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NITROGEN LEVELS, TOP PRUNING, AND LIFTING DATE AFFECT NURSERY 
DEVELOPMENT AND EARLY FIELD PERFORMANCE OF LOBLOLLY PINE SEEDLINGS1 

Paul P. Kormanik,2 Taryn L. Kormanlk,3 Shi-Jean S. Sung,2 and Stanley J. Zarnoch4 

ABSTRACT -Loblolly pine seedling nursery development and 3-year field performance were contrasted between two 
nitrogen (N) application regimes and comparable top pruning regimes. Other initial soil nutritional elements were compa­
rable, but high N seedlings received 150 lb/acre N (as NH.NO,) and low N seedlings received half this amount. Seedlings 
were either not top pruned, top pruned in August, or top pruned in August and September. The seedlings were outplanted 
during 12 equally spaced planting periods from mid-October to mid-March. The high N nursery seedlings were taller and 
had larger root-collar diameters as compared to the low N seedlings, but the latter survived and grew better after 
outplanting. Survival was 100 percent for the low N seedlings regardless of pruning treatment but did not reach acceptable 
levels for the high N seedlings until late December. The low N seedlings were consistently taller after three growing seasons 
and, depending on planting period, had consistently larger diameter at breast height (early planting periods) or had 
comparable diameter at breast height (later planting periods) compared to high N seedling~. 

INTRODUCTION 
Nursery technology has advanced considerably since the 
latter 1940's and early 1950's when extensive southern pine 
regeneration programs were rapidly developed to rectify 
regeneration shortfalls (Wakeley 1954). The most significant 
improvements have been those involving fertility practices. 
Today, a nursery is seldom faced with the problem of 
producing undersized seedlings. Current questions generally 
focus on ideal seedling size and the best nursery practice to 
achieve this size. There usually is not a consensus of which 
nursery procedures to follow. Forestry nurseries have come 
a long way since Boyer and South (1988) reported that 50 
percent of the sampled nurseries in the South produced 
fewer than 5 percent grade 1 seedlings, based on Wakeley's 
(1954) morphological standard established at least 50 years 
earlier. These standards were developed when bed densities 
greatly exceeded those now recommended, and organic 
amendments instead of inorganic fertilizers were the rule. 
Effective irrigation systems had not yet been developed. 

"Quality seedling" is a term difficult to define and is of limited 
value in describing the potential competitive ability of loblolly 
pine seedlings. Any number of nurseries have their own 
quality standards which serve their individual needs. Rose 
and others (1990) describe the attributes of loblolly pine 
target seedlings (i.e., quality seedlings) as those 
characteristics shown to affect survival and subsequent 
development after outplanting. When the target seedling size 
is exceeded, a root system may develop which can be too 
large to plant properly. 

Our interest in nursery research was stimulated when we 
began intensive long-term research into the morphology and 
physiology of loblo lly pine seedling root systems. It became 
apparent that a nursery fertility protocol was needed for 

statistically comparing results among and within loblolly pine 
half-sib seed lots for different years and locations. This 
protocol was to have a significant genetic component and 
thus, it was not prudent to use mechanical means to 
regulate or alter seedling development. 

As the protocol was being developed, it became evident that 
commonly used nitrogen application rates and schedules 
made top pruning essential to maintain reasonable seedling 
sizes. This procedure made it difficult to obtain valid 
statistical comparisons when heritability estimates were 
calculated from specific morphological attributes from 
individual families' progeny. Eventually we dispensed with 
top pruning by development of a protocol involving 
significant alteration of our nitrogen application schedule. 
This nursery fertility protocol reported here was developed in 
cooperation with the Georgia Forestry Commission and 
many aspects of its development have been previously 
reported (Kormanik and Ruehle 1989; Kormanik and others 
1989, 1990, 1992, 1998; Sung and others 1993a, 1993b, 
1994, 1997). This protocol involved minimal mechanical 
manipulation of seedlings. Mechanical manipulation is used 
mainly to compensate for specific environmental 
occurrences such as frequent thunderstorms. For practical 
application of this new protocol, we felt it was essential to 
compare field performance of the seedlings grown under our 
nursery protocol with those produced by more traditional 
nursery management protocols (May 1984a, 1984b, 1984c). 

Thus, the objective of this research was to compare survival 
and growth of seedlings in the nursery and after outplanting 
from a mixed loblolly pine seedlot when grown under the 
traditional or our nursery fertility protocols. 

'Kormanik, P.P.; Kormanik, T.L.; Sung, S.S.; Zarnoch, S.J. 1999. Nitrogen levels, top pruning, and hfting date affect nursery development and ear1y field performance 
of loblolly pine seedlings. In: Landis, T.D.; Barnett, J.P., tech. coords. National proceedings: forest and conservation nursery associations-1998. Gen. Tech. Rep. 
SRS·25. Asheville, NC: US Department of Agriculture, Forest Service, Southam Research Station: 57-62. 
'Research Forester and Plant Physiologist, Institute of Tree Root B1ology, Forestry Sciences Laboratory, USDA Forest Service, Southern Research Station, Athens, 
GA 30602, TEL: 7061546·2435. 
'Department of Crops and Soil Sciences, Plant Sciences Building, University of Georgia, Athens, GA 30602. 
'Mathematical Statistician, USDA Forest Service, Southem Research Station, Asheville, NC 28802. 
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METHODS 
A single, mixed loblolly pine Piedmont seedlot obtained from 
the Georgia Forestry Commission was used in this study. 
The seedlings were sown in mid-April at the Institute for 
Tree/Root Biology (ITRB), USDA Forest Service's 
experimental nursery located on the University of Georgia's 
Whitehall Experimental Forest. 

One phase of the study was designated as "Long-Term 
Study" (LTS) while the second phase was designated as 
"Dig Up study" (DUS). The LTS seedlings grown under the 
traditional nursery fertility protocol will be followed after 
outplanting until harvestable size. No designation was made 
as to the nature of the final crop or the rotation age 
specified. These seedlings were grown with nursery fertility 
levels comparable to that used in many nurseries during the 
1980's. A seedling bed density of 24 to 26 per sq. ft. (260 to 
280 per m2) was established (May 1984c). These seedlings 
were irrigated as needed and total nitrogen levels of 
approximately 150 lb per acre N (168 kg per ha N) as 
NH.N0

3 
was used throughout the growing season. One-third 

of these seedlings were top pruned in early August and then 
again in mid-September, a normal procedure followed in 
many nurseries at that time. A like number of seedlings was 
pruned only once during the early August pruning. The 
remaining seedlings were not pruned but were permitted to 
grow without mechanical regulation. 

The DUS seedling beds were given comparable preplan! 
fertilizer applications but the irrigation schedule and nitrogen 
application rates approximated the amounts used in 
developing the nursery protocol employed by the Georgia 
Forestry Commission. In this particular growing season, 
approximately 75 lb per acre of N (84 kg per ha of N) (as 
NH.N0

3
) was applied. The amounts applied before mid-July 

were adjusted to obtain seedling heights of 6 to 8 inches (15 
to 20 em) at that time. Both the DUS and LTS seedlings were 
given an identical mid-September nitrogen top dressing of 
20 lb per acre of N (22 kg per ha N)(as NH.N03). 

Adjacent plantation locations were prepared during the 
summer for DUS and LTS seedlings at the Savannah River 
Natural Resource Management and Research Institute 
maintained by the USDA Forest Service in conjunction with 
the Department of Energy, Aiken, SC. Thirty-six hundred 
planting positions were established for the LTS seedlings. 
This was to accommodate 12 planting dates of 100 
seedlings from each of the 3 nursery treatments. Outplanting 
was to be undertaken to encompass the entire planting 
season from mid-October 1989 to mid-March 1990. The 
spacing was 10 by 10 feet (3.2 by 3.2 m) and the individual 
trees were shovel planted to maintain as much of the roots 
as possible. The specific planting position for each lifting 
date and nursery treatment was randomly assigned. 

The DUS was concurrently outplanted in an adjacent area 
that had received identical summer site preparation. 
However, because these seedlings were initially designated 
to be excavated periodically from mid-June though the 
following winter for detailed root morphological and 
physiological evaluations, a different outplanting procedure 
was used to facilitate periodic seedling harvest. Fifty 
seedlings from each treatment were established in rows with 
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2 feet by 4 feet (0.61 by 1.21 m) spacing for each of 12 
lifting periods. A total of 1,800 DUS seedlings were 
outplanted simultaneously with the LTS seedlings. 

All seedling root-collar diameters (mm) and heights (em) 
were recorded when seedlings were lifted and root systems 
were evaluated. Seedlings that were damaged in lifting or 
which had main[y primary needles were culled before 
outplanting. This closely approximated characteristics of 
seedlings being shipped from commercial nurseries and 
removed only 5 to 10 percent of the seedlings. 

Statistical Methods 
The LTS phase was a statistically designed study consisting 
of a factorial treatment combination of 3 pruning and 12 
planting periods. Replication consists of 100 trees per 
treatment with each tree arranged in a completely 
randomized design over the 3,600 planting positions. Thus, 
traditional analysis of variance and mean separation tests 
are planned for future analyses. The DUS was installed as a 
demonstration study since field logistics prevented a valid 
statistical design. Each of the three nursery pruning 
treatments at a given planting period was arranged 
systematically down a length of planting row. Each planting 
period and pruning treatment combination had 50 trees. No 
statistical tests were valid so only treatment means were 
compiled and used to compare trends over the 12 planting 
periods and the 3 pruning treatments. Since the effect of low 
(DUS) and high (LTS) nitrogen was investigated in separate 
phases, there also were no valid statistical comparisons 
between N levels. Instead, relationships between nitrogen 
levels were compared with means which were used to 
evaluate trends over time. These relationships were 
developed by formulating linear regression equations which 
took into account variations in the biweekly data and 
extracted meaningful trends. 

RESULTS AND DISCUSSION 
Due to budget restrictions and personnel limitations, the 
DUS seedlings were never excavated as scheduled at the 
Savannah River Plant site. The plantation was not visited 
again until the seedlings had completed their third growing 
season in 1992. At that time, the DUS seedlings were 
experiencing competition between rows as well as within 
rows. Seedling development had not yet been hampered by 
the close spacing but any future data would be highly 
suspect due to developing lateral root competition. The LTS 
seedlings were not experiencing any stem or root 
competition and long-term measurement and observations 
are continuing. Early results have been recently reported 
(Kormanik and others 1998). 

Most reports regarding top-pruned seedlings contrast 
seedling development under a single uniform nutritional 
treatment which uses various mechanical means for 
regulating a seedling's morphological characteristics. 
Usually one fertility treatment is not optimal for all 
mechanical seedling regulatory regimes for seedlings since 
the larger, unpruned seedlings would normally have the 
least desirable top/root ratio. This can result in lower survival 
after outplanting. The research reported here differed in that 
it used uniform mechanical treatments to regulate seedling 
development but varied the nutritional protocol in order to 
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compare how nursery practices affect early plantation 
performance. Most nurseries in the South depend heavily on 
mechanical means to regulate loblolly seedling sizes (South 
1994). However, it is generally accepted, and this research 
substantiates, that top and root pruning is used in excess to 
correct growth imbalances of loblolly pine caused by 
suboptimal nursery management practices (Mexal and 
Fisher 1984). 

Nursery Development 
It is well known that loblolly pine seedlings follow a rather 
precise ontogenetical development sequence between root 
and stem activity (Wakeley 1954). Both nursery N treatments 
followed this reported pattern even though actual seedling 
sizes varied. The DUS seedlings produced with our nursery 
protocol reached the desired height of 6 to 8 inches (15 to 
20 em) by the middle of July, when secondary needle 
development commences. The LTS seedlings attained this 
size several weeks earlier. This size can occur as early as 
mid-June as a result of over zealous fertilization and 
irrigation. Thus, seedling size and secondary needle 
formation are a function of fertility more than an age 
response (Kormanik and others 1992). However, early 
development of secondary needles has little effect on root 
system activity. As Wakeley (1954) demonstrated, it is mid­
August before root activity and root growth begins to be a 
major sink for carbohydrates (Sung and others 1993a,1994). 

This research demonstrates that high application rates of 
nitrogen early in the growing season results in excessive 
stem elongation, which results in unbalanced top/root ratios 
that require top pruning to rectify. Figure 1 presents nursery 
data for the DUS and LTS seedlings, showing the effects of 
seedling nutritional protocols and top pruning on seedling 
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development for the 12 outplanting dates. The LTS 
unpruned seedling stem heights were much taller than all 
other treatments regardless of N level. RCD was similar 
among the high N treatments (figs. 1a and 1b). This has 
been reported elsewhere and is the underlying reason for 
employing top pruning to readjust top/root ratios to achieve 
improvement in seedling survival and early field 
performance (Kormanik and others 1994, Mexal and Fisher 
1984 ). Note in figure· 1 a that except for the unpruned LTS 
individuals, all other seedlings are well clustered within a few 
centimeters of the 30 to 32 em upper target height 
commonly desired for artificial regeneration. The same 
response has been reported among half-sib progeny from 
specific mother trees that had been grown under different N 
regimes (Kormanik ano others 1994). The RCD's are 
consistently larger in LTS seedlings regardless of pruning 
treatment. This would presumably have positive effects on 
early survival and height growth (fig. 1 b). 

Interestingly, when nutritional analyses are reported for 
seedling components, especially nitrogen, the analyses are 
reported for the seedling at harvest. It is thus assumed that 
high levels of nitrogen are required throughout the summer 
to attain and maintain these levels. In fact, this experiment 
suggests that much N input is directed to wound recovery 
resulting from mechanical regulation of seedlings. Such 
input is not required to maintain a specific elevated N level. 
This latter conclusion is substantiated by a recent report by 
Sung and others (1997). They report that when only 961b 
per acre N (1 08 kg per ha N) are applied to loblolly pine 
seedlings from May to September, N content of loblolly 
seedlings were within desirable N levels at harvest (May 
1984a). 
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Figures 1a and lb-lnitial heights (HGT) and root-collar diameters (RCD), respectively, of loblolly pine seedlings produced in nursery with and 
without top pruning at 2 nitrogen levels and lifted on 12 different dates. 

59 



The nursery philosophy espoused by this protocol is not to 
waste nitrogen and contribute excessively to ground water 
nitrate contamination (Kormanik and others 1992). The goal 
is to produce a seedling that is balanced nutritionally and 
morphologically, taking advantage of a species' natural 
ontogenetic development. We direct management inputs into 
growing the best naturally balanced seedlings that are 
economic to grow and plant, have good survival, and exhibit 
good field performance. This approach may prevent 
unwarranted levels of N application that are leading 
many to advocate severe nitrogen use restrictions. 
These restrictions may complicate N use in many 
cropping systems including forest seedling nurseries 
(Johnson 1991 ). 

Field Observations 
While the nursery research produced no unexpected results, 
the field performance for both survival and growth 
contradicted what commonly has been accepted as factual. 
This has significantly and positively impacted further 
development of the nursery protocol with the cooperation of 
the Georgia Forestry Commission. 

Survival 
Perhaps the most unexpected field response was that 
obtained for survival (fig. 2). Here, the larger LTS seedlings, 
regardless of pruning treatment, did not exhibit acceptable 
survival percentages until the 6th or 7th planting period, 
which occurred in January. The nonpruned LTS seedling 
survival percentages ranged from 36 and 62 percent 
throughout the first six planting dates. The pruned LTS 
seedlings had comparable survival rates among planting 
periods and varied between 56 to 80 percent (fig. 2). The 
survival percentage for the DUS individuals grown under our 
nursery protocol was 100 percent regardless of nursery 
pruning regime (fig. 2). This 1 00-percent survival of the DUS 
seedlings was unexpected because in many previous trials 
survival has consistently fallen between 75 to 90 percent, 
depending upon environmental and edaphic conditions on 
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Figure 2-Third-year survival of loblolly pine seedling with and 
without top pruning grown at different nitrogen levels and outplanted 
at 12 different lifting dates. 
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the plantation sites. This may have just been an outstanding 
year for establishing plantations. On the other hand, both 
groups of seedlings were exposed to identical field 
conditions. 

Initially, the low survival of the LTS seedlings was of 
considerable concern to us but a review of the literature 
indicates that _the survival rates we observed are typical. In a 
southwide study, including 20 nursery locations where foliar 
nitrogen content was investigated, Larsen and others (1988) 
reported first-year survival of 65 percent. The seedlings were 
from a single sampling period from early to mid-December, 
which is considered to be near optimal for plantation 
establishment in many areas, and is comparable to our 6th 
and 7th planting periods. Comparable survival percentages 
of 60 to 75 percent have been reported in Texas for 1987-95 
(Barber 1996). 

In the 1987 Conservation Review Plan for the Southern 
Region, the survival for the 1986-87 planting season ranged 
from 60 to 76 percent with an overall average of 71 percent. 
In Matney and Hodges (1991) review, they report a survival 
percentage of 55 to 90 percent over a 16-year period with an 
average survival of 73 percent. Interestingly in only 3 of 
these 16 years did survival exceed 80 percent. Thus, the 
overall survival of the LTS seedlings obtained here might not 
be uncommon since data from many reports may represent 
seedlings lifted during one optimal period. Sung and others' 
(1994) research clearly demonstrates how clipping may alter 
carbon allocation from a developing root system to wound 
response and affect seedling survival. 

Growth Observations 
Survival is but one important factor that must be considered 
in judging a seedling's competitive potential. Survival and 
subsequent growth are not always comparable. Frequently, 
smaller seedlings survive better but larger seedlings 
normally grow better (Thompson 1985). This did not occur 
here as the smaller, well-balanced seedlings both survived 
and grew better than the larger and presumable 
morphological improved seedling obtained through high 
fertilization and top pruning. 

It is apparent (figs. 3a and 3b) that the initially smaller but 
better balanced DUS seedlings were consistently better field 
performers for height growth regardless of nursery pruning 
treatments or nitrogen application schedules. It is 
unfortunate that the close spacing of the DUS seedlings 
prevented long-term comparisons with the LTS seedlings. 
We installed the study with the wrong assumption, i.e., that 
large, heavily fertilized seedlings are best for maximum 
competition potential. 

The LTS seedlings were most difficult to plant properly even 
with shovel planting. It is unlikely that such large pine 
seedlings would consistently be planted properly and, thus, 
their long-term performance might be questionable 
(Gruschow 1959). Many of the first-order-lateral roots 
(FOLR) were in excess of 2 mm in diameter and were 
difficult to properly place in the planting hole. For both DUS 
and LTS treatments, there was a reduction in height and 
diameter at breast height after three field growing seasons 
as one progressed from October to March. This is expected 



-

since It is well known that late season transplanting has 
adverse effects on loblolly pine seedlings. Regarding the 
diameter at breast height development, the late season 
planting periods were undesirable for all nursery 
treatments. Recently Sung and others (1994) reported the 
biological basis of late season growth depression is due to 
a post transplant shock that severely restricts root function. 
This shock may extend for 60 to 90 days. The extended post 
transplant shock extends well into late spring and exposes 
the late season planted seedling to excessive stress due to 
unfavorable weather conditions before the roots are fully 
functional. 

CONCLUSIONS 
(1) Once target seedling size is determined, it may be better 

to take advantage of natural ontogenetic development 
than to rely upon mechanical regulation to control 
seedling sizes which have been fertilized to excess. 
Seedlings must be of appropriate sizes to be planted 
properly with planting techniques currently being used. 

(2) Depending upon environmental conditions during the 
growing season, root wrenching may be occasionally 
required to prevent excessive stem elongation after 
secondary needles begin maturing. 

(3) Mid-September N applied when loblolly pine root 
systems begin rapid expansion is beneficial and rarely 
causes buds to elongate on nonpruned seedlings. 
However, pruned trees lacking adequate terminal 
maturation may begin elongation more readily than the 
nonpruned seedlings. 

(4) Although early season lifting research on storage of 
seedlings has not been completed, lifting and 
immediately planting loblolly pine seedlings under proper 
conditions is highly desirable and greatly expands the 
growing season. This early planting, however, may not be 
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practical with excessively large morphologically 
improved seedlings because survival is decreased as a 
result of the long transplant shock period of loblolly pine. 

(5) When practical, early season planting should be favored 
over late spring planting. 

ACKNOWLEDGMENTS 
This research was funded by U.S. Department of Energy 
Grant DE-AI09-76SR00870 and by Georgia Forestry 
Commission. 

REFERENCES 
Barber, B. 1996. Seedling survival for fiscal year 1995 plantings in 

east Texas. Annual Surv. Apt. Texas For. Serv. 

Boyer, J.N.; South, O.B. 1988. Loblolly pine seedling morphology 
and production at 53 southern forest nurseries. Tree Planters 
Notes. 39(3): 13-16. 

Gruschow, G.F. 1959. Observations on root systems of planted 
loblolly pine. Journ. For. 57(12): 894-896. 

Johnson, J.R. 1991 . Nutrient run off from nurseries - is it a 
problem? In: Combined proceedings international plant 
propagators society: 428-431. Vol. 41. 

Kormanlk, P.P.; Ruehle, J.L. 1989. First-order-lateral root 
development: something to consider in mother tree and progeny 
assessment. In: Proceedings 20th southern forest tree 
improvement conference; 1989 June 26-30; Charleston, SC. 
Sponsored Publ. 42 of the SFTIC: 220-227. 

Kormanlk, P.P.; Ruehle, J.L.; Muse, H.D. 1989. Frequency 
distributions of seedlings by first order lateral roots: a phenotypic 
or genotypic expression. In: Demeritt, Maurice E. , Jr., ed. 31st 
northern forest tree improvement conference, and the 6th 
northcentral tree improvement association, proceedings 
meeting; 1988 July 7-8; University Park, PA: Penn State: 181 -
189. 

3.8 

3.6 -E u 3.4 -J: 
al 3.2 
c 
N 3.0 Q') 

en .,.. 
2.8 

2.6 

8 
0 

Legend 
LTS DUS 

HoghN --·, LowN­
'A' Top Pruned Aug 
·s· Top Pruned Se!>t 
'N' Not top pruned 

Planting Periods 12 

Figures 3a and 3b-Third-year heights (m) and diameter at breast height (em), respecttvely, of loblolly pine produced in nursery with and 
without top pruning at 2 nitrogen levels and lifted on 12 different dates. 

61 



Kormanlk, P.P.; Ruehle, J.L.; Muse, H.O. 1990. Frequency 
distribution and heritability of first-order-lateral roots 1n loblolly 
p1ne seedlings. Forest Science. 36: 802-814. 

Kormanlk, P.P.; Sung, S.S.; Kormanlk, T.L. 1992. Controlling 
loblolly pine seedling growth through carbon metabolism 
regulation rather than mechanical procedures. In: Proceedings 
southern forest nursery association conference; 1992 July 20-
23; Callaway Gardens, GA: 6·11. 

Kormanlk, P.P.; Sung, S.S.; Kormanlk, T.L. 1994. Irrigating and 
fertilizing to grow better nursery seedlings. In: Proceedings 
northeastern and Intermountain forest and conservation nursery 
associations; 1993 August 2·5; St. Louis, MO. Gen. Tech. Rep. 
RM-243: 115·121 . 

Kormanlk, P.P.; Sung, S.S.; Zarnoch, S.J. 1998. lmmatured 
loblolly pine growth and biomass accumulation: correlations with 
seedhngs initial first-order lateral roots. Southern Journal of 
Applied Forestry. 22(2): 117 ·123. 

Larsen, H.S.; South, O.B.; Boyer, J.B. 1988. Foliar nitrogen 
content at lifting correlates with early growth of loblolly pine 
seedlings from 20 nurseries. Southern Journal of Applied 
Forestry. 12: 181 ·185. 

Matney, T.G.; Hodges, J.D. 1991 . Evaluation regeneration 
success. In: Forest regeneration manual. Klinver Acad.: 321·331 . 

May, J.T. 1984a. Nutrients and fertilization. In: Southam Pine 
Nursery Handb. Atlanta: U.S. Department of Agriculture, Forest 
Service, Southern Region Coop. For. Chapter 9. 

May, J.T. 1984b. Seedling quality, grading, culling and counting. In: 
Southam Pine Nursery Handb. Atlanta: U.S. Department of 
Agriculture, Forest Service, South. Region Coop. For. Chapter .9. 

May, J.T. 1984c. Sowing and mulching. In: Southern pine nursery 
handb. Atlanta: U.S. Department of Agriculture, Forest Service, 
Southam Region Coop. For. Chapter 6. 

Mexal, J.G.; Fisher, J.T. 1984. Pruning loblolly pine seedlings. In: 

62 

Proceedings 1984 southern nursery conference; 1984 July 24· 
27; Asheville, NC: 75-83. 

Rose, Robin; Carlson, W.C.; Morgan, P. 1990. The target 
seedling concept. In: Proceedings target seedling symposium. 
August 13·17; Roseburg, OR: 1-8. 

South, D.B. 1994. Top-pruning increases outplanting survival . In: 
Southam forest nursery management cooperative spring 
newsletter. Auburn, AL: Auburn University: 2-4. 

Sung, S.S.; Black, C.C.; Kormanlk, P.P. 1993a. Sucrose 
metabolism and growth in transplanted loblolly pine seedlings. In: 
Proceedings 7th biennial southern silvicultural research coni. 
1992 November 17·19; Mobile, AL. Gen. Tech. Rep. S0-93. New 
Orleans: U.S. Department of Agriculture, Forest Service, 
Southam Forest Experiment Station: 369·375. 

Sung, S.S.; Black, C.C.; Kormanlk, T.L. [and others]. 1997. Fall 
nitrogen fertilization and the biology of Pinus taeda seedling 
development. Canadian Journal of Forest Research. 27: 1406-
1412. 

Sung, S.S.; Kormanlk, P.P.; Black, C.C. 1993b. Vascular cambial 
sucrose metabolism and growth in loblolly pine (Pinus taeda L.) 
In relation to transplanting stress. Tree Physiology. 12: 243·258. 

Sung, S.S.; Kormanlk, P.P.; Black, C.L. 1994. A biochemical 
assessment of the value of top clipping nursery-grown loblolly 
pine seedlings. In· Proceedings 4" southern station chemical 
SCiences meeting, research and applications of chemical 
sciences in forestry; 1994 February 1·2; Stari<VIIIe, MS. Gen. 
Tech. Rep. S0-104. New Orteans: U.S. Department of 
Agriculture, Forest Service, Southam Forest Experiment Station: 
51·56. 

Thompson, B.E. 1985. Seedling morphological evaluation. what 
you can tell by looking. In: Proceeding evaluating seedling quality. 
1984 October 16·18; Corvallis, OR: 59-71. 

Wakeley, P.C. 1954. Planting the southern pines. Agnc. Monogr. 18. 
Washington, DC: U.S. Department of Agriculture, Forest Service. 
223p. 



~ 

United States N • } p d • 
Departmentof I attona rocee tngs: 
Agriculture 

ForestService • Forest and Conservation 
S Nursery Associations-
southern Research 19 9 8 
Station 

General Technical 
Report SRS-25 

0 ~/ . 

\) tJ 
(!!? ~ ~ 

~ ~ 

~~ ~ 
0 

~ ~ 
fJ 

r1 0 Q ~ tl{i!) 
~ 

~ 

eY: ~ ~ ~ 

~ ~ v fl ... - r· 61 

~ 

' 

~ 

t1 



Technical Coordinators: 

Thomas D. Landis, National Nursery Specialist, USDA Forest Service, Cooperative Programs, P.O. Box 3623, 333 SW First 
AVenue, Portland, OR 97208-3623; TEL: 5031808-2344; FAX 50318082339; email: nurserlesCaol.com. 

James P. Barnett, S~o~pervisory Principal Silviculturist, USDA Forest Service, Southern Research Station, Pineville, LA 71360; 
TEL: 318/476-7216; FAX 318/473-7117; email: jbarnett/srs_plnevllleCfs.fed.us. 

Papers were edited to a uniform format and type style; however, authors are responsible for the content and accuracy of their 
papers. · 

The use of trade or firm names in this publication is for reader Information and does not imply endorsement of any product or 
service by the U.S. Department of Agriculture or other organizations represented here. 

This publication reports research involving pesticides. It does not contain recommendations for their use, nor does It imply that 
the uses discussed here have been registered. All uses of pesticides must be registered by appropriate State and/or Federal 
agencies before they can be recommended. 

CAUTION: Pesticides can be injurious to humans, domestic animals, desirable plants, and fish or other wildlife-If they are not 
handled or applied properly. Use all herbicides selectively and carefully. Follow recommended practices for the disposal of 
surplus pesticides and their containers. 

Aprll1999 
Southern Research Station 

P.O. Box 2680 
Asheville, NC 28802 
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