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plantations were established on a bottomland old-fleld site in

1965 to investigate the effects of slte improvement and early
weed control on survival and growth° Preplantlng treatments

included dTsking alone or preceded by intensive slte improve-

ment (green manuring + fertilizatlon) Weed control treat-o

merits included I) a check, 2)chen'lical (Amlzlne)_ and 3)
mechanical (cultivation) in each of the first three growing

sessonso

Fifteen years after planting, stem diameter at breast

height (DBH) and total height were significantly increased by

site Improvement and weed control treatments, with increases

ranging from 10 to 25% greater than the controI o Stand

survival was markedly increased by weed control but adversely

affected by site improvement prlncipally because of increased

weed competition° Dry weight yields, on an area basis, were

not significantly increased by slte improvement_ primarily due
to lower survival rates in those plots. In contrast, chemical
and mechanical weed control Increased dry weight yields by

105% and 72%, respectlvely, over stands receiving no weed

control° Treatment effects measured by height, diameter_ and

survival rate were less apparent than those measured by dry

weight yield per hectare° A vol_)me index, using basal

diameter squared times height (B_H) and corrected _or

mortal ity_ was better correlated with actual yields2(r =.96),

and there{ore treatment effects_ than either DBH (r =°89) or
he lght (r =o55) aloneo

The volume index growth data indicated that among all

treatments, 15-year stand growth steadlly Increased at the

3 x 3 m spacing used° At current growth rates_ the

Amizlne-treated plots were more than four years ahead of the

control plots, while the cu_tlvated plots were about three

years ahead°
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NTRODUCTION

Yellow-poplar (J_irIQ_dendcQn :L__er__ Lo) is welt-suited to plantation
culture; it has good form, freedom from major disease and insect problems,
valuable wood, and excellent growth potential. Because it approaches its
maxlmum growth potential on a narrow range of soll and site conditions
(Doollttle 1958), attention must be gTven to site selection and/or
modlf Ication.

Height growth of plantation yellow-poplar has been related to soll
characteristics, particularly draFnage and surface horizon depth (Merz and
Finn 1955, Gilmore et alo 1968, Minckler 1941, Tryon et alo 1960).
Unacceptable survival and growth reported for yellow-poplar planted in
old-field soils which have poor structure and an eroded surface horizon have
confirmed this relationship (Clark and Losche 1969, Francis 1979, Loftus
1974). Another factor in the success of yellow-poplar plantations is soil
fertility, particularly nltrogen_ and fertilization has often resulted in
substantial growth increases (Finn and White 1966, Ike 1962, Buckner and Makl
1977, Gilmore and Boggess 1963, Auchmoody and Smith 1977). High levels of
available soll nitrogen can offset otherwise poor soll conditions (Carmean et
al. 1976) _

One of the problems associated with establlshlng hardwood plantations on
old-fields is control ling the competing vegetation (Shipman 1975). Fitzgerald
and Selden (1975) controlled herbaceous weeds chemically with preemergence
herbicides (atrazine or simazine) in a yellow-poplar plantation in Georgia. A
single, first-season application of both chemicals significantly improved
first year height and diameter growthp but only the atrazine treatment
resulted in larger seedlings three years after planting. Erdmann (1967)
reported similar first-year responses in height and diameter growth of planted
yellow-poplar in lowa to the application of either atrazine or simazine. The
complementary effect of weed control and fertilization was shown by Russell
(1977) in Tennessee. Either weed control or fertillzation alone resulted in
nearly the same second year yellow-poplar height growth, but height growth was
greatest when weed control and fertilizatlon treatments were combined. Finn
and White (1966) cited severe weed competition In fertilized yellow-poplar
plantations as the reason for the poor growth of those trees.

This study was initiated in 1964 to investigate the effects of site
improvement and post planting weed control treatments on hardwood plantation
establishment and development on old-fleld sites in Indiana (Byrnes et alo
1978). Early effects of weed control on growth and survival have been
reported (Byrnes and Murray 1968). Additional information on the effects of
weed control and site improvement on survival, growth, and size class
distribution has also been reported (Byrnes et al. 1978)_

The objective of this study was to investigate the long-term effects of
these treatments on the yellow-popJar plantations establlshed as part of the
above studyo in addition to mensuratlonal data, above-ground dry matter yield
and distribution were determined for more complete evidence of treatment
effects on growth°
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MATERSALSANDMETHODS

Plantations of yellow-popjar were established on a bottomland, old-field
site in west central Indiana In April 1965. The soll is a Genesee sandy I,am
(mixed, meslc_ non-acld Typic Udlfluvent) developed in alluvium washed from
upland areas of Wisconsin glacial till

The study was designed to evaluate the growth response of planted yell,w-
poplar to site improvement and earjy weed control. The field layout was a
randomized block_ spllt-plot deslgn wlth two replicates of each treatment.

In the year prior to planting, one of the two main plots in each
repllcatlon received the following site improvement treatments:

I. June 1964- seed to Sudan grass (_ _F__jgare_ane_si_)
at 14kg/ha and fertilize with 12-12-12 at 448 kg/ha°

2 September1964 - plow down Sudan grass, seedto rye grass
@

(__L_ L.) at 14 kg/ha, and fertillze as in June.

3. Aprll 1965 - plow rye grass down and fertillze as before.

All main plots were dlsked in April 1965 and 2-0 yellow-poplar seedlings,

uniformly graded to a I.2 m height, were planted at a 3 x 3 m spacing in three.029 ha subplots of 32 seedlings. The 12 seedlings in the center of each
subplot provlded all subsequent data.

One of three weed control treatments was randomly assigned to each of the
three subplots. These Inclu_l9d I) chemical weed control, consistlng of a
single applicatTon of Amizlne_ at 8 kg/ha over the entire plot in the spring
of each of three years following planting, 2) mechanical weed control,
consisting of rototilllng to a depth of 8 cm three times in each of the three
growlng seasons following planting, and 3) a check on which no weed control

was practlced.

Flel d Sa[l;lp_Ll_itg

In early March 1980, 15 growing seasons after planting, trees were

measured for total height and diameter at breast height (DBH). In late May
1980, three trees were randomly selected from each plot center for intensive
sampllng. Each of these was cut 10 cm above ground level and felled onto a
tarp, where total height, height to llve crown, DBH, and basal diameter (BD)
were measured. The tree was separated into foliage, dead branches, live
branches, and bole to a 5 cm top and the fresh weight of each component was
determined Immediately in the field. All tree components were subsampled for

dry weight analyses in the laboratory. Live branches were divided into two

i/Trade, name for mixture of amltrol (3-amino-s-triazol)and slmazlne
(2-chloro-4,6-bis(ethylamlno)-s-trlazine) in a 1:3 ratio. Mention of trade
names does not constitute endorsement of the products by Purdue University°
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size classes based on the branch diameter of the basal end 5 cm from the
junction with the main stem. Three branches from each size class, >2_0 cm and
<2.0 cm, were subsampled by cutting a 10 cm section from the base, mldpolntt

and apex. The bole top was considered part of the >2_0 cm branch class. The _
bole was subsampled by removing a 5-10 cm thick disk from the base and at ....
points 1.5 m along the boleo

All subsamples were placed In plastic bags and kept in coolers untllothe
end of each day, when they were removed to a cold room for storage at I C.

The fresh and dry weights of all samples were determined within two weeks of _
sampling. Bark was removed from bole sample disks prior to drying.

Methods of Ana lys_Is

Bol_/dry weights were determined indirectly using Smallan's volume

equation_ and disk densities for each 1.5 m bolto The two disks taken from _!_
the ends of each bolt were dried and the density of each disk (dry weight/dry •
volume) was determined. The values for the disk diameters were used in

Smalian's equation and the resulting volume was multlplied by the average
density of the two disks for the bolt weight. The bolt weights were summed
for bole weight.

To examine the accuracy of this method, green densities (green
weight/green volume) for the disks were substituted for dry densities to
determine bole green weights by the same method as for bole dry weights.
These bole green weights were compared to the actual bole green weights
determined in the field The_related regression analyses produced a

coefficient of determination (rz) of .987 and almost all of the predicted
green weights were within 5% of actual green weights. Consequently, using
this method to determine bole dry weights should be reasonably accurate.

AII other tree component dry weights were determined uslng dry welght/
green weight ratios. Stand dry weights were determined using a double
sampllng approach (Freese 1962) Tree component and total tree dry weight
regression equations were developed from the harvested stems, using DBH and
total height as the independent variables. These equations were then appl led
to the core plot inventory data, taken prlor to the growing season, to predict
tree dry weight yields and distribution. All data was subjected to analysis
of varlance and, where appropriate, means were separated using the Student-

Newman-Keulstest at the 5% level (Snedecorand Cochran1967).

RESULTS

Stand_haract_c_

The March 1980 inventory (Table I) indicated that site improvement
significantly increased total height and DBH. Trees on the site improved
plots averaged 11.6 m in height and 13o3 cm in DBH_ both significantly greater
than 10.5 m total height and 11°9 cm DBH averages on the unimproved plots.

2JVolume = (length)(bQttemdlsk are_+ top_cLLskare_)2



Table 1_--Effects of site Improvement and early weed control on
DBH, total helghtp survival, and live crown ratio in
15-year-old yellow-popJar plantatlons.

Live

DBH Tot.Ht. Survival Crown+
Trea_t .........(cm) (j__..... (%)..... Ratlo __

Slte Improvement:
None 11.9b* I0.5b 96a .53a

Improved 13.3a 11.6a 83a .55a

Weed Control:
Amlzlne 13.3a 12.0a 98a .46a

Cultivate 12.7ab 11.Ib 96a .55b

Check 11.5b 9,6c 75a .61b

+Determined on subsampled (cut) trees only.
,
Values within a column followed by different letters are
significantly different at the .05 level based on the
Student-Newman-Keul s test.

The effects of early weed control on tree height growth 13 years after
weed control was terminated. Trees In the Amlzine weed control treatment

averaged 12.0 m and were significantly taller than trees in the mechanical
weed controS treatment, which averaged 11.1 m. Both weed control treatments
significantly increased total height over the control group, which averaged
9.6 m. Weed control had a similar effect on diameter growth. Trees in the
Amlzlne-treated plots averaged 13.3 cm DBH and were significantly greater than
the check plot tree average of 11.5 cm. The average DBH for trees receiving
mechanical weed control was 12.7 cm and was not significantly different from
the other two treatments.

Site improvement appeared to have adversely affected survival. However,
this difference was not statistically significant. Weed control improved
survival from 75% for the check plots to 96% and 98% for the mechanical and
chemical weed control treatments, respectively, but these differences were not
significant.

Live crown ratlo was determined for all sample trees felled in June
(Table I), In these stands, where age and spacing are the same, lower live
crown ratios indicate more advanced stand development and a more fully
occupied site. The live crown ratio for the site improvement plots (.55) and
the unimproved plots (°53) were not significantly different in these stands.
Plots which received the Amizine weed control treatment had a significantly
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lower live crown ratio (.46) than those receiving mechanlcaJ weed control
(.55) or no weed control (.61).

Total tree height and basal diameter In the stands were determined
periodically from the time of establishment, so comparisons of these data can
be made between treatments as the stands developed. The beneficial effect of
slte improvement on tree height and diameter growth was delayed until six
years after plantation establishment (Figure I). At that time the total
height of trees in the site improvement plots significantly exceeded that of
trees In the unimproved plots. This difference has remained statlsticaily
significant through age 15 years. Significant differences in basal diameter
coincided with increased height growth, butt unlike height growth, the
difference In the rate of diameter growth continued to increase.

16-

15- .a
basal

14-- #" diame te r

13-- a,,_ p

12-- _ / a_ total

11- _ 1 """' height

L / b -"2i. i

,..,o. :7 l "1
!I._ 8- - ,,-

/

5-

'- Z.Z ?
3- ,,,,,,,,,,,SITE IMPROVE_IENT

J _ DISK-ONLY

2-

2 4 6 8 10 12 14 16
Plantation Age (years)

Figure 1.--Effects of site improvement on plantation yellow-poplar total
height and basal diameter. Different letters in one year Indicate
significant differences at the .05 level based on the Student-
Newman-Keuls test,

The response to weed control in total height and basal diameter growth
was established early in these stands and continued through age 15 (Figure 2).
Three years after planting, total tree height was significantly different for
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alj three treatments (Amlzlne > cultivatlon > check), increases In basal

diameter due to weed controJ generally folJowed the pattern expressed by total
height, except that after the eight year sampling date the Amlzlne treatment
was no longer slgniflcantly greater than the cultivation treatment (Figure 2).

........................................................................................................................................17-

16- a

r.:."
15- A 15- B a ...."

• i-"

,4- /I_ a b

a .e

/11-- 11-

#/
a 0

10-- J _ 101
j b c # _

j, ,,.. . Basal ---/_
Diameter _ b

Helght "# 8-

(m) 8- c l# a

7- 7" J

e- 6- i ._ c

.....
5-- 8 5- a ._ ,,o,n,.,D..,,Cultivation

f b c cb_/

3- a ..." AP ..... AMIZINE 3-

I /b "_" / ............ CULTIVATION

2 j{,_,, _ C _ CHECK 2-

2 4 6 8 10 12 14 16 ;- ,_ o o lu ,-" 14 ,o

P]ant.ation Age (years) P]antation Age (years)

Figure 2.--Effects of weed control on plantation yellow-poplar:
A. total height. B. basal diameter. Different letters In one
year indicate significant differences at the .05 level based on
the Student-Newman-Keul s test.

Above-ground Dry WeigJl]:

Regresslon equations were developed from the trees harvested in June 1980
to predict dry weight yields for various tree components from DBH and total
height. These equations were then applied to the inventory data taken the
previous winter to compare treatment effects on dry weight yields.
Nomenclature In this section follows that of Saucier (1979).

Complete tree above ground (CTaa) yields were 44,000 kg/ha for improved
plots and 38,000 kg/ha for unimpro_d plots, a difference which was not
significant (Figure 3). Lower survival rates In the Improved plots,
particularly where weed control was not practiced, essentlally eliminated

7



potential dry welght yield increases due to site improvement when expressed on
an area basls.

DISK-ONLY SITE

IMPROVED _,,_
F=,-- _-= B

50,000 | i
F = foliage
BR : branch | |
BLBK = bo]ebark
BLWD : bolewood

40,000 m =u =m m=m

F

Dl_fWEIGHT _

YIELD (kg/ha) BR

30,000 -

BLBK

20,000 -

BLWD :' I

]O,000 i
I

!
I

1
I

Figure 3.--Effects of slte improvement on above-ground dry weight yields and _
distribution in 15-year-old yellow-poplar plantations. Dashed
lines Indicate ylelds assuming 100% survival.

Survival had the opposite effect on plot yields with weed control.
Yields for plots receiving Amizine and cultivation were not significantly
different until survival rates were included. The Amlzlne treated plots
yielded 51,000 kg/ha compared to 43,000 kg/ha In the plots receiving
cultlvation. In either case the check plots ylelded significantly less CF
dry weight, with actual yields of 25,000 kg/ha which was approximately ag
one-half of the yields of the Amlzlne treated plot.

When the yields of above-ground dry matter are divided into the various
tree components, the pattern of treatment effects fol lows very closely that of

the above CFag yields (Table 2 and Figures 3-4).

Regression equations to predict the effect of various treatments on dry
welght ylelds were used in this study and in many others. Another, more
Indirect method of determining treatment effects would be to use a combination
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CHECK CULTIVATION AMIZI_E

50,000- F

F = foliage pm bm_ I BR
BR = branch _ ;

BLBK = bolebark
40,000- BLWD : bolewood _ ........

BR

DIa' WEI(;_ BLBK

YIELD (kg/ha) f a, _ m

| a_ --------
30,000- U | BLBK

g B
a ---------

mmmmmBmm

20,000- BR
BLWD

BLBK

-"--"-" BLWD

10,000 , BLWD i

Figure 4.--Effects of early weed control on above-ground dry weight yields and
distribution in 15-year-old yellow-poplar plantations. Dashed
lines Indicate yields assuming 100% survival. Different letters
Indicate significant differences at the .05 level based on the
Student-Newman-Keul s test.

of diameter and helght measurements. 9 The total above ground_dry weigb2ty Ields !_
at age 15 correlated with both (DBH)-H and (Basal Diameter)_H, with r values
of 0.947 and 0.962, respectively. Such a "volume index," when calculated for
a given size distribution and survival rate, therefore accurately predicted
actual differences in yields between treatments.

Of particular Interest is a comparison of treatment effects between the

diameter and total height measurements and the volume Index and total dry
weight measurements. By 1979, the Amizlne treatments had resulted In a 16%
increase In DBH and a 25% increase In total height over the check treatment.
However, the Increase in volume Index and total dry weight were 117% and I05%,
respectively. In Figure 5 the volume index values for the three weed control

against stand age. By comparlng thls figure to Figure _
2, that volume index (as with dry weight) is more sensitiveto
t than either diameter or total height measurements alone.
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a AMIZINE

/
J/ b CULTIVATION

ai.....-""

STAND "_3I/]ME /111o b
INDEX (B2H)

# .." c CHECK

a.." I
/...-/

/..... °
i, o s"

°
12--_1 -_ T T'-----T

2 4 6 8 10 13 15

Stand Age (years)

Figure 5.--Effects of weed control on total stand volume Index (B2H) of

yellow-poplar plantations. Numbers for volume index are meaning-
less and so are not given on B H axis. Different letters at a
given age Indicate significant differences at the .05 level based
on the Student-Newman-Keuls test.

DISCUSS ION

The growth response to weed control and site improvement treatments can
be measured In a number of different ways, such as total height, diameter, a
combination of both, or dry weight. In thls study, volume index and stand dry
weight were more responsive to treatment differences than total height and
dIameter.

The decline In annual height and basal diameter increments indicates that
these stands are beglnning to fully occupy the site. However, the steady
Increase In volume growth (Figure 5) suggests that the stands are in a rapid
growth phase. Growth expressed as volume index is probably a better
Indication of actual stand growth rates than either total height or diameter.
Thls hypothesis assumes that volume index correlates as well with dry weight
at earlier stages of growth as It dld at the tlme of harvest. Using volume
Index as an Indicator, the stands do not appear to have ful ly occupied the
site at this spacing (3 x 3 m) 15 years after planting.
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The positive response of yellow-poplar to site improvement was delayed
until slx years after planting, after which all growth parameters were greater
in the site Improvementplots. The reason for the delay in response may be _
that the relatively high C/N ratio of the green manure crop residue resulted
In Immoblllzation of the added soil N (Alllson 1966). Once the C/N ratio was

lowered through decomposition, N mineralization became possible, making the
added N avai Iable to the trees.

Yellow-poplar height growth In this study Is compared with that in 13 _,_
published studies on plantation yellow-poplar In Figure 6. The "best" and
"worst" height growth for Individual treatments from the studies cited (Table
3), where app!Icable, are plotted along with the total height growth curves
for the "best" and "worst" weed control treatments in this study. The Amlzlne
weed control treatment resulted in substantially less growth than the maximum
for all plantations surveyed, but only slightly less than the maximum growth _
in other plantations in this region. The check plots grew more slowly than
most of the plantations in other studies, but were generally ahead of the
poorest plantatlon growth in the region.

18" sr_

17"

16-
l r _

15= c*

14-

13-

h Amiz ine
12- ,#,

j,

Total II sp my r
10 J Check _!

Height mg / /9"

(meters)8" bm / /f" sr"

7- / f_
o- /

I Spj'

1-

2 4 6 24 f,_

Tree age (years_

Figure 6.--A comparison of plantatlon yellow-poplar height growth in the
present study with that of previous studies. Letter symbols
represent published total height values listed in Table 3. Starred
symbols represent studies done In the Central Hardwoods Region.
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In this study, weed control resulted in growth responses early in stand
develc_oment. By the end of the second yearp the Amlzlne treatment resuJted in
a significant increase in growth, and the growth response to all three weed
control treatments were significantly different after year four° Amlzine was
superior to cultivation apparently because the chemlcal treatment was more
effective in control ling the competing vegetation°

Moisture appeared to be the limiting factor In the early stages of growth
(Byrnes and Murray 1968). Thls is probably why the lower survival rate
occurred in the site improvement pmots. The increased fertili%/ of the !
improved plots stimulated weed populations, which competed wlth the seedllngs
for moisture in the early stages of seedl|ng establlshmento Jn fact, only 67%
of the seedlings survived on Improved plots receiving no weed control,
compared to 88% on unimproved plots receiving no weed control.

There were large differences In dry weight yields among weed control
treatments in comparison to differences In height and basal diameter
measurements° While a number of studies have shown the Improvement of growth

in yellow-poplar plantations due to weed control (Fitzgerald and Selden 1975,
Russell 1977, Erdmann 1967), the magnitude of the volume or dry weight growth

improvement has not been quantifiedo In thls study, the vojume and dry welght
of the Amlzine-treated plots are more than 100% greater than those of the
control stands, far exceeding the differences in height (25%) and diameter
(16%). Differences in volume index, and presumably dry weight, were even
greater at earlier stages of stand development°

The variables DBH and (DBH)2H were found to be of equal value in

estimating either total tree or stem dry weight of Virglnia pine (P_]_I!!J__ I

virainiana Mill.) (Madgwick 1971) and .j_#ktoPlne(_ __]__LII_ Lamb.) (Crow1971) stands. Others have found (DBH_ be superTor to DBH alone as an
estimator of stem (tree) dry weight (Zavltkovskl 1971_ Peterson et al° 1970,
Schreuder and Swank 1971, Johnstone 1971)o Both MadgwIck (1971) and Crow
(1971) point out that when deallng wlth stands having widely dl tributed size
classes or when comparing dry weights across many stands_ (DBH)_H is _uperior !_

to DBH alone. Jn this study, b_sal diameter2squared times height (B H) was
sllghtly superior to (DBH) H (r = .96 vs. r = °94) and was therefore used
for dry weight predictions and comparisons°

Stand vojume and dry weight yieJds were more responsive to treatment
differences than diameter and height measurements because volume is a function
of squared diameter times height_ Differences In dlameter and height are
magnified exponentially when translated Into stand volume. In additlon, stand
volume and dry weight yields can (and should) include actual survival rates,
while height and diameter measurements cannot° In this case, survival rates
were a significant factor in the calcuJatlon of treatment effects° Site
improvement significantly increased heTght and diameter_ but lower survival
rates in those plots reduced actual plot dry weight yields to a level not
slgnlflcantJy different from the unimproved plots° Survival rates had the
opposite effect among weed controJ treatments and actually increased
differencesIn plot dry weight yields betweenthe treatments_

The volume Index curves Indicate that the plots treated with Amizine were _
more than four years ahead of the check plots, and the cultivated plots were
about three years ahead° Essentially, weed control released the trees until

i
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they could compete with the herbaceous vegetatlon_ and allowed the trees to
enter their _astest (logarithmic) growth phase earlier than the trees
receiving no weed control° A similar effect of planting large (>38 cm) versus
smaI_ (25-38 cm) yellow-poplar seedl ings was also found to be significantp
wlth the large seedlings three years ahead of the small seedlings in height
growth at age 16 (Funk et al_ 1974). In this study the volume growth rate
appears to be constant in stands which received weed control, but is
increaslng In the control plots°

SUMMARYANDCONCLUSiONS

The effects of preplanting site Improvement and early weed control in a
yelJow-poplar plantation remained evident 15 years after planting. Site
improvement significantly increased total height and dlameterp but lower

survival rates due to increased weed competition in that treatment reduced
stand dry weight yle_ds to near the dry weight yields of the unimproved plots.

The positive response to weed control was establlshed early and has not
changed significantly after 15 years. Plot dry weight yields were
significantly improved with both weed control treatmentsp but the Amlzlne
treatment was superior to the cultivation treatment, apparently due to more
complete weed control° Total above-ground dry-welght yields ranged from
51_000 kg/ha for the Amizlne-treated plots to 25t000 kg/ha for the weed
control check plots. With increasing size classp stems in these plantations
tended to have more of the totaJ above-ground dry weight in bolewood and less

In boleba_k, branch_ and foliage components. An Index of volume, (basal
diameter) x (height)_ was highly correlated with dry weight_ and accurately
reflected stand dry weight yield differences among treatments when calculated

uslng actual survival rates_
!

The tree heights attained in the plots which received Amizlne weed
control are nearly as good as the maxTmum attained in other yellow-poplar

plantations In the Midwestt but faI_ substantially short of those attalnable
in the South°
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