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PINE SEEDLING SURVIVAL AND GROWTH RELATED TO MOISTURE

RETENTION OF EIGHT TEXAS FOREST SOILS \
1
Ray C. Exenyt and Kexxeri G WATTERSTON 1 i

Loblolly (Pinus tacda 1..) and shortleaf (Pinus  first year (4). Similarities in the soils of the oak-

:hinata Mill)) pines reach the extent of their  hickory type and those of the pine region of cast
western distribution in cast Texas. Mature speci-  Texas were noted by Bray (2) with recommenda-
mens of these pines occur sporadically among the  tions for establishing pine plantations in the oak-
oaks in the ‘‘tension zone” or “pine [ringe,” the  hickory type. However, the mortality risks for pine
trgnsition zone between the pine type and the  plantations in that region arc greater than in the
oak-hickory type. This indicates environmental con-  pine region.
ditions that are occasionally favorable for the This study was to determine the response of
natural establishment of pine (7). Seed source  loblolly pine scedling growth and survival to
availability, soil characteristics, hardwood competi- ~ moisture retention characteristics of various soils
tion, and water table variability are very likely  from the east Texas pine and oak-hickory belts.
some of the interrelated factors responsible for the  Scedling growth and mortality during a drought
occurrences of scattered pine. were of special concern. -

Though precipitation in cast Texas is adequate
(normally 40 te 50 inches annually, decreasing Materials and Methods
tlowur(ll the west) for '“"‘”““'1'_““$b fc')rcst den This greenhouse experiment consisted of two
droughts ‘l]“e jogRaoneater (]'5[“ g :uc] SO parts. First, pine scedling growth ii. the various
ROt Ring, scealinggs, W 1cthe1‘ natural or  5ils was measured during favorable soil moisture .
planted, usually suffer heavy mortality in their o dgisions, Second, the effects of soil moisture

stress upon the scedlings was observed.

1 Rescarch Assistant in Forest Soils and Assistani Professor . Forty 10]).]0“)' P.mc ?CC(“II]gS (10) viag© PO.HCd
of Forest Soils, respectively, Forest Soils, School of Forestry, ~ in each of cight soils. Six of the soils were obtained
Stephen F. Austin State College, Nacogdoches, Texas, in  from the cast Texas pine region in Nacogdoches
coopceration with Southein Forest Experiment Station. (Continued on page 17)
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TasLE 1.—Texture and organic matler content of 15-cm. surface soil samples.

Soil type Soil-texture class Sand Silt Clay Organic matter
Percent Percent Percent Percent
Ruston== __2_ze- oo _ Sandy clay 47 12 41 2
s D e T S R Sandy loum 55 36 9 2
Scu A Sandy loam 61 .29 10 2
Shubuta_________________ Sandy loamn 62 27 11 6
Eustis-A* . __________.__ Loamy sand 76 19 5 1
100, (o]0 o L S S Loamy sand 83 9 8 2
Troup-A_ - ... Sand 90 5 5 2
Bustis. - % - - = . o O Loamy sand 82 11 7 1

*Soil types marked —A are from Anderson County; the others are from Nacogdoches County.
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Figure 1.—Moisture retention valucs of the six test soils from Nacogdoches County and the two test soils from Anderson
County (—A).

County (Fustis, Troup, Ruston—croded phase,
Sacul, Shubuta, and Swift series) . Two others were
taken from the oak-hickory belt in Anderson
County (Eustis and Troup scries, herealter relerred
to as Eustis-A and Troup-A; those samples [rom
Nacogdoches County will be referred to as Eustis-N
and Troup-N). Surface samples (15-cm.) were

obtained to approximate the root zone of newly
planted scedlings. Analyses included determinations
ol texturec (by hydromecter) and organic matter
content (by ignition) (table 1) (7). Soil moisture
constants at various tensions (14, 14, 34, 1, 5, 10,
and 15 atmospheres) were determined by pressure
membrane apparatus (fig. 1) on sieved samples.
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Single scedlings were planted during the week of
w1 10 1TNnr=
LCdruary 14, 1904,
containers coated with a rust inhibitor. The con-
tainers had no drainage holes. The scedlings were

arranged in a randomized-block design with 10

in 3.8liter (J-gallon) mcial

. blocks of 32 scedlings cach and 4 replications of
" each soil type.

Initial scedling heights were recorded after
planting, and height measurements were made peri-
odically throughout the study. The two experi-
ments encompassed both the first and second
growth flush periods (March 1 to May 17, and
May 17 to June 22, 1967) .

At the beginning of cach growth flush period,
the pots were flooded and allowed to dry down to
within 20 percent of field capacity (assumed at 14
atm.) by weight (3). The soil moisture contents
were maintained within 20 percent of ficld capacity
by periodic weighing and watering based on weight.
It was hoped that soil moisture levels normal to
field conditions and favorable to plant development
would be maintained.

The first growth flush period was aimed at deter-

mining water use under nonstress conditions.

Evaportranspiration was determined from the
weights taken before and after watering. At the end
of the first growth flush period, all seedlings were
again measured for total height growth and re-
flooded to initiate the second experimental period.

During the second period, one-half of the sced-
lings were watered as before and water was with-
held from the other seedlings. The seedlings sub-
jected to soil moisture stress were randoinly located
throughout the blocks, and the dilferent soils were
equally represented under the two watering
regimes. s

Evapotranspiration and stem height growth
measurements continued until June 22, 1967.
Unwatered scedlings were observed until the last
one died (July 15, 1967). The number of days
after May 17, 1967, (date of dry-down initiation)
required for these seedlings to dic was recorded.
Sccdling death was deteimined visuaily wiith 65-
percent needle moisture content (ovendry weight)
(5) at a check.

"Results and Discussion

Seedling survival, growth, and evapotranspiration
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in general showed a positive relationship to the
moisture retention characteristics of the eight soils.
The moisture retention curves appear to group
according to the clay content of the sampled soils
(fig. 1 and table 1) except for the Eustis-A soil. This,
the sand fraction of soil, contained 84-percent fine
and very fine sand, whereas the sand fraction of the
Eustis-N soil contained only 39-percent sand in the
fine and very fine sand class. The higher content
of fine and very fine sand and the higher silt con-
tent may account for the high moisture retention
at lg-atm. tension without affecting the moisture
retention at 15-atm, tension.

With normal watering, secedlings grew some-
what more in height in sandy loams than in those
soils with higher clay or higher sand content
(table 2.) Likewise, water consumption in these
soils was greater than in soils with higher clay or
sand content. The Eustis-A soil with its large per-
cent of -fine and very fine sand also fell into this
group. Total available water and soil acration
may have been related to these results.

While the performance of the scedlings in this
study apppears to be roughly related to content of
clay or sand, the soil moisture retention curves more
accurately estimate the seedlings survival and height
growth. For example, the Eustis and Troup soils
from both Nacogdoches and Anderson Countries can
be grouped on the basis of their textural analyses
(table 1). However, the moisture retention curve
of the Eustis-A soil is noticeably dilferent from
those of the Eustis-N and both Troup soils (fig. 1).
Scedlings in this soil had a significantly higher rate
of water consumption during both experimental
periods and under moisture stress (tahle 2). Dur-
ing the second experimental period, significantly
more height growth was observed in Eustis-A soil
than in Eustis-N soil. The Eustis-A soil also yielded
a signifcantly longer survival period under
moisture stress than the Eustis-N soil. This may be
an cilect ‘of the markedly different content of fine
and very fine sand fraction in the two Eustis soils.
The Eustis-A soil contained 84 percent of the total
sand size in the fine and very fine sand fraction,
whereas only 39 percent of the Eustis-N sand size
was in this fraction.

Scedlings in soils with low  moisture retention
survived for significantly shorter periods than those
in soils with high moisture retention (table 2).
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‘VABLE 2—Average stem height growth and cvapotranspiration for I-yecar-old loblolly pine seedling with
narmal walcring and under soil moisture stress. Average number of days until plant death is entered for
seedlings having water withheld

First period

Sccond period

Normally watered

Normally watered Water withheld

Height Height Days until
Soil type Height growth ET.} growth E.T. growth E.T. death
Cm. Kg. Cm. K. Cm. Kg.
Ruston______________________ 11 1.70 3 1.98 1 0.86 42
Swifte .- sooo =St e 13 1.94 4 2.14 1 0.70 38
Sacul ST NI, e R 12 1.78 2 1.94 i 0.65 37
Shubu taTes S SRR . 12 1.84 3 2.08 1 0.72 37
Bustisti2e_ NS USRSaan N 13 1.97 2 2.09 1 0.66 35
PIOUD St o - S B 10 1.20 1 1.00 0 0.23 32
Troup-A_ oo _._ 10 1.11 0 0.89 0 0.27 31
L&, (i Ryt . 11 1.13 o0 0.87 0 0.25 30
DR BN A e e 3 0.30 1 0.21 1 0.21 4

!Evapotranspiration. 2Soil types marked— A arc from Anderson County; the others arc from Nacogdoches County. *Differences

greater than or equal to D arc significant at the 5-percent level.

Soils with high moisture retention values are likely
to_be .better risks for pine planting than others
with significantly lower moisture retention.

As in other similar tests, height growth was
retarded during soil moisture stress, though the
majority of the scedlings had completed their first
growth flush when the moisture stress began (table
2) . The second growth [lush began for most of the
scedlings during the second part of the experiment.
Stransky and Wilson (6) found that growth was
inhibited by soil moisture tensions not greater than
2 atm., growth stopped at 3.5 atm., and wilting
occurred near 5 atm. The low-retention Eustis-N,
Troup-N, and Troup-A soils showed no scedling
growth under moisture stress.

Regression analyses of survival, and evapotrans-
piration during soil moisture stress on moisture
percents of all the test soils at l4-atm. tension
vielded correlation cocflicients of +0.96%*%, and
+0.99*%, respectively; at 15 atm. correlation
cocflicients were 40.90**, and 40.75*, respectively.
(Onc and two asterisks indicate significance at the
b-percent and I-percent levels, respectively) . This
indicates that 14-atm. or lower tension may provide
a more accurate indicator of seedling survival and
development than 15 atm.

Costly rcforestation failures can be avoided in
this or other areas of recurrent growing-scason
droughts through careful site selections. Although
many soils of the east Texas pine type and the oak-
hickory region are suitable for pine establishment,
the moisture retention characteristics of these soils
should be investigated to determine potential
survival and development of 1-year-old scedlings
and the extent of site preparation required prior to
planting. Usc of sicve analyses to determine fine
and very fine sand content of the sand fraction are
also encouraged in evaluating site suitability for
reforestation.
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SWEETGUM GRAFTING

KrAus STEINBECK, Assistant Professor
School of Forest Resources

University of Georgia

Bench grafting of sweetgum during spring and
summer months has been relatively successful.
Grafts were made using 1-year-old seedlings as
rootstock and 1l-year-old branchwood of a dwarl

E sweetgum as scion material.

Scions were collected in winter and stored in
closed polyethylene bags in a refrigerator for up to
140 days without apparent harm. Scedlings, grow-
ing in l-gallon cans, which had broken dormancy
in the greenhouse in March or were in full leaf
in July, were decapitated and scions were grafted
by the cleft, whip-and-tongue, or T-bud method.
Stock and scion diameters were cqual in the former
two methods to assure cambial contact on both
sides of the cut. Gralt unions were wrapped with
rubber bands and the entire, dormant scion and
the wrapped graft union were coated with lanolin.

A total of about 60 grafts were made in 1966,
half in March and half in July. Scions broke dor-
mancy within 2 wecks of grafting. Budding was
unsuccessful, probably largely because of the
inexperience of the grafter. About 50 percent of the
cleft grafts were  successful.  Whip-and-tongue
gralting was successful more than 80 percent of the
time and cqually good or better percent of “takes”
have been achieved in the 1967 and 1968 scasons.
Whip-and-tongue grafts made in early April 1969
with rootstocks in full leal and buds just beginning
to swell on the scion had only about 50-percent
success. Graflts made by the same method in mid-
April, however, when the first leal was just being
pushed out of the buds of the scion had no takes.
The dormant or near-dormant state of the scion
increases the success of whip-and-tongue grafting
of sweetgum.

Healthy, 3-year-old dwarl sweetgum gralts are
growing in the field. When graflted high on the
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stem of the normal rootstock, they have-a unique,
pom-pom like appearance (fig. 1). Vigorous gralts
suppress the growth of laterals on the normal stem
of the rootstock. But unthrifty grafts lose this apical
control over their rootstock and will eventually be
cast off by it.
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Figure 1.—Three-ycar-old dwarf sweetgum graft in the ficld.
Graft union just below the crown.
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