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ABSTRACT 

Ammonium nitrate applied at rates of 112 and 224 kg of 
N/ha in successive years to different areas of a young loblolly 
pine (Pinus taeda L.) plantation increased aboveground biomass 
by 25% and N accumulation by 30%. Fertilization at planta
tion . age 3 resulted in significantly greater biomass and N ac
cumulations in the .pine; fertilization at age 4 caused greater 
accumulations of biomass and N in the herbaceous fraction. 
These differences are related to changes in the composition of 
the herbaceous species. Fertilization had little effect on distri
bution of biomass or N within the pine component of the sys
tem. Comparable but generally small proportions of applied N 
were recovered' in the aboveground vegetation in spite of two
fold differences in quantities of applied N and threefold differ
ences in biomass development. Nitrogen recovery was in
fluenced only by the frequency of N application. 

Additional Index Words: Pinus taeda L., forest fertilization, 
nutrient cycling. 

ALTHOUGH forest fertilization is gaining acceptance, knowl
.tl. edge of the fate of the applied fertilizer materials is 
still fragmentary or suppositional (1, 4, 5, 8, 13). Under
standing of the disposition of such materials in forest eco
systems will lead to more efficient and judicious application. 

This paper reports some effects of N-fertilization rates 
and tim~ of application on N recovery in a young loblolly 
pine (Pinus taeda L.) plantation. Accumulation and distri
bution of applied N by the various components of the sys
tem were also studied. In addition, biomass response of the 
vegetative components was assessed. 

METHODS 

Study Area 

. A 3-year-old loblolly pine plantation on a rolling upland of 
the Interior Flatwoods in northcentral Mississippi was selected 
for the study. Soils are an association of the Prentiss (coarse
loamy, siliceous, thermic family of Glossic Fragiudults), Free
stone (fine-loamy, siliceous, thermic family of Aquic Paleu
dalfs), and Wilcox (fine, montmorillonitic, thermic family of 
Vertic Hapludalfs) series. The entire area is underlain by the 
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nearly impervious Porters Creek formation. Vegetation, other 
than the planted pines, was composed of typical successional 
species that occur on abandoned agricultural fields in the South, 
i.e., primarily broomsedge (Andropogon virginicus L.), dog 
fennel [Eupatorium capillifolium (Lam.) Small], blackberry 
(Rubus spp.), and sunflower (Helianthus angustifolius L.) 

Treatments 

Ammonium nitrate was applied to separate plots at rates of 
0, 112, and 224 kg of N/ha. The material was broadcast on the 
soil surface of 0.04-ha plots in late April at plantation age 3 
years. One year later (age 4), in an adjacent area of the same 
plantation, 224 kg of N/ha were broadcast in a single (224-1) 
and in a split (224-2) application. The single and half of the 
split application were made in early May; the remainder of the 
split treatment was completed in August. Treatments in each 
year were replicated four times in randomized complete b!ock 
designs. 

Field Measurements and Sampling 

Samples of tree biomass, herbage, and soil were collected 
from each plot before and 2 years after fertilizer application 
(ages 5 anci Ii). The 5-year-old stand was sampled in August, the 
6-year-old ~tand in October. Samples were weighed, and their N 
contents were determined by the standard Kjeldahl procedure. 

The aboveground portions of one small, one medium. and 
one large tree from each plot comprised the tree biomass sam
ples. These trees were measured and separated into stemwood. 
stembark, current branches, old branches, dead branches. cur
rent foliage, and old foliage. Dry weight and N content of each 
component were calculated. 

Tree biomass and N content before and 2 years after treat
ment were estimated with 74 equations (2) derived from the 
sample tree data and plot populations. Various forms of equa
tions with several expressions of tree height and diameter were 
screened to find the one whose predicted weights and N con
tents for sample trees were most closely correlated with ob
served values. Plot estimates of biomass and N content, 2 years 
after treatmeqt. were adjusted by covariance analysis with initial 
biomass or initial-N content and number of trees per plot as 
concomitant variables . 

Ht:rbact:ous samples were collected from three I-m2 quad
rats/plot. Dry weight and N content of samples were expanded 
to estimate total weight and N content of aboveground herbage. 

Recovery of applied N in the aerial portions of trees and 
herbs was determined by comparing N contents of these frac
tions on treated and control plots 2 years after treatment. Fer
tilizer N remaining in the soil in mineral form was estimated by 
comparing mineral-N content of the surface 0.3 m of soil of 
control plots with that of fertilized plots 2 years after treatment. 

RESULTS AND D1SCtTSSIO~ 

Biomass Response 

At age 3. the untreated system had an aboveground bio
mass of II tons/ha. of which only 5 q. wus in trees. At age 
6. biomuss on untreated plots had increased hl :!4 tons ha. 
of which 750: was in trees (Fig. I). During this perilld of 
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Fig. i-Accumulation and distribution of aboveground biomass 
in a developing loblolly pine ecosystem (control plots). 

rapid development, distribution of biomass within the pine 
component changed. At age 3, foliage made up 50 % of the 
tree biomass. At age 6, stems composed 50% and foliage 
comprised only 30%, even though it had increased from 
0.3 tonsl ha at age 3 to 4.5 tonsl ha at age 6. 

Nitrogen fertilization resulted in significant increases in 
aboveground biomass 2 years after treatment , although 
there were no differences between rates of N (Table 1). 
Application of 112 kg of N / ha at age 3 increased biomass 
production by 4.0 tonsl ha over the control; 224 kg of N / ha 
increased production by 5.5 tons/ ha. About 75 % of the 
biomass increase was in the trees . When 224 kg of N / ha 
were applied at age 4, biomass production increased by 3.4 
tonsl ha with the single application and by 4.4 tonsl ha with 
the split application . In this case, the herbaceous component 
was responsible for over 80 % of the increase and total tree 
biomass was not significantly affected . 

Table i-Adjusted estimates of aboveground biomass and N 
content 2 years after fertilization 0 

Biomass N Con tent 

Treatment P ine Her b Total Pine Herb. Total 

--_ l/ ha--- --- kg/ ha ---

At Age 5-- Fe r lllized at age 3 

Cont ro l 7 . 4b 7 Sa 14. 9b 40 4b 49 4a 89 8b 
112N 10 4a 8 2a 18 9a 54 Sa 50 6a 105 4a 
224N 1 l. Sa 8 9a 20 4a 60 Oa ' 61 2a 12 1 2a 

At Age 6- - Fert ilize d at age 4 

Control 17 4a 6 . 6b 24. 0b 80. 8b 48. 0b 128 8b 
224N- I 17 9a 9 Sa 27. 4a 86. 4ab 73.0a 159. 4ab 
224N - 2 18 2a 10 2a 28 4a 92 3a 9 1 3a 183. fla 

• Fo r each age group. means in t he same colu mn a nd fo llowed by the same letle~ a re no t 
significantly d ifferent at the 5A. level of probabil ity according to Duncan' s mu il ip le 
range test 
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Fig. 2-Nitrogen accumulation in aboveground fractions of the 
5- and 6-year-old systems as influenced by N application. 

The different biomass responses of plots fertilized at age 
3 and at age 4 were caused by a change in the composition 
of the herbaceous species . The 3-year-old plots contained 
few sunflowers. One year later , large numbers of sunflower 
seedlings were present at time of treatment. Sunflowers on 
plots fertilized at age 4 grew rapidly and attained heights 
of about 2 m. Plants on control plots grew only about 0.5 m 
tall. Density of the sunflowers was fairly uniform on all 
plots, but their dry matter was much greater on fertilized 
plots. 

Fertilizing at age 3 increased biomass in all tree compo
nents ; branch weights were affected most (Table 2) . By age 
5, treatments had resulted in average stem, fo li age, and 
branch weight increases of 41 , 50, and 56 %, respectively, 
over the control. Will (14) also found that number and 
length of lateral branches of Pinus radiata consistently in
creased with increasing levels of soil N. Raising the N level 
from 112 to 224 kgl ha increased weight of current foliage 
by 22 % and the weight of current branches by 30 % (Table 
2). Both these components are associated with apical devel
opment, and both reflect second-year response. Old branch 
and old foliage weights , reflecting f irst-year responses , were 
about equal regardless of rate of fertilizer. 

Although treatments applied at age 4 had no significant 
effect on total tree biomass , the split appli cation signifi
cantly increased the weight of current foliage by 20 % and 
of current branches by 27 % (Table 2). These increases are 
again a reflection of a second-year response. 

Regardless of fertilization schedule, the weight increases 
in various tree components were not great enough to change 
the hiomass distrihution of the whole tree. As a result, hio
mass of all trees at age 5, whether fertilized or not, wa, 
composed of ahout 40 % stems, 20 '70 hranches , and 4() '/r· 
folia ge. At age 6, hiomass di strihution of all trees changed 
to 5() % stems, 20 % branches, and 30 % fol iage. Diffe r
ences in dry matter di strihution hetween ages 5 and fi proh
ahl y result from the a ll omet ric nature o f normal stand dc-
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Table 2-Adjusted mean dry weight of pine biomass 2 seasons after applicationO 

Stem Foliage Branches Total 
1reatment Wood Bark Total Current Old Tota) Current Old Total tree 

tlha 
At Age 5- - Fertilized at age 3 

Control 2.1b O.7b 2.8b 1.9c 1. Ib 3.0b O.6c I Ob 1. 6c 7.4b 
1J2N 2.9. O.9a 3. Sa 2.6b 1. 7a 4.3a O.8b 1.5a 2.3b JO 4. 
224N 3. I. tOa 4. I. 3. Oa I. 7. 4.7. LOa 1. 7. 2 7. 11. 5. 

At Age 6- - Fertilized at age 4 

Control 6.6. 2 la 8.7. 3.4b 1. 3. 4.7. Lib 2.9a 4. Oa 17.4. 
224N-I 7.la 2.3. 9.4. 3.4b I. 3. 4.7. 1.2b 2.6. 3. Sa 17.9. 
224N-2 6.6. 2. Oa 8.6. 4. I. LOa 5.2a I. 4. 3. Oa 4.4a 18.2a 

• Means are adjusted by covariance analysis, with initial biomass as the concomitant variable. For each age group, means In the same column and followed by the same letter are not 
significantly different at the 5%'level o[ probability acoordLo,g to Duncan'S multiple range test. 

velopment; the changes are consistent with data reported 
by Smith et al. (10) and Switzer et a1. (11). 

Fate of Applied Nitrogen 

Nitrogen Accumulation and Distribution-Nitrogen usu
ally accumulates as forest ecosystems mature. In this study, 
N accumulation was closely related to the increasing domi
nance of .the tree component. This relationship is demon
strated by the general increase with time in N content of the 
trees on control plots (Fig. 2). 

Except for the single application at age 4, all N treat
ments significantly increased N accumulatiorr in the a bove
ground biomass (Table 1). On plots fertilized at age 3, 
most of the increase in N accumulation was in the trees; on 
those fertilized at age 4, N gains were mainly in the herba
ceous fraction (Fig. 2). This difference was caused by the 
presence and prolific growth of sunflowers on plots fertil
ized at age 4. 

Treatments also influenced N accumulation within tree 
components (Table 3). Generally, the differences in N con
tent merely reflect the biomass response. However, for the 
split treatment, they also result from changes in N concen-
tration of tissues. . 

Although treatmentscallsed greater accumulations of N 
in some tree components, the increases were too small to 
change the N distribution of the whole tree. Thus, foliage, 
stems, and branches of both fertilized and control trees con
tained the same proportions (75, 15, and 10%, respec
tively) of N. Treatments at age 3 caused only a slight in
crease in N content of dead herbaceous material, a result 
of the first-year response of this vegetation to fertilizer. 
However, the split application at age 4 resulted in slightly 
more N in the living herbaceous fraction than did either the 
control or the single treatment. 

Nitrogen Recovery-Recovery of N applied at age 3 
ranged from 22 kg/ha for the 112 N treatment to 44 kg/ha 
for the 224 N treatment (Table 4). With each treatment, 
about 20% of the applied material was recovered. 

A single application of 224 kg of N/ha at age 4 resulted 
in the recovery of 43 kg, or about 20% of the applied mate
rial (Table 4). With the split application, 67 kg, or 30% 
of the applied N, was recovered. 

The chief source of recovered N varied according to plan
tation age at time of treatment, When the high N rate was 
applied at age 3, most (46%) of the recovered N was in the 
trees. When the same treatment was applied to an adjacent 
area of the plantation a year later, most (58%) of the 
recovered N was in the herbaceous fraction (Table 5). 

Pinus ecosystenis apparently exhibit relatively low recov
eries of applied N (Table 6). Nitrogen recovery in such 
ecosystems ranges from 3 to 24% and averages 14%. 

In the present study,.N recoveries were relatively consis
tent over a broad range of circumstances, but splitapplica
tions of fertilizer improved accountability somewhat. Re
covery was about 10% greater with the split treatment than 
with the single treatment, primarily because of higher N 
concentrations in the aboveground vegetative tissue. 

Tlssue collections of 

Application Oct of July of Sept. of 
as 1st yr. 2nd yr. 2nd yr. 

%N 

Slagle 1 29 1 21 I. 19 
Split 1. 41 1 38 1 24 

The difference in l'J concentration of foliage on single and 
on split treatment plots ranged from 0.05 to O.17C:C and 
averaged 0.11 % . 

Table 3-Adjusted mean N content of pine components 2 seasons after application~ 

Stem Foli!le Branches 
Total 

Treatment Wood Bark Total Current Old Total Current Old Total tree 

kg/ba 

At Age 5- ... Fertilized al age 3 

Control 4 Ib 2.60 6.7b 19.2c 9.9b 29. Ib 2.3c 2.3b '.ob 'O.4b 
Jl2N 5 la 3.3b 8.4a 25.6b 13 6. 39.2a 29b 4.3a 7 2. 54 Sa 
224N 5 I. 3. Sa 8.9a 30. Oa 13 6a 43.6. 3 •• 4. 1. 7 Sa 60.0. 

At l\ge b- .. Fertllized at agte> oj, 

Conlrol II 6J, n.3b I7 9b 38.lb Jl •• 49 5b oj 41> 4 Oa 13 -la 80.8b 
224N 1 14 "" 7 7a 22 2a 34.7b 12. (Td 51 7b 5 t1a t' ~b l2 5..'1 Bt' 4ab 
224N 2 13 9a 6 Son 20 7ab 4b 3a 10 ba Stt.9'J. ~ 4a ~, :~ab Ii. fa 41,3a 

.. Mean~ art-' adjnstp.d i)y ('ovarlanC'£> analysis, with LUlIl.!1 ~ content aN tht' (.'OU(lOmitant variable. For each age group, Il1t'Rn::; in tht' sanw l'otumn and flllll'Wt'd 1,:,- :h.t.' S.IIl\t.' It':~er .1l'L' Ill': 
signihcanlly diift!rcht al the 5- level o! probabllLLY at'cording to Uuncan'S mulnplt' rangt' lest, 
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Table 4-Recovery, of fertilizer N 

N applied N applied 

System at age 3 at age 4 

component 112 224 224-1 224-2 

-- kg/ba ___ 

Trees 15 20 6 12 
Herbaceous I 12 25 43 
Soli 6 12 12 12 

Total 22 44 43 67 

GENERAL DISCUSSION AND CONCLUSIONS 

Allison (1) concluded that N recovery by agricultural 
crops is rarely greater than 70% and may often be less than 
50%. For several reasons, forest ecosystems may be even 
less efficient than agronomic systems in taking up applied 
N from the soil. First, optimum application time and rate 
are unknown for forest systems. SUboptimal'time and rate 
of application may cause excessive leaching aQ.d denitrifica
tion. Second, vegetative production per unit of time and 
area is greater for most agronomic crops during the growing 
season than for forest systems. Thus, applied N can be bet
ter utilized by, fast-growing, high-density, short-duration 
agronomic crops than by Pinus. 

Two factors appear important for maximizing recovery 
of applied N and thus· biomass response in Pinus ecosys
tems. One is the nature of herbaceous vegetation, and the 
other is the timing of fertilizer application. 

The present study indicates that if herbaceous vegetation 
on the treated area has high growth potential, the herbs will 
obtain a large portion of the applied N. Hence, N uptake 
and growth by trees will be limited. The response to the split 
treatment indicates that efficiency of N utilization can be 
improved by applying lower rates of N at intervals through
out the· growing season. 
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