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FREFACE

This thesis has been written in the form of two
separate journal manuscripts, the first article examines the
impacts of precommercial thinning on the internal water
relations of loblolly pine, the second article discusses the
effects of thinning on wood properties of loblolly pine.

The articles have been prepared in the format prescribed by

the Canadian Jowrnal of Forest Research. Because each
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article stands alone as a separate manuscript, some
duplication was necessary in the Materials and Methods
sections of the two articles. I beg the indulgence of my
readers for the unavoidable redundancy.

This thesis project, indeed my entire graduate program
at Oklahoma State University, has been a rich and rewarding
experience. Without a doubt it has been the people I have
been associated with at 08U that have made this a Qery
special part of my life. I wish to express my thaqks to the
following people who have helped me along the ways:

Drr. Thomas Hennessey for providing guidance through my
study and for providing me with an interesting and

challenging thesis project.
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The additional members of my committee, Dr. Ron MchNew
and Dr. Charles Tauwer for providing their advice and
thoughtful suggestions on my thesis.

Mr. Wayne Stogsdill, Mr. Mickey Rachal, and Mr. Ed
Lorenzi, whose assistance made the fieldwork possible, and
whose collective sense of humor made it almost enjoyable.

Mr. Randal Holeman for sharing his computer expertise
with me.

Di-. Fhillip Dougherty for his imagination, inspiration,
and insightful comments and questions.

Weyerhasuser Company Mid-South Research for their
financial and material support, without which this project
would not have been possible.

Finally, I must express a special word of thanks to my
family, especially my parents, Roland and Margaretha Cregg,
and my sister,; Dianne Neuwerbuwg, for giving me their love,
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PART I

THE EFFECTS OF PRECOMMERCIAL THINNMING ON

WATER RELATIONS OF L.OBLOLLY PINE

(PINUS TAEDA L.)
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available soil moisture than the intermediate or unthinned
treatments (figure 1.).

Although the effects of thinning on soil moisture
availability have been well documented, few studies have
directly investigated the impact of stocking reduction an
internal plant moistwe stress and the subsequent cbanges in
stomatal conductance and transpiration. From these
investigations it is difficult to generalize about khinning
impactes on forest tree water relations. BSucoff and Hong
(1974) found that thinning an 18 year-old red pine (FEinus
tended to increase needle water potential. However; they
noted that the difference was only significant on fowr out
of ten measwement days. Whitehead et al. (1984), in
contrast, found thinning a 40 year old stand of Scots pine

(Pinus sylvestris L.) decreased needle water potential by as

much as 0.3 MFa at midday in August. Whitehead et al.
(1984) also demonstrated thinning increased individual tree
transpiration rate and leat area.

Flant water relations play a large role in plant
productivity and growth (Kozlowski 1979); thereforé,
uwnderstanding the opportunity for influencing the tree
moistuwre stress through silvicultuwral practice ishﬁf great
importance. The objectives of the present study are the
tfollowing: 1) to determine the impact of precommeraially

thinning a young loblelly pine plantation on internal tree

moisture stress (kylem pressure potential), stomatal
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conductance, and transpiration, and 2) to determine the

. . . . ; |
relationships between diameter growth, internal moﬁsture

stress, stomatal function, and environmental conditions.



MATERIALS AND METHODS
Site Description

The study was located in southeastern Oklahoma
approdimately 8 km south of Eagletown, Oklahoma (legal
description: Section 9, T78, R2&6E, Indian Meridian). The
land containing the study site is owned by the Weyerhaeuser
Company. The soils on the site are of the Cohab Sepies of
the Guyton-Ochlocknee association USDA 5CS, 1974), which is
characterized by deep alluvial formed soils and slopes of
less than one percent. 8Soil textuwes on the site ranged
from loams to silty clay loams. The year-round climate of
the area is generally mild with hot, often droughty summers.
The mean annual temperatuwre of the region is 17 C. and the
average annual rainfall is 135 cm. The average length of
the growing season (the period between the average date of
the last freezing temperatwe in the Spring and the first Oe
Co reading in the Fall) is 240 days (Oklahoma Nateg
Resowrces Board, 1984).

Following harvest of a pine-hardwood stand in 1973, the
site was prescribed burned and double-bedded. The area was
subsequently planted with lobolly pine of local origin at a

stocking density of approximately 2,300 trees per hectare.



In March 1984, a 1.3 ha area of the stand was selected
for study and inventoried. At that time, canopy closure was
complete and the overall vigor of the stand was fair to
good, although a few trees were infected with Southern

fusiform rust (Cronatium fusiforme). The mean basal area of

the study portion of the stand was 25.9 m=ha—?,
Treatments

After the inventory, nine 0.1 ha plots were tﬁinned to
three target basal areas: BA 25 (25 ft=Rac—?*, 5.8 m=ha—1),
BA 30 (30 ft2ac~*, 11.5 m2ha~*) and BA 100 (unthinned, 100
ft®ac™*, 2% m®ha—*). The actual treatment characteristics
following thinning are presented in table I. The plots were
arranged in a completely randomized block design. Due to
suspected variation in soil texture, the blocks were
arranged parallel to the Mountain Fork river, approximately

30 meters east of the study site.

TABLE I

STAND CHARACTERISTICS AFTER THINNING
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Treatment Basal area Stocking Mean dbh

S n2ha-1 Trees ha-t cm
BAZS 7 39 1sm.72
BASO 12.70 HE9 15,09
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Environment

Monthly summaries of weather data for the region were
compiled from Natiomal Oceanic and Atmospheric
Administration records from the U.8. Army Corps of Engineers
weather station at Broken Bow Dam, approximately 27 km from
the study area. Rainfall was measured on the site with two
standard rain gauges.

Soil moisture on the site was monitored using the
neutron scattering method (Long and French, 1967). Three
Z.8 cm diameter steel access tubes were installed to depth
opf 1.22 m on each measurement plot. The general location of
the tubes within a plot was selected at randomi however, the
tubes were installed down in the beds and 1.5 m frém the
closest tree to reduce tube to tube variation in moisture
content readings. Volumetric soil moisture contentfwas
measured every two weeks from May through Nuvemberiin 1984
and 1985 with depth moisture gauge (Troxler 3300 series).
Soil moisture release curves derived from so0il samples
collected on the site were used to convert volumetric soil
moistuwre content to soil water potential (SWF).

Vapor pressuwe deficit (VPD) was calculated from
relative humidity and air temperature values according the

formula presented by Lowe (1976).



Growth

A 0.04 ha measurement plot was located inside gach 0.1
Ma treatment plot to reduce edge effects. Diameterg were
measuwread at breast height on all trees inside the
measuremnent plots at the beginning of the study and‘at the
end of the 1984 and 198% growing seasons. In addition,
dendrometer bands were placed on ten trees selected at
random on each measurement plot (Liming, 1937). Changes in
stem circumference were measwred by reading the vernier
scale on the bands at two week intervals in the auMmer of
1984 and at weekly intervals in the summer of 1985. The
circumference measurements were subseqguently converted to

diameter values for reporting.
Water Relations

On each measurement plot, two of the ten dendéometer»
banded trees were selected for the water relations phase of
the study. The trees chosen were Jjudged to be
representative of the plot trees in diameter, haight, CF OwWn
development, and form. A wooden scaffold was erected on
gach plot between the two selected trees to acceasélive
branches for data collection. The scaffolds were originally
4 m in height and were raised to 7 m in the Spring of 1985,

Xvlem pressure potential (XFP) was determinedimn the
two measurement trees on each plot fouwr or five tiﬁeg daily
on the measwremnent days. In 1984, measurement runs were

made at predawn, 0900 hr, 1200 hyr, and 13500 hr on June 13,



July 19, Bugust 16, and September 135. In 1985, watﬁr
relations were measured at predawn, 0900 hr, 1200 hpy, 1500
he, and 1800 hr on June 13, July 24, August 14, and October
10, The 1800 hr measurement run was omitted on October 10,
198%; thus, 35 measwrement runs were made altogethe} in the
two years.

XFPP was measwred using the Scholander pressure bomb
method as described by Johnson and Nielson (1969) and
Hinckley and Ritchie (1973). 0One fascicle of the previous
vaars ' needles was used for each XFP determination on a
given tree.

Stomatal conductance and transpiration were measuwed on
the same dates and at the same times, except predawn, as the

PP measuwrements. Conductance and transpiration were

{
i

measwred with a Li-cor 1600 steady-—-state pnrmmeterlmn

neadles from the same shoots used for the XPP determination.
Forometer measuwrements were conducted as described in the
Li—cor 18600 manuwal {(Li-cor, 1984). Frior to clamping the
porometer chamber head onto the sample needles, the "Hum
salt ' was set to ambient humidity. For 1984 data collection,
two fascicles of needles were placed lengthwise into a 11é
cm® cylindrical chamber. The needles were arranged so as
not to overlap. The porometer was null balanced to the set
humidity and the following parameters were recorded:
transpiration, conductance, relative humidity, air
temperature, leaf temperature, air flow, and photon flux

density. The same procedure was repeated for data
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coliection in 1985 except that only one fascicle of needles
wag placed into a 4 cm® chamber head. The leaf area of the
needles placed into the chamber was calculated using the

valume displacement method described by Johnson (1984).

Biomass/Leat Area Sampling
|

Ten sample points were selected on each plot using a
stratified random sample in September, 1985. Three samples
were taken at each point: understory hardwoods,herbs, and
Orasses.

Hardwoods were sampled by tallying the number of stems
in gach of seven diameter (ground levals classes in a 4.035
= circular plot. Herbs and grasses were sampled by
clipping and bagging all stems and foliage in 1 o® quadrat
at each sample point. The herb and grass samples were later
overn—dried at 70 . to a constant weight.

Additional samples of the vegetation were cml}ected to
develop specific leaf area calibrations. The speci{ic leaf
areas were used to determine total leaf area from the
herbaceous and grass weights and hardwood stem tallies. The
subsamples were measured with a Li-~cor 3000 leaf area meter.
Leat area per gram oven dry weight was determined for the BA
2%, BA S0, and BA 100 herbaceous and grass samples. Leaf
area per stem was calculated for each size clazé of hardwood

shem.
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Analysis

Treatment means for water relations parameters were

31

tested using the S5A8 Analysis of Variance procedure (5A
1985). Treatment means were compared using the
Block#Treatment interaction as the error term. Linéar
contrasts were used to compare 1, BAZS versus BASDEand 2y
BAZS and BASO versus BALOO. Regression models of FXF, XPF,
conductance, and transpiration were developed from the water
relations, soil moisture, and climatic data sets.
Regressions were generated by 5A8 GLM procedure using
Treatment as a class variable. Initial regressions runs
included all independent variables and combinations of
independent variables (up to second order interactions) that
couwld logically have an effect on the dependent variable.
NMonsignificant variables (type I or type II P > F » 0.1)
were deleted and the regression was rerun until all

remaining variables were significant at 0.1 level.



RESUN.TS AND DISCUSSION
Flant and Soil Water Potential

Seasonal Trends

|

|

Climatic differences between the two study years,
depicted in figwes 2 and 3, had a profound impact on
internal tree moisture stress as measured by xylem pressure
potential. The summer of 1984 was relatively wet. Rainfall
totaled 74.6 cm on the site from the end of May through the
end of October {(figwe 2). In contrast, only 25.6 cm of
precipitation was recorded during the same period in 1983.

A total of ten rainfall events of F ocm or more ococurred
between May and October of 1984, while only four storms of
the same intensity occurred in that period in 1985. FPan
evaporation (evaporation from a free water surface) exceeded
rainfall from May until October in 1988, whereas monthly
rainfall deficits occurred only in June and August of 1984
(Figuwre 3).

Mean predawn sxylem presswe potentials (PXP) were
signifticantly lower (p=0,000%) on the three late sﬁmmar
measurement dates in 1985 then on the other sample dates
{(figure 4). Plant moistuwe stress was greatest (most
negative FXF) during the late summer months of 1985 when

evaporation consistently exceeded precipitation and soil
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moisture availability was low (figures 2 and 3. The lowest
mean treatment PXP recorded in 1984 was —-0.61 MPa on the
control plots in July. In 1985 the minimum PXP was —1.01
MiPa in October on the control plots. PXP was canﬁiﬁtently
lower in 1985 than 1984, for all measuwement dates except
micd-June.

The thinning treatments had only a slight ef%éct on
diurnal sylem pressuwre potential (XFPF) as cmmpar@d:to the
control. Using a linear contrast of BRAZE and RASO versus
ﬁﬁiﬂﬂ, significant differences were indicated on only five
of the 35 measuwement periods. OFf those five periods, XPP
was highest on the unthimnned plots twice. Significant
differences between the thimnmed treatments occurred only
once, in the midmorning on August 13, 1984. Even Qithout
considering the significance of the variation, no consistent
pattern of thinning effects was apparent in the XPF data.

8oil water potential (BWP), in contrast, varied
considerably across the thinning treatments (figures 3 & &6).
Soil moistuwre was greatest on the thinned plote in a pattern
consistent with the results of Moyle and Zahner (1934), Bay
(196%) ; and  Langdon and Trousdell 1977). In 1984 soil
moisture was depleted slowly at the beginning of the summer,
recharged slightly with mid-summer rains, then declined
slowly until the fall rains. In the summer of 1985 soil
water potential declined slowly at firet and then more

rapidly during & 40 day drought period in July and August.



While the seasonal trend of FXP tended to follow the
trend of SBWF, the treatment variation did not. 5u$0¥¥ and
Hong (1974) found a similar response to thinning iA FRed pine
in Minnesota. In their experiment soil moisture i
availability was always greater on the thinned plméﬁ, but
PXP was significantly greater on the thinned plot%imn only
four of ten measurement days. In a comparison of thinned
and unthinned P, sylvestris trees, Whitehead et al. (1984)
showed that PXP was generally lower on the thinned trees
throughout the growing season, especially at midday.

Al though PXP gives a base level of tree moisture
stress, it is not always equivalent to soil water gmtentialq
as is sometimes assumed. Figuwre 6 is a scatterplot of all
plot means of PXP versus BWP at the 43 cm depth. fha 11
lines shows that FXP was consistently lower than SWFRas.

Felliher gt al. (1984) reported a similar phenomenon in
Douvwglas fir. They found total twig water potentiai Wa s
similar to SWF when SWFP was less than ~0.4 MPa, bu£ that
twig water potential was less than SWP at SWP greater than
~0. 4 MPa. The investigators concluded that the resistance

to water flow from the soil to the twig accounted for the

difference in SWF and FXP when SWF was high.

In addition to the impact of moistuwre availability on
plant stress, the evaporative demand of the atmosphere also

plays an key role. A series of regression models were
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developed of FXF as a function of BWF at various depths and

the average pan evaporation of the five days before the FXF

measuremnent .

table II.

their associated F value (from Type II sum of sguares),

the R® for the regression at each depth.

FOR FXP

TABLE I1I

A summary of these regressions is shown as

Table Il lists the most significant variables,

and

SWF was Qhe most

SIGNIFICANT REGRESSION VARIABLES

SWF AND EVAPORATION
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SWF =
EVAP =
measurement.

SWF

EVAP=

>

SWF*EVAF
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SWF

EVAp=

EVAF
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SWF

EVAP=
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F from type II sum of squares
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0.89 72
0.76
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Q.73

Boil water potential at indicated depth.
Mean daily pan evaporation for 5

days previous to PXF
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significant factor influencing PXF at all depths. As depth
of the SWF measurement increased the strength of the
relationship decreased (R®? = 0,89 at 1% cm as comﬁared to
R® = 0,73 at 107 cm). Also, as depth increased the relative
gignificance of evaporation terms in the regression
increased. These results indicate that seoil moisture
readings from the 135 cm depth are most appropriate for
estimating tree moistuwre stress. It should be stressed,
however, that the soil moistuwre values in this study welr @
measwred in access tubes located in 30 cm planting beds.
For unbedded sites the appropriate depth reading w&uld most
likely range down to 435 cm (Hennessey and Doughert;,
personal communication).

The relationship of diurnal XFP to SWP and evaporative
in 1984 and 1985 reflects the climatic differences in the
two years. Table III presents the significant (P » F =
0.01) variables and corresponding type Il sum of squares F
values for for regressions of SWF and VPD on XFP. In both
years VPD was the most important factor determining XFF. In
1983, however, SWP was more significant in determining XPF

than in 1984.
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TABLE II11
SIGNIFICANT REGRESSION VARIARLES

FOR XPF = SWF AND VFD

Independent
Year Variable F R= n
1984 VED 7.5 Q.85 105
VFRD= 16.4
SWP 7.0
1988 VPD 62.8 0.72 127
SWF 40 .64
VED= 25.8
SWF= 1%.0

SWF = Soil water potential at 15 cm depth.
VPD = Vapor pressure deficit.
F from type II sum of sqguares.
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Stomatal Conductance and Transpiration

Seasonal and Daily Trends

Conductance and transpiration rate were generally
greater in trees on the thinned treatments than trees from
the control plots (figures 8 & 9) in 1984. In 1984 mean
daily conductance (average of 900, 1200, and 13500 hr
measuwremnants) was greatest on the BAZE plots in mid-—-June
(cond = 0.194 cm s~*), and was lowest on the BAIOO treatment
in mid-July (cond = 0,059 cm s~*). Conductance and
transpiration were similar across across the treatments in
1985 when water relations were measured on exposed upper

crown branches. In 1985 mean daily conductance was highest
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in mid=July on the BAS0O treatment (cond = Q.193 cm s7), and
lowest on the BA2S treatment in October (cond = 0.035 cm
a~t), The greatest mean daily transpiration rate was 5.49
micrograms of Hz0 cm™=® g~ in mid-June in 19835 on the BAZ2S
treatment, the lowest transpiration rate was 0.723
micrograms of Haz0 cm~® = in October of 19835 on the BARZS
trees.

Figures 10 and 11 show the diwnal trends of Guantum
flux density (), conductance, transpiration, vapor pressure
deficit (VFD), and XPP on a day of relatively high soil
moisture availabilty and on a day of low soil moisture
availability (August 16, 1984: SWFes = -0.08 MPa and August
14, 1985: SUWFae = -0.28 MFa, respectively).

On both dates transpiration followed a similar daily
trend as conductance except for early in the day when VFD
was low. Thus it appears that for the early part of the day
the low evaporative demand of the air limited transpiration.
At higher levels of VPD, transpiration was more closely
coupled to conductance.

As indicated by figures 10 and 11, conductance appeared
to be influenced by &, XFF, and VFD. Tan et al. ((1977)
showed that stomatal conductance in Douglas—fir was mainly
related to soil water potential and VFD. In addition,
Fawfmann (1974) has noted that Guantum level influenced the
relationship between conductance and VFD in Engelmann spruce
(Picea engelmannii Engel.). According to Hauwfmann,

conductance decreased at high VFD and stomatal closure was
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more complete at high VFD associated with low light
intensity. Kauwfmann also noted that conductance dgclinéd
with decreasing leaf water potential. This 1atter?trend has
besn noted byvseveral authors (Sands and Mambiar 1984,

Fezeshki and Hinckley 1982, Hallgren 1977, Tan et al. 1977).

Boundary Line Analysis

The environmental factors controlling stomatal
conductance are complex and not completely understood.
Fezeshki and Hinckley (1982) have shown that boundary line
analysis (Webb, 1972) can be useful in examining
conductance-~environmental relationships. All the boundary
line analyses performed in this study uwsed only the 198%
data because of extreme treatment variations in light
intensities in the 1984 daté.

Figure 12 shows a scatterplot of the response of
conductance to 8 when S5WF was high and VFD was low (8WFP > -
Q.14 MPa, VPD < 26). This figure indicates that conductance
increased with increasing 0 up to approdimately &00 microE
&7 'm®,  Fresumably, beyond this point @ would not limit
stomatal conductance. Beadle gt al. (1983) demonstrated a
similar trend in Scots pine. Although Beadle et al. did not
attempt to determine a boundary line response from their
data, it appears that maximum conductance in Scots pine was
reached at lower light intensities than the loblolly pines

studied here. Faufmann (197&) found that Engelmann spruce

seedl ings reached maximum conductance at very low light



intengities (@ < 100 microE s *m™=2) when VD was low.
Fezeshki and Hinckley (1982) examined the stomatal response
of black cottonwood (Populus trichocarpa Torr. and Gray) and

red alder (Alnus rubra Bong.) to light intensity and

-

|

determined the response differred between morning and
aftternoon measurements. In the afternoon, maximum
conductance for both species was achieved at G < 1Q0 microk
s=*m~®, In the morning, conductance increased witﬁ @ up to
approdimately 400 microE s—*m—=,

Variation in conductance in relation to VFD is
represented in figure 13, VPD did not appear to lﬂmit
conductance at VPD < 26 mbar. As VFD increased above 26
mbar, however, conductance dropped off rapidly. The
response of conductance to VPD depicted in figwe 12 is
similar to the response of cottonwood stomata described by’
Fereshki and Hinckley (1982). In their experiment the
threshold value of VPD associated with decreasing
conductance was 30 mbar. (s indicated in figures 8 and 9,
KPP was closely coupled to VFD. Thus, the decline in
conductance at high VFD may be related to stomatal closure
associated with decreasing XPP.

To examine the effects of decreasing XPF on stomatal
conductance a scatterplot of conductance versus XFF was
developed (figuwe 14)., Figure 14 shows that over a wide
range of xylem pressuwre potential values, XPF had 1itt1@
effect in limiting conductance. Conductance was reduced

when XFP < —-1.6 MPa. Apparently at xylem pressure potential
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Leas than ~1.46 MYa the meedle guard cells are no Longer ablo
Lo maintain sufficient turgor pressure to keep the stomates

open and conductance s therefore reduced.
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associated with increased (. At higher evaporative demand
levels (VPD » 26 millibars), both conductance and

transpiration were limited by so0il moisture availability.

TABLE IV
SIGNIFICANT REGRESSION VARIABLES
CONDUCTANCE AND TRANSFIRATION

= GWF, VFD, AND Q
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Independent
Range Variable F R= n
@2 < 500 microE mR®s—1 &4
Dependent Variable:
Conductance S 15.4 0.41
SWF= 11.9
& 7.4
Transpiration SWF 23,5 0.48
SWP= 21.6
VFD 2.5
TRT Ay
€ » S00 microE m=g—2 &3
Conductance SWF 18.4 Q.55
ViD= 11.7
SWF*VED 7ub
Transpiration SWF 42.8 0. 56
SWR= 20.7
VFD 8.7

SWF = Sopil water potential at 19 cm depth.
VD = Vapor pressure deficit.

& = Guantum flux density

F from type II sum of squares.
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TABLE V
SIGNIFICANT REGRESSION VARIABLES
CONDUCTANCE AND TRANSFIRATION

= SWF, VFD, AND ©
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Independent
Range Variable F R= n
VFD < 26 millibars 72
Dependent variable:
Conductance ] 18.6 0.49
SWP .4
R2#VFD 6.9
Transpiration VPD 10.9 0. 50
SWF= D3 :
& 8.0
VFD » 26 millibars 55
Conductance SWF 29.3 0,70
SwWE= 23.9
Transpiration SWF 2.1 0.65
SWF= 27.0

SWF = Sopil water potential at 15 cm depth.
VFD = Vapor pressure deficit.

& = Fhoton flux density.

F from type II sum of sqguares.
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The strongest regression relationships were developed
from the water relations data set of SWF < 0.14 MFa. When
s50il moisture tension was high, SWF was the most significant
factor limiting conductance and transpiration. Surprisingly
@ had a significant impact on transpiration but not on

conductance in this range of SWF. An increase in VFD



surrounding the needles or a decrease in boundary layar
resistance associated with changes in leaf surface
temperature due to light absorption may be responsible for
thie phenomenon. The decrease in transpiration ana
conductance due to declining SWP fits the expected pattern
since less water would be available to be transpired and the

resultant decrease in plant water potential would limit

conductance. When soil moisture availability was greater
(SWF > -0.14 MFa), transpiration was driven primarily by

VFD. S8WF and @ had the most significant impacts on
conductance in this range.

The thinning treatments had a significant impact on
conductance and transpiration when soil moisture was not
limiting. Whitehead et al. (1984) discovered a similar
trend in a thinning experiment with F. s lggggﬁig,: In their
experiment they found that per tree transpiration rate was
over three times higher on trees on plots thinned ﬁm
27 m*ha™?®* as compared to trees at the control stocking
level of 58 m®ha—*., In contrast, Black et al. (1980)
observed that the transpiration rate of Douglas fir trees
thinned to B840 trees ha™! was very similar to the
transpiration rate of trees on the unthinned control (1840
trees ha~*)., Black et al. reasoned that increased
understory vegetation, primarily salal (Gualtherion shalal),
on the thinned was responsible for extracting soil

moisture, thus limiting the amount of water available for

transpiration by the residual stand.
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TABLE VI
SIGNIFICANT REGRESSION VARIABLES
CONDUCTANCE AND TRANSFIRATION

= GWF, VFD, AND @
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Independent
Range Variable F . R n
SWE > ~0.14 MPa | 98
Dependent variable: i
Conductance S 1.4 0,535
& 25.9
F#VFPD 7.0
Transpiration VFD 24.1 0. 68
SWR+VFD 13,1
GETRT 13,1
& 2.8
, SWF < -0.14 MPa 27
; Conductance ShF= 19.5 P OLTY
¢ ShF P.0 3
: SWF*TRT 6.7
TRT 6H.9
Transpiration S = 17.9 Q.70
G 1i.1
SWF*R FuT7
SWFTRT P.3
TRY 9.1

SWF = Boil water potential at 1% cm depth.
VD = Vapor pressure deficit. 8 = Photon flux density
F from type II sum of sguares.
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In the present study, a substantial increase in

understory vegetation followed the thinning of the treatment
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plots. Table VII presents the relative amounts of
understory leat area present one year after thinning. Both
herbaceous plants, primarily dewberry (Rubus trivialis),
greenbriar (Smilax spp.), and sumac (Rhus_ spp.) and

sweetqum (Liguidambar styraciflua L.) and oaks (Juercus
spp.) rapidly invaded the site following thinning. Although
no attempt was made to guantify water use by the understory
in this experiment, undoubtedly this understory vegetation

had a detrimental impact on stand water availability on the

thinned plots.

TABLE VII

EAGLETOWN LEAF AREA INDEX

1985
Treatment Grass Herbaceous Woody Total
BA2S Q0. 0473 . 275 0. 252 1.390
B&SO . 040 0,588 0.176 0. 804
BALOG 0,002 0. Q47 0.211 0. 260
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Carter et al. (1983) examined the impacts of of
competing vegetation of the moisture status of 5 vear-old

loblolly pine trees. By removing woody and non—-woody
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vegetation from circular plots around individual pine trees
and then measuwring PXP during & dry summer, the researchers
determined that complete removal of competition consistently
reduced predawn moisture stress. In addition, Carter et al.
also compared the effects of woody and non-woody vegetation
and concluded that each could be effective in increasing
pine moistuwre stress.

Clason (1984) has investigated the impacts of
understory removal on diameter growth of loblolly pine. His
work demonstrated that hardwood removal can significantly |
increase the diameter growth of loblolly pine following
thinning.

These results and the results of the present study
suggest that improvements in water relations and growth from
thinning may be enhanced by coupling stocking reductions

with competition control.
Growth

Both thinning treatments dramatically increased
diameter and per tree basal area growth in the two seasons
after the treatments were applied (figure 15). As indicated
in table VIII, diameter and per tree basal area growth were
significantly greater on the BA2YS and BASO treatments than
on the control plots in 1984. The second season following
thinning showed an even greater segregation among the
treatments as per tree growth was significantly higher on

the BAZY plots than the BASO plots.
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The growth results presented in table VII are biased by
the fact that larger trees remained on thinmed plots than on
the contrel plots. To remove this bias, diameter and per
tree basal area growth of trees greater than 15 om were
compared (table IX). Table I¥ indicates that thinﬂing
increased bole growth in addition to the effects of the
larger residual tree diameters.

Diameter growth rate in both years and on all
treatments was greatly influenced by soil moisture supply
and the evaporative demand of the air. Diameter growth rate

was greatest when SWPas was greater than -0.3 Mpa.

TABLE VIII
DIAMETER AND PER TREE BASAL AREA GROWTH

FOLLOWING THINNING
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Diameter growth BA/tree growth
Treatment 1984 1985 1984 1985
CBAzs 1.892a  1.732a 49.05ab  49.86a
BASG 1.806a 1.475b 4é&. 40ab 41.82b
BALOO 1.209c 0.826d 27.73¢c 20. &4d

means followed by the same letter are not significantly
different at the 0.05 significance level, each mean is the
average of 30 trees.

08 Sowns Gonte ibse Sihis eess (4pbo SARMP 00040 tooee $4508 4OTS0 44nts FHnse fumes Sbves S0448 Se4RS Setan easd Seees RS SRS G4 Serme $S4¥0 sored SH4s boeos h0ep Socad S4se Sesms O Sebks SHMD PORLE Beses S000R Sasse Seisd BSS48 $9BS FFeh FEELE SAeEY B4Rnd SHOLD BO4eE Sebew HESRS RHESH sueds Faced Sebee SHeed srvRe Seave Shest vateh



TABLE IX
DIAMETER AND PER TREE BASAL AREA GROWTH

OF TREES GREATER THAN 15 CM DEBEH
o v e e s e e 5 i i S S et e st s s b e s s e s e i ) e

\
Diameter growth BA/tree growth
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Treatment 1984 19835 1984 1985

BAZS 1.93a 1.76a 51.73a 51 40a
BAS0 1.89a 1.51b S0.27a 4%.21a

BALOO 1.440 1. 0% 36.97b 28.11b
means followed by the same letter are not significantly at

Q.05 level.
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Regression analysis revealed that 65 percent of the
variation in diameter growth rate was attributable to
variation in SWF. However, when daily evaporation was added
to the equation over 80 percent of the growth rate variation
was explained.

This relationship emphasizes the importance af the rate
of water loss from the site, as well as plant moisture
stress , in determining growth rate. Moehring and Ralston
(1967) found that diameter growth was reduced when soil
moisture loss was rapid, regardlese of the amount of soil

|
molsture available. Similarly, McClwikin (194610 dgtmwmiheﬁ

that diameter growth rates of of shortlead pine (Finus

gchinata) decreased duaring periods of rapild soil depletion.
Al though treatment differences in per tree basal area

growth shown dn tables VIITD and 1Y were guite large, total



basal area growlh was greatest on the unthinned control
plots in bhoth study yvears (Table X). While on the suwface
this may suggest greater returns from the unthinned
plantation, it must be remembered that increased pér trea
growth rates mean merchantable trees from a shorter rotation
length. Thus the net present value of a thinned stand is
increased and carrying costs are decreased. Inavitably the
gronomic aspects of the thinning decision must be evaluated

on a case basis.

TABLE X.
TOTAL BASAL AREA GROWTH AFTER THINMING

Treatment 1984 1985

BAZE 1.88 1.89
BAEO 2.92 2.63

BAL1OO 3. 62 4.18

Growth in m@ha—?,
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CONCLUSION

Precommercial thinning of a ten year-—old lobln%ly pine
stand in southeastern Oklahoma did not have a aigniﬁicant
impact on internal tree moisture stress. Soil water
potential was consistently higher on the thinned plots than
on the unthinned control. Predawn and diuwrnal xylem
pressure potential were not significantly effected by
thinning. Conductance and transpiration per unit leaf area
were higher on trees on the thinned treatments in 1984.
When VPD was low, conductance was related to SWP, VPD and
light intensity. At high VPD, transpiration and conductance
were related to SWP. Diurnal XPP was primarily a function
of SWF and VPD. Diameter and per tree basal area growth
were significantly greater on the thinned plots thaﬁ on the
uwnthinned controls. The results suggest that PXP was not
increased by thinning, despite the treatment increase in
S, due to increased crown exposuwre to light and wind
resulting in increased transpirational losses. A dramatic
increase in understory vegetation following thinning
indicates that water relations and growth responsesl¥ram

thinning may be enhanced by brush control measures.

A
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Figure 1. Effect of Stand Basal Area on Soil Moisture
Availability. AVAILH20 = Available H20 in cm,
MON = Month (i.e. 6 = June). Adapted from
Zahner and Whitmore (1960). "
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