
sufficient data, application of single
and nultiple regression analyses will allow

inferences of cause and effect relations in
the nursery, between the nursery and the
field, and in the field. Consistently sig-
nificant relations my be used to devel op

i ndi ces that can be conveniently applied to
predict response. |In the process, we wll
eval uate, nodify, and adapt existing

i ndi ces and model s for individual nurseries.

SUMVARY

The USDA Forest Service has undertaken an
anbi ti ous programto accelerate the transition
of nursery management and reforestation from an
art into a science. The goals of the Refores-
tation I nprovenent Programare to (1) supply

each nursery with state-of-the-art equi pment and
met hods for recordi ng weather, cultural, and
seedl ing variables; (2) develop a nonitoring
systemthat links the nursery with the field and
provides a system for feedback; and (3) devel op
a conputerized database for each nursery that is
easily accessed, is interactive with nursery
managenment, and will eventually guide refinenents
in nursery culture and field operations. The real
val ue of the database will grow in direct propor-
tion with the quality and conpl eteness of the
data put in, and with time. There will be only
alimted ability to extract information fromthe
dat abases during the first few years; nostly we
wi |l benefit professionally by increasing the
depth of our docunentation and awareness. The
real payoff conmes with the accunul ati on of data
over years. Eventually, with the assistance of
research, we will develop culture/quality/perfor-
mance rel ations for individual nurseries,

establ i sh appropriate stock standards, and
greatly inmprove our ability to predict seedling
performance on a variety of sites.
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