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INTRODUCTION

Much land in the southern pine region that is better suited to forest
production than to any other use has been rendered incapable of
prompt natural restecking with timber species, principally through
undesirable logging methods and through fire. It this land is to pro-
duce merchantable forest produets within the next 40 to 100 years, it
must be reforested artificially, Artificial reforestation involves col-
lecting tree seed, growing tres seedlings in nurseries, and planting the
seedlings. The purpose of this bulletin is to set forth principles gov-
erning this work and the technic involved, on the basis of 10 years’
study and experimentation by the Southern Forest 1xperiment Sta-
tion and of the station’s sequaintance with State and peivate plant-
ing {hroughout the southern pine region,
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The ranges of the principal southern pine species are shown in
figure 1.

Accurate figures on the extent of nonrestocking land in the region
are unavailable, pending completion of the forest survey now being
conducted by the United States Forest Service. Even when com-
pleted, the survey will not have shown exactly what portions of the
land now nonproductive are incapable of vestocking ar what portions
can be planted with promise of good financial returns, (dluch light
will be thrown on the latter subject by the productivity attained
under goed forest management by the large areas on which natural
reproduction is already in progress.) There is good reason for as-
suming, however, that the nonrestocking seuthern pine Innd on which
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Frigune 1—Natural reoges of longleaf (.1)1, slaste {(f1), loblolly (O, and shortleat {(0)
IHnes.

planting wouid be desirable within the next 20 years exceeds 5,000,000
acres. Ona Iarge additional area it would seem justifiable to augment,
and improve the natural stands by planting.

The feasibility of plunting for timber production depends on the
ease and certainty with which trees can be established in the field, the
cheapness with which they can be prodaced and planted, and, in most
cases, the financial returns that can be obained. Climate, topography,
characteristics of the principal species, and geographic location com-
bine to make artificial reforestation at least as exsy and certain, and
economically as promising, in the southern pine region as in any other
region of the United States.

Meun annual temperature, a rough index of growing conditions,
ranges from 55° F, in Delaware and Marvland to 75° in Flovida,
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Mean annual rainfall ranges from 40 inches in Maryland and in the
extreme western portion of the shortleaf pine type in Texas, to more
than 80 inches in the extreme western portion of Florida and in the
extreme southern portions of Alabama and Mississippi (34).
Through most of the region, the topography is flat or only moder-
ately rolling. A large part of the land in need of planting 1s wholly
free from surface stones, :

The region is readily accessible to markets for forest products.

Four principal species make up practically the entire cut of
southern pine: Longleaf pine (Pinus palustris Mill.), slash pine
(P. caribaea Morel.), loblolly pine (£. taede L), and shortleaf pine
P. cchinata Mill.}. One or more of these specics compose an im-
sortant part of the commercial forests of each of the following 13
States: Delaware. Maryland, Virginia, North Carclina, South Caro-
lina, Georgia, Florida, Alubama, Mississippi, Louisiuna, Texas,
Arkansas, and Oklahoma.

All four of the principal southern pine species produce wood of
high technical quality and utility. “Within the sizes ordinurily
atfained by the trees they are unexcelled for structural timbers.
They yield poles, piling, railread ties, and other products of great
valte and are being used increasingly for kraft paper. Longleaf
and slash pine yield the entire national output of naval stores
{turpentine and rosin).

These four species are among the most rapidly growing nnd most
highly productive timber trees in the United States. The extreme
openness of the existing old-growth stands, only a small percentage
of which contain so much as 12,000 board feet per acre, is duc to
lack of management, and particularly to indiscriminate burning.
Likewise the yvields of the existing second-growth stands of mer-
chantable size, ordinarily from 1,000 to 10,000 board feet per acre,
are much below their potential yields, owing to present utilization
practices. Yields of fully stocked second-growth stands subjected
only oceagionully to fire and cut under extremely close utilization
practices are given in table 1. On the better sites, plantations
may exceed the yields given in the table. Yields of turpentine under
up-to-date practices are given in table 2.

Pante L—Norwvrd yickds per wore of wnmanaged netwral stunds of southern
pincs on quprorimulely average siteg?

Age Longiea! ping Slasgh pina Lobilaliy pine Shortical ping

Honrd | Cobic Cliehic Cnhic
Jeel : J feet | Cardy
2 ; 7 18 s 1,400

& 100
3, 850
5, 6
F]
5, 700 3
5, 156 &, 330
8, 450 , 5, 0&i
6,700 73§, £, 000

SETmpe

BBE3E882%R

13

i Exclusive of naval stores vields, and of intermedinte violds gneh ps wood cat in thinnings,  Toble
based o (51, inbles 35, 46, 53, 71, 7K, 85, 108, 135, 142, 148} ‘The Iollowing site indices {doininant hoighls ut
50 years) rre taken as average: Longleal pine, 70 {vel] siash pine, 80 feet; loblolly plue, 90 foel; shortienf
ning, 70 feot. Y felds are Agured as follows: In cords, froin rough wood, all trees 4 inches d. b. . or maore;
in board fect, by Inderantions! (M-ineh) rale, Iroin 1-foot stump height to o top dianteter inside hark of
5inches; in cubic fewt, froin totnl pecled volume of nil trees 2 inches d, by . or more.

1 Ttglie pumbers In parentheses to Liternfurp Clted, p. 108,
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Tanniz 2—1veruge wrnnel piells ' of furpentine per crop of 10,000 seeond-growth
‘ trees, by divmeter, specied, and stand density

Slash pine
Longleaf
PHnmweler bropst high pine, opren

Open statd | Dense stand stand

Fiarrefs Hirrels Bnrrcls
Sinches_ ... 12
tinches

i

Bipehes ..
Ginches ... .
itinches_ .. ..
! inches mmimne oo ———-
w@inches. . ..o Ll oL e ceeeen e e, I it

LTable bused on (34, figy, 0, 22}, Production of { bnrrel of turpentine (50 gallous) is ocenmpaniod by
prodietion of appeoximuiely 236 urrels of rosin,

‘Che high productivity and early merchantability indieated in the
tables result from the combination of leng growing season and ade-
quate rainfall with species characteristics.

The cost of establishing forest plantations is potentially lower in
the South than in any other fovest region of the United States, be-
cause of the favorable climate and topography and because the south-
ern pines ean almost invariably be planted as l-year-old seedlings
instead of as the older seedlings or transgplants commonly used In
other regions. .

If planting is done judiciously and skillfully, there is every reason
tn believe that the financial veturns from the planted stunds will be
almost as good as these from stands produced naturally. In some
instances they will probably be better. This probability is particu-
larly high for longleaf pine, which is relatively difficult to reproduce
by natural means but which ean be planted at about the same expense
ng the other species.

Aside from direet financial returns to an individual Iandowner
through sale or use of forest prodiucts such as saw timber, piling,
poles, and pulpwood, several kinds of benefits from plantations call
for consideration. A moderate planting program undertaken at
the right time may make possible perpetual operation of a sawmill
or pulp mill. Jederal agencies, by estublishing extensive planta-
tions, may create a source of future public income from districis
the tax revenues from whieh have practicully disappeared because of
exhaustion of forest resources. In certain localitres, particularly in
the silt lowm uplands of northern Mississippi and the piedmont see-
tion of central Georgia, forest planting uppears to offer the best
means of controlling erosion, simultaneonsly defraying part of the
cost of control by providing salable products.  Plantations have value
also for game management.

Forest planting in the sonthern pine region is of very recent de-
velopment. A few existing plantations are Iknown to have been
estublished in the region by farm owners as far back as 1907, 1896,
and 1892, usually with wild stock. These early plantations, how-
ever, make & pitifully meager showing in comparison with those
established during the same period in New England and New York.
In 1911 the Forest Service attempted to reforest artificially approxi-
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mately 900 acres on what ave now the Choctawhatchee and Ocala
National Forests, in Florida, partly by planting and partly by direct
seeding. This venture, undertaken on what are perhaps the poorest
sites in the South, failed almost entirely. During the decade 1911-20
sporadic private experiments with wild stock increased slightly, and
several planters in the Atlantic Coast States established southern
pine plantations that have developed satisfactorily. For all these
early plantations, establishment costs were so high as to inclicate
that the methods used were unsuited for any extensive reforestation
program, Up to and including 1919, the area successfully planted
with southern pines by all agencies combined totaled probably less
than 500 acres.

In the winter of 1919-20 the Great Southern Lumber Co., in
southern Louisiana, began artificial planting on a large scale, at a
moderate cost per acre. By the spring of 1926 it had established
plantations totaling 12,700 acres. In 1933 the area planted by this
company reached a total of 28,500 acres.

Since 1926, planting has become rather general throughout the
southern pine region. Information concerning seed and improved
nursery practice and planting methods has been mude available, fo-
sether with much other information relative to the southern pines,

b=

n o serics of Forest Service and other bulletins, Rapid progress
has been made both by lumber and paper companies and by farmers
and other owners of small tracts, Part of this progress is traceable
to the activities of State forestry departments and to Federal aid
extended under provisions of the Clarke-McNary Act of 1924, The
approximate extent of planting by all agencies combined s shown
in table 3.

Taplp G-—fatent of furest planting' b the 13 Sfales fying ;wim?!;,r or parily
aeithin the sonfhern pine vegion, by oll aucneies

- Total lor

?tu:_es

. ) - . . planting

Tefore 1908 ym X Totnl  southern
R0} ines

. pines al-

most ex-

clusively

Aerey
Delaward ..
Muaryiand
Virginig. -
North Caro

Mississippl
[.ouisinnn

b -1 - D
Arkansa ]
Oklnhomn 2, 538 181

Total - .| 87 13,406
Cumulniive total 7 . 51,737 | 63, 143

1 Tuble Lused on reports submitied by State loresters under se¢. 4 of the Clarke-MeNary Act.  Includes
not only pioc plantations it all forest plnotations reported, and not only plantations that survived bt
those that felled or were destroved. IE is not welieved that any considerable merenge of southern pine
plantations wis omitted from the Stote foresters' reports, .

10f this totnl 49,171 acres (067 percent) wns plavied by lumber and peper companias aod 15,452 neres
{71 percent) by Brmers.

31 O] this toral 48,712 seres (78 percent) wes plaated by Inmber companles snd 5,738 pores {14 percent}
by {armers.
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Prior to the expansion of planting on national forests in 1933
as a phase of Emergency Conservation Work, lumber and paper com-
panies dominated the field of forest planting in the southern pine
region. At the end of the calendar year 1931, such companies had
planted 67 percent of the total area artificially reforested in the 13
States Iying whelly or partly within the southern pine vegion.
More than 20 lumber and paper companies had planted 78 percent
of the area reforested artificially in South Carolina, Georgia, Tlor-
ida, Alubama, Mississippi, Lonisiana, and Texas, the States in which
practically all forest planting has been done with southern pines.
In these same States, some 787 farmers had planted a total of only
13.9 percent of the area reforested artifieially.

Most of the eurly work was done with loblolly pine. In some -
instances this species was used on longleaf pine land, for which lob-
loliy pine is usnally unsuitable, About 1926, slash pine became the
favored species for planting use, Slash does far better on cut-over
longleaf land than loblolly, at least within or near its natural range.
Meanwhile the mattock had been replaced in the South as the com-
mon planting tool by an iron planting bar that greatly expedited
the work.

The first suceegsful commercial plantation of longleaf pine was
ostablished in 1924, Drevious to tLat time it had been considered
diffienlt or impossible to establish this species artificially. By 1927-
28 studies and large-seale tests by 1 number of agencies had demon-
strated that longleat pine, if skillfully handled, ean be planted as
cheaply and cffectively as the other species, Since the species is
preeminently suited to certain sites and conditions, this marked a
great step forward.

Later noteworthy developments include reduction of cost by im-
provement of equipment and simplification of procedure; improve-
ments in the quality of plantations through better choice of species,
mxtare of species, and the use of closer or wider spacing to meet
certain exacting local conditions; and better organization of plant-
ing work through systematic planning and careful records.

Direet seeding, that is, scattering seed broadcast or sowing it in
Turrows, on prepared spots, or on areas prepared by harrowing,
has been tried in some reforestation projects in the South, prin-
eipally in order to avoid the expense of money and effort involved
in growing seedlings in a nursery. Occasienally the theory is ad-
vanced that sowing the seed directly on the site where it is desired
to grow the trees msures sounder and more normal development of
the root system than is possible in the case of trees transplanted
from a nursery.

Records are available of the results of efforts to establish southern
pines by direct seeding on 84 tracts, plots, or groups of plots on 2t
different nreas in 18 localities in the sonthern pine region, from
Maryland to Texas. These figures include no attempts in which
there is reason to doubt the viability of the seed used. On only 6 of
the tracts, plots, or groups of plots (17.6 percent) was direct seeding
cleasly and consistently successful, On only 10 others (29.4 per-
vent) could the process be called even partly or possibly successful.
Of the total 16 pluntings that constitute clear or possible successes,

10 involved elaborate site preparation such as clearing, plowing, and
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harrowing, or the use of prohibitively expensive quantities of seed,
or both; success was attained in one instance by sowing 25 pounds
of longleaf pine seed per acre, and in another by sowing 13.5 pounds
of loblelly pine seed per acre. )

A summary of these records indicates that in regard to successful
establishment by direct seeding the principal southern pine species
rank as follows, in order of increasing success: Longleaf, slasl,
loblolly, shortleaf. This is the same order in which they rank as
1o size of seed, longleaf pine having the largest seed and shortieat
the smallest. 'The coincidence is interesting in relation to the reasons
oiven for failure of direct seeding on the 23 tracts, plots, or groups
of plots for which such reasons were recorded. Failure was attribu-
ted, wholly or partly, to birds on 12 tructs, to rodents ou 9, to in-
suflicient seed-bed moisture on 7, and to one or more other causes on
lesser numbers.

Planted stands usuaily make better initial growth than direct-
seeded stands. The most obvious reason for this is the good start
obtained by seedlings on the cultivated and artificially watered soil
of the nursery. Generally, a 1-year-cld scedling of slash pine grown
in a nursery 1s as large as one 2 or 3 years old that has grown will
in the woods or on cut-over land, and a top-grade nursery-grown
longleaf pine seedling 1 year old is as large as an ordinary 5-yca r-old
or older longleaf pine seedling grown naturally.

Tt would seem inadvisable to attempt divect sceding on a com-
mercial scale by any method yet demonstrated.

Another scheme that has been tried without much success as w
method of establishing stands of southern pine is to plant wild
seedlings dug up in the forest or in old fields. It is true that the
earliest successful plantations in the South, and a few excellent later
plantations, were established with wild stock, and that wild stock
still occasionally fills a need in experimental work, in a small or
moderate-sized private planting, or in a preliminary demonstration
by a public agency. In general, however, wild stock is too hard to
find when wanted, too expensive to lift, and too uncertain in survival
and growth to justify the practice.

SEED

Characteristics of the seed used nflect practically cvery step and
process involved in artificial reforestation with the southern pines.
Fluctuations in the quantity of sced produced cause great and costly
fluctuations in planting schednles; the area planted by one lumber
company dropped from 2200 acres in 1926-27 to 300 ucres in 1027-
98, and increased again to 7,000 acres in 1928-29, solely because of
variations in the seed crop. The behavior of cones during seed ex-
traction, and differences m the yields from different lots of cones.
affect the cost of the sced.  Since seed of the southern pines especially
in demand for reforestation run fewer to the pound than most conifer
seedls, and since nursery and planting costs are low in the South, any-
thing tending to increase the cost of seed has a relatively greater
effect on the final cost of planting southern pines within fheir nat-
nral ranges than on the final cost of so planting most other species.
All nursery tecknic hinges on the seed’s germination requirements.
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its germination percentage, the length of time it requires fo germi-
nate, its attractiveness to birds, the season of sowing that best suits
its temperature requirements, and the _broblems  of controlling
weeds, Insects, and damping-off (which, in their turn, are affectel
by season of sowing). Lastly, for successful planting the charac-
teristics transmitted from the parent trees as to form, vigor, gum
production, hardiness, and resistance to discase must be such as to
fit the seedlings to the planting site and to the purposes of the plan-
tation. Preferably, planting should not be undertalen without a
thorough knowledge of the origin and quality of the sced.

Sounthern pine seeds, like those of most other pines, take two grow-
ing seasons to mature, Rain or frost during pollination in the spring
may 1uin the crop that would normally nuiture in the fall of the
succeeding year, and adverse weather or inscet attack at any time
during either of the two summers or the winter intervening can
destroy the cones or seed. . )

The male or pollen-bearing flowers uf the southern pines grow in
clusters between the preceding year’s needles and the new bud; that
35, at, the base of the current year’s growth. They may appear on
practically all twigs throughout the crown of the Howering trvee,
except the most vigorous twigs at the top of the crown and on the
stronger side branches. On these more vigorous twigs the female
or cone flowers develop, not st the base of the new growth but at
the tip of its first nede.

Pine pollen is wind-blawn. Pollination of slash pine tukes place
in late January and early February; in the Gulf States longleat and
loblolly pines are pollinated for the most part in March, and short-
leaf pine about the middle of April.  The time during which cone
flowers are receptive to pollen is very short, and differs somewhat
among individual trees of the same species.  Mareover, the male and
temale flowers of an individual tree do not alwoys mature simulta-
neously ; in some instances at least, the male flowers mature first and
shed most or all of their pollen before the scales of the cone flowers
on the same tree open to receive it. This difference in date of mu-
turity, together with the location of most of the female flowers in the
crown, above most of the male flowers, may account for the frilure
of somie trees to produce seed abundantly, and may also permit sonie
cross-pollination that would not otherwise tnle place. Cross-pollina-
tion makes it difficult to obtain seed of known male parentage and
even leads to hybridization, as of longleaf with lablolly,

During the sumamer, fall, and winter after pollination, the cones
increase very little in size. They cnlarge rapidly in their secorud
spring, and early in the ensuing summer attain their full size. The
nsual dates of maturity ave given in table 8, und are discussed more
fully in the zection on seed collection.

Estimates as to the frequency of cong crops of the southem pines
cannot reliably be based on stem analyses of seedlings or saplings
that appear to have coine from the same seed crop; such evidence is
inconclusive because of the likelihood that on any area from which
stems are taken for analysis drought and fires will havoe wiped out
practically entire crops of seedlings nnd, in the case of longleaf
pine, because of an extended, nonuniform delay in beginning height
growth and of a general failure te become dormant in winter and
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thus form distinct growth rings, Syslematic cone-crog reporting
for the southern pine region as a whole was first un ertaken in
1981. The records thus obtained cover tuo short an interval to per-
mit drawing any detailed conclusions concerning seed production of
the southern pines; but from earlier, though. less comprehensive,
records it appears that seed of each species is produced in some
part of the region every year with but few exceptions, and that
of the four principal species loblolly pine produces seed most fre-
quently. Records for longleaf pineon specific areas show 2 and 3 guod
seed crops in consecutive years, and 5 fair to heavy crops within 10
vears,

Seeds of longleaf pine ave remarkable for their size, their com-
puratively soft and leathery seed coats, the firmness with which their
wings are attached, the low temperature at which they germinate,
and the quickness with which they lose their viability in warm
weather. The seeds of the other southern pines have harder couts and
less firmly attached wings, and in general are more like the seeds
of pines native to the Northeastern or Western United States, They
nsually germinate less promptly than longleaf pine seeds, but keep
better at natural air temperatures; they sometimes pass into a dor-
mant state, which is, however, less marked than that characterizing
the secds of the five-needled pines of the North and West,

In size, form, and color the seeds of the sonthern pines are ex-
tremely variable. even within species. The seeds from any one tree,
however, are shnilar to each other in form and color. because not
only the cone but also the seed wing, the outer and inner seed coats,
and even the endosperm or “ meat * of the seed are invariably made
up of tissue derived entirely from the female parent tree, only the
embryo itself having possibly resulted from crogs-pollination.  The.
number of cotyledons or secd leaves of southern pines varies con-
siderably even mmong seedlings from seeds of the same cone.

The technic of collecting, extracting, and mavketing southern pine
seed, and investigations dealing with treatment, storage, and source
of the seed, have passed little if at all beyond the pioneer stage.
Phere has been a gradual improvement in cone kilns, and several
agencies and individuals have raised the standard of seed for their
own use or for sale by cleaning it in agricultural seed mills capabie
of removing the cmpty seeds. Seed testing has been insufficiently
developed and applied. Records of seed source and of the gquality of
the parent tree have been inadequate or whotlly lacking for all but
a few plantings.

COLLECTION

Because the trade in southern pine sced is comparatively undevel-
oped, private and State foresters concerned with forest planting in
the southern pine region frequently find it necessary to collect and
extract their own seed supplies,

An arvea’s desirability for pine-seed collection depends o four
things: (1) Abundance and quality of cones, (2) presence of a
logeing operation or of trees that can be climbed economieally, (3)
accessilility, and (4) hereditary qualities of the parent trees.

The first three of these considerations affect directly the cost of
the seed, and hence the cost of nursery stock snd of plantation
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establishment. It is obviously lesg expensive to collect cones from
well-loaded trees and from areas near a source of labor or readily
accessible by truck. The nearer to the seed-extracting plant the
cones are cohected, the lower are the shipping charges.

Hereditary qualities of the parent trees attect vitally the success
and ultimate value of the plantation, In general it has proved
unwise to use seed from one region in another region markedly
different as to lemperature, especially if the differences are in aver-
sge summer temperatnre, minimum winter temperature, or annual
daration of temperatures high enocugh te permit vapid growth (6,
12,16y, IEven if no marked regional differences as to temperatures
are involved, it may be unsuafe to introduce a forest-tree strain in a
region where the rainfall differs greatly in quantity or distribution
from that of the strain's natural range. If an arca must be planted
with seed originating at any considerable distance, therefore, care
should be taken to choose seed from a loeality for which weather
records ? indicate a climate similar to that of the planting site.

It should be a fixed policy to choose ss a seed source the stands
and individual trees that arc the best available as to form, growth
rate, quality of wood, and freedom from injurious insects and dis-
case, Although precige information is lacking ng to the extent to
which any of these characteristics are hereditary in the southern
pines, the probability that the use of choice seed will inerease con-
siderably the thrift and productiveness of the plunted stands is too
great to be disregnrded—particularly in view of the Tuct that stands
now being established by planting are expected to give rise, by
natural reproduction, to suceessive generations of commereinlly valu-
able trees. If only a part of the quantity of seed needed can be
obtained from parent trees of the best quality, this part should be
planted separately from the other seed used and separate records
should he kept of the results obtained with the different grades.
Separate vecords should of course be kept, also, of results with seed
from different geographic sources.

Suceess in eollecting cones depends in part on systematic scout-
ing, which usually should be done during August. Scouting trips
should be supplemented by correspondence with landowners, con-
fractors, and other local observers. Partienlar care must be taken
to buse the estimate of a crop’s abundance on aetual counts of cones
borne by a considerable number of representative trees.

Connts of longleat and slash pine cones arve likely to be eonsider-
ably more accurate than counts of loblolly and shortleat pine cones,
beeause eones of the latler species are snller. A count of cones on
standing trees is particularly difficult in the case of shortleaf pine,
heeause cones of this species remain atiached to the hranches tor
geversal years and the count must be restricted fo the current crop.

Figures are given in table 4 for converting numbers of cones to
bushels. Figure 2 shows the velative size of representative unopened
cones of the four principal species.

TWegiher rvecamis are obiainebie from the Weather Bureau, U, S, Depnrtwent of
Agricetiure, Washingtlon, L C
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TasLE 4—DFsual sizes? of unopened cones and ushel nonlbers of cunes per
bushel *

Length of cone 'DI"“;.:E_‘irn?ch]:'t’k"St;[ Cones per hushel

Averape Renge I;\\'i.-ragcl Range E;\vurngcl_ Rouge
| ) !

Brecles

Ihchex Fachey Inches Fuches Nuwber | Number
LODRICAT . o oere e csvmanananas j - . L2 7 1wl se-ils
1] )T £ -t 24~ 6.0 . Li-1.8 AW LA
Lablolhe. ... 3 1LB-d, 4 . TeLT 0 -1, 080
R T I LE20| L1-28 . el 4, KK Il LobH-2,

1 Conea fron vigorus youny teees tend Lo be above nyerage lu size, it Jetiee Lelow nverape o nuncher
per bushel.  Thoreverse is trize of cones from eld Lrees.

1 Figures that Indieate the up{Jroxinmte range sre of pverages for lols of cones,  Tndividual eones outside
thelengil nnd dismeter ranges indieated are found not infrequenily.  Flgures for lengild dinmeter are
hnsed on tegsurements of sneples from relotively few collectinns.  Fieures for numbers of cones per bushel

ate basedd on mere nmple data,

L— - wd

Filacnn 2—Unopened cones: A, Longleaf: &, slashi O, shortleal; b, tobluliy plue.
(Background ruled in Incbes,)

Table 5, based on data collected during the period 1823-30, gives
for cach of the four species the period within which the cones usu-
ally ripen and that within which they usually open on the trees and
the period preferable for collection. Partieularly notable is the
carly ripening and opening of the cones of slash pine.
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TapLe d—Deual dotes of maturity and opening of cones of southern pines, and
pertods preferable for collecting them

Speches - Ripening | Colleetion ] Opealng on trees

]
Tongleal, . .. L e aceaeaa ) b 1200 Ll ‘ Qet, 1-20... .. .. .| Ocl. 26-Nav. D,
Shsho....._ .. e vimmeeieeeemena]| Sepbo LWl | Sept. 1200, . L L] Sepk, 2030,
Lobdolly__. .. .| Sept, 20~0¢t, 10, _,.| Qe 1-%0...... .. ._| Det. 10-30.
Shartlopl . e VOt 130 Oet 10-30. ... 4 Nov. Lon,

Seasonal weather variations during the period of ripening, and.
other weather influences, often cause considerable departures from
the usual dates of maturity. In 1924, for example, unopened slash
pine cones were collected near Slidell, St. Tammany Iarish, La.,
as Iate as October 18, but in 1927 slash pine cones in the sume loeality
had opened and shed all their seed by September 20. In 1927 long-
leaf pine cones in southern Jackson and Harrison Counties, Miss.,
near the Gulf coast, began to shed their seed by September 15 and
had shed practically all of it early in October, whereas on a similar
arca in Pearl River County, 40 miles farther from the Gulf, the
first longleaf pine seed was shed about Octaber 10 and the last was
not shed until November.

The figures in table 5 furnish a general guide for use in planning
cong cotlection; the exact date on which te begin gathering the crop
shonld be determined by observation in the field, As a rtule, cones
should not be collected until they have hegun to furn brown. Cones
of any species may ripen, open, or be collected 1 to 8 weeks before
or after the periods shown in table 5. Slash pine is perhaps more
likely than any of the three other species to ripen and shed its seed
ahead of the time indicated by the table.

The ideal time to collect is when the first few cones in an entire
stand begin to open, Such late collection insures the greatest possi-
ble ease in extraction and, sinee by that time the cones have lost
much of their weight through drying on the trees, reduces transpor-
tation costs. It involves some risk of missing part or all of the
crop. The risk is greatest in the case of slash pine, the cones of
which open particularly easily and quickly and, over most of the
range of the species, mature early in the season, when spells of hot.
dry weather are still frequent. Collection should begin fairly early
in the season if large quantities of seed are needed. Verv early col-
lection, on the other hand, adds to transportation costs and to extrae-
tion costs, because of the excessive quantity of moisture in the cones.
and invelves danger of difficulty or failure in extraction:?

In the South, no species of squirrels are known to hoard cones.
Even after the heaviest seed fall, seed cannot be collected in satis-
factory quantities from the ground or other flat surfaces. Collection
{rom ponds or streams is hardly possible, unless in the case of long-
leaf pine; wetting combined with any rubbing or tumbling removes
the wings from seeds of the other southern pines, and sound seeds
without wings nsuanlly sink in water,

. L] Snut!!mfm pine seo;! matnre em&ier li'hnn the cnméui-.'om:nlz‘xmg them 3 Lut extraction aof
o seed from immniure conos igk fw, cones not in conditton fo open 1 *owlhip
sabjected to Jdrying. i3 too dificalt to be ’pmcticnl. pen verdtly when
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Collection from felled trees is easier and cheaper than collection
from standing trees. Cones of longleaf and slash pine are so heavy
and so easily detached that most of them fall oft when the tree top
hits the ground, and need only be picked up. Colection from felled
trees has the disadvantage that, even though the seed of certain
individual trees proves especially adapted to a given planting site,
Iater crops cannot be obtained from them. Felling trees for their
seed ulone usually does not pay, because of the stumpage yvalue and
the labor cost involved.

The equipment needed for collecting from standing trees includes
light Indders, climbing irons, and pruning hooks or poles. Some
workmen prefer to use only ladders for climbing second-growth
trees of moderate size. Ladders ave easy to obtain locally; but
when climbing irons and hooks or poles nre to be used, collectors
sometimes find it a good plan to supply this cquipnent to con-
tyactors as well as to day laborers, making them financially respon-
sible for it.

Some nse has been made of & pruning pole having at one end
» movable blade worked by a wire running to a lever at the other
end. Less expensive and cumberseme, and ordinarily mmwch more
efficicnt, is a light pole 8 or 10 feet long, having bolted to one end
a Y-shaped blude of 4-inch iron, the fork of which is 2 inches decp
and 134 inches from point to point. With thig, any cone within
reach can be poked, knocked, or twisted off. A modification of this
pole especiatly adapted to the collection of loblolly cones has a hook-
shaped insteid of a Y-shaped blade. A thong at the handle end
to go around the wrist facilitates use of the pole, and an extension
may be slipped onto the handle to permit resching cones on par-
ticulurly wide-crowned trees.

Most workmen can handle longleat, slush, and shortleat pine cones
with their bare hands, but few care to handle loblolly pine cones
without leather-palmed gloves.

Whether collection iz from felled timber or from standing trees,
it is quicker to gather the cones in bushel or half-bushel baskets
and pour them from the baskets into sacks than to gather them
directly into the sacks, Cones should be sacked in ecither 1-bushel
or 2-bushel lots, to simplify tallying the quantity obtained. DBushel
sacks are emsier to handle. Payment for piecework on unopened
cones, and purchase of such cones, should be based on volume, not
weight, because weight changes rapidly and irregularly as the cones
dry. The accurncy of the measure of sacked cones can be checked
at” delivery by measuring the contents of a few saucks chosen af
random, aml checking the remaining sacks by eye as they ave tallied.

All pine needles and other trash should be separated from the
cones before they ave sacked, preferably before they are placed in
the baskets. This cleaning saves the cost of transporting waste
material, makes it possible to empty cones from sacks into drying
racks without further cleaning, and simplifies cleaning of the seed.
Fven with the best seed-cleaning equipment, bits of dried, broken
needles are hard to remove.

Except when sced is very scarce, all wormy cones shounld be culled
At the time of collection. They yield only one-third or one-half
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as much seed as sound cones; in addition, they break badly during
tumbling, with the result that bits of cone scale, almost impossible
to remove, become mixed with the seed.

Any company or individual colleeting more than one lot of cones,
even of a single species, should place on every sack before it is
moved from the collecting ground a label showing unmistakably
the specie:, place of collection, and quantity, A tag that can be
removed from the outside of the sack and put in the drying rack
with the cones is perhaps the most satisfactory. Labels mside the
sack are uscless both because they cannot be read without opening
the sack and because the cones ave likely to grind them to pieces,

Necessary notes on character and location of secd trees should
be taken in the woods when the cones are collected, not left to
miemory until some more convenient time.

EXTRACTION

A bushel of unopened cones of any solthern pine species weighs
from 28 to 45 pounds. Of this weight 35 to 65 percent or more
reprosents water, nearly all of which must be removed before the
cones will open and free the sced. When opened, the cones occupy
from two to three and one-half times the space they occupied beforve,
Any equipment used in extracting the seed must be strong enough for
the maximnm weight of the cones before apening and reomy enough
for their maximum volume after opening.

PRECURING

The term “ precuring  covers hoth the storage of cones waiting
their turn in drying racks or kiln and the preliminary ajr«Irying
of cones that, because of excessive moisture content or other adverse
conditions, would fail to open normally if subjected at once to arti-
ficial heat. In the former, the chief purpose is to keep the cones
from molding or fermenting. Precuring as a preliminary to final
drying by artiicial heat is needed rather trequently by longleaf cones,
and somewhat less frequently by shortleaf cones, = If may be needed
occasionally by slash and loblolly cones. Without prefiminary dry-
ing the cones may caseharden; that is, the outer surfaces may dry
almost completely before the inner portions lose much moisture, with
the result that the cones remain permanently closed,

FINAL DRYING

Drying at (natural) air temperature requires only relatively sim ple
and inexpensive equipment, and involves no danger of injuring the
seed by overheating.” On fhe other hand it is slow; tends to leave
many sound cones unopened ; fails entirely to open the cones of such
species as sand pine (Pinus dausa [Engelm.] Sarg.) and pond pine
(P. rigidu seroting [Mich.] Loud.) ; exposes the seed to birds, mice,
and rats; and, for large-scale operation, requires very bulky equip-
ment. It is often the preferable method of handling small lots of
cones, is especially adapted to certain types of research, and is some-
times useful for supplementing large kiln operations.

Final drying at air temperature takes from 8 days to 3 or more
months; usnally, it takes at least § to 6 weeks. Except from well-
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matured cones of very high quality, the yield obtained bﬁ such drying
is usnally lower than that obtained by using artificial heat. Repre-
sentative yields for various species are shown on page 23.

Drying at air temperature is carried out most effectively and
efficiently indoors, with the use of movable racks or trays arranged
in tiers. Drying in bins or on tight floors makes less efficient use
of room space, and yields less seed per bushel of cones unlesr great
cz%-re is exercised to keep the layers shallow and to stir the cones
often.

Tn the South heavy dews and frequent rains make it impracticable
to dry cones by spreading them outdoors in the sun on tarpaulins and
covering them with other tarpaulins ab night as is done in other
regions. Tiers of cone trays mounted on light trucks, which could
be run out when the sun shone and pushed back into a shed at night
or during rains, have been used with success on one small operation
in the South; but this method requires too much equipment for large
operations. Extraction in well-ventilated bins under glass has been
suggested, but would require expensive equipment.

Extraction by artificial heat requires more elaborate equipment and
demands more skill on the part of the operator. Having the advan-
tage of speed, in large operations it requires less outlay for build-
ing space and for racks and other bulk equipment than would be
required by air drying. It usually results in miore complete extrac-
tion; in the majority of cases, probably, it is essential to obtaining
full yields. It involves much less danger of destruction of seed by
insects, mice, and birds, because the period of exposure is shorter, the
temperatures are higher, and workmen are present much of the time.

Final drying by artificial heat ordinarily takes from 12 to 72
hours. A plant requiring the latter period is inefficient. Repre-
sentative yields of seed of various species are shown on page 24,

Tf cones are to be dried entirely at air temperature, provision
should be made for abundant openings in the side walls of the dry-
ing room, free movement of air across the racks, and the admission
of as much sunlight as possible. Fans can sometimes be used to good
effect to force.the circulation of air. In a kiln, on the other hand,
if the convection type is used, there should be the fewest possible
openings in side walls, but abundant provision for the escape of
moisture-laden warm air at the top; if a forced-draft kiln is used.
the openings must be an integral part of the particular system in-
ctalled. Information concerning the most recent developments in
kiln design is obtainable from the Forest Products Laboratory,
United States Forest Service, Madison, Wis.

A cone-drying device that is suggested for use with southern
pine species 1s a large horizontal drum rotated In a column of Lot
air. Seeds loosened from cones contained in this drum are shaken

out onto an inclined screen leading to temporury storage boxes.
Other devices consist in hand-moved trays or power-driven endless
belts (4) or metal spirals (2), by the use of which cones are intro-
duced into the top of a column of warm air and, as they dry, are
moved downward into hotter, drier air. In Burope, a truck has
been devised in which cones are partially dried on the way to the
seed house by means of heat from the engine.
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TUMBLING

With most types of drying equipment, when drying has been
completed it is necessary to tumble the cones vigorousi’y to shake
out the seed. This tumbling is best done in a container made of
wire the mesh of which is small enough to stop unopened cones and
the larger fragments of broken cones but large enough to permit
the passage of sceds with wings attached. Hardware cloth of 15
inch-square mesh is good for this purpose. A tumbler of this ma-
terial separates the seed from the cones in one operation.

Kevolving tumblers have generally proved satisfactory. They may
be round, square, or hexagonal in cross section, and either inter-
mittent or continuous in action. An interniittent tumbler is uni.
form in cross section, has closed ends, and is loaded and emptied
by means of a door running the full length of one side, A pro-
gressive tumbler usually tapers slightly, hus no side door, and is
open at both ends; the cones are fed in ut the smaller end and, as
the tumbler revolves, work down to the larger end and drop out,
In either type, the seeds fall through the wire sides of the tumbler
into a receptacle below.

DETAILS OF EXTRACTION

Throughout. the three stages of extraction just described the man
in charge must constantly suard against injury to the seed, loss of
seed, mixture of seed of different lots, and excessive cost of the
operation as a whole,

The chief sources of danger to the seed are excessive teinperature
and overlong espusure during firal drying by artificial heat. No
harmfu] effects from the use of artificial heat need be feaved if the
temperature in the extracting plant never exceeds 120° F . 1t good
ventilation is provided, and if the seed is removed shortly after all
the cones have opener. Preliminary tests indicate that sced of
species having cones difficult to open,'such as sand pine, pond pine,
and, under certain conditions, shortleaf pine, may safely be ex-
tracted at kiln temperatures of 140° or more.

In general, a maximum temperatnre of 120° F. and a relative
humidity of 20 to 30 percent, with free circulation of air, are recom-
mended for final drymg by artificial heat.

The results of germination tests with several lots of southern ine
seed, of which some were extracted at ajr temperature and others
under controlled conditions in a lumber kiln, are summarized in
tahle 6. With ane important exception, the differences in germina-
tion of these lots of seed were explainable by errors of sampling or
variations in the complefeness with which defectjve and empty seed
were extracted fron the cones. The exception is the low germination
of longleaf pine seed extracted at 140° F.; seed of this species,
according to the results of this and other tests, is injured by tem-
perntures higher than 130°,
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Tapre §—Lveraye germinalion, in <tandord gund feils, of sced egtrgelcd from
comiparihie ots of cones wnder differend conditions of temperature apd rein-
tive Rwmidity*

Average germinatlon,? in standard sanid
flat, of seed—

Epecies, time of colisctinn, aml State . Extracted Extracted in lumber kilnat ~

| in eutdoor

;?ffe:;t 120° F,0 IN7F,.2 1i0° F.2

©opersigre  AWereh 307crel W prel
hum. hum. hum.

Fepeent Fercent  Prereent Pereent
Longlea! pine, October 1023, TeYAS .. oooociien oiian oo %4 I P 124
Lobiglly pite, Oet, 6-11, 1823, Loglslana......... ... 2 A4 i 45.7

Loblolly pine, Cer. 19, 15923, Arkansas__ . _. o A% 5 ;... - 3.8 A3 4

Shoctleal pine, Qet. 19, 1925, Arkansas__..oo....... .. . 34, camaaa 6a. 3 i 6T B

t Table based gn studies made by E. W. Hadley when assistant silvicultorist, Southern Forest Experi-
ment Station.  Germinztion is in terms of all zeeds sown,
* Tempersiures practically constant.

Excessive molding or fermenting of cones not only makes them
harder to open but also injures the seed and apparently decreases its
ability to remain viable in storage. Cones are seldom seriously af-
fected by mold unless they have been rained on during shipment or
have been stored for a weel or more in the sacks, in poorly ventilated
bins, or in deep layers on the floor. If cones must be stored in sacks.
the sacks should be zet on end far enongh apart so that the air
can circulate freely about each.

The first step in avoiding loss of seed iz careful selection of
cones, specifically avoidance of immature or wormy cones. As a
second step proper precuring to prevent casehardening is important
particularly in the case of longleaf and shortieaf pine cones, and of
cones of any species that are collected before turning brown. To
prevent heavy losses of seed through action of birds and animals,
in operations carried on at air temperature, it is recommended that
all openings be carefully screened and that pests be systematically
trapped and poisoned. Tumbling should be done in moderately
dry weather, particularly if the cones have been dried without
artificial heat: otherwise, there is danger that the cones will absorb
moisture from the air and their scales close sufficiently to retain
some seeds even if tumbied vigorousiy.

Danger of fire in cone kilns arises from the fact that the floor,
cone trays, and other woodwork become extremely dry and that
the hot, dry. resinous cones are highly inflammable. It is increased
if poor ventilation results in accumulation of turpentine-laden
vapor from trays of unopened cones recently placed in the kiln.
or of dust from the tumbler or seed mill. The worst of the fire
danger is avoided if heat is supplied to the kiln not from a furnace
in the same building but by means of steam from a zource outside
the building. Prohibition of smoking, and scrupulous care with fire
in general, should be sufficient additional safeguards.

oss of seed by spilling is lessened by proper design and handling
of equipment. In some extracting plants the men work in stocking
feet to avoid crushing spilled seedl.

AT = e -
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Accidentz]l mixing of trays or lots of seed can be avoided by
using good labels on all trays. Use of a distinctively colored tag
or card for each species is suggested, with appropriate numbers
or letters for the separate lots. All cone trays should be made of
wire fine enough to hold the smallest seeds extracted; screen wire
having 16 meshes to the inch is satistactory. If coarse wire is used,
seeds drop through the bottom of the tray when it is moved, or sift
down into other trays in the tier, perhaps to become mixed with
seed of other lets. To keep seeds from catching in cracks of the
cdhne tray and later mixing with seed of other species it is well to
bring the edges of the wire bottom of tire fray up inside the tray
frame and fack them at the top, instead of tacking them flat on the
bottom of the frazne. The cone tumbler, also, should be constructed
with the fewest possible cracks or edges capable of catching seeds.
In an extraction operation involving more than one lot of seed, any
cones or any seeds falling our of the proper container should be
discarded. These precautions against mixing seed are particularly
necessary it the seed is to be certified to 1 purchaser as to origin
or is to be used in research.

To avoid excessive cost in extracting seed, the operator must lo-
cate his extracting plant advantageously, keep his investment in
equipment within reasonable limitz, prevent waste of heat and
power, and make efficient use of labor.

For an agency extracting seed and alse maintaining a nursery it
may be most advantageous to locate the extracting plant at the
nursery, especially 1f the nursery is centrally situated in the district
irom which cunes are to be obtalned. On the other hand it may be
preferable w establish the estracting plant in connection with a
sawmill or pulp mill. s0 23 to take advaniage of the supply of steam.
The choice of a location may be influenced also by avuilability of
suitable buildings: the space requirement argues against using prop-
erty of high rental value. or constructing new buildings when old
opes will de.

I large quantities of cones are to be collected at a point far distant
from the main extracting plant or nursery, the cost of setting up a
temporary plant and extracting the seed at the place of collection,
plus the cost of shipping the seed alone. should be weighed against
the cost of shipping the cones and extracting the seed at the main
plant.

Time and effort expended in handiing cones give greater returns
if the drying racks are sbove the level of the tumbler and the
tumbler 1s well above rhe receptacle for empty cones. instead of all
operations being carried out on the same level. If artificial heat iz
to be supplied by any means other than flat steam coils, the deck
supperting the cone racks must be high enough to make room for
the furnace. stove. or verfical steam radiators. A plant having an
elevated deck for the drying racks should preferably be located on a
side hill, since in that case the cones can be transferred from trucks
10 the drying deck without waste of effort.

In constructing a building for an extraction plant it befiooves the
operatar to make sure that his flors are strong enough to bear the
weight of undried cones in the quantity for which he is providing
space. Five hundred bushels of cones collected early in the seazon
may weigh more than 11 tons,
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1f all final drying is to be done at air {emperature, enough trays
should be provided to hold the entire season's collection of cones at
one time. KEven at plants where half the seed extracted is slash
pine, maturing in September, and half is longleaf, maturing in the
middle or final third of October, it Is unwise to count on getting
the slash pine cones open by air-drying alone in time to free the
trays for the longleaf cones. If artificial heat is used fewer trays
are necessary, even though there must be several extra sets for pre-
curing in addition to those used in the kiln. The more efficient the
kiln, the fewer the trays required.

An operator should not coustruct or buy an extracting plant and
its accessory equipment until he is reasonably sure what quantity of
cones he will be obliged to handle in the near future. In laying out
the plant provisions usnally should be made for expansion. which
may be occasicned by bumper crops, an increased planting program,
or an improved market for seed.

Once cones have been freed of needles and other trash and have
arrived at ti: extracting plant they should never again be handied
singly, but always in baskets, bags. or trays or by means of scoops
or chutes.

One handling of loose cones is saved by providing estra trays of
standard size Into which cones can be emptied from sacks for pre-
curing, as these trays can be transferred dtrectly to air-drying racks
or to the kiln as soon as spuce is available. If standard trays are not
available cones should be precured on tight floors from which they can
e scooped up with shovels, or in shallow bins having removable
sides to permit raking the cones out info the trays in which they
are to be dried.

In small extracting plants, trays should be light enough to he
handled by one man even when they are full of unopened cones;
otherwise two men may often be required for filling, transferring.
and emptying trays when the speed requirements and quantities in-
velved Justify the efforts of only one. The travs should be of the
lightest construction consistent with good wearmng qualities; if not
designed, to hold more than a bushel apiece of unopened cones, they
may be made of 1- by 3-inch cypress reinforced at the corners with
flat angle irons. Galvanized screen wire of -g-inch mesh makes
good bottoms. In the racks or kiln each tray should slide on sepa-
rate rails or brackets, so that it can be removed independently of
other trays whenever the cones open.

Trays 3 by 4 feet are about the largest 1 man can handle alone.
Trays 8 by 3 feet or 2 by 4 feet are easier to handle and less Likely
to twist ont of shape when heavily loaded.

The ecapacity in bushels of unopened cones one layer deep in 2-
by 4-foot trays varies from 1 bushel for the large longleaf cones to
0.4 bushel for the small shortleaf cones. In the 8- by 4-foot trays the
capacity is 1.5 and 0.6 bushels, respectively.

For extracting longleat pine sced the trays should be placed 10
inches apart, bottom to bottom, to allow plenty of clearance for the
opened cones. Other species require less space between the trays,
with a minimum of 5 or 6 inches for shortleat pine; details of spac-
ing must be worked out to suit the special conditions and require-
ments of the extracting plant concerned,
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For the most efficient extraction either at air temperature or by
artificial heat, unopened cones should not lie more than one layer
deep in the trays,

Any hopper or tumbler deor for receiving cones should be consid-
erably wider than the tray or other receptacle from which the cones
nre to be poured; if it is not, many cones will bounce ont.

An intermittent tumbler of the type described on page 16 anid
shown in figure 3 (214 by 214 by 6 feet and mounted on a shaft
of 2-inch iron pipe) will hold at one time the equivalent of 3 or 4
bushels of wnopened cones, Considerably Jarger tumblers may be de-
sitable in large extracting plauts. A fumbler of the progressive
type may well be 12 or 16 feet long, 3 feet square at one ened and
4 feet square at the other. A progressive tumbler with this tapering
form and a horizontal shaft is betier than one of unijorm cross
gection mottnted on an inelined shaft, beeause it i Tree from the end-

FI39t0

Figtis d-—TInlermictent tnmblery for shaking zeed ouc of opeued cones,  The secds ]
through prids undertieath the tumbler and remaln in a Inrge, shallow box on the Sour
untll the entire klinfnl of coues hng been run through the tumbley,

.
wise thrust of the inclined shaft. Cones are shoveled into the tum-
bler or run into it through a chute, at the small end. A 4-inch rim
of wood keeps them from bouncing out. A few cleuts across the sides
may be used if needed to keep the cones from moving too rapidly
to the large end, where they emerge,

Tumblers are nsually turned by hand, but can be run by motor if
geared down sufficiently to keep the cones from clinging to the wire
beecause of centrifugal force,

A tray large enongh to catch all the seeds dropping from the
tumbler adds to convenience of operation. Where large quantities
of cones are handled a better device is a wide, shallow bin built on
a smooth floor nnder the tumbler and covered with a removable grid
of narrow boards set on edge. The upper edges of these bhonrds
should be beveled to keep seeds from being lodged on them and
crished by the fect of the men operating the tumbler. Such a sced
catcher is shown in figure 3; in this instance the catcher was de-
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signed to hold 350 pounds of seed, all of which was shoveled out
at one time.

If any considerable number of cones fails to open, these should
be removed before the remainder are tumbled aud should be given
further treatment or discarded. A good method of sorting out un-
opened cones would be to slide the cones into the tumbler throu h
a steep chute having in its fHoor longitudinal grids spaced widely
enough to let unopened cones drop through but closely enough 1o stop
cones that have opencd half way or further. A corrse wire rack
to catch the unopened cones would permit such seeds as passed be-
tween the grids to fall through into a seed tray. The grids woulil
have to be removable and should be available in varying spacings
from 0.8 or 1.0 inch for shortleaf to 2.0, 2.5, or 8.0 inches for long-
leaf.

CLEANING

The more fully the sead is freed of wings, empty seed, needles, and
other trash the more accurate is the determination of cost, the cheaper
the shipping, mud the easier the sampling, testing. and sowing. —As
has previously been noted, seed cleaning is greatly simplified by
sending to the extracting plant none but clean, sound cones.

Since the seed wing of longleaf pine is attached with remarkable
firmnness, seed of this species is ordinarily sold and sown without re-
moving the wings. The greater part of the wing may be broken off,
however, by running the seed through a winging machine consist-
ing of stiff wire brushes bearing auainst the inside of a wire-lined
cvlinder, or by putting a bushel of sced af a time info a large sack
and beating it sharply against a post. Care must be tuken not to
crack the seeds by banging them too vigorously. Partial removal
of the wing not only saves shipping weight but makes possible the
nse of a number of mechanical devices for sowing in drills, and also
reduces the probability that seed sown broadeast will be blown about
by the wind.

The sced wings of all the southern pines other than longleaf are
more or less easily removed either by hand rubbing or by means of
a winging machine. A more cfficient methoed is to wet the seed

uickly but thoroughly, preferably with a strong jet of water, and
then spread it in a wire-bottomed tray and dry rapidly, with fre-
yent vigorous stirrings, either in the sun or under an electric fan.
Vetting of seeds of these species loosens the twe curved prongs with
which the wing grips the seed. This treatinent removes practically
all the wings, and it properly carried out has no nnfavorable eftect on
the seed. :

Most of the wings and some of the other light trash can be re-
moved by spreading the seed in a thin layer in u small cone tray
or other wire-hbottomed tray, holding the tray at the level of the
choulders, and then lowering it quickly about £ feet, swinging it out
of the path of the descending wings, which remain in mid-air for
wn instant before they hegin to flutter down.

During the first 10 years of large-scale commercial collection, 1920-
29, practically all southern pine seed was hand-rubbed and was either
winnowed in the wind or cleancd over a fun.  That these methods are
far from satisfactory is shown by the high percentages of empty
seeds given in table 7.
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Pamke T—drerage peveentages of emply seed in lois cledned contmercinlly by
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The use of good agricultural seed mills, operated either by hand
or by motor, i replacing cruder methods of cleaning southern pine
seed, to the great improvement of the seed.  These mills remove im-
purities, if need be sort or grade the seed by means of oscillating
screens of various degrees of coavseness, and winnow by means of
an air blast, usually vertical. from a fan built inte the mill. They
dispose of practically all empty seed with a negligible loss of sound
seed.  One type at least is cipuble of cleaning longleaf sced with
wings attached.  Such mills are essential to efticiency in both com-
mercial and investigative work involving any considerable quan-
titics of seed. They are available in various sizes at low cost.

Where snch mills are not available, seed can be given its final clean-
ing by pouring it from box to bex in a strong wind, or by pouring
it down u steeply sloping wire screen placed over an upward-tilted
electric fan. When the fan is used, proper adjustment of its speed
and of its distance from the screen makes possible the removal of
some of the empty seed. Seed of southern pines other than longleaf
can be freed of empties by immersion in water. Once they are
thoreughly wet, most of the sound seed will sink and most of the
empty ones will float. In a sample of loblolly pine secd studied, a
cutting test made before immersion showed 33.4 percent of empty
seed.  After immersion, cutting tests showed 87.8 percent of empty
seed in the portion that fleated, and only 3.2 percent in the portion
that sank.}

In buying seed, inquiry should always be made us to the method
of cleaning, and assurance obtained that the process has not damaged
the seed.

The price per pound of southern pine seed is likely to be higher
the better the cleaning, both because of extra labor involved and
because each bushel of cones yields a smaller weight of well cleaned
than of poorly cleaned <eed. The number of seeds per pound is
smaller the better the cleaning, because it takes fewer full seeds than
empty ones to make a poun(f Even so, well-cleaned seed is Iikely
to cost less per 1,000 trees produced.

1 Datdwin (£), working with red spricee (Picca enbrg Tink.), obtained geparation better
than this by using sbsolute ethyl alechol, but at the cost of some (eerease tn the power
of the seedl to rematn viniAe Iy WtoTage.
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Y1ELD PER BUSHEL OF CONES

The yield of clean seed per bushel of unopened cones varies ac-
cording to species, cone quality, method of drying, quantity of seed
lost during extraction, percentage of empty seed, and method of
cleaning. With so many factors Involved, average figures for yields
provide no definite indication of cone requirements. Tuble 8 gives
figures for vepresentative yields of seed, under normal con ditions, per
bushel of unopened cones. These figures are for seed cleaned in the
wind or with an clectric fan, not in modern seed mills. Table 9
gives numbers of sced per pound for such unmilled seed, for which
pereentages of empty seed coats are shown in table 7. Milling, by
eliminating the empty seed, reduces the yield of seed per bushel of
unepened cones, as given in table 8, by upproximately 10 to 30 per-
cent.? Even for cones of good quality, this reduction freqguently
brings the yield somewhut below the empivienl figure commonly
quoted, 1 pound per bushel.  With cones of inferior quality the yield
is often much below that figure.

A comparison between rates of drying at air temperature and by
arItJiﬁcinI heat. and between quantities of seed yielded, is given in
table 10,

Tanng S—Represcutalive piclds of cleen seed per bughel of wnopened cones
iried ol «ir temperalive and by artificial heut'

Dried | Dried 1l Ied | Dried
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1 Pghlo hused an all rocerds availuble to the Southern Forest Experitnent Station except those of ylelds
vendered shnorina! by adverso wenther, premature collection, improper extraction, or shnorinal inseet
dumnge. Seed was winnowed in wind or over electrle fan, not in ngricultural sced mill with osciilating
screens nnd vertlesi pir biast.
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1 Palile buser! on ol repords avadkiibe to the Sonthern Forest Experithent tation of seed clenned other-
wiso than with ns apricaitural seed mill with osclliating sereens nruet vertiend wir bust, Samples measured
wore 1K) pereenst pure but conu;i::inf \'nryin;g pereentages nf empty seed; seo tuble 7. © Usnnl avernge
is Gnsad oh lospection of anarray, antt cheeked apainst an nrithmet be menn of the snae data,  * Minimam'
aieh *msimun ' sre drawn from alf samples observed by the station, exclusive of samples from strikingly
abmermal lots of canes. i

2 For loss inpartant speeles, records for single samples, ar for 3 or 4 snmiples st 1nost, indieate Lhe follow!ng
nnhers af sovds per Townds Sonderegier ping flonglent-loblolty lixbrid), 13,400; pond phie, 50,000; st
pitie, 74, 400; and spruce pine (Pirus ghibra Watter}, 77,500,

1 Speqt whh wings nltaehed.

# 'Phis lgere may be unrensobntdy hixh, hecaie of high percentage of npty sel i somo saples
{trise 73,

& O the hasis of 5 venrs' commerclad vollection, A, T3 Rend pives the followlng Agnres
fur avernge yielis of kiin-extracted milledl seed per bugie! of nnopencd cones: Tonglenf,
0.7F pound 1 slash, lehlolly, and shortlenf, G.B0 pound,
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There is some evidence {23) that the yield of sound seed per
bushel of cones is less when the cone crop is light than when 1t 1x
heavy.  [Sxperience minl general observation suggest, also. (hat the
vield per bushel of cones guthered from isolated trees or in very
upen stands is below avernge, owing to relative incompleteness of
polHnation,

STORAGE

An effective method of storing seed for at teast 1 or 2 years s of
the utmost importance ng insurance against failme of seed crops.
1t also facilitates oblaining seed of suitable hevedity for planting
on given areas; may reduce the cost of artificial vetorestation dur-
ing periods when crops are light and collection expensive; and may
prevent total loss of seed not used in the first scason fellowing
colleetion,

Seed of soutlern pines, particniarly Jongleaf pine, ltas been noted
{o deteriorate rapidly in storage. This rapid spoiling may have re-
sulted partly from inherent charncteristics of the seed, partly from
clintic conditions, and partly from unsuitability of the storage
methods nsed.  Cold stornge, accoriting to the results of recent
tests, keeps all species of southern pine seed in good condition for
at lenst 1 or @ yoars,

A further important consideration in seed storage is its effect
npon promptuess and completeness of germination. It has, however,
been very diffienlt to obtuin conclusive dafx on this point because
of the wide varintion that often cecurs in tests of comparable seed
samples. Figure 4 shows differences in promptness of germination
between fresh seed and seed in cold storage for 1 and 2 years. The
significant fuct is that the differences here shown are less than dif-
ferences that often accur befween comparable samples of fresh seed,

The most convineing tati obtained in this study indicate that the
tesperature at which seed is stored has a considerable influence on
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subsequent germinability, In one instance two lots of longleaf
pine seed that had been stored in paper sacks for 1 year yielded
60 percent germination for the one lot that had been stored at 32°
F. and 26 percent for the second, stored at ordinary room tempera-
turc. Check tests of fresh seed from these two lots each yielded
53.6 percent, In these tests the only important vaviable was tem-
perature, and the very decided indication in favor of a freezing
temperature for seed storage was supported by other tests of long-
leaf, slash, and shortleaf pine in which sced was stored in sealed or
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closed vontainers. In every ense seed stoved for 1 year at room
temperature had a notably lower gerniination than either the seed
in cold storage or the check sample of fresh seed. In two 2-year
tests of longleaf pine seed in sealed or covered containers, germinu-
tion of seed in cold storage compared very satisfactorily with the
check samples, whereas the two samples of the same seed stored
at room temperature completely failed to germinate.

So far as these few tests ean be relied upon, they indieste that
slash pine seed fares as well at a temperatire around 40° F. as long-
leaf and shortlenf seed do at freczing temperature,
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In all of the tests made, the tendency of several methods of storage
to give very different results with different groups of the same species
indicates that some unknown factor—such, perhaps, as moisture con-
tent of the sced when it is placed in storage—has a marked effect
on keeping quality. Coile (7) has shown that in sealed glass tubes
at nmatural air temperatures slash pine seed keeps befter if its mois-
ture content is low. For the present, cold storage is the only method
recommended.

Everir container of seed placed in storage should be labeled with
particular care, one tag being placed on the outside of the receptacle
and a duplicate inside.

TESTING

Intelligent use of seed depeuds upon knowledge of its identity,
purity (1. e., freedom from foreign matter and dwarfed, malformed,
broken, or weeviled seed), and germinative ability, and of the num-
ber of seeds per unit of weight.

The species of a sample of southern pine seed can usually, but
not always, be determined by comparing the sample with others the
species of which is known. To be certain as to place and date of
collection, and to be certain in all instances as to species, the nursery-
man must supervise the collection of his seed supplies or buy from
reliable dealers only, and must exercise care in regard to all seed
records and labels. “To determine purity requires only simple analy-
sis and weighing, and to determine number of seeds per unit of
weight requires only simple weighing and counting. Determining
germinative power 1s a more complicated process.

PURITY

To determine the purity of a lot of sced, a representative sample
is weighed and the appurently sound seeds in it are separated out
and weighed. The weight of the apparently sound seeds as a per-
centage of the gross weight of the sample is used as the purity per-
centage of the lot. This percentage times the weight of the lot,
times the number of seeds per unit of weight, gives the number of
seeds available for sowing.

The separation of apparently sound seeds from other seeds and
trash for this purpose does not involve removing wings that have
remained attached to seed. -

For determining purity percentage it is best to take 5 or 10 random
samples. Suitable weights for individual samples are: Longleal
pine, 4 ounces; slash pine, 2 ounces; and loblolly and shortleaf pine,
1 ounce. The separation can be made most easily by spreading the
seed in a thin layer on a sheet of white paper and pulling away
individual seeds with one finger. The balances used to weigh the
seed must be sufficiently sensitive and accurate so that instrumental
errors will not obscure differences in purity between samples,

NUMBER OF SEEDS PER UNIT OF WEIGHT

The simplest way to determine number of seeds per pound is to
count out a few 1,000-seed lots from the clean seed. A quick way
to do this without sacrificing accuracy is to spread the seeds in a
single layer on one-half of # sheet of white paper, and then, with
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one finger, pull them onto the other half in groups of 10. The
accuracy of the count of each group can be checked at a glance.
Ten groups of 10 seeds each can then be swept aside onio another
sheet in a compact pile, until there are 10 piles of 100 seeds each,

One thousand seeds from each sample of the sizes specified in the
foregoing should form a sufficient basis for determining the number
of seeds per pound. Weight per 1,000 seeds in grams can readily be
converted into number of seeds per pound by dividing, by it, the
number 453,592, since 1 pound equals 0.458592+ kg.

CUTTING AND HAMMER TESTS

The potential germination of fresh seed can be roughly determined
throngh either a cutting test or n hammer test.

In the cutting test seeds are cut open with a sharp knife and the
kernels examined. The kernel of a sound seed is firm and whitish,
For a simple cutting test intended only to afford a rongh guide to
density of sowing, 5 samples of 100 seeds ench from each homogeneous
lot or shipment may be adequate, In more elaborate cutting tests,
particularly in connection with studies of germination, it 1s sug-
gested that use be made of a 250-seed sample divided into 10 equal
parts. (The reasons for using this form of sample are discussed
in_connection with the standard sand-flat germination test.)

In the hammer test, seeds are laid one by one on an anvil and hit
with a hammer. The hammer smashes empty seeds, but crushes
sound ones into oily white spots studded with bits of brown seed
coat. The hammer test consumes much less time than the cutting test.

It is practically useless to apply either culting tests or hammer
tests to stored seed. Iven when applied to fresh seed, these tests
fail to show in full the percentage of seeds that will not germinate,
If estimates of quantity of seed needed for sowing are based on
cutting tests only, a moderate to heavy reduction must be made in the
expected germination percentage as indicated by the test. This re-
duction must be hﬂseg on experience with the species and in the
nursery in which the seed is to be sown,

GERMINATION TESTS

Actual germination tests of representative samples are a better
basis than cutting or hammer tests for judging the quality of fresh
seedd, and farnish the only acceptable basis for judging the quality of
stored seed of the southern pines, They are essential to investigations
of many different kinds, for example, studies of the effectiveness of
very young or very old trees as seed producers and studies to deter-
mine what temperatures and humidities should be used in extracting
seed by artificial heat,

ETANDARD BAND-FLAT TEST

A standard sand-flat germination test particularly adapted to
southern pines, although not ideal, gives comparatively consistent
results and is relatively stmple and inexpensive. When conducted
strictly according to directions, and with seed pretreated as de-
seribed on page 33, it should be of practical value to seed dealers
and nursery operators alike,
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Ii this test 25 seeds ace sown in ench of 10 drills.  Records are
lept sepurately for each dritll. The flats are examined daily, and
germinating seeds are pulled as soon as they break through the
sand or make censpicuous humps in it.

The flats containing the sand are 1014 by 1014 by 3% inches inside.
The sides are made of 1-inch pine strips. The bottoms are either of
tongue-and-groove Y-inch pine flooring or of 1- by 12-inch pine.

Before being put into the flat, the sand is uniformly moistened by
the addition of water equivalent to 15 percent of its dry weight.
The sand is packed in the corners, to avoid later settling, but is not
settled or pacled elsewhere except so far as this is unavoidable.

The seeds to be sown are drawn fromn the entire sample by mixing
the sample thoroughly, heaping it in a broad cone-shaped pile, flatten-
ing the pile, halving or quartering it, remixing a half or a quarter,
and vepeating until the final sample containg slightly more than 250
seeds.  From this sample 250 unbroken, apparently normal seeds are
taken at random for sowing. The wings of longleaf pine sceds must
be removed, to conserve space in the flats.

The drills are slightly more than one-eighth inch deep. They
are made with a seraper of which the ends rest on the edges of the
flat and the edge projects down into the moist sand.

A device used in preparing the flat is 2 trough or tray, three-
fourths by 1014 inches and three-fourths inch deep, of galvanized
wire having 16 meshes to the inch. The flat is set up with 10 such
trays jnst under the surface of the sand. The drills in which the
seed is to be sown are made divectly over the centers of the trays.
When germination is complete ond it is desired to make a cutting
test of fthe ungerminated seeds, tlw seeds remaiuing in each driil are
lifted simnltaneonsly simply by bifting the tray, and freed of sand
by dipping the lower portion of the fray into a pail of water and
gently shaking the tray. Trays can be cut and folded at the rate of
50 to 80 an hour. They ordinarily last for 2 or 3 tests of 2 months
cach. Their use reduces by about three-quarters the time required
to lif¢ the seed.

In sowing the seed, use is made of a drill seeder (fig. 5) of gal-
vanized iron, fitted to the top of the flat. A slit 1034 inches long,
near one edge, opens downward into one drill. Other parts of the
seeder cover adjacent drills, and the upturned section at the oppo-
site edge prevents loss of seeds. Successive samples of 25 seeds each
can be counted out on the seeder, spaced evenly, and, by means of a
straightedge, pushed through the shit into the drills far more rapidly
and accurately than would be possible by hand alone.

The seeds are covered with dry sand to a depth of one-eighth
inch from their centers; greater depth has been found to reduce
germination.

After the sowing, the flats are watered with a small fine-spray
watering can, and set in rows on laboratory tables in a rcom the
temperature of which ranges between about 70° and 90° F. The
watering is repeated as offen as necessary, usually daily or every
other day, and the flats ave rearranged systematically each day to
equalize their exposure to light and heat.

Daily individual and cumnlative records of germination for each
sand flat ure made on a suitable form. Xf there ave 25 seeds per
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drifl. each germinated seed counts 4 pervent. Time is recordel from
date of start, instead of by day of month. The sum of 10 drills
divided by 10 gives the average germination percentage for the en-
tire flat. The test is usually continned unti new seedlings have
ceased to appear at the surface,

TESTS IN MEDIA OTHER THAN ZAND

Several germinating media other than sand have been tried by the
Southern Forest Experiment Station and its ccoperatora. Oune of
these is acid peat moss, known also as ~ florists” peat.”” Thiz i¢ used
in the form of a mat, made by compressing moist moss upon 2 mold.
The mold is made by tacking several triangular strips of wood to
a smooth board and arranging around the series of =irips a bovder
of wire three-fourths inch high to hold the peat in place. To keep
the wire from bulging, while the peat iz being packed in place the

Froene G.—Rowinr seed io sanil tat by meios of che drill seeder.

wire is surrounded with o wooden frame. When the mat has been
compressed as tightly as possible with the hands, mat. mold. and
frame are inverted as a unit. Tirst the mold is gently lifted off, and
then the frame is removed from the mat, which remains supported by
the wire border and hears on its upper surface a series of grooves
impressed by the mold (fg. 6). The seeds are set up usnally at the
rate of 23 to each of 10 grooves. The mat is placed in a sguare glass
baking dish of suitable size and depth and covered with glass,
Enough water is poured into the dish so that after the peat has
absorbed all it will take up, a shallow layer will remain free in the
bottom. This medium keeps the seed well supplied with water, and
offers somewhat less encouragement to mold than do most media on
which the seeds are exposed directly to the air. The peat appears
to stimulate the germination of seed of certain species, particularly
slash pine. Exposing the seed to low temperatures as a preliminary
to testing is particulariy easy in connection with the peat-mat test;
all that 15 necessary is to place the mat, with the seed on i, in a suit-
able refrigerator. The peat mat has the further advantages that it
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requires much less space thaa the standard sand flai, weighs less,
and does not confain any grit. At the present stage of developnient
of its use, it gives less uniform results with some classes of seed than
does the sand flat,

Germinating media that have been tried-with less success are blot-
ters or other absorbent papers used in various germinating chambers,
including adaptations of the Jacobsen apparatus. These media are
less easy to maintain at the proper moisture content than cither sand
or peat, and are more likely fo become covered with nold. Several

FILB)9%

Fricie G—ltemoving the mold frow the I[m:lt mat, which s =til enclosed in the wowlen
rnme.

of the species of mold particularly annoying in germination tests
thrive upon paper itself,

A few tests of southern pine sced have been made in sand mixed
with garden soil or other loam and in loam alone. Samples tested in
this manner have shown germination pereentages strikingly lower
than those of samples from the sume original lots tested in pure
quartz sand. It is thought that damping-off fungi in the loam may
have killed many of the seeds,

The most exacting standards of technic are necessary to obtain
reliable results in seed testing. Unless germninated seeds are pulled
and discarded when their germination is recorded, errors result
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from their death and decay, or they become confused with more
recently merminated seeds. The use of odd or irregular numbers of
seeds in testing increases the likelihood of error. beeause such num-
bers are confusing and because they inerease greatly the difficnlty of
computations and decrease the applicability of some desirable statis-
tical methods.

At the end of a test all ungerminated seeds should be removed from
the testing medium, cut with a sharp knife. and tallied as sound,
spoiled, or empty. The fotal of the seeds tailied from day to day as
germinated should be checked against the total number of seeds
planted less the total number of ungerminated seeds lifted at the end
of the test. Recording the number of empty seeds makes 1t possible
to compute average germination, at any stage of the test, on the basis
of all seeds with kernels (see next paragraph). The presence of a
great number of ungerminated sound seeds at the end of the test
indicates either that the test has not been run Jong ¢nough or that the
proper germination or pretreatment technic has naf, been used.

METHODS OF EXPRESSING AND ANALYZING RESULTS

The final germination percentage and the period required to at-
tain it, or a curve showing the course of germination by 5- or 10-day
intervals, is usually adequate as a statement of the results of a rou-
tinec gerniination test. In tests to determine the quantity of seed to
purchase or sow, final and intermediate percentages should be based
on the total number of seeds tested. In fests to determine the effect
of extraction or storage methods or special treatments to hasten
germination, percentages based on total numbers of seeds with ker-
nels are preferable,

The reliability of purity percentages. germination percentages, and
seed weights may be estimated and expressed by computing the
standard deviation of subdivisions of a single test, such as the 5 or
10 random samples suggested under Purity or the 10 drills of 23
seeds each used in the standard sand-flat test. Purity percentage,
germination percentage, or weight as indicated by a series of tests may
be expected not to differ (by chance} from the corresponding sctual
mean of the entire lot of seed by more than three times the standard
deviation of the mean. The difference between the means of tests
of two different lots of seed is ordinarily considered significant if it
is three or more times the standard deviation of the difference.®

¢ The forimulie for the slandard deviation of the Individunis sad the standard deviation

of the mezu, respectively, are
fzar
’ N1

& TeAT= 7.
Far

The formuls for the stamdard devintion of the diference Leiween lwo menns, M,
and M, is

a3l gt
e difference '\/.\’:+:\':

In these formniee,

N=nomber of obwervations, ¢, £, the number of adrills for which germinntion per-
centeges are recorded seperately or of random samples for which purity percentapged or
welglitys are recorded separntely,

d=difference between the vulue of any ont observation and the value of the avithmerie
mexn of all obxervations,

I =gsummatlon,

ce=gtandard devintlon of the individosl observations.

o mepn=standurd devintion of the mean,

rdiference=gtandard devintion of the differonce Detween [wo merits,
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Detuils of methods of testing the reliability of results of fests
such as those here referred to are given by Collins (§), Gevor-
kiantz {14), and Youden (40), and in standard works on statistical
methods.

Statistical analysis is a usetul tool in research on forest-tree seed,
but should not be attempted withont an understanding of its limita-
tions,

TENDBENCIES INTHCATED LY RESULTS

Among the tendencies noted as an oufeome of the germination
tests perhaps the most distinct is a tendency for both rapidity and
completeness of germination to vary directly with size of setl, Secds
of longleaf, which are larger than those of any other of the four prin-
cipal species, usually show the most rapid and complete germina-
tion, when fresh. They deteriorate more rapidly in storage than
sceds of the other species, however, unless held at tenperatures anly
slightly above freezing. Slash pine seeds come next to longleat in
rapidity and completeness of germination under ithe best condi-
tions, but tend to become dormant when stored in the South at room
temperature either for a full year or over a winter only. In many
instances slash pine seed licld over winter in unheated nursery seed-
houses has germinated more promptly and completely than stnples
drawn from the same lots and held for a while in a heated office prior
{o testing for germination, and it has been demonstrated that slush
pine germinates promptly and well after cold. moist stratification.
Slash pine seed sometimes retains its viability for 2 or 8 years cven
withont cold storage. Occasional samples of shortleaf pine seed ap-
proach the record for rapidity and completeness of germination
set by longlenf seed of good guality.

In germination tests of southern pine sced it is unnecessary und
possibly undesirable to maintain uniform temperatures, Longleat
pine seed germinates at temperatures very little above freezing (3,
15, 35). Germination of seed of the other species has appavently
been delayed by temperatures below 55° and prevented by tem-
peratures a little below 30°. Seed of all four species hias been killed
m the middle of the test by temperatures in excess of 120°. Tn
germination tests started at intervals of 1 month throughout the
year, longleaf pine seed from the same lot showed a sudden falling
off of germination in June. minimum germination in July or August,
and a gradual recovery in power to germinafe during the fall,
apparently in part because of changes in uverage temperature from
season 1o season.

The relation of moisture content of the medium to the rapidily
and completeness of germination has not been clearly shown. Tt
has been noted, however, that permitting the moisture content to
decrease for 2 or 3 days toward the end of a sand-flat test, and then
bringing it approximately to the 15 percent at which the sand flats
were originally set up, sometimes increases total gevmination by
stimulating germination in a few seeds that would otherwise hnve
remained dormant at the end of the test. Results of experiments in
which seed was soaked with various disinfectants {(and chock lots
were: soaked with water) as a preliminary to germination tests
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indicate that soaking hastens germination, although it does not
necessarily increase germination percentage.

Mold causes relatively little trouble in germination tests run in
sand, but on most other media it is always at Jeast an annoyance.
Heavy mold growth is sometimes associated with complete failure
to germinate, particularly in the case of seed the germinative energy
of which has been reduced by storage, especialiy longleaf pine seed.
Usually the conspicuous mold development is on seeds that are
already dead or nearly so; but some fungi. mainly those which de
not make a vervy conspicuous external growth. are able to kill seed
before it starts to spront and may interfere to a considerable extent
in tests on media containing organic matter (23¢). Efforts to con-
trol mold by rinsing southern pine seeds in formalin solution or
by coating them with bordeaux mixture or colloidal sulphur have
not fully succeeded and in many instances have given no control
whatever. The organic mercury compounds have not been tested
so thoroughly as the compounds just referred to, because they ap-
peared to reduce germination and to cause development of stubby
radicles incapable of elongation after the first day or two.

TREATMEXNT BEFORE TESTING OR SOWING

Frosh seed of loblolly and shortleaf pine. or seed of these two
species and slash pine kept for a year or more by means other than
cold storage, often fails to germinate quickly and completely. Even
fresh seed of slash pine sometimes germinates tardily and in unsatis-
factory percentage. If this occurs in the Iaboratory, it decreases the
value and increases the expense of germination teste. If it oceurs
in the nursery, it increases the cost of sced and lnbor per 1.000 trees
and lowers the quality and uniformity of the planting stock. Obvi-
ously, therefore. it is desirable that such seed be subjected to some
treatment conducive to prompt and complete germination.

Such a trextment, developed at the Boyce Thompson Institute for
Plant Research (3), consists in mixing the seed with moist acid peat.
or arranging thin layers of seed in alternation with layers of moist
peat, and keeping seed and peat at temperatures of from 32° to 40~
F. for a month or 6 weeks. Actual mixing of the seeds with the
peat can be prevented by placing them between folds of cheesecloth.
It is well to place in esch tray or in each cheesecloth layer just
enough seed for a definite area of seed bed. The seed and peat can
be put up in shallow wire trays. and stored for refrigeration either
in a commercial cold-storage plant or elsewhere. The seed should be
inspected at intervals to make sure of its remaining moist. and
shonld be stirred. if the trays ave more than 3 inches deep, to insure
proper aeration.

Table 11 gives the results of tests made by this method with seed
of southern pine species at the Boyce Thompson Institute and the
Southern Forest Experiment Station, and by the Brown Co.. Berlin,
N. H.. and brings out the great increase in rapidity and completencss
of germination that ordinarily results from the treatment. Figure

1150 —83——3
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7 shows the course of germination of samples of southern pine seed
tested with and without pretreatment in acid peat.

TABLE 11.—Germination ruf, L pereentages of southern pine seed pretreaied
by stratification in moist qeid peit al low fewiperatures, and those of com-
parilie yeed not s treqled
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COSTS AND MARKETS

The labor required to collect cones of the southern pines varies from
about one-fifth man-hour per bushel of longleaf pine cones collocted
from felled trees in a good seed year to about 6 to 10 man-hours
per bushel of shortleaf pine cones gathered by climbing in « year of
poor seed production. An extracting plant with a capacity of 300
bushels of cones every 24 hours can be operated by 2 to 4 men: &

less efficient plant with o capreity of less than 100 bushels cver‘\}' 3
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days may reguire the same number. As a result of such variations,
the cost per pound of cleaned seed ranges from $1 to $6 or more.
Organizations collecting their own seed can sometimes get it for less:
longleaf pine seed delivered at the nursery of the company collecting
and extracting it has cost as little as 26 cents per pound.

Because of greater difficulty of collection or extraction, or greater
uncertainty of demand, seed of pond, sand, or spruce pine usually
costs more than that of any of the four principal species.
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On the basis of acreage planted and of average germination per-
centages it is estimated that the domestic consumption of southern
pine seed in the decade 1923-32 may have totaled 34,000 pounds.
Exports amount to several tons each year.

RECORDS

Tree seeds are not worth much unless accompanied by a record
showing when and where they were collected and to what treatment
they have been subjected, especially during extraction and storage.
For seed to be used in research a much more complete record is often
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necded, indieating the character of the parent tree and of the soil
on which it grew.

An administrative organization using from 1 to 20 or 30 large lots
of seed ench year can keep its sced records most simply and easily by
numbering each lot serially as received, noting species, source, date
of collection, method of extraction, method of storage, total quan-
tity, and use and final destination of each of the various portions into
which the tot is divided. Purity percentage, germination percentage,
and price per pound should be included in the record. The record
should be kept systematieally in a substantial bound book of ledger
form. The number given to each seed lot will become a part of the
nursery record and the plantation record.

THE NURSERY

General principles and practices comsmon to most southern pine
nurseries are discussed in this bulletin on the basis of data from four
nurseries maintaived by the Southern Forest Experiment Station in
Mississippi, Lounisinna, and Florids between 1923 and 1933, from a
number of minor tests carrvied out by the station in the nurseries of
cooperating lumber companies, and from systematic surveys by the
station of 19 different experimental and commercial nurseries in 10
Stiutes. The details of narsery practice must be worlced out on the
ground for each individual nursery,

LOCATION AND SITE

Tt is important that the location of a forest-tree nursery be such
ax to pernit easy and inexpensive transportation of planting stock
Lo the avea or areas where it is to be used. It is important also that a
reasonubly abundant supply of labor be uvailable near the nursery.
1n the Sonth it is usually possibie by locating the nursery in or near
a small town to obtain satisfactory labor without the necessity of
providing living quarters or transportation for workmen and with-
out incurring unduly high taxes or rents,

The importance of an adequate supply of water cannot be too
strongly empbasized. Tree seedlings growing in dense stands re-
guire very large quantities of water in the top 6 or 8 inches of soil.
11 rainfall is poorly distributed, or if it totals much less than § inches
diring any month between April and September, it must be sup-
plemented by artificial watering.  To apply the equivalent of 1 inch
of rain to an aren of 1 acre vequires 27,154 gullons of wuater. The
commonest source of supply in the South is a deep well, A few
nurseries use city water. An adequate supply can sometimes be
assured Py damming a small creck, if tht flow is fairly constant
(hroughout the year. Prospective water costs, including cocts of
pumps and of labor, must he estimated carefnlly before decision is
snade as to a nursery site.

A leam ov sandy lommn soil is the most satisfactory. Unless the
land is very low and flat it is preferable that the loam be underlain
by some shghtly less permenble soil, since this decreases both mois-
ture loss in dry weather and leaching of plant nutrients throughout
the year, The surface soil should preferably he not less than 12 or
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14 inches deep, so that plowing and, especially, any leveling thnt
may be done will not expose the heavier subsoil. )

airly sandy soils frequently meet all forest-nursery requirentents
if they are underlain by less pervious soils. The cost of enriching
cuch soils with various fertilizers is offset by greater ease of work-

ing, and most species of pine de.veloin hetter root systems in light

rhan in heavy soils. Every effort should be made to avoid stifl
soils, and to choose soil that will neither wash badiy in rainy weather
nor puddle during rain and cake and crack thercafter,

Southern pines thrive on slightly to mederately acid =oils (pH 6.5
to 4.5).

The small number of species ordinarily grown in a southern pine
nursery, and the lack of need of transplanting, muke it unnecessury
that the nursery contain a variety of soils. In fact, the more uni-
form the soil the better, as soil uniformity simplifies nursery prac-
tice and results in greater nuniformity of product.

Tt is important that drainage be at least moderately good, “ Craw-
fish land ” 7 is undesirable, and a nursery should never be establishe
on land at all likely to be flooded by stream overflow or by back-
water.

A relatively level site is preferable.  On slopes exceeding 3 percent
most of the soil types adapted to the production of southern pine
planting stock wash too easily to be desirable.

North and east exposures are preferable to west and, especially, to
south exposutes, because they have less tendency te dry out seriously
and also because they involve less heat injury. .

Planting sfock of southern pines can be grown with fairly regular
success by a competent nurseryman even on an adverse site, if the
water SLEIpply is adequate. Stock of the best grade, however, can be
produced only on soil naturally fertile or easy to fertilize, well
drained, of good moisture-holding capacity, and easy to cultivate;
and the better the site the more cheaply a given quality of stock
cnn be produced.

Among several otherwise equally desirable nursery sites, choice
should rest on the one where there seems to be least danger of infec-
tion with disease, infestation by insect pests, or attack by injurious
animals or birds.” In particular, a nursery in which longleat pine is
to be grown should be placed as far as possible from young stands
of longleaf pine seriously infected with brown-spot needle blight.
It is undesirable that a nursery be located near pecan groves onstunds
of other hardwood species the leaves of which furnish food for adult
May beetles, since larvae of this insect are-a nursery pest. Grass-
lands in particular ave apt to harbor large grub populations.

It js well that the location of a nursery aﬁow plenty of room for
expansion,

LAY-OUT

The area desirable for a nursery varies not only with the quantity
of stock to be produced but also with the species of the stock, the
method of sowing to be used, optimum stand density as determined

T This term iz applied to soil go poorly drrined that It rewmnlns molst cnough to farslal
o home for semiterrestrin) crowtsh (Casmbarus spp).  Such soll ls diffleult to work and
unfevornble to the growth of pines, und the erawlish destroy much nursery stock by
covering It wlth movnds of mud thrown out of the moutls of their burcows.
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by character of soil, and the schedule of soil-improvement crops
found necessary to kee}) the nursery soil in good eondition. Drill
sowing calls for somewhat more space than broadeast sowing. The
lowest desirable density is usually about 20 seedlings per square foot,
and the highest not more than 60. (Desirable densities for individual
species are discussed on p. 46.) Table 12 shows the approximate
areas, in square feet and 1n numbers of 4- by 50-foot beds, required
to produce 100,000 seedlings at cach of several densities,

Tants 12—Net and yross avens and nambers of hods required ta produce 100600
secilings al different densities twhen drill sown or broadeast soun.
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Hand weeding is diffienit in beds more than 4 feet wide and prac-
tically impossible in beds more than 5 feet wide, The standard width
in the southern pine region s 4 feet, Beds may be of any desired
length, but usually are much longer than the 12 feet common for
many years in other regions, Beds 25 feet Jong are sometimes used
if frames or covers of any sort are required, but still greater length
is usually preferable becavse it reduces charges for both labor and
materials. One State nursery nses beds 500 feet long. A bed 50
feet long and 4 feet wide is n convenient areal nnit on which to base
estimates as to quantities of seed or fertilizer to be used or of stock to
be grown and shipped.

In a nursery having an overhead sprinkling system, it is pref-
erable that the length of the beds parallel the sprinkler lines. This
permits grouping beds in blocks according to the sprinklers by
which they ave watered.  All the beds of a block supplied by a given
line eah be made up and sown at one time and be wet without wast-
ing water or disturbing unsown beds. If arrangement with regard
to sprinkling lines does not conflict, it is best to run the beds up and
down the slope in nurseries that are nearly level or are poorly
drained, and across the slope where slope is steeper, to retard run-off
and redunce soil wash.

The size and arrangement of paths and roads depend so largely
on conditions and management details of the individual nursery that
no general rule can be laid down. Paths 2 feet wide, besides being
more comfortable for workmen than narrower paths, allow room for
wheelbarrows. Narrower paths are preferable where limitation of
space makes it necessary to devote more than two-thirds of the
nursery areq to the beds themselves, or where the water supply is so
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limited that it is particularly desirable to avoid wasting water on
paths.

Nurseries less than an acre in area seldom need interior roads. The
larger the nursery, the greater the need of permanent roads. Nur-
sery roads should always be so laid out that passing and turning
will require minimum space and time,

Tanks, pumps, and main pipe lines, for greatest efficiency, must
usually be located at the upper side of the nursery. The location
of the main feed line must be selected very carefully if water is to
be su})plied by gravity or applied to the beds by irrigation. A little
sketching and measuring on & map of the nursery before the water-
ing system is installed may result in substantial saving through more
efficient. arrangement of pipe lines.

Tt is always wise to construct a good fence around the nursery, to
protect it from livestock or vandals. The fence should have two
(rates, so that trucks can pass through the nursery without rurning.
The eates should be well enough designed and constructed to stay
closed when shut, to swing open at a touch, and not to swing back
against an entering car or truck.

The nurseryman’s living quarters should be at the sursery or close
enough to enable him to watch developments daily throughout the
year,

PREPARATION

Nurseries are plowed and harrowed according to the agricultural
practice suited to the loeality, except that the soil ix not thrown up
into rows or hills as it would be for cotton or certain other crops.
Plowing should be deep enough to provide good growing conditions
for roots to n depth of 8 inches. but nnt deep enough to expose any
subsoil unfavorable to the seedlings.

The choice of harrow depends not only on the character of the
soil but also on the character of the weeds most likely to cause
trouble in the nursery. The presence of coco grass {Cyperus ro-
fundus L.} makes it nndesirable to use harrows other than the disk
harrow, because they spread its bulbs. If coco grass is absent, cer-
tain forms of toothed harrows can sometimes be used to work roots
of Bermuda grass (Capriola dactylon (L.) Kuntze) to the surface.
A device known as a wﬁirling harrow has been used very effectively
for this purpose.

Seed beds should be laid out accurately as to size and perfectiy
as to alinement, unless some peculiarity of the nursery soil makes
it necessary to fit the system of beds very closely to the contours of
the land. ~A slipshod lay-out spoils the nursery’s appearance and
has an unwholesome effect on the attitude of nursery foremen and
crews, making for slackness and carelessness in all operations,

Methods in commeon nse for laying out beds vary all the way from
regular engincering use of transit and steel tape to various simple
applications of measuring stick and eord. One nurseryman working
with small but experienced crews lines out his larger blocks of beds,
his roads, and other main features with a steel tape, stretches cord
along the boundaries of the blocks. and marks these boundaries by
rolling a wheelbarrow wheel over the freshly prepared earth. Next.
with the help of one man, he stretches cord across the Llock at
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alternate intervals of 4 and 2 feet and again uses the wheelbarrow
wheel to mark out beds and paths, He then plows along the marks
with a light turning plow and sets his bed curbs in the shallow
furﬁ'ows, checking the distance from curb to curb with a 2- or 4-foot
stick,

On level land, particularly if the nature of the soil prevents good
drainage, the beds must be built up above the level of the paths.
If the soil washes seriously, curbs are necessary to keep the beds in
shape. These are made of low-grade lumber, usually 1 by 4’s or
1 by &', nailed to pegs or stakes. To leave such curbs around the
beds throughout the growing season is a mistake, except on soils
that wash very badly; ordinarily they shonld be removed in June
or July, as soon as the seedlings are lurge enough to protect the
soil, %he latter practice, making use of available labor at a slack
season, adds a year or two to the life of the curbs by getting them
out of contact with the ground, and saves time during fifting, when
time is particularly precious. ‘The curbs must of conrse be stacked
properly after removal, or removal from contact with the soil will
fail to save them from rotting,

In nurseries where soil washing is not severe, particularly where
the beds need not be built up very high, the wooden curb has given
way to the unsowed shoulder, that is, a strip at the edge of the path
bullt up to the level of the bed. Such a shoulder is usually 6 inches
wides on soils only sli htly subject to washing, it need not be more
than 8 inches wide. %urmg the spring and early summer months
the shoulder is worked down Into the patzfl by washing and trampling,
=0 _that by the time the seedlings are large enou E to protect the
soil it has been eliminated. The use of the shoulder saves not only
the cost of curbs but also a considerable labor cost.

On poorly drained soil, or in localities having heavy rainfall, the
surfaces of beds should be rounded slightly to keep water from stand-
ing on them after rain. On very light sandy soils where a water-
retentive subsoil is very far down or is altogether lacking, or in the
localities of scanti rainfall near the western edge of the southern
pine region, beds should be practically level, for maximum utilization
of available moisture,

Southern pine seed germinates less quickly and readily than
agricultural seed, and the seedlings themselves are slower to de-
velop and more subject to injury than the young plants of most
agricaltural crops sown direct in the field.” The seed bed must
therefore. be fimished more carefully, and the soil pulverized more
finely, than is necessary with many agricultural crops. Hand spad-
ing, or a thorough working of the soil with potato hooks, is not
UNCOMmon Eract,ice in the finishing of seed beds, even after careful
plowing and harrowing. Raking is universall practiced, and skill-
ful rakers are a great asset to a nursery crew. In some nurseries, the
beds are given a final smoothing and rounding or leveling with a
hand drag which leaves the surface finely pulverized.

Soils differ remarkably in their requirements as to final treat-
ment before sowing. In some nurseries, it is a regular practice
to make up the beds several weeks in advance of sowing so that the
soil will settle to its final position under the impact of late winter
or early spring rains. Raking to a depth of 1 or 2 inches theu
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puts the surface of the bed into best condition for sowing. In
other nurseries, even a single soaking rain after the beds are made
up necessitates respading the beds before sowin them, and any
settling must_therefore be done by means of rollers. On a few
soils, even rolling before sowing is injurious and when raking is
completed the beds must not be left unsown overnight becanse of
the risk of damage by rain.

FERTILIZING AND OTHER SOIL AMENDMENTS

Tn southern forest-tree nurseries, largely because most of them
have been laid out on fairly good soil and have not been in existence
long, the use of either soil crops or fertilizer on w commercial scale
has Lare]y begun, and practically no systematic experiments with
nursery fertilizers have been undertaken.

The object of fertilizing forest-tree nursery soils is to obtain
larger seedlings in less time and at a lower final cost.

outhern nursery soils are typically somewhat acid. They are
likely to be deficient or almost totally lacking in organic matter;
and such a lack not only limits a soil’s fertility and water-holding
capacity but also makes its physical condition less favorable to
proper development of seedling roots, Some soils are too heavy
and stiff, others too light and %mnce sterile and dry, according to
origin and topographic situation,

The fertilizers usually applied to pine seed beds are nitrogen,

phosphorus, and potassium in the form of compounds that are

immediately available to the plants as nutrients or that break down
more or less rapidly, under the influence of weathering, into avail-
able nutrients. These elements can be added as conccntrated com-
mercial fertilizers, either nonorganic (such as sodivm nitrate) or
organic (such as tankage or bone meal). Nitrogen can be added in the
form of barnyard manure or hen manure, Most fertilizers are added
to the soil and worked into it at the time when the beds are pre-
pared. The chief exceptions are sodium nitrate and ammonium
sulphate, which are applied at intervals during the growing season,
usually in solution, when it appears that the scedlings are not in-
creasing normally in size, Nitrogenous matter, and much other
organic matter tending to improve the physicai character of the
soil, can be added by growing various leguminous soil crops and
plowing them under. Cowpeas and soybeans are among t{m 501l
crops most generally satisfactory in the southern pine region, {ro-
fularia speciabilis appears to be almost equally valuable. Nitrates
tend to make soil alkaline; where species to be grown are susceptible
to damping-off, aminonium sulphate is preferable unless the soil iy
strongly aeid.

Very heavy applications of almost any fertilizer may cause injury
or high mortality nmong young southern pine seedlings, particularly
of the smaller-seeded species. It is possible that organic matter
dlecreases germination ; and it has been suggested (22) that abundant
organic matter in the soil, by increasing damping-off, inhibits the
early development of longleaf-pine seedlings to the point of deter-
mining the range of this species. A disproportionately high quan-
tity of nitrogen is likely to cause vigorous top growth without corve-
sponding root development, and may lead to heavy mortality of seed-
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lings planted on a dry site or subjected to drought during their first
season in the field. Better root development may be brounght about
by increasing the quantity of available phosphorus. Application of
any highly soluble fertilizer late in the growing season may prevent
proper hardening of the stock at the approach of cold weather; but
n light application even as late as September sometimes enables
poorly developed stock to make a final spurt of growth and thus
rench a size suitable for planting. Fresh stable manure sometimes
has an unfavorable effect on seedlings, particularvly if it is not well
broken up and worked into the soil, but well-rotted manure in
qnanti@}es up to 1 ton per acre is usunally an excellent addition to
any soil.

and, charcoal, rotted hardwood sawdust, and commercial or
florists’ peat sometimes make valuable additions to heavy or poorly
drained soil, though charcoal may possibly increase liability to heat
injury. Rotted sawdust and commercial peat may improve the
quality of very light sandy soil also. These two materials combine
well with fresh manure or fresh weeds to form a compost that, after
a year or two in the heap, adds to the soil readily available nitrogen
and desirable organie matter. It is not good practice to compost
weeds unless they are pulled before coming inte bloom, or unless
they are free from long-lived rocts or bulbs,

SOWING

What season is best for sowing depends on what species of pine
is to be grown; on the latitude, clevation, and local situation of the
nursery; on soil conditions and the prevalence of various insect and
fungous pests; and on the kind and abundance of weeds.

Loblolly and shortleaf pine seed should in general be sown_carly,
in the Gulf States perhaps by March 1 at the latest. In the Forest
Service nursery at Russellville, in north-central Arkansas, January
seems to be the best time to sow shortleaf pine, In the northeastern
part of the region, where freezing weather ovdinarily males nursery
work impossible for a certain period each winter, it may prove
desirable to sow seed of loblolly and shortleaf pine in November,
practically as soon as it has been cxtracted. Seedlings of loblolly
and particularly of shortleaf pine grow less rapidly than seedlings
of longleaf and stash pinc, and must have the longest possible grow-
ing season if they ave to become large enough to plant in the winter
foilowing sowing. Morcover, loblolly pine seed, and sometimes
shortleaf pine seed as well, germinates more promptly and com-
pletely if sown as soon as outdoor temperatures become high enough
to permit prompt germination than if stored at room temperature
until late in the spring. Seed of these species may germinate still
better if it lies in contact with moist soil during a period of cold
weather before being subjected to temperatures favorable to germi-
nation. Promptness in germination is desirable both because it
simplifies the treatment of seed beds, especially watering and the
removal of mulch, and because it rvesults in greater uniformity of
stock at the end of the season.

Slash pine sexd is adapted to fairly late sowing. The seed ordi-
narily germinates promptly and completely, and the seedlings de-
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velop so rapidly under favorable conditions of soil and climate that
if started early they may be too large for planting by the end of
their first growing season. Slash pine can ordinarily be sown to
best advantage in early or middie March,

Longleaf pine seed should be sown earlier than slash pine seed,
because the seedlings grow somewhat less rapidly and need a longer
season to develop into grade 1 stock.

The higher and more northerly the location of the nursery, the
earlier should the seed be sown, The farther south and the nearer
cea Jovel the nursery lies the better is the growth rate adapted to
late sowing, but, on the other hand, the more likely is late sowing
£o result in poor germination and to subject the seedlings while they
are still in the cotyledon stage to heat and drought severc enough
to prevent their best development. Data from several nurseries In
the southern part of the region indicate that sowing should not be
postponed beyond Apnil 1. Detailed data from experimental sow-
g In two such nurseries ab intervals throughout the winter and
spring ave given in table 13.

‘banne 18 —fiermination pereontaues, and size of I—0 stack, fn 2 nurserics af
Bogalusa, Lu., by season of sotwing :
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Other things being equal, seed should be sown earlier on poor
soil than on rich soil, so that lower fertility will be offset by a
longer growing season. This is particularly true of longleaf and
shortleat pines. Since slash pine seedlings on fertile soil tend to
grow in one season beyond the size suitable for planting, In especially
fertile nurseries it is sometimes necessary to postpone sowing of
slash pine seed to the latest date consistent with safety from drought
and heat.

Control of practically all pests and weeds is favored by late sow-
ing rather than very early sowing. The briefer the period during
which the stock is in the seed beds the less opportunity pests have
to injure it. In particnlar, moderately late sowing shortens
the period during which the seedlings remain in the cotyledon stage,
in which they are especially subject to insect dttack and damping-
off. If sowing is postponed until fairly late the first crop of weeds
starts before the pine seed is sown, and can be gotten rid of by
harrowing or hoeing instead of by the more expensive hand puiling.

Moderately late sowing simplifies nursery administration because
it allows time for making up, settling, and resowing the beds in the
same season in which one crop of seedlings has been lifted from them
for planting, and because it spreads nursery werk over a long
period instead of making the work of sowing coincide with that of
lifting.

In starting a new narsery, it is a good plan to lay ot a series of
small experimental beds and sow 1 or 2 each month from January
to April; inclusive, in order to determine what inonth is preferable
for sowing the main erop.

Theoretically, broadcast sowing results in greater uniformity of
stock and in better use of all available plant nutrients, soil moisture.
growing space, and light, than drill sowing. Certainly some of the
finest nursery stock so far produced in the South has been grown
from seed sown broadeast.” In general, however, in the southern
pine region the rapid growth and early removal of the seedlings,
the class of lubor frequently employed for nursery work, and the
luxuriunt growth of weeds give drill sowing a slight advantage
in economy of operation and quality of stock.” In particular, drill-
sown scedlings are much easier to thin than broadcast seedlings.
Drill-sown stuck requires ordinarily about 20 percent more seed-bed
area, and In extreme cases as much as 50 or 60 percent more. Ordi-
narily, however, the cost of clearing, fencing, and preparing extra
land, and the taxes on extrs land, appear to be more than compern-
sated for by the difference in cost of weeding, particularly if the
drills are far enough apart to permit hoeing out most of the weeds.

In the South broadcasting is usually done by hand. In prepara-
tior for broadeasting by hand it is best to weigh out the quantity
of seed needed for each bed and divide it in halves or quarters, so
that each half or quarter of the bed can be sown separately. Tt
1s well to divide the seed set aside for a given portion of a bed
into two lots of unequal size, and after sowing the larger lot as
evenly as possible to fill in with the remaining lot all spots missed
the first time. These practices not only resnlt in a more uniform
distribution of seed, but enable the sower to work more rapidly.

In drill sowing, the first step is to determine carefully the number
of seeds to be sown in each drill, and their volume, It is then
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possible to make a measuring cup that will hold ahmnost exactly
that quantity of seed. An sluminum gelatine mold cut down with
tin snips is good for measuring longleaf pine seed, and a 10-gage or
12-gage shotgun shell cut down with & knife is good for measiuring
seed of the other species.

In small operations, particularly if skilled labor is available and
there is no great need of haste, sowing in drills may be done by
hand, either with the fingers or directiy from thie measuring cup.
In a nursery with a capacity of more than 106.000 seodlings, it 13
commonly much more desirable fo use a seeding trongh.

Many devices have been designed for sowing seed. some of which
permit sowing several drills at a time, In regard to the design of
such devices, one hinportant point is the extreme fartgue invoelved
in squatting down to manipulate a low trough that net be opened

Florup S—4, Trongh nsed for sowing sced In drills fu plie iirgery, sbowing alse fab
view {#), and side view of emd (L.

and shul 100 or more ihmes in the process of sowing a 50-foot bed.
Another is the faect that seeds ave very likely to get between any
sliding parts, such as the layers of the triple-bottomed Michigan
drill geecler. and jam theni.

A difficulty in using any of the more common geeding 1machines
with longleal pine seed arises from the fact that the wingg of seeds
of this species malke them very bulky and prevent them from sliding
through easily.

A secder that is perhaps move effective than any other developed
in the South is shown in figure 8. It consists of a trough constructed
to open at the bottom. Two 6-inch boards 4 or § feet long, according
to the width of the beds on which the seeder is to be used, are
joined at the ends by triangular wooden blocks serewed to them and
Dolted to emch other, which rotute when the upper edges of the
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boards are pushed toward each other. The trough is equipped with
two pairs of curving handles about 3 feet tall. At 'its ends are
horizontal markers of such length that when their ends are set in
the first drill the trough is in correct position to sow the second drill,

The two men operating the trough are each equipped with a bucket
of seed and & measuring cup that holds enouglh seed for half a drill.
They set the closed trough down on the freshly prepared bed. on the
surface of which the trough, by its own weight, nnkes a shallow drill
Each man £ills his measuring cup with seed and distributes it along
the trough from his end to the middle, then each grasps the handles
at his end of the trough and pushes them together. opening ihe
trough at the bottomn and depositing the seed in the drill. With this
device 2 men ean easily sow 2.0 drills 6 inches apart. or 100
lincar feet of bed, in an hour, Sowing at this rale, if it rvesults in
production of 15 seedlings per foot of drill, requires only 0.167 man-
hour per 1.000 seedlings in beds 4 feet wide and only 0,133 man-hour
per 1.000 seedlings in beds 5 feet wide,

How nny seeds should be sown per unit arex of broadeast bed
or per running foot of drill depends first of all on the seed-bed den-
sity most desirable for the species concerned, which in tuen depends
in part on the productivity of the soil,

Tuble 14 gives densities desirable during the lutter part of the
growing seasun for seedlings growing in nuesery soil of average
uality in broadeast and drili-sown beds, respectively, On espe-
cially fertile sites seedlings can be grown satistactorily a trifle closer
than indicated in the table: one nurseryman in South Caroline pro-
duces nnusually good longleaf pine seedlings at a density of approxi-
mately 40 per square foot. On soils less productive than the aver-
age—particularly on dry cites or in localities of high temperature
and low rainfall—or in nurseries lacking a liberal supply of wuter,
it is frequently necessary that the densities be one-third or even une-
half Jess than those shown in the table, In a comprehensive sevies
of testy ut the University of Georgia in which seedlings were grown
Trom broadcast sowing at densities varying from 10 to 80 per square
fuot. the largest and best longleaf pine scedlings obtained were
those grown at a density of 10 per square foot, and the largest and
best slash and loblolly seedlings were those grown at a density of
30 per square foot.*

TapLE 14—Desirable finel densities for seediings grown in wurscry soil of
arerase qratity

TN Inbroadeast-y I drills b
Epecies | sown beds | inches apact

- _
E [
v Nummber per D Number per

rquare fonl fout
TLangleal. 2335 10-42
kb b 12-15
A0-50 12-15
5510 1518

¥Mav, I, P, BrPECT OF DENSITY (F SIOCKISG UN_THE GROWTI AXD DEVELOCMEXT OF
LOKGLEAF, LORLOLLY, AND BLA¥ll VINE SEEDLINGS, 55 pp. 1934,  (Unpubllshed thests,
Univ. of Georgia.)
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Since rent und charges for water and weeding are the same no
matter how many trees are grown per unit of seed-bed area, the cost
per 1,000 trees is unnecessarily high if fewer good trees are grown
than the soil is capable of preducing. In addition, isclated seedlings
fail to shade the ground so effectively as those grown at optimum
density, and this deficiency of shade or some factor associated with
it results in poorer quality of stock. It is better to sow too much
seed and obtain too dense & stand than to sow too little, because thin-
ning is easy and inexpensive but to bring an understocked seedling
stand up to normal is impossible. Seed-bed thinning should he dime
late in May or in June, after the period of heavy juvenile mortality
but before the seedlings are large encugh to crowd each other seri-
ously. Snipping off the excess seedlings with small scissors is quicker
than pulling them, and much less likely to injure the scedlings that
remas:mn,

The computations necessary to determine nursery requirements on
the basis of the results of seed tests have been described in the
section on seed testing (p. 81.) As a general rule when fresh seed
of high quality, that is, seed with a germination percentage of 00
or more, is sown under conditions conducive to abundant and
vigorous germination 40 to 50 trees are produced for every 100
seeds sown. Seed with a germination percentage much lower than
90, or seed sown during ndverse scasons or under unfavorable
nursery conditions, eannot be expected to produce more than 20 to
40 trees per 100 seeds sown.

COVERING, ROLLING, AND MULCHING

Seed requires a covering to keep it moist from the time it is
sown until it germinates, to assist 1t in taking root, and to protect
it from birds, The southern pines ss a group react unfavorably
to n. soil cover of any considerable depth during germination, as
hins heen noted in connection with germination (esls,  Experiments
and experience in southern pine nurseries have demonstrated con-
clusively that the most favorable depth of soil or sand cover is
approximately one-eighth inch, and that any covering deeper than
one-quarter inch decreases germination seriously or prevents it
altogether. _

In many nurseries, rolling the seed beds makes easier the applica-
tion of the covering, in adtﬁtion to settling the beds; in fow nurser-
jes is the soil of such peculiar composition that rolling does more
harm than good. Some nurserymen prefer to roll the beds before:
they sow the seed, especially if the seed is to be sown broadeast and
covered with soil or sand; others prefer to sow broadcast on a
freshly yaked bed or in shallow drills and roll after sowing, thus
covering at least part of the seed. Some who muke use of a cover
.other than soil prefer to roll after sowing but before applying the
cover, others prefer to roll after the cover has been put on. The
most effective practice must be worked out for eacE nursery in
accordance with its needs.

The roller should always extend the full width of the bed, and
should be heavy enough to pack the soil uniformly and firmly.
Weights of 300 or 400 pounds have been found suitable. A hollow
roller the weight of which cnn be adjusted by pouring in water. to
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suit different soils and different conditions of soil moisture, is par-
ticularly useful. The larger the diameter of the roller, the less
rolling " disturbs the sced by pushing up the soil. ‘The Forest
Service has obtained very satisfactory results with hollow wooden
rollers 4 or 5 feet in diameter. o

Burlap, preferably of the 10- or 12-ounce grade, is widely used
for seed-bed covers, since it is easy to apply and is an effective pro-
{ection against Lirds. It may be tacked to the bed curbs or pinnel
down to the gromnd with U-shaped wires. Care must be used in
laying it, to avoid disturbing the distribution of seed; andl in re-
moving it, to aveid destroying seedlings.

Burlap cover usually should remain on the beds for 3 or 4 weeks
after sowing. Earlier removal may leave a large portion of the
seed unprotected. If it is left too long, many seedlings may be
crushed or smothered, or become subject to damping-off, while athers
may work through the cloth and so be destroyed. If germination is
prompt and vigorous, the burlap usually may be removed when counts
on small areas chosen at random show that about two-thirds of the
expected germination has taken place. If germination is slow and
irregular, and sometimes even if it is fairly prowmpt, the burlap
chotld be Jeft on until seedlings begin to smother beneath the cloth
or to push up through it. Longlenf pine scedlings seldom push
their way through burlap, because their stems are oo short auel their
catyledons too thick. I}) other seedlings push through, some of them
may be saved if the burlap is removed 1n the afiernoon, when the
seedlings have wilted a trifle and ave pliable.

The use of burlap is not entirely satisfactory, because some soils
pack badly under it during heavy rains; alsc it tends to rot in stor-
age during the summer unless it is dried with great care after being
removed from the beds.

A thin layer of pine needles Slocally called pine straw) is coming
into general favor as a combined cover and muich. Usually, it costs
less than burlap. Sced-bed soil is less subject to packing by rain
under the straw covering than under burlap, and germinating seed-
‘lings suffer less from crushing or smothering under straw.

Pine straw for use as cover and mulch is raked from the ground

under ynun%stands. An effort is made to keep it relatively free

from twigs, bark, and cones. It is scattered over the freshly sown
bed in a Tayer one-haif to 1 inch thick, This layer settles rapidly,
or may be rolled flat in the process of firming the surface of the
sced bed. In its final form, it should just hide the sced from view.
To prevent injury to ihe seedlings, it must be removed from longlenf
pine seed beds when germination is not quite complete; on sced
beds of the other species, it may be removed at that stage or one-half
to two-thirds of it may be removed then and the rest left in place
for weeks or months, according to the kind and abundence of weeds
in the bed.

In the Forest Service nursery at Russellville, Arlk, where shortleaf
pine seed is sown in January, a mulch of clean wheat strnw is tsed
on lop of n light covering of sanl to prevent frost heaving.  Need
af sueh mnleling is nol usunl in soulhern pine nneseries,

Severnl trinls of paper mulehes hivve heen nmde in sonfheen-pioe
purseries, bl with wisntisfuctory vesulis, Sl mnlebes are not swell
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ndapted fo small plants grown in grest numbers and in even, close
distribution. Tt 1s difficult to sow seed between strips of paper
mulch, and if the seed is sown first it is likely to be covered. The
mulch is hard to anchor. Because of the nature of the crop, as much
as 20 or 30 percent of the soil must be exposed; and this gives the
weeds plenty of chance to come up among the crop plants, In the
few instances in which a paper mulch has been put in position and
kept there, no appreciable iinprovement in the quality of the pine
seedlings could be observed.

EARLY PROTECTION

Agencies that may injure southern pines between the timo of sow-
ing and the time when the scedlings are well out of the cotyledon
stage and have puat on considerable juverrile (single needle} foliage,
that is, from February or March until May or June, include frost,
birds, rodents, moles. cutworins, and damping-off. Frost does little
or no harm in most southern nurseries, but occasionally causes somie
dnmage in winter-sown beds, especially in the northern part of the
region. In localities where frequent freczing and thawing of the
ground is known to occur, sowing should be postponed until the
danger of frost has passed in the spring or, if winter sowing is
necessary, the beds should be mulched with needles or grain straw or
the seed should be covered with one-cighth to one-fourth inch of
pure sand. ;

Birds arc among the greatest destructive agencies, particulariy to
longleaf pine and on areas near gathering points of migrating flocks.
A large flock of birds can practicaily ruin a small nursery in the
enrly morning howrs of a single day. According to reports from
a dozen nurseries the most injurions spectes_are, in order, doves,
mendow larks, bobolinks (reedbirds), domestic pigeons, and cardi-
nals. Other species may exceed these in destructiveness in some
places.  Bird sereens made of fine chicken wire on light wooden
frames are effective, but are expensive to build and handle and do not.
last many seasons. The use of sereens is not generally -recommended,
If bird damage is known to be only moderate in quantity, the seed-
bed cover used during germination can frequently be depended on
for protection. Burlap cover is better than pine straw in this respect.
It birds ave very numerons, the most satisfactory protective measure
is to employ rehable Jaborers to patiol the beds with sling shots, air
tifles, or shotguns, from just before dawn until after dusl, Dumage
by birds ceases once the cotyledons are free from the sced coats;
therefore 2 months is the longest period during which a patrol iy
liliely to be needed. Care jnust be taken to avoid conming into conflict
with the Federal Migratory Bird Treaty Act and with State Iaws,
which protect many of the bird species that commonly injure seed-
lings. In a few instances it has proved effective to foed the birds
oats or cracked grain at one side of the nursery. Coating pine seed
with red lead or other repellents seems to have no effect in the South,
and scarecrows and similﬂr devices have proved -useless,

A sharp lookout should be kept for signs of injury by rodents.
An effective mode of control js to scatter poisoned bait on the nursery

415017 —35 ——y
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and adjacent areas before seeding. A formula for a bait for field
nice is given in the appendix (p. 111},

Moles, tunneling in tlie nursery, sometimes cut up the soil so seri-
ously as to destroy considerable quantities of seedlings. Their food,
however, consists entirely of animal matter, including white grubs
and many other insects. It may be, therefore, that their presence
on areas near the nursery, and in portions of the nursery tem-
porarily in soiling crops, 1s definitely beneficial. If their tunneling
damages the sced beds excessively, systematic use of any of the
standard mole traps is a satisfactory method of control in com-
mercial nurseries. Detailed instructions for controlling moles are
given in Farmers’ Bulletin 1716 (%7«).

Cutworms, the caterpillars of several very commmon species of
moths, sometimes attack seedlings in the cotyledon stage. Cutworm
injury first becomes noticeable as a sudden thinning of the very
young seedling stand, and is likely to be confused with the effects
of damping-off, Close examination shows that the stems of the
seedlings have been Dbitfen completely or part way through, Cut-
worms are ordinarily easy to control by using a. poisoned bait
described in the appendix (p. 112). As the worms feed principally
at night, the bait should be scattered through the nursery just
about sundown, so that it will have no time to dry out before the
worms begins to feed.

Seedling diseases of the group known as “damping-off 7, caused
by fungi of various specics, are neither so general in occurrence nor
g0 severe and persistent in the South as in the North and West.
This may result partly from the greater acidity of southern nursery
soils, as most of the fungi causing the diseases prefer nearly nentral
or even slightly alkaline soils, or it may result from the greater
resistance and more rapid initial growth of southern pine seedlings.

In jts most typical form damping-off occurs in seedlings in the coty-
ledon stage and eauses the roots to die and turn watery brown and the
stems to lopple over and become so limp that they drop into any
depressions in the soil surface. Freshly germinated longleaf pine
seedlings, having stems too short to topple over easily, when at-
tacked by damping-off fungi often flatten out on the ground like
little rimless wheels, In its more obscure form, dumping-off occurs
in germinating seed before the seedlings appear above the surface
of the groun(f and often remains a good deal of a mystery to the
nurseryman. ‘This phase of the disease may account for the lack
of success in beds and germination tests in which the seeds are
covered with seil more than one-fourth inch deep. An infrequent
form called “top damping-off? occurs in the tops of the seedlings
as late as May or Junce. '

Factors eontributing to dumping-off are overcrowding, poor drain-
age, too much rainfall or artificial watering, the addition of too
mueh organic matter or of lime or wood ashes to the sail, and too
much shade. The infrequent top damping-off can be controlled by
providing ventilation; thinning may be needed in extremely dense
stands. The so-called “late damping-off ®, reaily a root rot caused
by the damping-oft fungi after the stems are too stiff to fall over,
has not been observed in the South. To protect sprouting seed and
very young seedlings from the usual type of dumping-off, acid
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lreatment, either with sulphuric acid or with the more convenient
aluminum sulphate (27}, is the most generally successful. At nurs-
eries where damping-off is feured and where the soil acidity is
materially less than that represented by pH3, such treatinent should
be tested on a small scale. Either material may be applied to the
beds just after they are sown and covered; the amount to use per
square foot varies from one-eighth to three-eighths fluid ounce for
sulphuric acid, and one-fourth to 1 ounce for aluminum sulphate.
the largest amounts Leing needed or tolerated only un heavy or
alkaline soils, For such surface treatment, the materials should be
dissolved in water at the rate of 1 to 2 pints per square fuot (the
smaller amount only if the soil is already moist), und the beds shoulkl
be promptly sprinkled. Modifications of the acid type of treatment
are now being made, and the most recent information ean be secured
by application to the Division of Forest Pathology, Bureau of Plant
Industry, at Washington. Because different soils differ in their
requirements and tolerance for acid treatments, they should not be
used on & large scale until after small-scale local tests.

Where it 15 very essential to insure against failure of first-year
seedling production on an untried nursery area, the formaldehyde
treatment may be used without previous trial. The treatment js
applied at the rate of two-thirds fluid ounce of the strongest (37-
percent) liqnid formaldehyde per square foot of bed, dissolved in
approximately 2 pints of water per square foot, The beds must be
exposed to evaporation for a week, or, if the weather is cold, for 2
weeks, before the seed is sown. The soil should not be turned over
deeply after treatmient; no soil cover other than treated soil, or
clean river or subsoil sand, should be used on the treated beds, The
treatment is more expensive, and usually less effective against cither
disease or weeds, than a proper strength acid treatment, but can be
counted on to be of some value on almost any soil type.

Another still more expensive but usually safe method is that of
steaming. The Maryland State Department of Forestry has success-
fully controlled damping-off fungi and greatly reduced weeds in
beds of loblolly pine and other species by a modification of this
method in which a 4- by 12-foot inverted pan supplied from a small
portable steam boiler is left in place 30 minutes, with steam at 40
io 60 pounds per square inch, heating the soil at a depth of 4 inches
to a temperature of from 160° to 180° F, Loblolly pine has grown
better in beds steamed by this methed than in adjacent unsteamecd
beds, Scheffer (24) has found it effective to use very low pressure
steam for the same purpose, and describes the procvedure in some
detail,

SHADING

Shades over seed beds are seldom necessary in southern pine
nurseries, because of the exceptional resistance of southern pine
nursery stock to high surface-soil temperatures.” Need of shades is
least for seedlings growing at correct densities and for seedlings
large enough to shade the ground around their root collars.

» Btudies Lo Cnlifurnin, 1he Northeast, nnd other forest reglons of rie Unlted Stales
Ive shown that surface soil temperatures higher than 120% 1% are generally dangeruug
te smnll coniferous svedilngs in those reglons.
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In & nursery at Bogulusy, La., the maximum surface soil tempera-
ture of 1928 in an unshaded bed was 132° F.,-recorded on July 9.
The corresponding surtace-soil temperature in an adjacent bed under
a lath © half shade” was 114°. In this and in two other nurseries at
Bogalusa in which shading experiments were made, the results were
distinetly better in the unshuded beds except that the smaller seeded
pine species (loblolly and purticulurly shortleat) tended to germi-
nate and oceasionally to survive better under shade, TLongleat and
slash pine in unshaded beds germinated and survived us well us they
diel in shaded beds, and in several instances much hetter,  Adl four
speetes developed mavkedly stoufer, heuvier seedlings in the abseuve
of shade,

On the Ozack Nutionul Forest, Avk., unshaded shortlenf pine 1-0
stock planted in the spring of 1932 survived far better than corre-
sponding shaded stock.

Use of shade sometimes canses considerable injury, It apparently
increases very greatly the loss from dawmping-off, It also causes
rapid elongafion of the stems of the surviving seedlings and makes
the plants tall and spindling.  Shaded seedlings eontinue to develop
juvenile folinge long after similar plants grown in unshaded beds
have put ont abundant Tascicled needles. Not only arce they unde-
sirable in Jorm hut they lack hardiness, beeause of delay in develop-
ing woody lissue.  Moreover, shading seems to prevent the root
systems of the seedlings fron: developing s well as those of seedlings
grown withont shade,

Omission of shade is necessary in the atter part of the season to
induce the hardening of the tissues that makes dormancy imore
complete and remlers the stock better able to endure the shock of
being bransplanted.

Shades ave ovcasionally needed during very hot dry weather to
prevent heat injury to seediings that have begun to germinate hut
have not yet formed true bark on the stemis, or to prevent retarda-
tion of growlh. Ixotic conifers are nmch more likely thau native
pines to require shades when grown in southern nurseries.

Burlap mukes entirely too heavy n shade, Light cotton falries
stuch as the cheesecloth or netting wsed over truck crops and tobuaceo
might serve the purpose. The mnterial most commonly used ix
lath or similar marrow strips of woed. These strips are nailed on
light wooden frames, tacked to wires, or connected by means of wires
interwoven around their ends. Tach Iath in the shade is separated
from the next by a space equal to its own width, which gives 50 per-
cont density. The shades are made the stme width us the seed hod.
and of any length desired; those on wooden frames are ususily 10
or 1214 feet long, and those on wires 25 or §0 feet. Wire-mounted
lath shades are particularly convenient because they ean be rolled
up from either end and e¢an be picked up and carried by one man.

Shades are best supported on rails paralleling the edges of the
beds and about 20 inches above them. Thesge ruils cun be made of
low-grade 1-by-8%s or similar inexpensive material nailed to stakes.
whade frames are more effective against heat injury if they are high
enotgh to perinit goed air movement under them.
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WATERING

Neuarly all the more successful of the large nurseries in the seuth-
ern pine region use overhead sprinkler systems, the pipes of which
rest in roller sockets on the tops of posts. Each line of pipe is
rocked backward and forward in its roller sockets by a water motor,
in such a way as to swing fine lines of spray back and forth over a
strip 25 to 30 feet wide on each side of it. Several large nurseries
use small rotary sprinklers or ordinary hose and spray nozzle, but
without obtaining entirely satisfactory results. Several small nur-
series water at reasonable cost and in sufficient quantity by means
of hose. Irrigation in the paths was tried in one mursery, but was
gbgndoned because too little water pencirated to the centers of the

eds,

The quantity of water to be applied, and the frequeney with which
watering is needed, vary greatly with soil, rainfall, and number of
hot, cloudless days., During any one week, rainfall and avtificially
applied water should ordinarily total at least as much us the nverage
weekly rainfall of the locality in which the nursery lies. In a rain-
less week water equivalent to at least 1 inch of rainfall should be
applied artificially, even though there have been abundant rains
earlier in the season.

During germination the surface must be kept almost continwously
noist, although preferably it should not be extremely wet. At other
times, it is better to soak the nursery thoroughly at intervaly of
several days than to inoisten merely the surface of the ground every
day.

No authentic cases of injury to southern pine seedlings from
watering in the daytime instead of at night have come to thy atten-
tion of the Southern Forest Experimnent Station, On the contrary,
leat injury may sometimes be warded off by starting an overhead
sprinkler during the hottest part of the day. Ordinarily, it is pref-
erable to water at night, because the higher humidity and lower
temperatures of night reduce the rate of evaporation and the water
applied has a correspondingly greater chance to soak into the ground.

t is generally considered good practice, and in some nurseries in
the most southern part of the region is essential, to stop all watering
in August or September excepl in seasons of extreme drought. By
Aungust or September the seedlings should be so far advanced in
development that a reduction of the water supply will not leave
them too small for planting, but will merely cause the tissues to
harden. Particularly on the better soils, reduction ot the water
supply toward the end of the summer iz in some instances necessary
not only to harden the stock but to keep it from becoming too large
to plant economically with the tools ordinarily used.

WEEDING

From 4 to 7 weedings a year are necessary in even the cleanest
of southern 'pine nurseries, and a dozen or more may be required
where weeds are abundant at the start. The cost of hand weeding
ordinarily makes up 20 to 40 percent of the total cost of 1-0 nursery
stock,
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Certain general control measures reduce greatly the labor and
expense of weeding even during the first year of application, and
help still mors to restrict the weed crop of the following season.
Among the most important of these measares, particularly if the
principal weeds sre running grasses like Bermuda, is very thorough
hand working of the sced-bed soil before sowing. Going over a
bed thoroughly from end to end with a potato hook and then a rake
takes less Lime than one hand weeding, and such a cleaning of the
soil in advanee of sowing may save half a dozen weedings.

If coco grass is present, working with spike-toothed or spring-
toothed harrows te climinaie weeds does more harm than good be-
canse such harrows spread the bulbs of this particularly obnoxious
weed. Bermuda grass and Jolmson grass can be worked to the
surface with toothed harrows; and as these weeds spread by root-
stocks more than DLy seed, to destroy most of their overwintering
rootstocks is more than half the battle.

Other general mensures include late sowing, with one working of
the soil before sowing to kill the weeds nlready started; drill sow-
ing, to permit hoeing out some of the weeds and pulling the remain-
der by hand more easily than is possible in broadeast-sown beds;
cutting weeds on the marging of the nursery and on surrounding
land, to keep them from going to seed and scattering their seed over
the beds; and growing heavy cover crops on portions of the nnrsery
not being used for seedlings. It is important, also, to avoid bring-
ing in from outside the nursery any soil or barnyard manure that
may confain weed seeds, or using compost made of weeds that may
have gone to seed before being pulled,

Aside from these measures, weed control depends largely on weed-
ing by hand. To be effective, hand weeding must be done early and
must be clean. The cost of early, clean, hand weedings, although
sometimes very high, is almost invariably compensated for by a re-
duction in weeding costs later in the season and a great decrease in
costs in following years.

Every man assigned to hand weeding must be taught never to weed
on dry ground, never to break off weeds at the surface, and not to
injnre the seedlings in any way. He should not be allowed to break
down the edges of the beds, or to rest his weight on his hands at
any point within the bed. He should be taugﬁt to reach down to
the weeds from above, instead of gliding his hands to them from the
side among the seedlings.

Various devices such as knee pads, small stools, or benches, and
hand tools such as small knives or teaspoor handles, make weeding
easier and more efticient.

WEEDS PARTICULARLY SERIOUS IN THE REGION

The history of a dozen nurseries in the southern pine region indi-
cates that crabgrass (Syntherisma sanguingle (L.) Dulac) and Ber-
muda grass (Capriole dactylon) are about equally wide-spread and
troublesome.  Coco grass (Cyperus rotundus), also comihonly called
nutgrass, althongh less comnion, is fully as serious in some nurseries
and is perhaps the hardest of all to erndicate. Goosegrass (Eleusine
indica (L.} Gaertn.) and crowfoot grass (Dactyloctensumn aegyptivm.
(L.) Richt.) are perhaps the next most important species, All other
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grasses put together take a minor place. Except in a few nurseries,
weeds other than grasses present relatively little difficulty.

Both Bermuda grass and nutgrass spread by means of creeping
underground stems, reproduce from underground rootstocks or
tubers, and are difficult to eradicate by pulling. The “nuts » of coco
grass are readily killed by severe cold, and the rootstocks of Ber-
muda grass by cold and by drying. Plowing in the fall and leaving
the land rough during cold weather greatly reduces the survival of
plants of these two species, especially in the more northerly nurs-
erles, and turning up Bermuda grass before a dry season is helpful.
Geese eat the leaves of coco grass and thus help exhaust the feod
stored in the tubers, and can be allowed to feed on infested nveas
where soil-improving crops are being grown. Hogs eat the tnbers,
and can be turned into the nursery between lifting time and sowing
time. Neither coco grass nor Bermuda grass can endure heavy shade;
a heavy soil-improving crop, such as velvetbeans, in a season during
which the soil 1s not occupied by pine seedlings should considerably
reduce the numbers of both weeds.

CHEMICAL WEEDING

Zine sulphate treatment, which has given good results as a method
of weed eradication in other regions, has been tried on three different
nursery sites for seversl years without satisfactory results, The
chemical is inexpensive and easy to apply to the soil, and gives good
contrel of weeds other than grass even when used in quantities so
small as to cause little or no injury to any species of pine. The
grasses, however, especially those that arise from rootstocks already
1n the ground, seem to resist it as successfully as the pines; and, since
the grasses are the principal weeds in most southern nurseries, this
renders the treatment generally useless. In nurseries in which the
weeds of major importance are not grasses—particularly if the pines
grown are longleaf and slash, which are more vesistant to injury by
the chemiecal-—zine sulphate should be tried. The chemical should L
applied at the rates of 6 g, 8 g, and 10 g per square foot in small
beds, preferably in two or more separate beds for each treatment.
Check beds should be left between the treated beds and should be
hand wecded ; it might be instructive to leave one check bed entirely
unweeded, Not until successful control of weeds has been demon-
strated in the test beds, at reduced cost and without injury to the
soil, should the chemical be applied to the nursery as a whole,

Weed killers applied to the foliage have not been tried in sonthern
ntseries.  Some of these, such as ferric chloride, roll off the leaves
of grasses too soon to injure them, and consequently scem to offer
httle promise in such nurseries, Others, such as sodium chloraie
solution, and acid solutions contrining compounds of arsenic, may
be expeeted to kill all plants on which they are sprayed, and are
therefore unsnitable for application upon weeds growing among
pine seedlings, whatever their usefulness in destroyimg patches con-
taining weeds alone.

LATER PROTECTION

Between the end of the moist, cool weather of March and April
and the onset of hot, dry weather, usually sometime in June, there
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may be a slight lnll in the activities of nursery pests, With the
coming of summer, a new series of injurious agencies attacks the nurs-
eries, the most harmful of which ‘are usually inseets, fungi, and
drought,

INSECTS

Insects injurious to young southern pines may be grouped in three
general classes. The first includes chewing or biting insects that
feed on external surfaces of the plant. Many insects of this class,
such as sawfly larvue and the adults of certain beetles, succumb
readily to stomach poisons, such as arsenate of lead, applied to the
plant, The second class includes sucking insects, such as aphids
and scales, living on exposed surfaces of the plant but getting their
food by thrusting slender mouth parts through the epidermis of
the plant and sucT:ing the inner juice. Insects feeding n this way
are unaffected by stomach poisons on the outside of the plant, and
can be controlled only by applying contact insecticides, such as
nicotine sulphate or oil emulsion, to the insects themselves, The
third class includes insects of several types that work underground
or burrow within the tissues of the plant, out of reach of ordinary
sprays. Examples are the adults and larvae of bark beetles, the
larvae of pine tip moths, leaf miners of all kinds, and white grubs
(May beetle Iarvae) working underground. In many instances, con-
tro} of insects of this third class can be effected only indirectly, as
by various cultural methods, or is entirely undeveloped.,

Among the most persistent and destructive nursery pests, and
likewise among the most difficult to combat, are the larvae of June
bugs or May beetles (Phyllophage spp.}, commonly referred to by
nurserymen as grubworms or white grubs, The exuct life histories
of the southern species of these pests are not known in every instance,
In some regions it appears that the eggs are laid in the spring and
that the larvae which hatch from them feed on dead vegetable matter
in the soil until the following winter (17, 78). In such cases, the
larvae are small during this first year of their underground existence,
and comparatively or entirely harmless to pine seedlings. Recent
studies by the Bureau of Entomology and Plant Quarantine, how-
ever, indicate that in the South the larvae do not feed on dead
vegetable matter the entire season, but become a menace to young
pine seedlings. During their second year, after remaining more or
less dormant through the winter at a considerable depth, they re-
turn to the tep 6 or 8 inches of soil, the zone containing most of the
feeding roots of the pine seedlings, and nttack the roots voraciously.
‘They feed throughout the summer and late into the fall, usually
doing their most conspicuous damage during the hot sumimer months.
Working singly or in groups, and moving back and forth in small
tunnels, they cut off the seedling roots from 1 inel to 10 inches be-
Iow the ground. The seedlings die in small patches, which increase
in size and in irregularity as the grubs work outward from their
starting points, Typical white grub injury is easily recognized
Ly the color of the dying foliage, which changes from faded green
to brown, and often by the patchy occurrence of the damage. The
injured seedlings are easy to pull up, and show a characteristic
pruning of the roots. Tf the roots are cut off 6 or 8 inches below
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the surface of the ground they often heal over, and in that case
the seedlings may recover and develop into satisfactory planting
stock. Roots cut off 2 or 8 inches underground may begin to heal,
but with the first water shortage the small quantity of moisture
supplied by the reduced root system is exhausted and the scedlings
die. Digging in the patches of injured or dead seedlings usually re-
veals one or more of the grubs. In general they are whitish in
color, with hard brown heads and almost transparent abdemens, and
bend double when disturbed. In addition to white grubs there may
be present other forms which resemble these very closely but which
are not injurious, This is apt to be the case where compost is
appiied to the soil. Information on methods of distingnishing these
forms is obtainable from the Bureau of Entomology amd Plant
Quarantine. ]

It is rare for a nursery to be entirely free from white grubs.
Even a light infestation may result in a steady drain on the nursery
throughout the seasor, and a loss of 10 to 20 percent of the plants.
When a heavy flight of adulis has been followed by two seasons of
weather favorable to the development of grubs, the grubs have
destroyed as much as 60 percent of all the stock in a nursery.

No thoroughly satisfactory control for white grubs has been
demonstrated in the southern pine region. Control by indirect or
cultural methods should be applied whenever practical. These
niethods include locating the nursery as fur as possible from pecan
groves and hardwood stands and even from longleaf pines, on which
the adults feed; avoiding establishment of the nursery on sites
which have been in grass for more tha~ one season, particularly
without taking precautions to free the ground of white grub larvae;
keeping beds, paths, and fallow areas as free as possible from vegeta-
tion during the flight of the adults in the spring, to make the ground
less attractive for egg laying; practicing a rotation of crops; turn-
ing hogs or chickens into the nursery after the old stock has been
liffed and before the new beds are sown, especially during plowing;
and killing all white grubs found at any stage of cultivation, weed-
ing, and Lifting. More direct methods of control include the applica-
tion of poison, both when the beds are made up and when damage
becomes conspicious.

In the Northeast and in Australia the application of 80 pounds of
white arsenic (arsenic trioxide} per acre. in mixture with enough
sand to make spreading easy, gave good control. TUse of white
arsenic in this manner in midsummner, followed by thorough wetting
to wash the poison well into the soil, gave partial control in one
nursery in Texas even after damage had become severe. A system-
atic trial of this method by the Southern Forest Experiment Station
at Bogalusa, La., failed entirely. The Bureau of Entomology and
Plant Quarantine reports it ineffective also in Nebraska and South
Carolina, and, on the basis of recent investigations, warns against ifs
use in certain light, sandy coastal plain soils until more 1s known
about them lest severe damage fo seedlings result and the site be
rendered unproductive for a number of years.

The Bureau of Entomology and Plant Quarantine has tried arse-
nate of lead also in concentrations varying from one-half pound to 10
pounds per 100 square feet, for control of white grubs in seed beds
of southern pine on several different soils in Maryland and the
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Carolinas, Some of the results have been unfavorable, The chemi-
cal not only injured or killed the seedlings grown on the soil immedi-
ately after the treatment but remained in the soil and, in all but the
lightest, applicatioms, caused severe burning of the foliage of scedlings
grown 1 or more years after the treatment,

Carbon disulphide emulsion applied to the surface of the soil has
killed seedlings as well as grubs in three nurseries in which it has
been tried. In one of these nurseries, n trial was made of carbon
disulphide in liquid form poured inte holes in the soil.  Wherever
the nurseryman fouid seedling tops wilting or fading le pulled ¢
ov 3 of the apparently injured trees. I their voots Tusd been eateu
by grubs he pulled all other apparenily injured trees in the same
spot, made u hole 2 inches deep with the end of a broom handle,
poured in u teaspoonful ut carbon disulphide. and plugged the haole
with earth. This treaunent seemed to succeed uniformly in stop-
ping injury in the particular spots treated, and had no harmtal offect
on the trees.

Ordinarily less serious than white grubs. but oecasionadly fur more
dangerous to an individual nuesery or bloek of stock. are cutworms,
The different species appear and sttack suddenty at various tinies of
vear. The worst attacks on recard have occurred in midsunuer.
In one longleaf pine nursery more than a million seedlings were
killed in approximately 1 week.

It discovered when they first begin working., cutworns are casy
do eontrol. A recommended method of control. as was staced eavlier,
is to prepare a bran bait according to formulae given in the appendix
(p. 112) and seatter it through the nwr=ery about sundown. The
poison should be kept on hand at all times for use in emergencies,

Scale insects of the genus Toumeyella are another group of
dangerous nursery pests. These are plump, grayish-brown seales
the diameter of which varies from that of a small pencil lead to that
of a BI shot or a little larger. Frequently their presence is marked
by a sooty coating on tiie needles and stems of the infosted seedlings.
This coating is a_harmiess mold that grows on a honeydew exuded
by the insects. The seasonal life history of the scale msects is not
well known, but the rate of seedling development tends to confine
their attack to the middle and latter part of the summer. Scale
inserts of the genus 7'oumeyelle have been reported most commonly
on slash and loblolly pines. So far as is known, they do not attack
lIongleaf pine seedings in the nursery, althongh they have been found
on 1tho. needles of naturally reproduced longleaf pines 5 ar 4 feet,
high.

Proupt application of a miscible oil emulsion is effective in con-
trolling scale. Miscible oils ordinarily can be obtained {rom dealers
in seed, fertilizers, and gardeners’ and farmmers® supplies. These oils
emulsify immediately upon contact with water, without heating or
other special preparation, and therefore are simple and easy to use.
They should be mixed and applied according to the manufacturer’s
or dealer’s recommendation for summer (nondormant) sprays, If
miscible oil cannot be obtained, kerosene emulsion (described in the
appendix, p. 112} may be substituted fairly satisfactorily. although
it 1s much less convenient to apply and must be made with great care
lest it injure the foliage.
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Seediings infested with Zowmeyella seale are useless for ficld plant-
ing. Althongh scedlings attacked by the scale muy appear fairly
healthy and althongh a late-season spraying may have freed them
of the Insects, beenuse of loss of stored foed or for seme othey reasen
practically all of them fail to survive transplanting. If the scale has
Deen destroyed before the end of the growing season, however, and the
trees have made some growth since the infestation came to un end,
successinl teansplanting appears to be possible,

A pest somewhat less sericus than the seale insects is the mite
Tetranycehus telarivs L., the comnon red spider. Particularly during
very hot, dry westher, this pest attacks pine seedlings and cuuses
them to stop growing and turn yellow, The mites can hardly be
seen without a magmifying ghiss. Ax adults they migrate by crawl-
ing rapidly, They spend the winter on the leaves of the common
violet and other cvergreen plants.

In localities where red gpiders are abundant on agricultural crops,
specinl care should be taken to keep the surroundings of the nursery
s free uyg possible from plants with heavy folinge that remains green
the year around. Red spiders sre casily controlled by the use of
hordeanx mixture, nicotine sulphate, one of the oil emulsions recoi-
mended iy the foregoing for contrelling seale, or dry sulphur.
Bither spraying or dusting should be repeated after an interval of
10 days or 2 weeks, The spray should be very fine and penetrating.

A congpicuous nursery pest, potentially serious but very easy to cope
with, is the larvae of LeConte’s sawlly (Neodiprion lecontei Fiteh)
{27). Other sawfty larvae attack southern pine nursery stock, but
fess commoenly. Sawfy larvac resemble very clogely the eaterpillurs
of bntterflics and moths, but differ from them in having 8 instead
ot 10 pairs of false legs (stubby, fleshy, unjointed appendages on the
rear two-thirds of the body). ‘They have a striking habit of rearing
buck, when startled, from the Jeaves on which they are feeding.
Usually they feed in groups, Their bodies are greenish or yv]lo\\'is-:rl.
nsually with rows of black dots wlong the sides, and their heads
mahogany colored, brownish, or blackish. Like many other leat-
chewing insects, they are ecasily killed by means of lead arsenate
{p. 112) or other nrsenival sprays.

One or more species of T'elrolophe, a soft-bodied moth the lnrvae
of which live in a loose tube of webbing and frass, has appeared
in nurseries in Florida, Mississippi, and Texas, and to a slight extent
in Lomsinna, Tt appuarently does no serious damage, confining its
feeding to a few needles on cach tree. The Nantucket tip moth
{Rhyacionia frustrana Comst.) (described on pp. 96-09) oceasionally
infests 1 to 5 percent of the slash and lobloily pine seedlings in
nurgery, but does no appreciable harm.  Other inseels that have
appeared from time to time in southern nurseries are various species
of aphids, which can ordinarily be controlled with nicotine-sulphate
spray (p. 112} grasshoppers, for which bran bait is recommended
{p. 112); mole crickets, which can be poisoned by meuns of cotton-
seed eal and paris green {p. 111): and varicus species of mound-
hullding ants.

FUNGI

The only serions discase of nursery stock so far encountered on
southern pines is the brown-spot needle blight, caused by Sepforia
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acivela (Thum.) Sace, (25}, This is primarvily a disease of long-
leat pine seedlings. Tt occurs also on slash pine, particularly
in nurseries that lie outside the natural range of the species or that
are subjected to extreme drought. The first symptom is formation
of small spots on the foliage. These spots soon develop into narrow
brown bands, with definite margins, encireling the needles. The
first siuns of the disease are likely to appear in July or August, but
infection may take place even in midwinler. Nurseries far removed
from any infected stinds of young longleaf pine seldom or never
sutfer seriously from brown spot. Infection is offen heavy in nurser-
ies in the iumediate vicinily of infected young lengleaf, and may
take place very suddenly when weather conditions become fuvorable,
A detailed study™ by Verrall of spore production and disseniina-
tion during a peried of nearly 6 months has indicated that slight
infection takes place at consi(Per::bIe distances through the medium
of windblown spores, but that serions infection is usually traceable
to spores produced in fruiting bodies during prolonged warm raing
andl carried only so far as they ean be spattered by rain.

Control of brown spot is simple. certain, and inexpensive, The
infection is checked immediately by spraying with bordeaux mix-
ture, lime-sulphur, or zine sulphate-lime mixture. with casein or figh-
ail soup as a spreader.  Reinfection necessitates fresh sprayings, but
there is no excuse for letting brown spot make any serious inroads
in a nursery, Irom 73 to 85 gullons of bordeanx mixture or other
fungicide should suflice for 20,000 square feet of seed bed. A man
equipped with a d-gallon knapsack pump can ordinarily spray this
area tn 8 hours, provided he does not have to wall an average of inore
than 308 feet to refilll or stop to prepare additional mixtuee,

OTHER NURSENY PESTS

Seadlings on very sandy soil, particularly on soil previously used
for agricultural crops, sometimes become infested with nematodes.
Those cause lknots on the roots and check growth almost entirely, soon
causing an unhealthy appesrance and high mortality. It is bad pro-
cedure to plang trees known to be hosts of the root-knot or other
nematodes on land Infested with these pests. Species or varieties of
frees known to be immune to the nematode involved should be plunted
exclusively. or the Jand should first be cleaned of the pest. Treat-
ments for nematodes are deseribed in the appendix {p. 111).

* Salamanders 7, pocket gophers of the genus (Fesmys, tunnel and
burrew through nurséries on sandy soils, throwing up little mounds
of earth and destroying many seedlings by eating the roots. They
are readily controlled by persistent trapping with any of the sev-
eral kinds of burrow trap commonly found on the market, or by
placing poisoned bait (p. 111) in the burrows.

BROUGHT

Extreme damage from drought takes the form of heavy mortality
throughout the seed beds. Under mikler drought conditions, con-
spicuous mortality is confined to the soils less retentive of moisture.

A ENRALL, A T, INVESTHGATIONS OF 50ME oF TiIE MCOLOGICAL ASPRECTH OF TIE BROWN-
SPOT NEEBLE BLIGHT OF LONGLEAF PIXE SRERLINGS. U, 8, Depl. Agr., Bur, Planl Tndus,
Manusertpl vepory, 190580
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Even moderate drought may cause considerable losses in a nnvsery
by pradually killing u few scedlings here and there.

Iailure of seedlings to make suflicient growth during the summer
is another serious aiter effect of drought. This may make the stock
partly or wholly unsuitable for planting, and thus not ouly result in
waste of much of the money and effort spent on a nursery duving the
simmer but delay seriously an entive planting program.

Visible drying of surface soil to depths exceeding 1 inch, particu-
Jarly in the centers of the beds, is a sign of serious danger. When
seedlings are very young, they sometimes show need of water hy
temporary wilting. At a Inter age they do not wilt visibly even
when about to die from drought.

Aside from divect watering and the use of shade, alrcady dis-
cussed, means of forestalling drounght kiiling are reducing beds to
the levels of the paths, terracing to prevent rapid run-off of rain
water, increasing the organic content of the soil, adding loam or clay
if the soil is very sandy. und growing the seedlings at relatively low
density.

An after eflect of drought that otten gives the nurseryman warn-
ing to change his practice the following year is “troughing™ of the
beds, or markedly inferior development of the seedlings in the center
of a bed as compared with those along the sides. The inequality in.
growth results usually from the fact that the border seedlings can
draw on otherwise unused water i the soil included in the paths, in
which case the nurseryman should provide more water for the beds
and should decrease the seedling density unless it is already very

low. ‘Troughing may be caused also by impoverishment of the snil.
CHARACTERISTICS OF NURSERY 5TOCK

Longleaf pine secdlings, unlike almost all other tree seedlings.
develop practically no stem during the period spent in the nursery.
Their height is therefore no index to the suceess of the nursery treat-
ment or to the fitness of the stock for planting,

Seedlings of slash and loblolly pine are typical of pines in gen-
cral, except that they grow much move rapidly and vigoreusly than
northern and western gpecies.  Shortleat pine seedlings are some-
what smaller and usually have one conspicuous characteristic nor-
mally lacking in other pine scedlings, namely, a croolc at the surface
of the ground that causes the stem to avise at a point one-hulf to
1 inch away from the rout collar. This crook must not be nistiken
{for a defect or the result of an injury. It in no wise lowers the grade
of the scedlings: in fact, it is seldom lacking except in seedlings
grown so close together that they are tno weale and spindly for fickl
planting,.

-The size of high-quulity southern pine seedlings varies consgiderably
with species. Within a species, also, it varies considerably fram nur-
sery to nursery and even from season to season in the same nursery.
The size of seedlings is less important, than their quality. Sizes and
other stem and needle characteristics of grade 1 seedlings are dis-
cussed in the section on planting (p. 77). Characteristies of lower
grade seedlings are discussed in that section (p. 79).

A properly developed nursery scedling has a root system propor-
tionate to its top. Root development of nursery stocle varies strik-
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ingly ameng species of southern pines, however, and varies g_rcnt.l);
within any one species according to the quality of nursery soil ana
the method of cultivation and watering. Longleaf pine usually has
a strongly developed taproot, although on certain soils and possibly
under otlier influences 1t develops a somewhat diffuse root system.
Slash pine and occasionally shortleaf pine tend to have one or move
rather strongly developed central roots, but in the main their root
systems are much more fibrons and diffuse than that of longleat
pine. Loblolly pine usually has the most diffuse root system of the
four species. Loblolly and shortleaf pines have the greatest quantity
of absorbing roots in proportion to the top. Longleaf pine has
relatively meager supply of lateral roots, but in total hulk its rou
system is greafer in proportion to the top than that of any of the
three other species. The stuut, thick-barked longleaf pine taprouvt
is thought to be important as an organ for storing food.  Slash pine
has perhaps the most meager roots in proportion to the top of all
pines produced for panting purposes in the United States. Lts
striking dissimilarity to other southern pines in top-rvot ratio ix
<hown in table 13, "It usuaily makes better height growth in the
nursery than any of the other species, however, and survives well in
the fleld.

Tares 10.—Helght and ratio of tep aweight (o reot weivkt of [-gear-odd wiirsery-
grown seedlings of sunihera pinext

Laotiehenr plne Rinsh ploe Eebilally pane

Lot fan of nazsers sted prawde of B il - -
nvenp-dey inlerind . . : !
v Neatlle | Top-root Hujght, Taperonl

r ‘Tup-rooal
lenpth | ratie l | muio

. Hudieht rutiu

HKogndusn, 1.z j i Inehes "
Orepalo ) i
Gradle 2.
Girptle 3
Allprmles. ... o
Athens, G, ! oll grades.

1 Siall rating, showing that Tonts are Inrge in proportion Lo (ops, theoreifenlly indicule hetiee gunlity of
plunting stoek,” Busls of tnhly, in number of trees, as follows: Begnlust mirsery, longienf il 67 proghe 1,
14 grade 2, 2 grade 37 slash pine, V3 geadde 1,047 grade 2, Hoprade s, Athens nursery, Totgloaf e 51, #lash
pHine 60, Iohlotly pine S5,

T2, 0T Boee lonlnote & i,

Although in the comrse of 10 months in the nursery individual
roots of loblolly and shortleaf pines frequently penctrate to n depth
of 20 inches and longleaf pine roots not infrequently go down 30
or 40 inches, most of the roots essential to the welfare of the seed-
Jings are in the top 6 or 8 inches of the soil.

As the result of an apparently symbiotic relationship, known as
“mycorrhizal ?, hetween the pines and certain soil-inhubiting fungi.
minute fingerlike or clublike growths almost invariubly occur on
the roots of southern pine nursery stock. These prowths, or my-
corrhizae, are o combination of root und fungns tissues. They ave
most abundant, and reach their best development, on the best stock,
In troughed beds, where the edges appear markedly higher owing
to faster growth there than in the center, mycorrhizac are usually
abundant on ithe border seedlings and almost entirely lacking on
the stunted seedlings in the center. In seed beds surrounded by
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partly decayed wooden curbs, frequently they develep in astonishing
profusion and luxuriance on the roots in contact with the rotting
woodl, Most of these growths are white, but frequently those de-
veloping in contact with curl boards arve yellow.

To summarize the normal course of development of nur-ery stock
through the season, germination shouhl be at itz height not more
than 3 wecks after sowing, and should be practically complete with-
in & month or 5 weeks at the latest.  Much more rapid germination
frequently cceurs and is greatly to be desired. By the thme germi-
nation is complete, juvemle needies should be plainiy evident in the
seedlings that were first to free themselves from the seed vouts.
By early or middle May the cotyledons should have outlived their
function gs leaves and have given way to :mall but thrifty erowns
of juvenile needles. that is. needies occnrring singly. By the mididie
of June the juvenile needles of longleaf pine and the seedling stems
of the three other species should have elongated considerably, amd
the tender epidermis should have given place to the first thin layers
of real bark. Seccondary. or fascieled, needies should begin to ap-
pear on longleaf pine seedlings early in July. and on scedhings of the
three other species not later than the 1st of Aungust. By the end
of the growing season the secondary needles should have taken over
the funection of the primary needles almost entirely, When cold
weather beginy, stock of the very highest quality has no living pri-
mary needles left.

Characteristics of nursery stock asx to dormaney are discussed on
page 1T

Color changes other than the yellowing or browning cansed by
insects, disease, or drought sometimes take place with changes in
season or in treatment. Slash pine frequentiy turns hronze-red or
purplish bronze when struck by frost. In beds treated with fer-
tilizers, stock has been observed to furn every color from orange to
blue when the first frost came. Shortleaf pine often takes on a
bluish purple tinge late in the fall. and loblolly pine sometimes
changes color to a lesser extent: longleaf pine is the least likely to
unddergo such changes. These changes de not seem to be accom-
panied by the least change in the quality of the stock.

SUMMARY OF ESSENTIALS OF NURSERY PRACTICE

The first essentials of forest-tree nursery operation in the South
are an adeguate supply of water and a faverable site.

The usunl sequence of nursery operations. and of dangers to nues-
ery stock, throughout the year is somewhat as follows:

Late Junuary through carly Februgry—Tlow. harvew, and make up e beds,

fate Febracry through carly March —Finizh making up beds, or freshen sar-
face, o z0w.  Great danger of dnmage by birds, Deds must be kept moist
during germination.

Muddle to lader Jarch or carly A pril.—Finish vomnoving burlap covoer from sl
species, or pine-straw nuleh from longleaf pine. Danger of damage by birds
until secds have dropped from cotyiedons. Dunger of cutworm attack nnd
damping-off. Possibly, flrst hand weeding,

Middle to end of April. —First, or pesgibly secotd, hand weedlng, =3l =omoe
danger froin cutworms ad damping-off.

Middic to end of May—Sccond, or pessibly third, band weeding, At this
period regular weekiy walering may become necessary.  [Watering may, of
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course, become necessary earller, and niuy be necessiry of shorter intervils,)
Some dnnger of heat injury.,

Juiie—Third, ov possibly Tonrtl, hand weoding,  Dunger of hieat injury.

July—DLrobably another weeding  ossible dungor of alttack Ly cutworing
aml by red apider, especinily daring drought.  Possible need ol spraying in
longleaf and stash pine nurseries exposed to brown-spot infection.  Slight pos-
sibility 1hat shade ay be needed. Coutinued danger of heat injury.

August and Septepiber—=Aatering nsually peeded through Angust, Do pril-
erally discontinned at Beglnning of September,  Trrobably at least oue weeding.
much lighter than those carlier in 1he Season.  Possibly one or more sprayings
to conirel geade insests,  One or 1wo =prayvings Loy hrown =pab, Jonaesory s
likely in be infeeled.

Afiddie ta tnte Norember—BEartiest poss<ible sensoun for Nfiing.

Aiddio Deceniber B entl of Jonnary—TUsual Tifting sea=on.

Continuing dutivs of the nurserysan include maintaining equip-
ment, maintaining and if possible increasing the fortility of the nurs-
ery soil, and subdmnlf the weeds. Addition of fertilizer, altvrnation
of pine seedling crops with soil crops from season fo scason, and
unremitting eﬂm_ts to keep weeds from going Lo xeed In or near the
nursery, should be matters of course. _

The nurseryman or a responsible subordinate should make at Teast
a hasty inspection of the nursery onee or twice a day. MHe should
watch particularly for the frst inconspicuous signg of: drought. heut
injury, cutworms, red spiders, seale insects, and brown spot.

CosTS

In nurseries in which only one species is ralsed af a time, under
vxeeptionally good conditions as to personnel, elimate. and soil, seed-
lings have been grown b total cost of less than §1 per 1,000, The
manager ol one “Gulf States nursery that ])I()lllI(L‘H .1]);}1(:\|m ately
114 million trees a yeur ((uotes average costs, for 1928-30. of $1.50 per
1.600 for slash pine and $1.75 per 1000 for longleaf pine. Smith

{28), reporting on 5.204 acres of plantations established lar wely with
stocl\ grown ]J} the company domng the planting, publlshed figures
indicating that 79 D(.’I((,‘Ilt of this stock was grown at costs per 1.000
of from ‘-:l 06 1o $1.22 only.

Other things bemtr equal. nursery operation is very mmuch more
ofticient if a Lnﬂ't.. number of frees is grown than if & small number
is grown. A nursery manager enn exercise just as close supervision
over a nurgery producing 12 million or 15 million seedlings as over
one producing 3 million scedlings, and general company overhead
charged against the nursery can be reduced by distribufing it over
a ltt“(‘l ontput Fxceptions to this general rule are small murseries
maintained largely for instruction pmpost-s at: forest echools, and
small private nurseries operated by furmers and other Tandowners in
spare time.

Factors that increase costs far bevond those Ill'(‘(‘h‘ull) for the
species and site arve the following: (1) Waste of seed, particularly
through oversowing or through mismanagement resulfing in in-
mmp]eteness ot trelmnmtmn. (2) U‘smpafmn by weeds. Weeds
must always be pul]cd before they go to seed. and for greatest effi-
ciency should be pulled before they attain a height of 2 inches. {3)
Invoads by birds, or attacks by insects such as cut worms, red spider.
or seale. Heat killing. Dr ouﬂ'ht killing.  (4) Waste of motion.
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Every operation carried ont in the nursery. froin plowing at the
beginning 1o loading the stock in trucks at the end. involves many
vepetitions of a movement or series of movements which must be
paid for at so many cents an hour. Nurserymen ~honld constantly
endeavor to rodice costs by simplifying processes, introducing Inbor-
saving equipment. and sbandoning useless treatment,

RECORDS

Suceessful operation of even the smallest nursery requires techni-
enl records. The details of nursery practices are too numerons to
be {rusted to memory. and writlen notes are necessary il the mesery-
man ix to make adequate use of his experience.

In laree nurseries it is necessary to keep a detailed history ol
each lot of sced sown, each major treatment applied. and cach
compartment or soil block. together with a record of all costs, The
records on secd lots are needed to determine suitability of individual
«irains for the site. The cconomy and msefnlness of varions pro-
cedures such as mulching. fertilizing, ehiemical weeding, and vuis-
ing the level of beds cannot be determined without precise records
of costs anid results. A record of treatments given to any portion
of the nursery soil is vitally important; for example, certain fer-
tilizers must nof be applied in rapid succession on the same soil
Test thev neutralize each olher’s effects or combine N a manner
harmful to the planis. In a nureery operated by n Business coneern
or a public agency, an itemized cost record is of conrse pecesay i
a guide in planning future {reatment or expansion, _

The following cost items should be kept separate: 1o Preparing
the soil and mnking up the heds: 2, fertilizing: 3, mudeht 4, seed: 5.
sowing {exclusive of 1 1o 4 above) 1 6, profecting the beds from bird~
and removing the muleh: 7. weeding (total}; 8. walering (total) .
4, spraving (total, preferably itemized according 1o pests) @ 100 TiL-
ing; 11, equipment (initial cost plus cost of mintenance. provated
aver expected life if equipment is to be used more than 1 vear): 12
miscellancous direct: 13, technical supervision by men other thai
those employed for nursery work alone (total): 14 shares of office
or company overhead (prorated over items 1 to 13).

Either by means of small sample plots in representative beds or
v meuns of periodic inventories of the entire nursery. the following
oty shoutd be obtained each yvear for each species and prineipal
treatment. as a guide in Tulure operations:

1. Giermination percentage of ~eed {for compari-on with vesnlls
ot Tabhoratory tests),

9. Number of trees stil alive in May or June. expressed as poer-
centage of sceds sown (a¥ a guide in deciding how nmeh seed to
~OW ),

3. Average height and degree of development of the seedlings in
May or June (ag o gnide in judging seedling development in Tater
years}.

4. Mortality Letween May or June and end of growing season
{as a guide in efforts to reduee losses).

5, Mortality cansed by any specific ontbreak of inrects or disease.
or the like {as an index of ihe expenditure ju=tifiod in combatting
the pest). )

A150° =1
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6. Density of the stand at the end of the growing scason (as an
index of the effectiveness of nursery practice intended {o produce
a chosen density, und as an index of ihe effect of densily on guality).

7. Average sizes, and percentages of different grades, of seedlings
ut the end of the growing season {as an index of effectiveness of
methods and maintenance of soil fertility).

8. Total output exclusive of culls (as 2 hasis for carprting costs,
planning plantations, and reporting production).

For recording unmistakably the results obtained in 4 mpsery study,
photographs of the deciles of n representative saimple of the seod-
lings grown under any given conditions have proved excellent. A
sumple consisting of 100 or some other suitable number of seedlings
is lifted and the seedlings are arranged in order frowm best to poor-
est. The arrangement is made by eve, but is checked as carefully as
possible, preferably by more than one worker., The 0 seetlings that
divide the array into 10 equal parts (iF 100 are taken, the tenth.
twentieth, and so on) are then separated from the lot, arranged in
order against a ruled background, and photographed. Tt is well
to include in the photograph a lalwel unmistakably jdentifying the
conditions under which the seedlings have been grown,

Usunlly it pays in the long run to have the man in charge of the
nursery keep a daily journal of work done. of interesting develop-
ments, and of decisions reached coneerning future practice.

Tt s an excellent plan to keep a photographic recomd of the
nursery, ineluding several series of well-selected views taken from
fixedd points, a series showing all regular nursery operations, and
examples of whatever damage is done by mirsery posts. A series
of photographs of the deciles of representative Jols of stoele will
form & valuable basis of comparicon for stock raised in later years.

PLANTING
SITES AND SPECIES

In artificial reforestation in the southern pine region selection
ol the site to be planted und of the specics to Le nsed depenils
primarily on the forest type originally occupying the land, logging
and fire history and subsequent natiral resceding, soil comlition.,
the presence or absence of various brush species, and the suitability
of the different southern pine species™ for the site and for avail-
able markeis,

s has been seen in figure 1, the range of slash pine is the most
Timited, and that of shortleaf pine the greatest.  Longleaf pine
is widely enough distributed to ! mest of the region’s planfing
needs, and slash pine seems to be able to thrive censiderably beyond
its natural range and hence to be almost as widely availuble,

By far the grealer part of the ares needing forest planting in the
Sonth was formerly oceupied by pure or nearly pure stands of
fonglea £ pine. Several million acres of lund Tormerly occupied iy
longleaf pine appear to be incapable of restocking naturally witl:
any useful species in less than 40 years (42).

T ieunlis of offprty af refurestation with exotiey in the solithern pine reslon ave
diseussed n (he apypendix, I B
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Under present condifions much of this nonrestocking fonglenf
pine land cannot profitably be planted, because of poor soil quality
or because of dense stocking with scrub oak and other undesirable
species. Among the least favorable planting sites are those on which
the soil consists of deep. coarse sand, very low in fertility and in
capacity for holding moisture. Such sandy soils ecenpy extensive
aveas in western anﬁ central Florida, south-central North Carolina,
and central Sowth Carolina.

Over most of the nonrestocking longleaf pine areas of betier
quality the seils consist of a comparatively shallow stratum of fine
sand or sandy loam overlying a stratum of rather stiff sandy clay.
Such soils are classified as sandy loams. They have high moisure-
holding capacity and considerable fertility. but they buke had
in dry weather and their subsoil seems to be too stiff to favor lob-
lolly ‘pine. On such lands longleaf pine thrives and slash pine
gives promise of making excellent growth at least where the tem-
perature and rainfall resemble those of its natural range. Such
lands are not in great demand for agriculture.

Characteristic Joblolly pine areas on which there is ovcasion fur
planting oecur on the sandy constal plain from South Carelina
north to Maryland and in the piedmont area from Mississippt
cast to Georgia and thence northward into North Carvolina. .\ large
proportion of thess areas do not appeir to offer salistuctory grow-
ing conditions for slash pine, which grows less rapidly when plunted
far north of its native range and is subject tu windthrow in regions
of oceasional sleet and snow. The areas on which lobloily pine
shouid be planted are in many cages abandoned agricultural lands,
offen more or less eroded. Areas of that description outside the
natural range of loblolly pine offer opportunities for planting short-
leaf pine; these include ~ome of the most badly eroded lands in the
Easiern States, and much abandoned agricultural lTand toward the
western edge of the pine belt, as in Avkansas and eastern Texus.
where the rainfall is apparently too low for pine species other than
shortleaf.

In the Georgin and Carolina ,\)iedmont areas, and especially in the
«ilt loam uplands of northern Mississippi, abnormal soil ercsion i»
widespread and appears to be accelerating,  Of the millions of ncres
of land so affected, practically all should never have been cleared
nnd practically all bas been farmed injudiciousty. Rainfall is heavy.
frost nction extremely severe. surface soil highly susceptible of wish-
ing. and subsoil highty subject to undercutting by frost and rain,
Control methods include forest planting. preceded Ly plowing of
aully hanks and construction of check dams,  The species preferresd
for ‘this =pecial purpose inelucle biack locust, shortleaf pine, and
loblelly pine. Directions for erosion-control planting are available
in several publications {79, 20, 24},

Other things being equal, among areas in need of planting those
of highest potential productivity should be planted first. T.and that
aives promise of prompt natural restocking with species of possible
commercial nse and with stands of adequate density should he saved
Tor the last. except wnder unusual circumstances.

Orlinarily, if is desirable to plant elear land before hrushy land.
Tt may be advisable to make an exception of brushy L, jneapable
of restocking naturally with valuable species, where pines, it planted
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promptly, could get ahead of the scrubby hardwoods. A system
cnIIe({ “skeleton planting ” (29} has been suggested to combine pro-
duction of merchantable timber with improvement of deteriorated
sites oceupied largely by nonmerchantable species. This consists in
planting 200 or 800 trees of the desired commercial species per acre,
in natural openings or on apparently favorable patches of soil. The
cost per aere for planting stock is low, cultural methods such as lib-
eration cuttings or prunings sre concentrated on the few stems in-
tended for the final erop, and the cost of early thinnings. such as
must sometimes be mude without profit in yonng stagnated pine
stands, is avoided.  Under this system, which has not yet hoeen tried
in the South, the natural succession of subordinate species continues
to improve soil conditions and the crop trees put on wood of guperior
quality.  That the method is Qesirable for the southern pines is
indicated by the results frequently observed in natural stands in
which loblelly and shortleat pine have grown in mixture with hard-
woods and i slash pine plantutions established by ordinary planting
methads in henvy onk brush.

D general, the best species to plant on a given site is the species
that made up the balk of the oviginal sland.  IF for any reason this
species iy undesirable. or if conditions resulting from logeing, fire,
or Lhe eneroachment of brush make use of the original species in-
advisable, it is best Lo use a species known Lo grow well on similar
soils nearhy,  For example, slash pine often snceeeds on brushy ¢nt-
over fongleat pine land on which, because of the shade cast by the
Lrtish, the initially slow-growing longleaf pine wonld have liftle
chitnee of smiecess,

Other things being equal, the species chosen for planting should
be that promising grealest resistunce Lo insect or fungous enemios
likely to cause trouble in the locality. For example, longleat or
stash pine should be planted instead of loblolly or shortlenf pine
in localities where damuage by Nantueket tip moth is severe. Another
element in choice of species tor site is comparative fire resistance,
discussed on pages 94 and 95,

OUTSTANDING SPECIES CHARACTERISTICS

Of the fowr principal southern pine species, longleat and slash
produce the heaviest and strongest woed, Shash pine produces naval
stores somewhat more abumdantly than longleat (table 23, Slash
pine grows more rapidly than longleaf, and, for the first 25 to 30
vears, faster thun either of the twa other principal species (tubie 1).

Loblolly pine produces wood less valuable than that of longleaf
and slash pine or than that produced by shortleaf pine where the
ttter reaches its best development, It grows more rapidis. how-
ever, than any of the other southern pines in rotations up to 60
years. Its wood mukes excellent palp. In this respect both leblolly
and shortleat pine excel lougleaf and slash pine under the methods
of pulp manufacture thus far put into practice. The higher resin
content of slash aml longleaf pines places them at a certain dis-
advantage in the manufacture of kratt-paper pulp.

Slash and loblolly pine nre the easiest to raise in tHe nursery;
according to our present knowledge, longleaf pine i next.  Slush
is the easiest of the southern pines te plant, followed hy longleat,
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In adaptation to different sites and ability to endure unfavorable
conditions in the field, high-quality longleaf pine stock clearly stands
first. 1In this respect slash pine bids fajr to take second place, at
least aside from climatic limitations. Less is known about short-
leaf pine, but it seems to be adaptable to a greater variety of soils
than leblolly pine.

MIXTURE OF SPECIES

Establishment of pure even-nged stands of large extent has proved
a serious mistake in the case of loblolly pine, and i¢ thought inad-
visable in the case of the three other species, Mixed planting is de-
cirable for four different reasons. (1) In the present state of uncer-
tainty as to which species is best for any particular site imixed pland-
ing has, en the average, 2 much better chance of establishing a fully
stocked and productive stund than single-species planting. Varta-
tions in soil and drainage cause differences in site guality within
comparatively short distances. {2) Mixture of species reduces the
Aanger of rapid spread of insect infestations or discase epidemies,
and can guarantee to some extent the survival of a fair stand 1n any
of the numerous cases in which the insect or fungus attacks one
species only. For example, if slash pine is planted in mixture with
loblolly pine tip-moth attack is less likely. becanse the slash pine ix
not & favorable host for the moth, and if the insect does attack the
loblolly pine and destroy its value the slash pine can still form a full.
healthy stand. (3) Mixfure of species may lessen the potential fire
damage; in particular, longleaf pine is desirable for planting in
mixture with slash or loblelly pine even on a site where one of the
Iatter species is most likely to yield a large financinl profit, becanse
ufter its first growing season in the field longleaf 15 much more
resistant than the three other species to five. {(#) As years go by
changes in demund or other market conditions muay male & once
popular species less profitable, with the result that a second speties
will advance in favor,

Two species planted in mixture may alternate by rvows, or may
alternate within cach row. In planting slash pine and longleaf
pine in mixture it is well to alternate three rows of the one species
with three rows of the other, because slash pine makes so much more
rapid growth thun longleaf pine at the start that if single rows are
alternated it is likely to overtop and suppress the longleaf pine
hetween the fifteenth and twentieth years in the field.

SPACING

The choice of o spacing at which to plant a given species of sonth-
ern pine is almost as important as the choice of species for a given
site. It may ailect the cost of establishing the plantation nnd the
quantily anct gquality of lumber produced, and hence the profit from
the first rotation, even more than choice of species.

The southern pines are relatively intolerant of shade. With the
exception of longleaf, in even-aged pure stands they tend to grow
pniformly in height. Wor these reasons, very close spacing of species
other than longleaf is likely to result in stagnation soon .after the
crowns close,
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Pure even-aged stands of longleaf develup very irregularly in
height 2* from an early age. The contrast in height growth between
both planted and natural stands of longleaf pine ancrplanted stands
of other species is shown in figure 9. The contrast in this respect
between planted longleaf pine and planted loblolly pine is iilus-
trated in égure 10. Because of the tendency of the species toward early
differentiation in crown class, at any spacing the danger of stagna-
tion is less for longleaf pines of a given dominant height than for
other pines of that height. Hence a close spacing might be permis-
sible for longleaf pine when it would not be so for the three other
species because of the prospect that thinning would be economically
impracticable.

The southern pines’ remarkably rapid growth insures that even
when spaced rather widely they will close their crowns at an early
age und thus prune themselves naturally. Wide spacing has the fol-
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pine mnd of planted siosk and leblolly pine.  (lisals, meagurement of the following
numbers of floes: Dlented longleaf ploe, 1.850: nntorelly reproduaced loaglenf pine,
$IGR; slash pine, 2,778 and lobloily pine, 28

lowing prineipal advantages: (1) It reduces the cost of establishing
the plantation. Cost of planting steck is reduced in direct propor-
tion with number of trees planted per acre, and cost of labor in-
volved in planting is reduced in a Jower but considerable proportion.
(2) It reduces the need of very early thinning to prevent stagna-
tion, and frequently makes it possible to postpone the first thinning
until the trees to be removed are large enough for pulpwood or other
merchantable produets. (3} It results in rapid diameter growth.
If this can be bronght about without sacrificing quality, it means
earlier yield of merchantable products. Rapid diameter growth is
especially imporfant in plantations established for naval-stores pro-
duction, since {as is shown in table 2) yield of gum increases with
increase in diameter,

= A fow plantutlons of Jongleaf pine almost &y usiform in hei;‘;]ht growth ag slesh plie
huve bean observed in South Carolinn. Al nvatlnble evldence Indientes thnt this unsunl
unifermity in heizht prowth ia the result of using vigoroua stock yery skllifully groded
hy the wethod deseribed ou p. T




ARTLFICTAL BEFORESTATION 1IN THE BoUTiH 71

Close spacing has theso advantages: (1) It raises the quality of
the product by causing earlier self-pruning, smaller knots, better
recovery from attack of such insects as tip moth, and, ustually, su-
perior grain. (2) It decreases the probability that replacements
will be needed.

Striking differences in habit of growth, together with differences
in the purposes for which they are grown, make the southern pines
differ somewhat as to space requirements in young plantations. Fig-
ure 11, based on drawings, to scale, of representative trees in plan-
tations 7 to 10 years old illustrates essential differences in habit.

Longleaf pine and slash pine are sparsely branched. As trees of
these species increase in height the lower branches weaken, die, and
rot off before attaining any great size. The greatest crown width
iends to move upwar(T rapidly. Sidewise extension of the crown
{murked by pairs of short lines at the hases of the trees in fig. 11)

— . e S e L s

1

. P
lunted longleaf pine {left) nnd loblolly pinc {right) after 8§ years in the

field.  Une tobloliy pines arc approximately cven in ietzht, wihereas more than half
the longleaf pines luive not yet cmerged from the griss.

is decidedly moderate. Both longleaf and slash pines usually are
entively free of deformation resulting from insect attack and ac-
cordingly have straight main stems. "Loblolly and shortleaf pines
have more numerous branches, and after Nantucket tip-moth attack
their branches subdivide prolifically. The lower branches not only
persist longer than those of longleaf and slash pine but continue to
grow vigorously, making lurge knots in the wood and producing the
Froad, somewhat conical crown shape shown in figure 11. The main
stems of loblelly and shortleaf pine are frequently deformed as a
result of tip-moth attack. Because of the habits of growth just
described if is desirable to grow loblolly and shortleaf pines at
somewhat closer spacing than longleaf and slash pines. The fact
that loblolly and shortleaf pines are preferred for pulpwood, and
that longleaf and slash pines are of value for naval stores as well as
for wood products, is an srgument in the same direction.
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Figure 11.-—Longleaf . (4), slash (B). loblolly (€, - and: shortleaf (D) pines typieal in form nnd Lranching habit of stock T to 10 years in
the ﬂl‘]lll. t’l‘ln‘ tongleat and slash pines grew practieally without crowding and. the loblolly and shortleaf pines were erowded only slightly
to moderately. R
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In an experimental planting of loblolly pine established in 1023,
trees spaced 3 by 5 feet or 6 by 6 feet have tended during the frst
10 years in the fleld to develop better form, with smaller knots. finer
grain, and better recovery from tip-moth injury. than trees spaced
8 by 8 feet, The differences in spacing have had no significant effect
on height growth. The plantation was established with 1-0 nursery
stock on a site relatively poor for the species.  Details of the results
are wiven in table 16. and the plantations spaced 5 by 3 feet and

IiTus 12.—A, Loblully pine planted ag spacings of 3 hy & féer. 10 years afret plrutivg
I, toblolly pine plauted at spaclngy of 5 Ly & fear, 10 years after planrios

8 by 8 feet are shown in figure 12. Practicully no other »y=tenutic
experiments to show the effect of spacing upon seuthern pines have
been completed.

TapLk 10—Devetopment of lohtolly pine planted ul differeat sgacinys, dirking it
first [0 peary in the ficld®

Fusti Al Aafest Blyifet A Dy s el
Flefght-. . . ... .. B IR (L1 LT ] N 9.9}
Lrinmeter brease high. ... e - inches | R F 402
Crown diameter _.. . .. I ©oaaes e h 43 bRl
Distunce from ground 1o lowese ive b, PURRURIRN | | R L] ; 4. 82
Bortion of total height below lowest livelimb._. __. . percent . FL UG o8 zy A
Rect ery {rom up meth infury ... . . p 3 4 N

U Fizures presented ore averazes Ytsed on A trees, af witicly 20 wer feleeerd ot ramlon fomm the inte
rior of enctt of three J-nere blocks planterd at the 3 spacings, respegtively, on Risten line sy Toatn pent
Bogalusa, La. Tha plantations were estabiished in Fetwuary e

1 =pgood recovery; 3= medium recovery, nmd SO0 FECUVETE,

In the southern pine region a very great part of the forest planting
has been done not in ihe * square ™ spavings (6 by 6 feet. & by 8 feef,
ote.) customary clsewhere but. with some slizht irrecularvities. in
rectangles. usually 6 by 8 feet.
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Table 17 gives suggested spacings for southern pines under the
conditions ordinarily encountered. The rcasons for thoeso spacings
are fairly obvious. Where anticipated pulpwood production prom-
ises profitable thinnings or where thinning operations are contem-
plated as a part of the undertaking, spacing should he somewhnt
closer than where timber production cannot count on thinnings. Lob-
lolly and shortleaf ordinarily may be spaced closer than Jongleaf and
stash. For naval stores production, light and ground space are pro-
requisite.  Where timber of good quality is to be tlic main crop nnd
naval stores secondary, moderately close spacing is preferable even
though it somewhat reduces the vield of navai stores.

Tance 1T.—8uggested spoings af which to plant svuthern Hines of rarions
species, by intended wse of plantations

e S T —
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3 | .
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. . . . . Thmdier ar tmbier i
Lﬁ?gﬁllr il C::?;})m:;d - t:;nbr::r ]g ;)': : j Loblolly nnd ) jadpwond prodae- I_. e 3
duc|{) l"’ oot pra- b sliari{ent, } Homwitht probmbil- [yd Y
duction, [0 by 10 - ity of early thin- {[* ¥ #
¥ MNavai stores prndue- N2 by g nings
tion, = o : . .
! e Wi by 3
} ‘ { Erosion control.. . . |li By i

In “skeleton planting ¥, discussed on page 68, the spacing wounld.
of course, be not enly irvegular but also very wide, perhaps equiva-
lent to a regular spacing of from 12 by 192 feet to 20 by 20 feet.

SITE PREPARATION

It hras becane inereasingly cotmon to plant southern pines withont
any direct preparation of the planting site. On some soils and in
some cover types it is desirable to plow shallow furrows in which to sot
the frees, Plowing is particularly desirable on areas where the growth
of grass is so luxuritunt that it threatens to smother planted seedlings
during their first summer in the field. It is likewise advisable on
extremely dry, sandy sites, on which a slight furrow may serve to
concentrate moisture. When a horse or team is used in plowing 2
middle breaker or a “scooter stock ” is preferable to a turning plow
unless longleaf pine is to be planted, It the middie breaker i used
the furrews are less likely to require additional hand clearing with
the planting tool, but more of the turned-out soil washes into the
furrows and this “silting ” tends to cover the bud of the stemloss
longleat pine seedling and either kill the tree or delay the beginning
of height growth, Where tractor plowing is fensible, satistactory
resuits can be obtained with a disk plow sef to ent a very broud and
shallow forrow. Furrowing, at 8-foot intervals, increases planting
costs by from 5§ to 15 percent; Smith (28) records an average of
82.4 cents per acre for 5,204 acres.

As a method of preparing a site for the planting of longleat pine,
clearing the grass frt’-om spots 12 to 15 imches square by means of heavy
hoes is more satisfactory than plowing furrows. The spots shoukd
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be hoed during the summer, so that fall rains will wash in any loose
soil and cause it to reach a permanent level before the planting
senson arrives. Longleaf pine seedlings properly set in such spots
suffer little or no damage flx)-um “silting.”

Either a plowed furrow or a hoed spot should be mede as shallow
as possible without leaving grass or other vegefation in it with
sufficient roots to start new growth.

Some experiments have been made on adverse sites with plowing
all over instead of in strips. In some instunces the plowing lias been
followed by harrowing. Such treatment breaks up the native vege-
tation enongh to prevent its competing seriously with the planted
stoek, and sometimes insures success where ordinary planting meth-
ods wounld faily but its cost is entirely too high for general use.
Where planting requires such thorough preparation. ordinamly it
chould not be attempted.

Sometimes it s necessary to clear land of brush either before
planting or shortly after planting. The principal species to be
cleared are usually oaks—blackjack, southern red, blue-jack, and
post oak on the so-called sandy loam soils with a stiff sandy clay
subsoil. and turkey aak and blue-jack oak on the deep sands. All
(hese specics sprout vigorously and even if cut in Angust or Septent-
her may regenerate a dense cover from 12 fa 24 inches high before
cold weather sets in, I slash or loblelly pines can become estab-
Vished suceesstully under brush and grow a little under it in (he
first 2 venrs following planting, it is better to eut the brush after
planting instead of before, because the pines take on a new lease of
lifc when liberated and thereafter stav well above the ouks, T1 the
Lrush cover is so dense that there & doubt of the pines” surviving
nnder it. it 3s better to cut the brush before planting and if need be
to yeturn 2 or 3 vears after planting fo cut the sprouts actually
interfering with the pines. On very brushy land. advantage zhould
e taken of natural openings regardless of the resulting irregularity
of spacing.

To plant longleaf pine under brush of any great density appears
nnwise. If the brush is cleared either at the time of planting or 2
or 3 yoars later, there is Iittle or no chunce that the pine will escape
heing overtopped by the resulting sprouts. If. on the other hand.
the bmsh is left undisturbed until the pine has reached an age at
which it ordinarily makes good height growth, there is serious danger
that the shade cast by the brush aml the competition of its voots for
water and nutrients will entirely kill out the pine.

Burning of the planting site in advance of planting Tus often
heen advoented to facilitate planting by clearing the ground, to de-
rrense vewetative competition with the youny seedlings. and to frans-
form the whole area into a sort of firebreak for the first season fol-
Jowing planting. Such burning undoubtedly makes work easier for
the planting crews if foo long a rainy season does not intervenc be-
(ween burning and planting; bat heavy or protracted rains harden
the soil on Lurned arens more than on those protected by a cover of
plants and litter. Evidence concerning the effect of fire on the chem-
ical and physical condition of the snil is conflicting and inconclu~ive®

PEMMoX. B, L. FOREST Pty ¥ fHn 8ortn. 1 B Dept. Agr., Forest Sery. U
prddisthed wannseript,
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but burning the surface vegetation certainly increases sheet erosion.
and this in the case of longTeaf bine seedlings adds to the danger of
injary to the trees from silting, Cattle tend (o concentrate on burned
areas in the spring and sometimes cuuse damage by trampling; and
burning leads to more nipping of planted stock by sheep and goate,
Except under extraordinary cireumstances, therefore, burning of the
planting site cannot be vecommended, Several thousand ueres of
thrifty longleat pine plantations show plainly that success does not
depend on the use of fire at the time of planting,

SEASON AND WEATHER

To be consistently successful at reasonable cost, planting must be
done during the dormant season. In the Gulf Stutos this practicuily
linits it to December and January, although early cold weather makes
November planting possible in some vears and a delayed spring some-
times makes it possible to work well into February.

In the more northerty part of the southern pine region freezing
weather breaks the planting season into two parts. Although experi-
ments in the Guif States show u siight superiority of carly planted
over late planted stands both in snevival and in height growth, espe-
cialty for slash pine, farther north the latfer part of the season ap-
pears to be preferable bevause of the danger of frost-heaving of stock
set m the field befora the midwinter froenes and thaws,

Certain skiltful tree planters of the Gulf States prefer to postpone
planting until at Jeast one sharp frost or good freeze has < hardened *
the stocle in the nursery.

Al Jeast two instances have been vecorded of successful planting
of slush and loblolly pine in the spring, when the tops had pat on
2 or 3 inches of growth and root development had reachod » state of
great activity. Great eare was taken to keep the stock wet, and the
planting was followed by very favorable weather. In the main, it
i$ not wise fo handle stock after growth has started in the spring.

The Southern Forest Experiment Station has no records of sue-
cesstul planting of southern pines during the summer on a scale and
in o manner suitable for reforestation. :

The Carolinas, Georgia, and Florida are likely to have a period
of relatively low rainfall in October and November and aftother in
April, with only 2 moderale incrense during the midwinter months.
The Gulf Coast States other thun Florida are mare likely to hawve
oply & very moderate rainfall deficiency in October and fhen to
have distinelly heavy precipitation in February and Mareh, Thas
in the Gulf const region west of Florida, as compared with the rewion
to the east, the planting senson is less likely to be delayed Ly fall
drought and there is move likely to be plenty of moisture to help
the newly plunted frees get u good start in fhe beginning of their
first growing season in the field. Favorable conditions of winter
and spring rainfall ordinarily cceur as far west as the third or
fourth tier of Texas counties west of the Lonisiana boundary. It
must be emphasized that the gencral relationships just outlined by
no means always hold true. The entire region is notably subject to
dronghts at almost any season.

Profonged drought s the climatic Tuctor most to be dreaded in
connection with reforestation with southern pines. Fall droughis
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sometimes leave planting sites so dry and hard that planting is
impossible when the stock becomes dormant and must be postponed
until the soil is softened by early winter rains. Drought during
the usual planting season may make it necessary to postpone planting
until dangerously close to the beginning of the growing season.
Severe drought early in the growing season is to be dreaded most of
all, because it catches the trees before they have had time to establizh
their voot systems in the new environment and they lose water by
transpiration faster than the roots can supply it. Spring droughts
rezult in high mortality.

Planting in cloudy or even rainy weather is more likely to succeal
than planting in clear and particularly in clear windy weather.
Lack of sunshine and presence of considerable quantities of moisture
in the air are helptul in keeping the voots of seedlings from drying
out during planting. Rainy weather also insures sufficient soil
moisture,

Warm weather has a tendency to bring seedlings out of their
dormaney and thus decrease the likelihood of their survival. Very
cold weather makes work more difficult, thus unduly increasing
planting costs or seriously reducing survival.  Instances have been
reported in Louisiana and eastern Texas of slash pine being killed
by Treezing of the roots during planting.

STOCK
GRADES

At the end of the first growing season grade 1 seedlings of slash,
lobloily. and shortleat pines. as defined by the grading system devized
by the Southern Forest Experiment Station, have greater average
height than grade 2 or 3 ~eedlings of those species. (A few grade
2 seedlings may be taller than part or even all of the grade 1 seed-
lings,) Grade 1 seedlings of =lazh pine arve ovdinarily from 10 to
16 inches high, these of loblolly pine from &8 to 14 inches high, and
those of shortleat pine from 6 to 12 inches high. Development.
rather than size, however, is usually the determining fuctor in grad-
ing.  Grarde 1 seedlings of these three species have stout, woody
stems with well-developed bark,  Their foliage consists lavgely or
entively of secondary (fascicled) needies. Winter buds arve well
developed on a large pereentage of them, unless an unseasonable
warm spell has can~ed the buds 1o open and a Bittle new wood e
form.  Such new growth may beeome dormant in ifs turn and
~econd, somewhat Jess heavily =ealed winter bud develop. Seedlings
developing in thiz way are not quite so desirable a- =tock that re-
mains dormant all winter. but with reazonable cure can be planted
s suevessfully as any others, '

Grade 8 seedlings of «la=h. loblolly, and shortieaf pine have weak.
slentler, sucenlent stemz, -ometimes almost wholly lacking in true
bark, Txcept in rure instances the folinge consists entively of juven-
ile (single) necedles. Winter buds are never present. At least in
the southern part of the Gulf Constal Plain. grade 3 stuck does not
became dormant. hut continues to grow practically throunghout the
winter,

Grade 2 seedlings may have fairly stout stems but no fascieled
needles, or a few fa-cicled needles but poorly developed stems.
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Winter buds are more likely to be Iacking than either secondary
needles or satisfactory stem development. Such seedlings are less
likely to continue growth throughout the winter than those of grade
3, but may not atfain the complete dormancy ordinarily charactoer-
istic of grade 1 stocl.

Seedlings of longleaf pine cannot be graded on the same basis as
those of the three other species, since they develop practi ully no
stems while in the nursery. Grade 1 longleaf pine seediings have
vigorous and ubundant fascicled needles 10 or 12 to 18 inchies long.
They have very thick, stout taproots, usually from three-sixteenthy
to one-half inch thick at the surface of the ground. In ordinary
seasons @ high percentage of grade 1 longleaf stock hag winter buds
covered by well-developed white or brownish seales.  Gradoe 3 long-
lenf pine seedlings are small; with few if any fascieled needios and
with short primary needles.” The taprouts are very slender ut the
surface of the ground and buds are wholly lacking, On grade 2
longleaf seedlings the folinge is ordinarily fairly vigorous and nmny
vontain secondary needles up to 15 inches in length, but the needles
are neither so abundant nor on the average so long as those of grade
1 stock. The taproots ure not so thick as those of grade 1 stock.
Buds covered with seales are generally entirvely lacking, but o rela-
tively high percentage of grade 2 stock muay have naked buds con-
sisting of very short needle tips elosely pacled.

The characteristivs of the different grades are summarized, species
by species, in table 18, Seedlings of varions grades and species
ave shown o figure 13, A, B, ¢, and D.
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itk LY tirded seedlings of zetithern phaes, grodes 1,2 amd 3 (from lefy 1o righy) e
A, Longleat; &, slush; ¢ luilolly i 8O, shortlent,
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The most clear-cut results obtained by the Sounthern Forest Ex-
periment Station in its planting experiments have been those bearing
on the use of various grades of plinting stock, These results have
been abundantly confiemed by general experience practically
throughout the southern pine region.

1n the station’s principal grading experiments, conducted at Bogu-
iusa. La., slash pine weedlings of grades 1.2, and 3 were planted
alternately Dy rows,  Altogetler. 200 scedlings of cach grade were
planted, A similar experhmental plantation of loblolly pine was«
established at the same time.  The following year the plantings of
hoth slash and leblolly were duoplicated on an arex nearby. In
analyzing the figures, all trees that had been subjected to injury not
influenced by srade were omitted; consequently the conclusions are
hased not on the total 2400 trees planted but on 2,136,

The results were practically the same with both species and in
hoth series of plantations, the chief difference being that the benefits
of grading showed more strikingly on the poorer site. Alter 1 vear
in the field, in 6 cuses ont of 8 a grude 1 or grade 2 gronp showed n
higher percentage of survival than the corresponding group of next
iower grade, with a maximum difference of 10.9 pereent.  After 5
years in the field, in 7 cases out of 8 2 grade 1 or grade 2 aronp
survived better than the corresponding group of next lower grade,
with o maxinnun difference of 16 peccent.  The maximun difference
m osurvival between grade 1 and grade 3 seedlings after 5 years in
the field was 217 pereent,

In the one instance in which survival (of labloliy pine) for a given
grade was Jess than that for the next lower grade both wtter 1 year
and after 5 yours in the field. the higher-grade stock was discovered
to be infested with scale insects.

In every instunce. andamaged seedlings of grade 1 or grade 2
were tuller than undamaged seedlings of the next lower grade. At
the end of the second yenr in the field grade 1 scedlings were 33 to
L2 percent taller than grade 3 seedlings., the difference varying with
=peeies and height, and at the end of the fifth year they were still
25 to 71 percent taller. The helght relationship of the ditferent
grades of slash pine and of foblolly pine are shown in figures 14 and
15, for both aninjured stocic and stock injured by rabbits the Hrse
vear in the field.  Figure 16 shows the appearance of the different
arades of stack after 5 years in the ficld,

The expertments showod that high-grade stock, prrtaeularly in the
enge of slasdt pine. was less subjeet to rabbit dinage during the first
yeur in the field than that of lower grade. (Injury by rabbits durine
the seecond vear was usuaily confined o Hipping off side branches.
and had littie effect on vigor as shiown by height srowth.y Tu 6 cases
out of § the higher the grade the lower the pereentage of stock dim-
aged by rabbits, with o maximum difference bebtween consecutive
grades of 4.0 percent. One group of grade 3 (slash pine) stoek suf-
fered 87.8 percent more damage [rom rabbits than the corresponding
group of rrade I stock, )

The influence of rabbit injury on height growth of stock of differ.
ent grades is shown in fignres 14 and 15, Details of survival and
rabbit damage, by grade, ure given in table 19.

11505~ 45—
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Studies of longleaf pine in experimental plantations and in con-
mercial plantations indicated that high-grade seedlings not only suf-
fered less from brown spot and siléing but also began height grow(h
at an earlier age than did low-grade seedlings.  Indecd. grade 1 vtock

3.

GRADE | ( N

GRADE 2
Pl

HEIGHT(FEET)

HEIGHT { FEET)

YEARS IN FIELD

FigrrR I—Telalive srowih mide By pwa sueeessive plantings of slash plne stock (zeados
1,02 and 3 during the flese 5 voenrs i the Seld s 4 and ¢ planted T24=25 aned B and B
1925-4G, Elect, on growtl, of rahbie injury ot the boginming of the livst growlng seusun
b shown e 0 swd M7 4 wnd 8 shew geowth of cofaficed stoel.

that had been planted properly grew far faster than the best natuval
stands.

In 192829 the Great Southern Laummber Co. established an experi-
mental plantation near Bogalusa, La., to test in detail the difference
in survival and growth between grade 1 and grade 3 longleaf pine
stock. Two plots of approximately one-fourth acre each were Inid
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out approximately 200 yards apart. on adjacent low ridges on a
typical cut-over longleat pine tract. and were planted with stock
of the two grades, respectively, The growing conditions were nearly
identical; if anything. the soil was slightly better on the plot plantel
with O'r’lde 3 sfock. - Four vears later, the apparent survival on the
rrmde 1 plot was 82 percent “and that on the grade 3 plot was oniy 49
percent it 1z possible that some of the surviving grade 3 seedlinu~
were overlogked in the grass. because of their small size. On the
erade 1 plot 22 trees ont of 200 were 6 inches tall nr taller. und the

8 T T P 7 3 T ™ ; 1
! ] ?
'. e ? |

} GRADE | ¢+ :’

MEIGHT(FEET

E -—
i
i JRA:: P '
-~ |
R - . -; -
& GRADE / 5 GRAZE
<, ! ] .
~ ' .7
Y
Lo -
Ly .
3
O 3
c 1 _
3 3 t

YEARS iN FIELD

Fralun 16 -—~Relulim growth made by tao cnceessive pinntines of oblolly pine sock
{gretdes 1, 2, and 3} dlirm., “1e first otjl‘ltr* In che field: A apd 7 planred 182425 anl
Fand D 1900 Effece ou erowth of rnbblr injury nr tite boginning of the frst LT
lisz sengon i3 slown In ¢ and D nnd B oshow wrdwth of unininred stoch.

tallest was 46 inches.  On the grade 3 plot only 3 trees out of 112 had
reached a height of 6 inches, and none ex(eeded that height. The
exact distribution of seedlings by height classes is shown in figure 17.
in termy of pereentages f:f the total number of seedlings observed
that attained specificd minimum heights.

By the system outlined in the fomrrmn the percentage of prade
1 stock can be determined without hltmﬁ the scediings. This pur-
ventage, in connection with density deterininations wnd other obser-
vatinns. is an index to the snecess of various seed-bed trearments,
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FISE—F2IsIs

Figong 1G.—d4, Slewh pine seoel of three different pradey after § vears in the field.
Grade 1 stock is on the pight, grade 2 in the uiddld, nad prade 3, Inciudlpg the amall
geedlings in front of and hehingd the mav, on the Jeft, 4, Loblolly pine stock of
threo dlfferent prades ufter 5 years in the feld, on a gite poor for i{he species, Grade

1 stock is on the extreme right, geade 2 in the right foregtound und center, and grade
S oat the exiveme Ieft by {he man,
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Tasue 19—Percentages of stock of differcnl grades injuved by rabbilz, and per-
cenfages surviving, in stash pine and Ioblolly pive planiations’®
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t Trble bosad e data for 2,136 reecliine planted at Bomalusa, La,

? Exelusive of g few trees rojocied] becanse of definitely delermined injory no regenbile Lo srade,

Ilojury by rabbits the Arst year ordinari!y involves cutting off tle entite 1op of the scedling, aned is
maore serioas than lnter injury, which fregquentiy invelves oply the clipping of side branches.

1 The mortolity in this grode was incrensed by netion of sele inseels, bBut Lhe veenrds wore e sl
feiently detaflul to perinit rejecilon of individial trees as deseribed! in foof note 2.

The most conspicuous differences between grades result from dif-
ferences in secd-berd envirenment, in age, or in both. Low-grade
seedlings result more often from overcrowding than from any other
cause. Poor suil quality, abundance of weeds. and insuificiency of
water are other important factors.

Trees from seeds germinating Iate in the season nsually fall in
grade 8, becavse of their disadvantage in competing for moisture
and light. Insect injuries during spring or summer are another
frequent cause of low grade. Another is undue delay in sowing the
arsery as a whole,

Because grade is so largely a matter of seed-bed environment anl
of age. grade 2 stock may frequently be planted with perfect safety
on favorable sites. On arveas where site is more adverse, including
those where there is much competition from other plants, grade 1
stock should be nsed whenever possible. Grade 3 stock, as heve de-
fined, cannot compete with native vegetation or stand up under the
extremes of temperature or the fluctuations in moisture supply
common throughant the region.

Seedlings infected with fungus or infested by insects at the end
of the growing season, and seedlings injured in lifting, should be

culied.
LIFTING

To date, most nursery stock grown in the South has been lifted
by hand.¥ The usual practice, which produces satisfactory resuits
so far as growth and survival ave concerned, is to Iift the stock with
long-handled square spades, the edges of which are kept sharpened
with files. Use of the highest-grade gpades obtainable saves much

1 The Porest Sorviee and othee ngeneles have develeped for nse In the Novth and West
gevernl types of nnobandead sesdilng Bters odeawea by hovses, teaetovs, or winglies) (har
logson the soil amd prone the rogts in g stosde teip dowo o stdadaed seed el {24, a8,
The Forest Serviee is now odepting this cguipimenc Fer ogse i the seuthern pine reclon,
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time and cost in filing the edges, more than making up for the slight
extra initial cost.

A trench about 12 inches deep is dug at the end of the bed. A spade
is driven into the soil horizontaily at a depth of 8 or 10 inches, cut-
ting the roots fairly cleanly. The spadeful of soil containing the
zeedlings is then lifted out to the ground at the side of the bed. Tt
ig set down rather hard, to cauvse erumbling. One man does the dig-
ging in each bed. Two to four men follow each lifter down the beds.
freeing the seedlings from the soil. enlling the grade 3 seedlings am!
the injured svedlings of higher grade, and laying the good scedlings
neatly together in readiness for the packers.

It is common practice to protect the piles of good seedlings by
covering the roots with emxth. Wet saclks could profitably be sub-
stituted.

100

——— i

hiS I ' L i
OO 5 ]¢] 15 20 25 30 35 40 a5 20
SPECIFIED M:NIMUR HEIGHT (INCHES)
—— Grpde | stock -——Grade 3 stock

M 1T —UWelative hefght distephution of weade 1 oand geade 3 longleat pine sroelk, aloere
4 years in the fletd. In expevimencad plantation established Dy the dieeal Southern
Lamber Co. {basis, meaguremoent of 200 grade 1 trees and 112 grude O trees).

The presence of many weeds in the nursery adds considerably to
the cost of lifting, in extreme cases ncarly doubling it. Brighs,
supny weather somewhat increases the cost of lifting because it in-
creases the freguency with which the sorters must stop to cover the
roots,

In transporting the scedlings to the packers much waste of motian -
¢an be prevented by nsing two (or move) wheelbarrows, leaving one
Lo be emplied by the packers while another is being filled at the beds.
To protect the seedlings, wet moss should be used in the boftom of the
wheclbarrow and wet burlap sacks over the top.

Counting the scedlings 1s necessary only if they are to be sold.
If n count is requirired, nsnally it is made by the packers. Quantities
of stock can be computed approximately by sampling representative
beds before the stoc]k is lifted. These computations can be checled
by counting the seedlings in sample bundles and the bundles in sam-
ple crates, and further checked by totaling the aven planted and
computing an average of the number of seedlings planted per acre,
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PACKING

In order that scedling roots may be kept moist at all times, the
seedlings must be packed in some moisture-retentive material from
the time they are lifted until they are hecled in or planted. This
material showld be the lightest and chieapest that will vemain effective
through the necessary handling.

One of the packing methods most common in the South employs
sphagnum moss and light eardboard or waterproot paper. From 50
to 100 seedlings are wrapped in one bundle; 50 Jongleaf seedlings, or
15 grade 1 slash pine or loblolly pine secdlings, are about all
that can he grasped and rolled efficiently.  Another oflicient methocl
of handling seedlings is to bale them in burlap.  Anolher is to pack
them in the body of a truck lined with wet sacks and cover them
with wet sacks and heavy canvas for direct transportation to the
heeling-in bed. Small lots of seedlings may sometimes be trans-
ported economically by truck in washtubs full of water.

In wrapping seedlings in bundles, use is made of sections of light
cardboard (known as “ container lining ) or waterproof paper, 16
by 16 inches to 18 by 24 inches. The wrapper should be long enough
to project about 5 1nches beyond the pruned ends of the roots and
still extend to the tips of the stems of scedlings other than long-
leaf pine, ar nearly to the ends of the ncedles of Iongleaf seedlings.
Having laid such a wrapper on the bench or ground before him, the
packer places on it a layer of sphagnum moss one-half ineh thick
and large enough to keep the paper from coming in contact with
any of the roots or the lowest 2 inches of the stems. Next he Inys
a handful of seedlings on top of the moss, with their root collars
all together. He then claps another l4-inch layer of moss over the
mass of roots and begins to roll the bundle away from him, squeezing
the roots tightly. After completing one turn of the wrapper arount]
the roots he turns up the length of wrapper extending beyond them.
The paper then forms a tube, closed at one end, that surrounds the
seedlings and holds the wet moss in contact with them, When the
wrapper has been relled completely avound the bundle, it is tied in
place with light cord.

Longleatf pine seedlings are harder to pack than seeclings of the
three other species, because of their lack of stems.

Shingletoes, the long stringy shavings Ieft from sawing shingles,
make very nearly as good a packing material as sphagnum moss.
‘The light cardbozrd used for packing seedlings must be sonked in
wuter to make wrapping casier. This is usually dene in pits dug
in the ground. Becnuse the cardhoard is wealoned by sonking, 1t
is better to use the grade in which a thick layer of beard made from
waste-paper pulp is backed by a thinner laver made from fresh
kraft-paper pulp. The string used to tie the bundics shounld Le soft
50 as not to cut the wrappers. and not so fine as to cut the packers’
fingers, Tying the string with a slip knot instead of a hard knoi
saves the necessity of cutting or breaking it in the field.

Any desired number of bundles may be baled in burlap, with a
reinforcement of cleats, for shipment by truck or rail, or bundles may
be packed on end in large crafes for frneking, Seedlings wrapped
in bundles as just deseribed ordinarily remain moist for from 8
days to a week even in open crates, if the crates are not expose
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to full sunlight. In bales, they may remain maist even longer.
Seedlings in open crates can sometimes be kept in good condition
for as long as 2 weels, if the weather remaing cool and it additional
water is poured into the upper ends of the bundles.

Seedlings either in hundies or in loose asges can be pacled safely
and efliciently in a very light container by nsing the Olson buler,
developed by the Forest Service. This is a box 18 inclies wide, 15
inches deep, and long enongh that two bundles of the tallest stoel
ean be laid end to end in it with their roofs overlapping only slightly,
It has no top, and the front =ide ix hinged so that it ean he dropped
to permit removal of the bale. The apparatus is rised to a conven-
ient working fheight.  The pucker makes a loop at one end of each
of two baling wires and Tavs the wireg in the box, bhending them to
conform fo ity shape und hooking the ends over the Tront and back,
with the loops at the Tfront. Tle then luys two eleats in the box, and
over them a Inver of burlap wand a laver of waterproof paper. Both
Ltvrdap and paper ave long enough te Tine the Tront. bottom, and back
of the box and overlap on top. A laver of wet gphagnum moss 1
or 2 inches thick ix placed in the hottom of the Lox, covering it com-
pletely. .\ laver of seeclings is placed on the gphagnum, with the
tops toward cach end of the box and the roots slightly overlapping
in the middle. This layer i« perhaps 4 inchies deep, A 3-inch lyver
of sphagnnm is placed aver the rvoots. and sphagnum is tueked o,
between e seedlings.and thie front and back of the box. Sticcessive
Tayvers of seedlings and moss are added until the box is full, the
last layer of sphagnum being 2 inches thick, The paper is then
folded over the moss, and the two ends of the burlap are brought
together and rolled around a stick, 2 inches square; fitting into the
box lengthwise. When the burlap has been rolled as tightly os is
possible by hand, it is rolled more tightly by using a rolling handle
{n large wooden socket wrench) on this square stick. Holding the
rolling handle in place, the packer then slips the pointed ends of the
wires through the corresponding loops and back through holes in
a pipe fastened to the far side of the box. A few turns on a erank
handle at one end of thig pipe pull the baling wire as tight as ity
strength will allow. The wire by this time is so sharply bent where
it passes through the lToop that it can be cut off. After being given
a turn around itself, it is tucked into the burlap.

The material nged in packing seedlings with the Olson baler costs
less than $0.15 per bale. Exclusive of the wet moss, it represents less
than 5 percent of the total weight of the bale (23).

TRANSPORTATION

The need of getting seedlings to the planting site hefore they dry
ont usually requires that they be shipped by truck or by express;
freight. is too slow. As packed for shipment, southern pine seed-
lings weigh from 20 to 50 pounds per 1,000. Seedlings wrapped in
paper in bundles of 50 to 100 run 6,000 to 10.000 to a crate measuring
91 by 3 by 4 feet. the lower figare being for longleatf pine and the
highet for small slash pine seedlings or for lobloily pine seedlings
of average size. Three such crates are about as large a load as o
114-ton truck can take onte an ordinary planting site.
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HEELING-IN

If seedlings must be held before packing at the nursery, or leld
at the planting site, they shoukl be heeled in. This process should
be attended to with the utmost cave. The best heeling-in ground is
moist, ensily waorked soil exposed neither to full sunlight nor to
excessive cold.  Tf natural shelter iz lacking =ome sort of brush,
burlap. or canvas shelter should be provided. The seedlings ave
placed againgt the side of a shallow treneh, their tops projecting
above the ground slightly less than when they stood in the seed bed.
‘They shonld be in o laver not more than 3 or 4 inches thick. The
~ide of the trench against which the seedlings are placed may be
nearly vertical or may slope n= much as 45%. .\ slope <implifies the
packing of a 3- or +-inch layer of molst earth against the roots. A
thicker laver of earth should he nsed £ only one layer of seedlings
is to be heeled in. Heeling-in beds should be kept moderately moist.
Extreme wetness, however, makes it difficult to get the weedlings vut
of the trench again. and if water is allowed to stand in the trenches
for uny length of time it may ¢ause injury to the plants.

REGULATIONS GOVERNING SHIPPING

Practieallv sll States regulate in somie way the shipment of
nursery stock from other States. and a few States regulate ship-
ment across quarantine lines within their own boundaries. In addi-
tion. Federal quaraatines ave estublished from time to time. No
attempt should be made to ship stock by common carvier or across
State lines by truck without obtaining from the State plant board
or the State nursery inspector ov other designated official informa-
tion concerning the latest regulations and the mode of obtaining
any certificate required. The present titles and addresses of such
officials for the various Southern States are given in the appendix
{p. 114).

Ordinarily no special quarantines affect southern pine nursery
stock, Even in the absence of such quarantines, however, no agency
should ever ship infected or infested nursery stock anywhere other
than to its own plantations, and stock harboring insects or fungi
capable of continuing their aetivities in plantations should be de-
stroyed.

Express companies muke a few simple requirements concerning
containers for railroad shipments., Crated or baled materizl must
he in such condition that it cannot injure othev merchandize being
shipped, and must be pat up substantially enongh to withstand ordi-
nary handling. DMaterial such as nursery stock should. of course,
he marked as ** perishable.”  Substantial erates or well-packed burlap
bales are entively satistactory if they are not wet on the outzide and
if no points of wire project from them such as might tear the
covering of other shipments. Small bales of seedlings wrapped in
waterproof paper or heavy cardboard are ordinarily acceptable if
moistire does not seak through and soften the wrapperz, It the
State to which seedlings are consigned requires nursery-inspection
tags, shipping agencies refuse to accept the seedlings until the
appropriate tags have heen attached.
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PLANTING TOOLS AND THEIR USE
TOOLS

The tool recomnmended for planting southern pine scedlings is the
planting bar, known locally as the ® digger * or “ dibble.”  This tool
1s peculiarly adapted to southern soils and southern pine nursery
stock. As originally developed, it has a wedge-shaped steel blade
314 inches wide, 10 1nches long, and three-fuurths inch thicl at the
top, with a square or slightly rounded cutting edge. This is welded
at the top to a sthraight 34-inch iron rod ending in a D handle. A
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FIGUItR 18—, T'wo iypes of the Iron planting bar used in planting soullhern pive.  That
on the left bag o detuchoble step. The scule in the center Indicites foel, K Choelnw-
hatehee plangiug  tool, designed for use by a man working alene on lzht solly,
especinlly v brushy sites (background ruled in inches).

recent development is the addition of a 3- to 4-inch step welded or
bolted to the top of the Dlade on one side, which enables the planter
to drive {he bur into the ground with his foot. The planting bar is
shown with and without this modification in figure 18, A.

Planting bars can be made by any competent blacksmith at a cost
of $1 to $2 each, or purchased from commercial concerns. The
blade should be of good tool steel, and the joint between blade and
handle should be strongly welded. The size of the grip should be
such that a glove can be worn and there will be no danger of rulibing
the knuckles across the lower part. In its most gencrally suitable
form the tool is 45 inches long over all and weighs 10 pounds, A
planting bar 47 or 48 inches long is very tiring to the arm of any
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man less than 6 feet tall, except on very light. ~andy ~oil. and one
as short us 42 inches tires the back of 2 CHETTRY weight of 12
pounds is excessive. but a weight much below 10 pounds is umdvquntn
for most snccessful use (-\('ept an unusmally light soils.

A tool reguiring only onc hand and making a #lit hax beent tried
recently with encouraging resnlts on light “and moderately light
soils, p'ntlcul'ulv where brash interfered with the handle and rools
with the blade of the larger planting bar (7). It secms ineffective.
Bowever, on very hard or heavy soils. This tool is shown in figrure

18, 5.

The mattoele, used commonly for forest planting in ollier regions,
is not extensively used for this purpose in e southern pine region.
Tt has been nsed Lo some extent on the pledmont soils and some of
the Coastal Plain soils in the northern part of the region. and on the
relatively stony soils in the Ozark Monntuins in Arkansas,  On the
Ozark National Forest. Ark., however, the planting bar wag tried
by L. 8. Gross in the spring of 1933 with sneeess on adl bat the
~<l(mw~t growisl, On ent-over Jongleaf pine lands. which present
the major planting problem in the South, the heaviness of the sub-
soil and its proximity to the surface prevent most efficient use of
the mattoek and give the planting bar a great advaniage in speed,
Longleaf pine pfanf('d by the mattoe k-lhole method s expeeinlly sub-
ject to damage Trom silting.

Seedlings Tave been })]‘mt{-ci suecesstully with a great variely of
malseshift home-made implements, but the use of ~ueh toals on large-
seale planting operations results in unduly ligh costs.

METHGD OF PLANTING

Plauters using the planting bar work in pairs. The man with the
bar drives the blade qtmwhl down inte the ground, making a slit
at right angles to the divection in which he iy idcmn When he has
driven the biade in to its full length, he moves the handle back and
forth, with both hands, just enoun’h to free the blade from the =oil.
It iz bad practice to move the handle thr ough an are of 25° or more.
To do so opens a hiole somewhat like an hoar wlass in vevtical section,
which is extremely diflicult to close properly “about the roots. Skill-
fui pl.mte make a slit very little wider than the blade of the tool
itself. I‘lequently a second stroke is necessary to malke the slit deep
enough.

As soon as the blade is withdrawn the second man slips a seedling
into the slit, shaking it to spread the roots as naturally as possible and
helding it upl gt at the desired depthy (discussed in the fourth para-
graph ir_ﬂlm\m") Care must be taken not to doeuble up the root
system or leave any of the roots projecting above the surfnce of the
ground.

When the tree has been brought into position. the bar is driven
forward ianto the ground at an ﬂn”‘](‘ of abouk 30° with the vertical,
just far eacugh hehind the teedhnfr to ingure that the edge of the
blade will not strike the roots. This distance differs somewhat ac-
cording to soil, but is usnally about 4 or § inches.  As the mun with
the bar cmnpiotts the stroke he bears down on the handle. This
movement, foreing the lower portion of the blade forward, effec-
tively closes the lower part of the siit containing the tree. Tf the
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movement is correctly exeeuted. the man holding the seedling can
feel the soil plucking at the voots. Next a slight upward motion of
the handle frees the blade from the soil and to some extent closes the
top of the slit. The man with the bar, as he follows the man with
the trecs to the next planting place, completes the ciosing of the slit
by driving his heel against the loose carth,

Under ordinary conditions two men working together in the man-
ner deseribed can plant from LG00 te 2,200 trees inan S-hour duy. or
somewhat better than 3 trees n minute.

In using the modified planting bar all the motions are the saue
as those just describod, oxcept that the mian with the bar, having
brought it into place in an npright position by thrasting his arm
well forward, completes his last stride toward the planting spot by
ringiug his foot down on the step at the top of the blade. He thus
makes his weight and his leg muscles do much of the work done
by arm mnd shoubder muscles when the stepless planting bar is usedl.
Thoe bur with the step ix the less fatiguing of the two, except on very
hard or heavy soils. In such soils impact, not pressure, is needed to
wnke u slit. and it is necessary to drive the blade in by sheer strength
of wrnr and shoulder,

‘The proper depth for planting southern pine seedlings is the depth
at wlhich they grew in the nursery bed, except in the case of long-
leat pine. The diference in color bebween root bark and stem bark
:-e}inlIJl_y indieates this depth,  Longleaf pine seedlings muke uo
height growth until they have been in fhe fiekl at Teast one fuil
season.,  In plowed furrows, on Nght sandy soil, or on sloping siles
recently burned over, they are thus very likely to be covered by rain-
washed soil unloess they are set one-haif to three-quarters inch higher
in the field than they were in the nursery.  Any man planting long-
Jeaf seedlings shonld be diveeted to grasp cach seedling by the tap-
voot, with the index aud middle fingers, just al the root collar. so
that the roots hang down below the fingers amd the top lies across the
palm and the wrist, When he inserts the roots in the shit made with
fhe planting bar, the man with the seedling rests the knuckies of his
first and second fingers on the surface of the ground, and the thick-
ness of his fingers automatically “sets up?” the seedling at just aboul
the desired height. Bven if soif wash fails to buikd up the level of
the soit to the normal root collar of the seediing, the thick bark
charncteristic of longleaf pine seedling roots enables the trees to
sHrvive.

CONTAINERS FOR STOCK

The usunl container for careying planting stock is a pail. When
pails are used, most planters prefer to keep the seedlings moist by
means of sphugnum moss only, rather than he bothered by water in
the boftoms of the pails. Care is necessary to keep the moss around
the roots at all times. '

Because pails are heavy and expensive and are likely to be stolen,
one company has used fwo-compartment canvas planting bags in
which, if need be, two species can be carried at one time. and has
found them highly satisfuctory. The trouble with beth pails and
bags is that in these receptacles stock as large as southern pine seed-
lings must be envried in an upright position. In pulling onc up-
right seedling free from others, there is danger of stripping off part
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of the root system.  Ordinary market haskets ave preferable Leeruse
their length permits carrying the ~eedling- in a hurizontal position.
Seedlings s0 carried are not only easier to detach one at a time but
easier to keep covered than seedlings carried in a pail or bag. The
baskets are light, and their rigid handies make them easy to man-
age in tall grass and brush. They are generaliy inexpensive, espe-
cially when purchased 11 large quantities. The Forest Service uses
watertight galvanized-iron trays similar to a market basket in size
and shape.  Although more durable than the baskets. these have
disadvantage in thelr greater weight.

ORGANIZATION OF SQUAD

The number of men needed for a ~outhern pine planting opera-
tion is governed principally by the need of completing a season’s
planting program between the beginning of dormancy (or the occur-
rence of the first winter raing) and the beginuing of the new grow-
ing season.

In planting with the planting bar. crdinarily 12 or 13 two-man
crews are all one foreman shouki undertake to supervize, If the
planters are esperienced and highly relinble larger numbers may be
supervised by one foreman, or individual planters muy act as fore-
men of =mall groups and one boss or straw boss can supervise a
considerable number of wuch groups. A boss can handle upward
of 50 tvo-man crews: o good boss assisted by one or more straw
hossex miay be able to wupervize 230 crews working in eclear level
country,  Small squads are ordinarily preferable.

The boss is rexponsible for decisions as 1o laving ount the job. for
arvangements regarding seedling supplies. and for prompt move-
ment from one planting area or portion of planting aves to the
next. He is responsible also for setting the standard of work. The
foremen are responsible for spacing and alinement. proper setting of
the trees. and promptuess and efficiency in the work. More re-
sponsibility falls npon the foreman where planting is done without
site prepavation. because he must then set Hags on one or both flanks
of his squad to guide the end crews, and mu-t -ee that the other
crews remain at the proper spacing.  He must also see thut the proper
spacing 1¥ maintained in individual rows,

A planter can satisfactorily carry 200 longleaf pine seedlings or
slash pine seedlings, and as many as 300 small loblolly or -hortleaf
pine seedlings. To load planters” pails vr haskers with ruantities
ot stock much larger than these results in unnecessary fatigue and
often leads to failure to keep the roots moist. On the basis that 200
trees spaced 6 feet apart will plant a row nearly one-fourth mife
long. it is velatively simple to Jay our an area to be planted so that
by the time the planters have emptied their baskets they will have
worked their way approximately back to the heeling-in ground or
delivery point for seedlings or will have reached some place to
which extra supplies of seedlings can be delivered.

A common arvangement is to load planting-stock supplies, and
also sapplies of drinking water, on a light horse- or mule«irawn
cart and have this driven to meet the crews ab svitable intervals.
Frequently it is possible to have one cart supply two crews work-
mg from the same heeling-in ground. The hours at which addi-
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tional supplies are needed by two erews working together can be
stngwered simply by starting one erew at the beginning of the day
with only half the nsnal supply of stock,

ood wlincment can he maintained by starting out with the move
rapid and skillful planters at the Jeft-band end of the line and
having the first pair guitle on a series of two or more flags sol in
a stemght line. Fhe foreman must go ahead and set wdditional
flags from time to time if the strip Lo be planted s extremely long,
The flags must De set in such n position and close enough together
o that the next two nhead arve always in sight simnltancousiy. The
remaining erews string oft to the right of the guide crew at the
chosen planting interval and the foremnu checks theiv spacing now
and then by pacing or by measuring with a pole,  Belter alinement
is obtained if two rows of flags wre used and the faster erews are
assigned to the two ends of the line, In that ease the right-hand
row of flags is lefl in place to serve ag u guide on the retwn trip.
White or swhite-and-red flags on rods nhout 10 feet high are wsually
sl fgfnetory,

PATES AND COSTH

On Lvpieal ent-over Jonglent pine sites, two mien working with the
planting bay ean ordinavily plant 1.600 or more Lrees per 8-hour
day. .\ deerease in number of trees planted per day, and a cor-
responding increage in cost, vesults from any of these conditions:
Uncomfortably eobd wenther, min. water standing on site. sticky
clay soil, elay subsoil within 6 inches of the surfuce, und heavy brush.
Cost: is increased also by nsing stovk less than 10 inches or more than
18 inches tall or stock having very hushy root systems, Chrade 3
stock of n given species is estimated to cost 10 o 20 pereent more
to plant than grade 1 stock. Slash pine seedlings of poad quality
are usually the easie~t to plant covrectly s longleal pine seedlings are
likeiy to be (he second eaxiext. Planting in the rongh does not seent
to be apprecinhly stower than planting in firrows.

Large fluctuations in the total cost of planting ave wsually the
vesnlt of fluctuations in the cost of nursery stock, and an upward
tendency in total cost is almost invariably finked with high nursery
costs,

As las been mentioned in conneetion with spaeing, reduction of
number of trees planted per acre reduces the per aere cost ol stock
and, in lower proportion. that of labor.

PLANTATION
INJURIES AND PROTECTION

No plantation should be established withoul natnral or artificial
fivehreaks and an organized five-control system. (This does not
mean that artificial reforestation of a given aren shonld be postponed
until the five-control system serving the aren has heen perfected in
overy defnil.)

The suseeptibility of southern pine plantations to fire varies greatly
with species and age. and nlso according to vegetative state (nctive
or dormant), weather at time of Lurning, nmd quantity of fuel pre=-
ent. Slash pine is more resistant than loblolly pine of the same age
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and height, In one instance, at Bogalusn, La., a severey Ma I'('h. fire
in adjoining T-vear-okl plantations of slash and loblolly pine kiiled
1 percent of the slash and 53 percent of the loblolly. Shm'l‘logll‘ pine
is killed back by fire as easily as lobloily pine. bul plantations of
shortlent are seldom killed outright by burning becanse the young
trees of this species sprout from the root collar. Longleaf pine 1=
the most fire resistant of the four species. Young pl_:u'll:ltiuns of
longleaf pine, especially during the period when they are well
established but have not” ot begun height growth. sometines epdure
hot fires in fall, winter, or even carly spring without siffori ngr se-
rious losses: n O-month-old plantation at Elizabeth, La.. burned in
September, two Z-year-old plantations on the Choctawhatehoe Na-
tional Forest, Fla.. burned in December, amd a 2ovear-old plantation
at Bogalusa. La., severely hurned in Mareh, snffered mortalitios of
only 10, 14, 3. and 5 percent, respectively,

Slash pine stands 5 years old or older. and tongleaf pine ~tands-
that have begun height growth, frequently underge partial defuli-
ation by fire without suffering severe mortality, although they usually
suffer & pereeptible reduction in growth for a year or fwo, The
brned portion of the 7-year-old slash pine plantation at Bogalusa,
previously mentioned, increased in height an averuge of 23 Teet the
year after the fire: the adjoining unburned portion inereased in
height an average of 3.5 feot during the same peviod.  The burnesd
portion of & 6-year-old slash plantation at Bogalusa suffered 7 per-
cent mortality ns a result of a March fire und in the Toilowing yewr
ncreased in height onlv 1.3 feet, s against an increase of 3.1 feel
on the adjoining unbured portion. The burned portion of a d=vear-
old slash plantation in Harrison Connty, Miss.. suflered 8 pereent
mortality as a resalt of a winter fire. and in the Tollowing year made
npproximately 25 percent less height growth than the unburned
portion. For long]le:t'l_’ pine plantations the diminution in height
growth vesulting from fire appears to be less serious than for sinsl
plantations, although precise data on the subject are not available.

Planted Jongleaf pines that have begun height growth, and plunted
pines of the three other species ub all stages of growth, inerenge
rapidly in fire resistance with incressing age. Fire losses in three
2.year-old slush pine plantations, two at Bogalusa, La.. nnd one on
the Choctawhatehee National Forest, Fla.. wore $6. 100. and 99 per-
vent, respectively, in contrust with 8. 7. and 1 pereent. respectively,
in the 4-. 6-, and 7-year-old slash plantations described in the fore.
gomg. In planted loblolly pine at Bogalusa. 3 fires accurring when
the trees had been from 1 to 4 years in the field caused 100 pereent
mortality. wherens the fire in the T-yeme-nld loblolly plantation al-
ready mentioned caused a mortality of only 53 percent.

Winter fires ordinarily injure the trees far loss severely than fives
during the growing season. )

The ability of longleaf pine to survive fire and of shortleaf pine
to sprout after being killed back by fire is a strong argumoent in
favor of mixing these species with less Are-resistant species on suit-
ttble sites in localitios where fire danger is hizh,

Longleaf pine suflers seriously from damage Ly hogs, pariieularly
razorbacks and erosses between razorbacks and some of the donest i
breeds,  Purebred hogs of the hest strains appear to do mueh less
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damage.  The hogs kill smaller secdlings and ocensionally injure
or kill trees up to 10 feet high by eating the thick bark on Lhe
taproots. Counts of longlenf pine seedlings eaten by hogs show
clearly that one hog could destroy in a single day an entire acre
of longleaf pine spuced 6 by 8 feet, Any plimting program
in which dependence is placed on longleaf pine nust therefore inchude
arveful provision for fencing out hogs or for keeping them out of
the plantutions by agreement with the owners ad by rigorons herd-
ing and hunting, Togs destroy slish pine, also, but less often.

Sheep and gouts are capuble of doing mueh damage to slasl,
tohlolly, and shortleaf pine plantutions, No pecords are availnble
of their injuring seriously longleat pine seediings that had not vef
begun height growth, but they check (he height prowth of taller
longleaf pine seedlings, sometimes for many years, Ly biting oft the
terminal buds. They should not be permitted Lo graze on planted
ALCAS.

Horsos and cattle do no substantial damage to pine plantations
except on limited arveas where they coneentrale because of shade or
particnlarly good feed. A patch of carpet grass in o plantation in
which most of the native vegetation consists of wire grass or
hroomsedge may eause such concentration. The danmpe is usually
limited to trampling very young seedlings and to breaking older
ceecdlings {in smaller numbers) by rubbing against them in an eflort
to et rid of insects.

Cottontail rabbits (Syfedagus sp.) freguentiy do seriols jnjury
fo plantations of slash, loklolly, and shortleaf pine. They bife off
laree numbers of frestly planted gseedlings and occasionally hite
oft the smaller and more tender sprouts of seedlings beginning their
second year in the field, In ordinary seasons many of the injured
seedlings snrvive, but the mortality resulting from rabbit injury
is too great to be ignored, and the height growth of the survivors is
generully slower than that of uninjured scedlings. Why the nbbits
bile oft the seedlings is not known; the tops show little or no signs
of parts having been eaten and are ususlty left lying beside the
scedling stumps. which may be anywhere from one-fourth inch to
3 or 6 inches high. Figure 19 gives a comparison between the
heights of uninjured higﬁz-gmde seedlings of slash, loblolly, aud
shovtleaf pine, and high-grade seedlings of those species set out at
{he sunie time buf injured by vabbits. "This type of damage can be
veduced by hunting rubbits assiduonsly the winter before planting
and by using higl-grade stock or by planting only longleaf pine,
which is tarely or never injured by rabbits. (Differences in rubbit
damage corresponding with differences in grade of planting stock
are discussed on p. 81.)

Some damage to seedlings by rats has been veported, and scedling
voots are oceasionally injured by “salamanders” (Geomys sp.), par-
ticularly on sandy soil; but damage of this sort 1s velatively unim-
portant through the southern pine region as a whole.

The Nantucket tip moth, previously mentioned as a nuvsery pest,
is the most. conspictions exumple of Tnsecfs injurious to young pine
Gands. This moth is a shoot-boring insect practically hmpossible
to roach with poison oxcepl in the ege stuge, It does serious dnmage
{o loblolly :m(ll shortlenf pines; in some instanees it has enused aban-
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donment of these pines for purposes of artificial reforestation. It
attacks slash pine, but does relatively little damage to it and muy
not be able to reach maturity upon this species as easily as upon the
two just mentioned, Only tiwo records of its appearance on longlenf
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pine have come fo the attention of the Southern Forest Experiment
Station, and neither of these was substantinted by collection and
identification of specimens. It does great damage to Sondereggaer
pine, which ix o hybrid between longleaf and loblolly pines.
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The fact that longleaf and slash pines are practically immune to
tip-moth injury apparently is due to their rapid flow of resin from
injured tissues.

Infestation is usually heaviest on pines 1 to 8 feet high. In ordi-
narily dense stands, one attack upon leaders at points between 10 and
15 feet above the ground may deform the trees more sericusly than
several successive attacks at points below 8 feet. Open-grown trees
are most heavily infested while 1 {o 15 feet high.

The moths lay their eggs oh the elongating shoots and newly ex-
posed needles of the pines. The eggs hateh In a few days, and the
Iarvae burrow first into the bases of the needles and then into the
shoot itself, which they hollow out and kill. They pupate in the twig.
When it is time for emergence the pupa works its way out of the
twig, frequently through a pitch blister near the tip. During the

A

FreEI

IFiguns 20,—A4, Tyrpical example of injury ro loblelly pine by the Naotucket tip molh
(Riyiacionda frastrgad Comst) o B, adventilious bods of loblally piue arising from the
ceptors of the needle fasciclss nfter injory to the twig by Nantucket tip noth.

flight of the adults minute, brown, empty pupae cases can be found
clinging to the tips of many of the twigs. The adults are about one-
eighth inch long; their wings are steeply sloping, fringed at the end,
silvery in color, and irregularly crossbarred with brown. In color
they match almost perfectly the sheaths around the bases of the
needle bundles of loblolly pine, and they frequently hide nupon these
sheaths,

The insect produces four broods a year in the Gulf States, and
possibly throughout the scuthern pine region. The combined work
of these four broods may kill back young loblolly or shortleaf pines
from 1 f0 3% feet each year. Notwithstanding their great vigor
and rapid height growth these species cannot make much headway
against such aitacks, especially as much of the vigor of attacked trees
is wasted in developing side branches and witches™-brooms (fig.
20, 4). The trees would be killed back even more severely were it
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not for the southern pines” remarkable faculty of developing new
ieaders from the centers of the needle fascicles at the highest por-
tion of the twigs remaining alive (fig. 20, B).

It is commonly cbserved that tip-moth injury is greatest in large,
pure, even-aged plantatioms. and in planted or narural stands on
old felds, particularly those on soil which is not especially adapted
to loblolly and shortleaf pines. On land formerly in longleaf pine
where the subsoil is stiff and lies only a few inches beneath the sur.
face, planted loblolly pines attacked by tip moth are go seriously
killed back that planted or even naturally regenerated longleaf pines
of the same age overtake them by th: time they are 10 years old. On
deeper and more penetrable soils, perhaps only a few feet away. lob-
lolly pine planted or reprodiiced naturally makes much better heigh:
growth than longleaf pine in spite of tip-moth ~ttack.

The effective methods of coping with tip moth. it appears, are to
confine loblolly and shortleaf pines tn the soils best suited to them.
to keep pure, even-aged plantations of these species small and widely
separated, and to plant at close spacing, 6 by 8 feet or closer. in
order that side branches mav be shaded off and sterns straightened
after injury. It appears detirable. also. to plant lobloliy or short-
leaf pine in brush or to mix with them species resistant to tip-moth
attack, in order to force natural pruning and to reduce the foo
supply available to the tip moth. In small plantations the morh
may be controlled in the egg stage by spraying the stock with either
a 2-percent solution of Volck concentrute. or with nicotine oleate,
using 1 part nicotine to 200 parts of water as recommended by the
Bureau of Entomology amt Plant Quarantine. TWhere nursery stock
i dipped before shipment. care should be faken ro prevent the solu-
tion from coming in contact with the roots.

Obervations in plantations established by the Southern Forest
Experiment Station in 1923, 1o study, elfects of various spacings.
indicate great individual differences in the resistance of loblolly
pines to tip-moth attack, even at the same spacing. and it mayv be
possible to isolate a resistant sirain,

Young plantations of all species of southern pine are sometimes
defoliated by the larvae of LeConte's sawilly (described on p. 59)
and other sawflies, and by adults of a small brownish beetle tenta-
tively identified as Colaspis brunnea (Fab.). These insects appear
over relatively small areas but in considerable numbers, and parctiv
or eatirely defoliate many trees. They are voracious feeders. Where
spraying is feasible they are easily controlled by applying arsenate
of lead according to the formula given in rhe appendix (p. 112),
Outbreaks should be fought a= scon as discovered. becanse 4 relativel
small investment for spraying on areas up to 10 acres masx prevent
much more sevious outbreaks later in the same season or in the
following vear.

Other insects to be guarded against in plantations are scale ingect~
of the menera Towmeyella {described on p. 59) and Chinnaspis.
The Towmeyella scale appears largely on the twigs. and the ('hipn-
aspis almost exclusively on the needles. Large outbreaks have not
vet been reported, bhut these insects are potentially dangerous to
plantations and it is well to clear up any smuall. readily wevessible
infestations by spraying with miscible oils or nicotine sulphate,
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Larvae of the genus Tetralopha (previously referred to as s
nursery pest} frequently attack planted seedlings, particularly of
longleaf pine. This insect has been noted most abundantly in
Florida, but occurs throughout the Gulf States. It has done its
greatest damage on the deep sands in western Florida and in the
area of relatively low rainfall in eastern Texas. It lives in a tube
of webbing and frass anchored to the top of the seedling. Ordi-
narily it injures only a few needles, but on small seedlings and
under adverse conditions the loss of even a few needles sometimes
prevents survival, No attempt has so far been made to contro} this
msect on a comumercial scale, but in view of its feeding habits,
arsenate of lead is suggested as & possible means of control.

Among the most important diseases of planted southern pines is
brown-spot needle blight, discussed on page 59 as »a disease of
nursery stock. Longleaf pine seedlings are highly subject to brown-
spot attack, particularly between the time when the first fascicled
needles appear and the time when the actively functioning feliage is
18 inches or more above the ground. Needles growing 8 or 10 feet
above the ground sometimes show occasionnl or moderately abundant
lesions. Slash pine also 13 attacked, particolarly on dry sites or in
localities outside its natural range where rainfall is lower and the
evaporation rather higher. The hybrid Sonderegger pine is very
severely attacked on some sites. Loblolly pine suffers from a disease
that is thought to be brown-spot needle blight but has not been posi-
tively identified. Brown spot caunses partiul or complete defoliation,
especially of longleuf pine, canses delay in height growth and some-
times severe stunting, und may cause serious mortality. It is least
abundant on areas recently burned over {26}, in exceptionally dry
seasons, and on seedlings widely spuaced. It is a moot question
whether freedom from brown spot obtained by burning, even during
geasons in which fire does little damage, completely offsets the dam-
age done by the fires themselves. The disease is most severe on very
densely crowded longleat pine scedlings {200,000 to 300,000 per acre)},
where soil s too peor to support a protective covering of grass. and
on scedlings that have not yet begun height growth.

In many localities brown-spot infection does not appear to be a
ereat detriment to the success of Jongleaf pine plantations. If seed-
fings arve kept free from the fungus in the nursery, those of high
grade make such 2 vigorous start that infection during the first yeur
or two in the field does not later prevent them from getting above
the height—18 inchies or a trifie more—beyond which danger from
brown spot is negligible. In some localities and on some sites, how-
cver, where the disease s severe and seedling growth naturally poor,
brown spot may cause high mortality and delay height growth of
surviving trees for many years, unless artificially controlled,

In this connection it is significant that the better the quality of
the Iongleaf pine secdling, as to development of taproot, foliage, and
bud, the later it beginsg growth in the spring and the faster its needles
develop once they have started. In a study of 200 seedlings of the
same age at Bogalusa, La., in 1980, the seedlings possessing definiic
winter buds covered by white bud seales did not put forth new foliage
until April, but the poorest seedlings, which had no bud scales at afl,
did so about the middle of February. Distinet brown-spot lesions
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appeared on the new foliage of the poorest seedlings before the new
needles of the best seedlings became visible. Thus the poorest seed-
Hings suffered one complete cycle of the disease before the best seed-
lings were infected at all. The foliage of the hest seedlings developed
so much faster than that of the poorest that by the middle of June
the average length of the needles on the best was greater than that
of the needles on the poorest, despite
the 2-month greater age of the latter.

What may prove to be a serious
twig canker cceurs on slash, lob-
lolly, and shortleaf pines, but not,
so far as is known, on longleaf.
This disease first attracted uftention
in 1982, although examination of
the cankers has shown clearly that
it must have Leen in existence on
southern pines at least as early as
1925 or 1926. In 1933 the diseasc
was found in practically every State
in the southern pime region. The
worst infection thus far described
has been in slash pine plantations
in Georgia, where the disease has
killed some trees oufright and
severely injured the crowns of many
more. The fungus causing the dis-
ease has tentatively been identified as
Atropellis sp.

Two other diseases to which planted
southern pines, with the possible
exception of longleaf, are some-
what subject are stem galls cansed
by Peridermium cerebrum (Peck)
and P. fusiforme (A, and K.).
These fungi are true rusts. Their
alternate hosts are various oaks,
particularly those growing on moist
sites. The fungi attack planted pines
from thoss 2 years old to those
O{g. enouﬁh to l};l!i(])duce merchunti l?i(:Uin:!;’ 21—uall of g’]cridfirm%umt,
abhle ro ucts 1 il’l“"‘ some and ::'t‘rc. :-um uifnruxlma ely [/11)
deforn{)ing others (ﬁg. 21). The Erenront phmted siusn piner "
potentialities of these diseases are un-
known. In one S-year-old plantation of slash pine 3 percent of the
trees were found to be infected, and loblolly pines in a 20-year-old
natural stand have been observed to be infected at points 1 to 20 feet
above the ground and deformed by malls 114 to 2 feet in diameter.
It is possible that the discases are serious enougl fo furnish another
argument for mixing longleaf pine with pines of the three other
species.

Longleaf pine when (irst planted is subject to injury by silting,
that is, by washing of sund and surface soil onto the almost stemless
bud. This mishap, commonly resulting in death or in returdation
of growth, can be aveided by using large, vigorous planting stock.

B A 2
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by planting directly in the rough or in well-settled hoed spots in-
stead of in furrows, by aveiding burning of the planting site, and
by “ setting up ” the seedlings as describeg on page 92,

Wind throw sometimes causes serious losses in young plantations
of slash pine, apparently because of a combination of wet soil, shal-
low root habit, and doubling up of the roots in the slit in the
process of planting. It is particularly likely io occur when the
foliage is loaded with sleet, and may limit artificial extension of
the range of slash pine northward.

Frost heaving causes little trouble in plantations in the southern
part of the southern pine regiou, but is a serious problem in the
piedmont plateau, the Bzark Meuntaing, and the Coastal Plain north
of South Carolina, It can be avoided wholly or in part by plant-
ing in the spring instead of in the fall, by confining plantations to
well-drained sites, and by using large stock. It is thought that using
2 planting bar instead of a mattock decreuses frost heaving, but
the point has not yet been demonstrated.

Injury done by competing vegetation has been discussed in con-
neetion with planting-site preparation. Where serious competition
from other vegetalion seems likely, it is particularly important to
use high-grade planting stock. Southern pines other than long-
leaf, once established in the fleld, very soon outgrow the danger of
injurious competition from vegetation that does not actually over-
top them from the start.

SURVIVALS AND REPLACEMENTS

Failure of planted southern pine to survive well is usually explain-
uble by one or more of the following: Puor planting sfock, poor
planting, adverse site, insect attack, fire, and drought. Of these
fuctors -drought alone is beyond man’s pewer to modify, and even
drought does its least harm to the best stock on the best sites,

With ordinarily good management any plantation of southern
pine on good sites and in ordinary seasons should show a survival
of 80 to 90 percent at the end of 1to 5 years in the field. Except in
the case of Jongleaf pine, the greatest loss usually takes place the
first year. Between the second and the fifth to tenth years, mortality
is likely to be higher in longleaf pine plantations than in planta-
tions of the other species, sometimes becanse of the linge ring death of
seedlings injured by silting but more often because of brown spot or
of competition from plants of other species. - Survival of more than
95 percent at the end of the second or third year in the field has
been recorded for several plantations of longlesf, slash, and lobiolly
pine,

Records of more than 300 separate southern pine plantations estab-
lished by a great number of agencies in Florida before 1931-32 show
survival either somewhat above 65 percent or very much below this
percentage. From records kept by the Florida Forest Service on
these plantations it is clear that survival well above G5 percent
represents normaul results with the species under reasonably favorable
conditions, and that survival well below 65 percent represents, almost
without exception, the effect of drought, fire, adverse site, or inept
planting.
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Large places in plantations where practically all seedlings failed
should be replanted unless the soil is clearly unsuited for the plant-
ing of any of the species available. If failures gre distributed rather
evenly throughout the plantation and the resulting stand iz not too
open to produce material of merchantable quantity or quality. it
may be unnecessary to replace the dead trees. Ordinarily any plan-
tation spaced fairly evenly 8 by 8 feet or closer need not be filled
in if the survival is more than 70 percent. It is sometimes advisable
to replace with another species, either better adapted to the site or
more resistant to the injurious factrors at work in the plantation.
Failures in longleaf pine plantations may sometimes be replaced
with slash pine when the survivors of the original planting are 3 or
4 vears old. In that case the longleaf pine has a practically even
start with the slash pine. and ordinarily will not be badly overtopped
by it unless the site iz much better adapted to the latter species.

I= u seriss of experiments at Bogaluza, La.. in which replacements
were made in plantations of longleaf and slash pine, the mortality
of the replacements was much higher than that of the original plan-
ration. It was found that the failure of many of the replacements
had been due to competition from brush and to the presence of roots
of old stumps. or of hollows left by the decax of roots, within the
root zone of the seedlings. In making replacements it may be well
to plant a foot or two to the side of the spot on which a seedling of
the original planting was unable to survive,

GROWTH

Too few plantations of southern pine have passed the age of 10
vears to permit computation of useful growth and vield tables for
planted stands as distinct from stands arising through natural regen-
eration. The few figures available are given in table 21. Compari-
son of these figures, particularly those for height. with figures for
fully stocked natural stands indicates that plantations are well able
to hold their own in rate of growth.

TasLe 21.—FEromplics of growcth of planted southern pine

Feizht . Diamazer

rer- . Maxk | Aver- | Max-
(4] oum ¢ age mim

Fee! | Inches j Irches

s}
32
31
3.3
Lo
)
7.3
N

Lonyleal Dre Ridder, Lu,. . .
Siash® Karbywille, Tex

~ Clemson College, 5. C.
Bogalwse, La__ ... .

LBy
g,

4.
4.

i
i L g}

I

Loblelly |

b aadn

<

Pritee Georges Connty, Md. .. .I
Burlineton Conney, NoJ...... ©
Shortleal ... {riffio, Ca., e e e

...
=

! Both planwstions were beyond the nuteral range of slash piae.

Longleat pine is conspicuous for good growth in planted stands
as compared with natural stands, The most remarkable instance
so far noted is that of a small plantation in 8t. Tammany Parish.
La. (fig. 22}, in which the trees reached an average height of iU
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feet when 5 years old from seed. The la rgest tree in the plantation at
that age was 16 feet high and 3 inches in breast-height dinmeter.
This plantation received no soil fertilization or other special care ex-
cept that around every tree. to a radius of ahout 1 to 2 feet, 1 heavy

FIithad
Figina 22— Exeeptionally well-develapod planted langlenf ploe 5 years from seed, jn St

Toammany I'arish. Lo.” The top of the handkerchiet iIn the Tow to the right Is 414
feee above the yround,

mulch of pine needies was applied each full and allowed to rot in
Place.

Several hundred acres of almost equally promising longleaf pine
plantations have been observed near Sumter, S. C.. but mcasure-
ments from these are not available. The height distribution in a
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much larger and more representative plantation of longleaf pine
Is given 1n figure 9, which also gives the height distribution in a
better-than-average stand arising from natural reproduction and
shows that the planted pine corapares very favorably with that
reproduced naturally.

he relative promptness of planted longleaf pine in beginning
height growth as compared with that reproduced naturally is at:
tributable largely to the supericr development of the seedling~
during their growing season in the nursery. Ten-month-old long-
leaf pine nursery scedlings of high qualify are as large as wild
stock 3 to 5 years old growing under good conditions. A further
reason for rapid height growth in longleat plantations may lie
in the fairly wide spacing, which presumably has a restraining
effect on the spread of brown spot needle blight. Preparation of
the planting site by hoeing spots may contribute to the vigor of
some seedlings. No experimental evidence available supports the
hypothesis that pruning of the roots at the time of iifting and
planting has a stimulating effect on height growth,

The course of development of o representative successful planta-
tion of slash pine is shown in figure 23.

Future experimental work in artificial reforestation with all four
principal species of southern pine should incinde efforts to segregite
strains characterizedd by rapid and well-sustained height growth.
‘That such strains exist may be inferred from many items of informa-
tion already gleaned from studies of the southern pines.

RECORDS

Intelligent conduct of a planting program depends in great part
on the technical records kept for each pluntation. The record of
establishment should include the following: Location (preferably
in terms of section, range, and township) ; size (in acres); species:
dates between which planting was done; preparation of site; plant-
ing method (tool, and any striking variations in manner of using
1t); character of planting stock (wild or nursery; age, size, and
quality}; specific source of stock; and source of seed from which
stock was grown (State and county in which collected or, if these
are not known, dealer from whom obtained). Later records, the
first of which should ordinarily be made when the trees have been
in the field 1 year, should include survival percentage, average
height, and principal injuries (causes and extent). The more com.
plete the technical records. the more valuahle they will be in con-
nection with future operations.

Economical conduet of a large commercial operation requires ac-
curate cost records, which should include the cost of stock, of site
preparation, of planting, of protection (including fencing and any
insect-cantrol measures). and of any necessary cleanings or liberation
cuttings made during the first few vears after establishment.

Of utmost importance in the records of any plantation containing
nore than one species. or more than 5 or 10 acres of a. single species.
is a plantation mayp showing clearly species. methods of planting. and
dates of planting. Replacements. with the same or with other
species, should be indicated on this map with particular care. The
map should be on a seale large cnough to permit showing clearly
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F231264, FI6EX0

Frovun 20 —Nepresentative goovd  commerein] plantation of slash plne In Washington
mirlwh, Ll o, Foor years afier plantlags 2, T years; ¢, 8 years.  (All views from
the same jlatforin, 12 feel wbove (e ground.}
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in detail the boundaries of areas occupied by individual species or
species mixtures, in relation to natural features such as swamps and
streams and cultural features such as roads. A scale of 4 inches
to the mile is satisfactory for mapping large areas planted with one
species at one time. If the pattern of plantations is complicated
and full of detail, it is advisable to dounble this seale. .

An extensive planting program is subject to weather variations
from year to year, differences in site quality, fluctuations in planting-
stock quality, and even changes in species used. ‘To check the suc-
cess of such a program requires something more than casual ocular
ubservation. Perhaps the simplest way to check it is by means of
staked plots in representative portions of each natural unit of
plantation. Such plots can include one-fourth, one-half, or 1 acre
vach. They should be marked with stout permanent posts on which
their numbers and, preferably, indications as to species, date, and
method of planting are painted distinctly. ‘The plots should be tied
in by survey to some familiar section corner or some permanent,
feature of the landscape, and their location should be precisely
indicated on the plantation map. Such plots -afford a crude but
frequently adequate index of survival and height growth in the
entire plantation. They are preferable to line plots particularly for
the reason that they form convenient units for computing veluine of
wood produced when the plantations approach merchantable size.

Under the Forest Service line-plot system for observing survival
und carly height growth of plantations, from 100 to 300 trees are
staked out in each natural unit of plantation, or in each 50-acre
homogeneous block if the area of the plantation approaches or ex-
veeds 100 acres. These line plots run diagonally across the planta-
tion, including, for example, the first tree in the first Tow, the second
tree in the second row, and the third tree in the third row, so as to
sample the work of as many different crews as possible. In order to
identify the trees by number, on every tenth stake the number is
markecd.

Another means of keeping track of the development of a planta-
tion consists in a series of photographg showing the same portion of
the plantation, taken from the same station at 1-year intervals for
the first 2 or 8 years and thereafter, ordinarily, at 5-year intervals,
The position and direction of each view should be chosen with care
when the plantation is first laid out, and if possible the same camera
should be used for all successive pictures,

Unless plantation photographs are taken from a leokout tower or
some other point from which the view cannet be cut off by growing
trees, they should be taken from outside the plantation or looking
down the aisle between two rows, not looking ‘down over the top of
a row or across rows, and the picture’s center of interest should be
not more than 50 feet from the camera. Preferably, the film or
plate should be used in the vertical rather than in the horizontal
position, lest later repeat pictures fail to show the tops of the trees.

The photograph stations should of course be marked with per-
manent posts, tied in to section corners or natural features, and indi-
cated on the plantation map, with great precision.

It is an excellent plan to deposit duplicates of plantation-ostallish-
ment records with public agencies interested in urtificial reforestation
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in the Jocality. As the plantations develop, especially if they are
among the earliest in their particular locality, they will be of im-
mense value to such agencies as guides and object lessons, and filing
establishment records with the agencies will not only insure preserva-
tion of Important data but also increase the plantations’ experimental
value fo the Iumber industry and the general public.

The Southern Forest Experiment Station, with headguarters ab
New Orleans, La., maintains a directory of forest plantations, which
will guide it in sclecting areas for studies on technical probiems
involved in improving the survival and growth of planted southern
pine. The station will welcome establistment reports of any forest
plantations in its territory or of any southern pine plantations else-
where in the United States. Such records should include the infor-
mation itemized in the first paragraph under the heading Records.
A form suitable for transmitting this information will be furnished
by the station on request,
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APPENDIX

FORMULAE FOR NURSERY BAITS AND TREATMENTS
POISONED BAIT FOR FIELD MICE

Mix 1 tabiespoon of gloss starch in one-fourth teacup of cold water and stiv
Into three-fourths pint of bhoillng water to muke a thin, clear puste. Mix 1 ounce
of powdered strychnine (ulkaloid) with 1 cunce of baking soda, and stir into
the starch to n smooth, creamy mixture free of lumps. Stir in one-fourth pint
of heavy corn sirup and 1 tablespoon of glycerin or petrolatum. Apply to 12
pounds of wheat, or preferably steamed crushed whole oats, and mix thorough-
I¥ to cont each kernel, Barley or cricked corn muy also be used.

38_;m;g};}te instroctions for fleld-monse control nure given In Farmers' Bulletin
1 27).

POISONED BAIT FOR “ SALAMANDERS ", OR POCKET GOPHERS (GEOMYS)

Cut sweet potatoes in pleces 1 ineh long and one-hulf inch squure; wash
and drain, Grind together in a mortar one-eighth ounce of rowdered strychnine
{alknleid) and one-cightleth ounece of saccharin amd sift the mixture slowly
into 4 quarts of the dnmpened bait, stirring to distribute the polson evenly.
Thrust nu iren red jute the animal’s runway, drop in a piece or two of the
hait, and close the hole with earth.

Complete instructions for contrel of ¥ salamanders™ are given in Farmers'
Bulletin 1709 (9).

CONTROL MEASURES FOR NEMATODES

Steam sterilization of soil infested with nematotdes, where appileable, gives
ihe best eontrol and is recommended especinlly for seed and nursery beds.
Chemical soll treaiments have in mo instance proved 100 percent successtul,
and give satisfactory results only in light sandy sofls. The two most satis-
factory chemicals known at present for scll treatment in the open are earbon
disulphide and chloropicrin (offen also ealled chlorpierin}. Both must be ap-
plied with caution—carbon disuiphide is highly inflammable and ¢hloropicrin
is a war gos requiring the use of gns masks during handling, Both may have
fertilizing qualities, so that larger returns will partly pay for the expense
of treatment. Carbon disulphide should Le applied 100 to 303 gallons per
acre, buried in holes 6 {o @ inches deep, 18 inches apart each way, in staggered
rows, two-thirds to 2 fuid ounces per hale, 'The holes should be covered after
applicatton; soll muy be replanied 2 to 3 wecks later. Chiloropitrin should
Le applicd 233 to 380 pounds per aere, by burying one-sixth to one-fourth fluid
ounce in holes 6 inches deep, 18 inches apart each way, arranged In stngrered
rows and covered, Planting should be delayed until odor has disappeared.

The most practienl. least expensive, vet very satisfaetory method of elean-
ing Yand Infested with nematodes is to plant it fur 3 successive years to an
immune crop. Clean cultivation free from weeds {8 necessary for success,
since weeds may be hosts of the nematode and carry it over the starvation
period otherwise produced by the immune crop. Crotolerin speclubitis,
especially, and €. juncee nre recomunended as immune crons for the eontrel
of the root-Enot nematode. Various grasses such as timothy, perennial rye-
prass, Parn grass, fesene grass, redtor grass, vye, Forida and Mauritius varle-
ties of the velvethean, nnd Iron and Victor varieties of the cowpea may also be
planted to starve out this nematode. .

Carefu! digging and burning of all infested root material #s soon as possi-
ble after harvest help greatly in cleaning infested land, and using clean tools
nnd implements helps to prevent the spread of these pests.

POISONED BAIT FOR MOLE CRICKETS

Mix 1 pound of paris green, ot 1 pound of calcium arsenate, with 20 pounsls
of cottonseed men! and moisten with cheap sirup. Scatter the huit ahout the
nursery at nightfall, because mole crickets feed at night (5).

1t




112 TECHNICAL BULLEIIN 492, U. 8 DEPT. OF AGRELWCULLURE
y

POISONED BAIT FOR CUTWORMS

Wheat bran____ 50
Paris green or erude arsenie 1
Blackstrup molasses™ e oQUArts__ 2
Witer gallon._ ™1
Miz the dry ingredients very thoroughly. Mix the water and sirup (if sirup
is used), and gdd slowly to the dry ingredients until the bait is just moist
cnough to fall, when seattered, in lumps about the size of wheat graing, The
bait seems to work better If allowed to stand a few hours bLofore heing
sceattered, It is well to seatfer the bait late in the evening, so that it will
remain nolst until the worms, which ordinarily feed ab night, bave had a
(:h:uu:&}a to eat it. Use 10 to 15 pounds of buait per anere of nursery (19, 36,
37, 38

BRAN BAIT FOR GRABSHOPPERS

The following formula is recommended by the Tlureau of Entomolo:my and
Plant Quarantine;
Conrse bran UG 3 Th1 511 Vs I 100
Crude grsenie
Cane DI RSSO oo e e gulions__ 1%
Water, - _do.___ 161012

Mix to n consistency permitting scattering in small fakes.  Seatter early
in the morning, preferably before sunrise, ns grasshoppers do noel feed ot
night.

Lead arsenmate is not an effective substituvte for paris green in grasshopper
bait {5, nor are valeivm arsenste and sodiuom arsenste.

LEAD ARSENATE FOR SAWFLY LARVAE AND COLASPIS EEETLES

Lead arsenante {powder) . opoimd oo
Fish-oil soap, casein, or laundry soap_-_-_-____..____(lc____
Wnter __fnNonsl.

NICOTINE SULPHATE FOR APHIDS AND RED SPIDERS

Nicotine sulphate {40 percent)____ . __________ . __QUHCOS__
Fish-vil soap {ov comman iumdry soupi-o_._.. . .nounds_.
Wauter:
For aphids _gallotis__ h0
For red spiders.___ i 32

Spray thoroughly and foreibly, and repeat affer about 10 days {30, pp. J07,
IERD

KEROSENE EMULSION {(S0AF FORMULAYY FOR SCALE INSECTS

Keroseneg i lons. 2
Whale-0if SO vl [V, 1111 | 11 9
o soft soap . O 111113 )
Water____ gallon 1
Divide sonp finely; dissolve in water by bolling. Remove from fire nnd ndd,
boiling hot, to the keresene. Agitate violently by spraving back on itself with
a force pump.  After 3 to 5§ minutes’ pumping the mixture shonld he perfectly
emulsified, from one-third fo ome-half prenter in bulk, and the consistency of
cream. Dilute 1 part of emulsion with 15 of water for summer use on plaut
lice or for nse on red spider and other mites. Tor use on seale insects, 1 part
of emulsion should be diluted with 7 to 10 of water.

BORDEAUX MIXTURE (i-5-50}, MADE WITH PREPARED POWDER

Commercial prepared hordeaux powder ponnd.._
i CUNERS. _
gulloms__

15 Some authorifics spy sirup ia unnecessery.
¥ Or more, A8 needed.
AN emergency substitute for the more casily hapdied miscible oils,
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HOME-MADE BORDEAUX MIXTURE

Copper sulphate erysials_ . jrounds__ 4
Hydrated lime ___ cetlo_ i
Wuter - gallons.... 20

To make & luirge quuntity of bordesux mixture, or lo make small guuntities
repeatedly, it is desirable te prepure in udvance separate steek solutions of
copper sulphate and lime, exch about 1 pound te the gullon. o prepare &
stock solution of copper sulphate, & weighed quantity of the commercinl eIys-
tils, bluoestone, is placed iu a suck and suxpended in & barrel or other wooden
vessel containing 1 gallon of water for ench pound of copper suiphate. I the
copper sulphate is pluced in the bottom of the barvel, it dissolves gslowly even
with frequent stirving, When dissolution s complete, the zolution should be
made uniform by stireing.

The stock solution of lime is made by simply stirring the bydeated lHme inte
the water; it is best to do this on the diy preceding use.

The common method of muking bordennx mixture in the ficld hax been fo
dilate the required guuntities of copper sulphiate and lime separately, each to
Imlf the final volume regnired, ami to pour them togethor into o third con-
tainer, usuaily the tank of the spraver. Boih solutions shonwld e woll sHrred
Just before mixing, The colloidal suspension oblained by this method of mix-
iog breaks down very slowly.

To 50 gallons of bordeaux mixture prepured by these directious, ndd 2
pounds ol cusein.

USE OF EXOTIC SPECIES

Barly efforts at artificinl reforestation with exotics in the southern pine
region ineluded various aitempts to esiubiish Scoteh nine (Pinug spivestris L}
and muritime pine (P pinester Ait). The sced of these specics uxed eyi-
dently wus very unsuitable as to strain. One attempt to introduce tie Jatter
species was made by Clemson College nt Summerviile, 8, C., in 1912, with
the assistance and advice of the Forest Service. The Forest Serviee itself
bezan in 1811 a series of direct seedings of muritimme hine in the contral
peninsniaz and on the extreme west eoust of Florida, and lator plonted in these
sume localities marcitime pine nursery stock, part shipped fram g northern
nursery and part produeed loeally, In Fiovida, also, the Forest Service panted
some cork onk {Quercus suber L) und made g painstaking attempt to esiablish
several species of encalyptus. By 1030 nothing was left ol several hundred
neres of exolies planted by the Forest Serviee i Flovida exeept 1 few enen-
Iyptus sprouts arising Irom the stomps of trecs killed back by frost and a
few sickly maritime pines from 2 to 20 foeer fail,

No noteworthy offort to estnblish torest pantations of exotie species in the
South wuas made by the Forest Serviee in the period 1016-26. In 1927 efforts
were renewed to find an exotic pine adupted to the soil of the Choclawhitehee
Nutional Forest, Fla.,, an extremely .coarse sand very low in mnisture-holding
cupacity. The Southern Forest Experiment Sfation made an exhausiive study
of the climutic conditions under which pine spwcies throughout the world reach
optimnm development, selected for study about 60 species growing 1o climantes
soriewhit resemhbling that of western Fiorida, nnd systetnntically  tested nll
these species on u small seale,  Most of the trinls Enilog totally. The species
giving greatest promise of initinl suceoss were Ilatinn stone pine {Pinus pinea
L.}, Chincse red pine (P massoninig Lamb.}, Jupunese binck pine (P. thuyn-
bergii Park.}, and strains of P. pinaster At obinined fromn Corsicn and cenirad
Portugal, It Is entively too soon fo prodict whother these pines will develop
inte merchantable stands on the soil of the Chootawha tehee FPovest, Himaluva
longleaf pine (P Jongifolia Roxb.}, a threenecdlsd pine of the Himalnyan
feothills, from many standpoints ¢ most desirnble species, i onable to endure
the winter coli of the Gulf Coust Staies.

Yarious species of Brealyplus, including specics prowing at higher eleva-
tions in Australin amd species suvcossiully introdured in California, were
kiltedd by frost when fested on the northern halt of the Fiorida Peninsuln and
in southeastern Louisigna,

Tests of exotic pines have been marde in wostem Flarida, eontral and west-
ern Louisiana, umd oast-centrnl Texns by collaborators of the Tnstilape of
Forest Genetics, of Placerville, Calif.  Phis hstitule, which is studying the
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possibilities of breeding nn exiremely fast-growing pine, bas iried in other
parts of the South most of the species being tested by the Forest Bervice
on the Chouctawhatehee National Forest. With the exception of some of the
species just listed as possilly sncceessful, ull the exotie pines it has tested
s0 far have failed,

Many species of pine native to Californin and some exotie pines when grown
or planted in the South bave shown an extrenie susteptibility to brown-spoi
needle blight.

NURSERY INSPECTICN AGENCIES

The officials to he consuited for defniled information on nursery inspection,
Plant quarantioes, and shipping regulations in the southern pine region ire
listed below. IF seedtings are to he shipped from one State fo anether, officiils
of both the State of origin und the State of destinution must be consulted.

i
State ‘'itln of vibeinl or deparintent 1 Address

|
AlabrRin. . ......! Division of Pland Industry ... .. .. ermvmmererrme --. | Montgomery.
Arkapsas. .| Chief inspector, Siate Flnnt Board. . ..| Liditle Rock.
Delawure | Sinte Horrd of Agricuiture. ... .| Dever.
Fiorida. Buate Plant Bonrd_ .. ... Gainerville.
Ceorgis- Siata Noard af Entupology - .| Atlania,
Louisiann. Suita eulomelopist. ... | Baton Houpe,
Marviapd PN « |+ D, . R ..\ Callore Park.
Mississipy - ey T - Agricultural College
North Ciral Divisinn of Entotnolopy, Department of Apricolture_ .. . Jaleigh, R
Oklahoma. . SURte DUTSELY INSDECIOr . ars  oacmcmcammcsec oo o wamieo s Okinhoma City.
South Carol State Cron Pest CommMNssion ciomm e oot i e Clemsen College.
Texas... Chief, Division of Horticulturul Inspection and Quorantines. .. | Austin.
Virginis_ 1010 @RLOIIOIEISt oo eee s o casmmmme e rcsrmm s Richimmond.
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