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in a Cultivate d Plantation 

by 

Ralph n. Hu g hes and Jam es E. Ja c k s on ll 

Observations in the southern pinelands have shown that serious damage 
to plantations by catt le browsing and trampling is limited to trees less than 
6 to 8 feet tall . except where cattle are concentrated (Cassady. Hopkins. and 
Whitaker. 1955). The poss ibility that application of fertilizer with clean cul ­
tivation would increase growth rate. producing a 6- to 8-foot tree in 3 or 4 
years , plus the need to know more about grow th response of slash pine (Pinus 
elliottii Engelm . val'. elliottii), prompted this study to test the effect of sev­
eral kinds . rates, and combination s of inorganic fertilizers . .2i 

METHODS 

A longleaf-slash pine stand , with an understory of 1!wiregrass" and 
gallberry. located near Alapaha, Georgia. was selected for the study. The 
soil was Lynchburg loamy sand . imperfectly drained and of low fertility. The 
site was cleared. stu mped, and thoroughly worked with a tande m di s k-harrow. 
Grade 1 slash pine seedlings were planted at a spacing of 1 a x 10 feet over the 
entire area. Soil analyses showed 28 pounds available P205' as determined 
by the modified Truog method using colorimetry. 30 pounds available K20. 
and 400 pounds available CaD per acre . 

J1 Respectively. Range Conllervationist. Southealltern Forellt ElCperlment Stallon. Forest Service. 
U. S. Department o r Agricultu re. and £ormerly Research Aironom!rill. Cropa Rellearch DlvI.ion. Agricul­
tural Research Service. U. S. Department of Agriculture. 

21 Cooperative Inve'ligations of the Forest Se r vice and Agricultural Relearch Service of the U. S. 
Department or Agriculture . and the University of Georgia College of Alfrlculture Experiment Stations. Coastal 
Plain ElCperiment Station. T ifton, Georgia, Puhlished whh the approval or the Director •• Journal Series 
Paper No. 95, 



The study consisted of a factorial test and three accessory phases total­
ing 42 treatments. replicated three times. each employing nitrogen . phospho­
rus, and potassium, as follows : 

1. A 3 x 3 x 3 facto ria l experiment (27 treatments ) with three rates of 
ni trogen o f D. 100, and 200 pounds pe r acre. and phosphorus and 
potass ium at r a les equivalent to D. 50. and 100 pounds of P20S 
and K20 per a c re applied to the surface of the soil. 

2. Three surface treatments involving minor elements . with two 
treatments using 200 pounds of nitrogen per acre and one of 400 
pounds , each m i xed with phosphorus and potassium to equal a 
2-1-1 (N-P205-K 20) ratio. One of the 200- pound nitrogen mix­
tures was combined with the equivalen t o f 2.000 pounds per acre 
of dolomitic limestone, the other two treatments ( 200 and 400 
pounds) were combined with 70 pounds of MgO per acre . All 
three treatments were supplemente d with the equivalent of 25 
pounds per acre of a minor element mixture containing manga­
nese, z inc. mol ybdenum, bo r on , and iron. 

3. Ten treatments (eigh t new treatment s . p lus two from the 3 x 3 x 3 
factorial, the 100- 50- 50 and 200- 100-100 N-P205-K20 rates) in­
volving split surface application of fe rtilizer of 50. 100, 200. 400. 
and 600 pounds of nitrogen per acre in a 2-1- 1 ratio with one - half 
applied in February or March and one - half in June . 

4. Two treatments of a single subsurface application of 100 and 200 
pounds of nitrogen per acre in a 2-1-1 ratio placed 4 to 6 inches 
below th e soil surface. 

The area was divided into three blocks of 40 plots, e ach plot containing 
16 trees . The 40 treatments were assigned at random within b locks. (Note 
that 2 of these treatments were common to the factorial test and one acces­
sory phase.) 

In all trea tments nitrogen was supplied by ammonium nitrate . phospho­
rus by 20 percent superphosphate, and potassium by 60 percent muriate of 
potash . Fertilizer materials were broadcast by hand in a 2-foot radius around 
trees in February 1957, a nd in a 4- foot radius in March 1958 . Trees were not 
fertilized in 1959 or 1960. The entire area was cultivated as needed with a 
tandem disk-harrow to control weeds, with occasional hand weeding close to 
the seed lings . 

Measurements were confined to the cente r square or four trees in each 
plot. leaving the oute r row on each s ide for isolation from adjacent plots. 
Heights of trees were measured at the close or the growing seasons in 1957. 
1958 , 1959. and 1960. Diameters . 6 inches above the ground line , were 
measured in October 1960. Survival of nearly 100 percent was obtained by 
p lanting three seedlings in a hill initially and thinning to one per hill follow -
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ing the first flush of growth . or the 480 plot trees, 17 were cut off i n culti­
vation the first year . These were replaced the first winter by adjoining 
border trees of approximately the same size. 

In 1958, a small adjoining plantation was established to test further 
some of the most promising treatments of the main study. Treatments were 
N-P205-K20 at rates of 100-50-50, 0 - 50- 0. and 0-0-0 pounds per acre, with 
care taken to dupli cate methods of the main experiment. 

RESULTS 

Analyses of variance in the factorial experiment of total height of trees 
at the end of the growing season and of annual increase in tree height revealed 
consistent similarity between the two measures when related to the main var ­
iables and their interactions (table 1). Hence . the two measures apparen tly 
provided an equally objective test of rertilizer effects. 

Rates and Ratios of Nutrients 

First- and second-year results of the fa ctorial were highlighted by two 
important trends: 

1. A highly significant positive response to phosphorus. 

2 . A significant NxK interaction in whi ch nitrogen without potassium 
and potassium without nitrogen retarded growth . 

Table I. ·-AnalyBes of variance for total height and annual height rrowlh of Ilash pine in 
the N-P-K ractorlal expedmenl dudng the first, lecond, and third yeara aher planting 

SOllrce of Observation 
variation 

Total height Replication 
Nitf'1)gcn (N) 
Phosphate (P) 
Potal$h (K) 
N , P 
N,K 
P,K 
NxPxK 
Error 

Annual height gTO"'th Replication 
Nitrogen (N) 
Phosphate (P) 
Potash (K) 
N,P 
N' K 
P x K 
NxPxK 
Error 

• Significant at 5 percent level. 
*- Significant at I percent level. 

D.F. 
Pirsl year 

, 
2 76.01 
2 534.~ f:I'" 
2 19.10 

• S.03 

• 49.20· 
4 ~ . 91 

8 3. 37 

" ]~ .1 0 

2 
2 47.24 
2 520. 36'" 
2 14.46 

• 3.94 

• 40.70· 
4 3.83 
8 1.60 

" 11.36 
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Mean Iqllares 

I Second year I Third year 

376.20 961. 72 .... 
2.151.25·. 4,107.49.· 

] 18.91 202.28 
29.37 \ 35.26 

190.5]- 149.16 
31.72 89.46 
17.72 85.11 
51.3 1 115.15 

158.97 152.10· 
905.43*- 252 .70·· 

54 . 05 20.55 
10.18 64.77 
59. 24- 39.29 
18.66 40.54 
12. 24 35.07 
22.98 40.60 



Although trees were not fertilized after the second yea r, the positive response 
to phosphorus persisted to the end of the fourth growing season, when final 
measurements were taken. The main effect of nitrogen. obscured by the NxK 
interact ion during the first two years. emerged as an important factor during 
the third year . 

Phosphorus was the most consistently significant and had more effect 
than other components included in the study. Trees in the N· P-K factorial 
given phosphorus at the rate of 50 pounds of P20S per acre in mixed ferti­
lizers attained a height of 27.2 inches in 1 year, 68 . 6 inches in 2 years. and 
115 . 5 inches in 3 years (fig. 1). Phospha te alone at the 50-pound rate pro­
duced trees 1,2. and 3 years from planting that measured 2S.7 . 72.7. and 
120.6 inches in height (fig. 2). Comparable heights for chec k trees not fer ­
tilized were 22 . 5. 60.S . and 10S . 2 (fig. 3) . The IOO-pound rate of phosphate 
applied singly or in co mbination with nitrogen and potash did not stimulate 
additional growth beyond that resulting from the 50-pound phosphate appli ­
cation . Hence. phosphate alone at the 50-pound rate was the most effective 
fertilizer tested. 

FERTILIZ ATION 

TR EATME NT 

o 
I 

Jj12, ~ I 

HEIGHT Of TREES 

I I I I 
f958~ J J 

N 

100 s~",,;:~~~~~11 ~~=fI' 200 ~ I 
I ~ J I I 

NOT FERTILIZED _1 1 
I I I I 1 1 

o to 20 30 40 50 60 70 80 90 100 110 120 

HEIGHT (INCHES) 

Figur-e 1. --Aver-age effect of N. P20S and K20 mixed fer-tilizer-s 
br-oadcast around tr-ees Febr-uar-y 1957 and March 1958 on height 
of slash pine planted January 1957. Trees wer-e not fer-tilized 
in 1959. 
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Figure 3. --Seedlings in plots that were 
cultivated but not fertilized attained 
a height of 60.8 inches in two years . 
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F igure 2. --Seedlings (1 - 0 stock) annually 
fertilized with phosphate alone at the 
rate of 50 pounds per acre reached a 
height of 72.7 inches in two years. 



Mixtures lacking phosphorus did not stimulate growth. These trees had 
average heights of only 19.4 inches the first year, 51.0 inches the second year, 
and 92.3 inches the third year. In Florida, Barnes and Ralston (1953) observed 
a similar increase in height growth of young slash pine following heavy appli­
cation of colloidal phosphate at planting time. 

By the end of the fourth growing season, trees given mixed fertilizer 
containing 50 pounds of phosphate measured 4. 50 inches in diameter at stump 
height (table 2). Trees in plots that received no phosphate averaged only 
3.83 inches. 

Table 2. ··AY('rag(' diamelerJl of slash pine 
In r('lation 10 mixed ferlm"er component, 
O c tober 27, 1960 (end of fourth year) 

Rllte .1i 
Component f---,---,----1 

o I • l 2 

Least 
slgnirlcant 
difference 
(5 percentl 

- • Diamet('r in inches· • 

N 4 . 35 4.45 ~.12 0.15 

3.83 ~.50 4.60 0.15 

4.22 4.30 4.40 0.15 

.JI Messured 6 Inches abo ve ground line with 
diameter tape. 

2J A 3x3x3 faClorial with Nat 0, 100. and 
200 pounds per aCre. lind P20S and K20 at O. 
SO. and 100 pounds I'f!r a c re . 

Nitrogen alone at the 200- pound 
rate resulted in a highly significant 
depression in growth. Stunting was 
more severe the second year than 
the first. and persisted through the 
fourth growing season. When sur­
veyed October 27, 1960(end of fourth 
year), these trees measured only 
3.17 inches in diameter and 119 .2 
inches in height in contrast to 4. 07 
inches in diameter and 158.2 inches 
high for trees not fertilized. By the 
third year, nitrogen at the 200-pound 
rate in mixed fertilizer had emerged 
as a depressing factor on height. 
when compared with nitrogen at the 
100- pound rate. 

Potash in mixtures with nitrogen at the 100-pound rale (averaged for all 
levels of phosphorus) produced significantly taller trees than most other com ­
binations by November of the first year (table 3). Height with average P20S 
and Nand K20 at 100 pounds was 28.6 inches by the end of the first growing 
season . On the other hand, addition of potash without nitrogen and application 
of nitrogen without potash reduced tree height. thus accounting for a signifi ­
cant NxK interaction. A sharp reduction in height accompanied increasing 
amounts of nitrogen without potash, and the same with respect to potash with ­
out nitrogen. This effect was not so pronounced the second growing season 
and, as noted previously. by the end of the third year had lost its significance. 
Average response to potash was not significant. 

Minor Elements 

Minor elements. with lime or magneSium added to heavy application 
of N-P-K mixed fertilizers. did not significantly increase tree growth. 

- 6 -



" " " 

" " " 

" " " 

Tabl. a .•• Hel l hl Ql' \reU In nl.llon to pot .. h 
and nltrol fln Caver.,ed .... ilh Po + Pt + ~) 

broad"ut around ... edltn, . In Februa..,. I11 a1 
.... d Manh II~I .JI 

HEIC HT O f" T RE ES NOVEM BER 18, 19&1 21 

Item 

. . ••• _..!!!£!>!!-- -_ • . 

28.4 24 . • 20,1 n ,9 
14.0 U .4 23 . 1 %4.1 
22 .6 28.6 2~,1 25 . 5 

Ann,. H. S 26.3 22 . 9 24.5 

II EIC HT O . T REBS NOVEMB ER 1, 1958>' 

67 .3 
$3.3 
62.5 

63. 1 
n .1I 
68.2 

6 5 . ~ 

51,3 
59,9 
6 4. 0 

a8 .4 

611. 1 
6 2,4 
6 4. 11 

62.1 

tlEIGIlT O P TREES NO VEMBER 23, II1SII.i' 

113.D 
101.1 
112.5 

'11.2 

108 . 1 
\09.4 
113.3 

, 1 0.~ 

94. 1 
102 . 7 
105 ,2 

100.1 

105 ,6 
106 . t 
11 0. 7 

101.6 

JI A 3,. J. 3 f.ctorla l with N a' O. 100, and 2110 
po~nd. I>'t ~ . " .... , and Pt>$ and K20 a t O. 50, and 
100 pound. per acre. 

11 I.e •• n lil"lfl un t dllfu .. nce IS pe rcent) for 
.""'rlle N' 2 . 1; to r K ' 2 . 1; _ for Interaction 
(NxK) • 3,e Indlu, 

JI Lea" .I,nl!le .... t difference (5 pe r cent) for 
a " r ae. Ii' 4.1 ; for K ' 4.1 : .... d for Interactton 
/N xK) '1, 2 incll,," . 

.i' LeUt .I"'m" .... ' dIHe ..... n". (5 "" r een,) for 
a ""'r~l. N • S.D, fo r K " ~.II •• nd for IlIteraolion 
(NxK) • 10 , 1 Inche •• 

Although these trees grew rapidly and 
displayed high vigor , supplements to 
N- P - K mixtures did not appear essen­
tial (table 4) . Depression of height 
growth. as evidenced by heavy appli ­
cations in the N-P - K ractorial test, 
seemed to be caused by an exces s of 
nitrogen or potassium in the absence 
of phosphorus and not to deficiencies 
of mino r e lements , lime. or magne ­
sium. 

Split Application 

Split application of fertilizer 
was no better than single application, 
although five widely varying rates 
were teste d (table 5). Trees given a 
split application, one-half broadcast 
around trees in February or March and 
one-half in June. averaged about the 
same size as those given a single ap­
plication. By the end of the fourth 
growing s eason. however. trees given 
split applications at the minimum rate 
(50- 25-25 pounds of N-P205- K20) 
measured 4.70 inches in diameter at 
stump he ight and trees in the unferti-
lized che ck plots measured only 4.07 

inches . Trees given the mlnImUm rate in a s ingle application measured 4.33 
inche s . These results suggest a need for testing split and single applications 
of fertili zer materials at lower rates than those tried in this experiment . 

Subsurface Application 

Spot placement of fertilizer 4 to 6 inches below the ground surface re ­
sulted in rapid growth of trees equal to s urface applic ation (table 6) , and in 
contrast to surface application, discouraged growth of weeds. Though native 
pine-wiregrass vegetation had previously occupied the site . surface applica­
tion of fertilizer (other than phosphate alone) e ncouraged rapid invasion of 
weeds . An oc ular estimate in May 1958 of we ed growth on areas around trees 
fertilized in March indicated an average of 2t times more annual herbage 
with broad cast application than with subsurface application of fertilizer . 
Prompt cultivation was required to prevent crabgrass (Oigita ria spp.) and 
other annual grasses and weeds from forming a s od . 
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Table 4. --Size of tree. in relation to minor elements with Ume o r magnesium added to heavy applications 
or N-P-K mixed ferliHzer.JI 

Treatment Height of tree. Diameter 

N I p,o, I .,0 I Supplement 1957 I 1958 I 1959 1960 

Pound, - - ... ,,1 -~-- -

'00 100 100 Check 26.8 62.7 113.8 4.60 

200 100 100 Minor elements and magnesium 26.2 66.4 112.4 4.70 

200 100 100 Minor elements and lime 29.6 71.2 115.8 4.73 

'00 200 200 Minor elements and magnesium 27.8 69.4 1t4.! ".60 

JJ See page 2 for list of minor elements. 

Table 5 . - - Size of !.en with spUt application and single application of N-P-K mixed fertilizers 

Treatment Split application Single application 

N I p~51K20 Height Diameter Height Diameter 

1957 I 1958 I 1959 1960 19571 1958 1 1959 1960 

--~- ------ - - - ..!!!..£!!!! - - -_.--.-
50 25 " 25. 7 68.4 115.3 4. 70 25.1 66.8 1I1.2 4.33 

100 50 50 29.8 75.4 121.1 4. 77 29 .0 11.1 120.9 4.63 

200 100 100 26.1 67.2 102.1 4 .53 26.8 69.4 113.8 4.60 

<00 200 '00 25.5 63. 3 104. 1 4.41 24.6 61.2 105. 9 4.43 

600 300 300 29.3 75.1 118.6 4.70 30.2 70.6 115 . 3 4.80 

Average 21.3 69.9 112.4 4.63 27.1 67.9 113 .4 4.56 

Table 6 . ··Si~e of trees with subsurface and surface applications of mbed fertilizers 

Treatment Subsurrace application Surface application 

Height Diameter Height Diameter 

N P20S .,0 
1951 I 1958 I 1959 1960 1957 I 1958 1 1959 1960 

.. ~-- ---Inches··· 

100 50 50 28.9 75 . 2 121.5 4.57 29.0 71. 7 120. 9 4.63 

200 100 100 25.5 71,0 118.9 4.70 26 . 8 69 .4 113 .8 4.60 

Average 27.2 73.1 120.2 4.63 27.9 70.5 117.3 4.62 
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Year Effect 

As mentioned previously. three fertilizer treatments from the factorial 
experiment (N-P20S-K20 at rates of 100-50-50. 0-50- 0. and 0-0 - 0 pounds 
per acre broadcast around trees) were further tested with seedlings planted 
in 1958. As was the case for trees planted in 1957. mixed fertilizer. or 
phosphate alone. stimulated additional growth on trees planted in 1958 (fig. 4). 
Fertili zed trees 2 years after planting. on the average. were about a foot 
taller than trees not fertilized . 

Growth was considerably less . however. for trees planted in 1958. 
although care was taken to treat the two plantations alike with respect to 
planting stock. site preparation. planting procedure. clean cultivation, and 
in other ways. Seedlings planted in 1957 grew in height continuously from 
March through September, whe reas the 1958 plantings increased i n height 
very little beyond their first flush of growth. The slower growth was attrib­
uted to subnor m al precipitation. only 44 percent of the mean . during the 
1958 July to September period. A normal accumulation of rainfall during the 
J uly to September period accompanied the continued rapid growth of trees 
planted in 1957. 

SECOND a YEAR .. PLANTED 

FIRST ~. 1957 
YEAR 

SECOND 
YEAR 

FIRST 
YEAR 

PLANTED 
JAN. 958 

.0,-----------------------------, 

70~----------__t 

60 f----r'"1--------1 

FERTILIZATION TREATMENT 

Figure 4. - - Height of trees I and 2 years from planting 
related to year planted and fertilization treatment. 
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Year effect , as indicated by height of trees measured at the end of the 
rirst and second growing seasons for trees planted in 1957 and 1958, was 
greater than response to fertilizer. Fertilized trees that were planted in 
1957 averaged 9 .6 inches taller after 1 year and 16.1 inches taller after 2 
yea r s than trees planted in 1958 (fig . 4). On the other hand, these trees on 
the average were only 6 .0 inches taller after I year and 12.9 inches taller 
after 2 yea r s than trees not fertilized. 

Insec ts and Diseases 

Fertilizers broadcast around trees in 195 7 and 1958. accompanied by 
clean cultivation, apparently increased the susceptibility of plantation t r ees 
to attac k by certain insects and diseases. Attacks by tip moths , Rhyacionia 
spp . • persisted through the first two growing seasons. In 1957, monthly 
sprays applied to indi vidual trees , March through August , with a I - percent 
DDT water emulsion killed most of the emerging larvae. The incidence o f 
attack in other plantations not sprayed was 72 percent. In 1958 . the in itial 
spray was timed to co incide with moth emergence in the spring. By this pro­
ced ure. sprays in March and in May again gave satisfactory con tl'ol. Frequent 
DDT sprayings seemed to favor increase in spider mite populations. An 
acaracide (Kelthane) added to the spray mixture was followed by a sharp re ­
du c tion in mites . 

A seve re attack by one of the phloem insects , Dioryctria amatell a 
(Hulst) • .JI first observed near the end of the second g.·owing season, caused 
extensive damage. Because the larvae tunnel around the stem rather than 
verlically. they rapidly girdle a tree. Presence of larvae was readily ob­
served by the presence of frass and pitch from open cavities in the bark . A 
survey in January 1959. 2 years from planting. showed girdling in 29.5 per­
cent of the tl·ees. A year later the in cidence of attacks had increased to 35.6 
percent . By June 21. 1960, losses charged to girdling and cankering were 
10.5 percent and to stem cankering alone 0.8 percent. About one - third of the 
dead trees with Dioryctria attacks also had stem cankers . Only a few new 
attacks were observed in 1960. 

Attacks by Dioryctria were closely related to fe!"tilization treatment. 
Fertilizer m ixtures in the factorial expe l'im ent of either N. P20S' or K20 
at the 100- pound per acre rate resulted in a highly significant increase in the 
incidence of insect attack (table 7) . Of the three components , incidence of 
attack was most closely associated with mixtures containing phosphorus. 
Even at the 50-pound rate. phosphate in mixed fertilizers increased insect 
attack fourfold over treatments containing no phosphate. Again. injury was 
most prevalent among fa st growing trees. An increase in the incidence of 
attacks with increase in height of trees as tested by chi - square analysis was 
significant at the I-percent level (fig. 5). As was the case with rust cankers 
and tip moth, damage was negligible among slow-growing trees of the same 
size in an adjoining plantation. 

JI Identified by E. P. Merkel. Enlmnologi&t, Lake City Reseal'cl\ Center. 
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Table 7. ·· Percent of trees with Oiorvctria 
s m lHella in relaUOIl to mixed rertHizl!r 
component 

Southern fusiform rust (ero­
nartium fu s iforme ). of no conse­
quence during the first year, caused 
widespread cankering during the 
second g rowing season. By the 
second winter, 10.3 percent of test 
trees had stem cankers . An adjoin­
ing plantation established in wire ­
grass sod contained very few can­
kers. The trees , planted in 1955 for 
another study, grew much slower 
and at 4 years fro m planting aver ­
aged approximately the same height 
in 1958 as trees in the 2- year-old 
fertilized plantation . These obser­
vations agree with those in Alabama 
where Gilmore and Livingston(1958) 
observed a s ignificant increase in 
the number of stem cankers on cul­
tivated and fertilized trees. 

N 21.1 

P 205 ••• 
K,O 3 2.4 

Ratl!J/ 
Least 

signlrlcant 
difrl!rence 
(~ p!!rcent) 

.... ~- -- - . 

46.~ 32.4 t4 .8 

40 .a 49.3 14 . 8 

21.1 46.~ t4. 8 

jJ A 3 x 3 x 3 ra c: torid with N at 0, tOO, and 
200 pounds per ac:rl!, and P205 and K20 at D. 
50. and 100 pounds per sc: r l! . 

70r----r----r----r----r----r----r----r--~ 

60~--+_--~--_+--_4----~--+_--~'~ 

;::, 

~ ,----~--_+----~--~--_+----£m " 50 ,-
i!; 
~ 

4 0 r-----;:!;";;:;;~~--:::-;:-:~:+----i lIt HI ~ NUMBERS INDICATE 
"I! TOTAL TREES 
h 301-----+----t----+----t----t:,~,~:: 

" !:l 
~ 

10 f----~--____1== 

o L.....:::.0 .....l...-".0--t;; 

21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 

HEIGHT CLASSES (INCHES) 

Figure 5. --Incidence of Dioryctria atlacks by height classes or 
trees measu r ed at end of second growing season. 

- 11 -



DISCUSSION 

A lthough response to fertilization was the primary aim of the experi ­
ment, it should be pointed out that cultivation alone stimulated rapid growth 
of slash pine seedlings . An adjoining plantation established apar t from the 
present study in an undisturbed wiregrass "rough! ' provided a direct compar­
ison. Cultivated seedlings attained a height of 60.8 inches in 2 years; in un ­
disturbed wiregrass. seedlings required an additional 2 years to attain the 
same height. In other studies at Alapaha the authors observed that seedlings 
pla nted in competition with improved forage species did not benefit appreci ­
ably from broadcast application of fertilizer materials . 

It is not uncommon for pine seedlings to respond to a complete fertilizer 
and not to a single element (Allen and Maki. 1955), or as shown in the pr esent 
study. high concentrations of a fert i lizer may depress growth. T he depress ­
ing effect of nitrogen and potassium does not mean that the loamy sand s oil 
type had ab undant Nand K. but rather that. on south Georgia soils. young 
slash pine do not respond to N or K in the absence of the other components of 
a fertilizer mixture . 

Since phosphate furnished additional growth equal to applications of 
complete N-P- K mixtures. the phosphate alone. of course. gave cheapest 
additional growth . Two annual applications of superphosphate at the rate of 
50 pounds of P205 per acre per year , which cost less than one- haH cent per 
tree, gave a 20-percent increase in growth. equivalent to 1 foot in height 
over a 2 - year period . 

Responses may be expected to vary with soil type . Tests by Buckeye 
Cellulose Corporation in west Florida on Leon soils showed a response to 
N. P . and Ca. whereas on Lakeland soils Nand K burned the slash pine 
seedlings and phosphate benefited growth (Walker , 1958). Further testing of 
the phosphate component on deep sands is needed to establish optimum rate . 
best rati.o of N. P, and K, season and frequency of application, and place ­
ment of ferti lizer materials . 

Tests involving split application of nutrients sugges t that widely varyi ng 
rates of mixed N- P- K fertilizers may be used to promote growt h of seedling 
pine trees. but that practical application would not exceed the N 1 P l Kl rate 
( 100 pounds N. 50 pounds P205' and 50 pounds K20). Further tests, taking 
into account weather effects fro m year to year, are needed to determine the 
most efficient rate and ratio in terms of cost per unit of tree growth. Differ­
ences in growth of trees planted in different years emphasize. as with farm 
crops . that response to fertilization is dependent in a large measure upon the 
prevailing weather pattern and other phenomena that occur through time. 
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SUMMARY 

Forty-two fertilizer treatments were replicated three times in a culti ­
vated slash pine plan tation established in 1957 on Lynchburg loamy sand in 
southern Georgia. Seedlings we r e fertilized only twice , in 1957 and 1958. 
Average height of four t r ees in each r eplication was taken as the unit of 
observation . 

Seedlings in check plots not fertilized reached a height of 60.8 inches 
in two growing seasons . In a 3 x 3 x 3 factorial experiment. where mixed 
fertilizers co ntai ning phosphorus were broadcas t around trees at a rale of 
50 pounds of P20S per acre. trees a ttained a he ight of 68 .S inches . Nitrogen 
and potash (K20). each at a 100 pounds per acre rate mixed with 0-, 50- . and 
IOO-pound levels of phosphate . in most cases gave good response, but addi­
tion of potash without nitrogen or nitrogen without potash retarded growth. 
Phosphate alone at the 50- pound rate was the most e ffi c ient ferti lizer tested; 
trees th us fertili zed measured 28.7. 72.7. and 120.6 inches high 1. 2. and 3 
years from planting. Nitrogen a t the 200- pound rate . alone or in mixtures. 
r etarde d t ree growth. 

Additional tests involving (1) N-P-K with minor elements and lime. 
(2) split application of nutrients involving widely varying rates of N. P. and 
K. and (3) subsurface application of fertilizer did not reveal significant in ­
creases in growth when compared with single annual surface application of 
mixed fertilizers . Subsurface applications had the advantage of preventing 
excessive growth of weeds . 

Rapid growth stimulated by cultivation and fertilization apparently 
increased the suscepti bility of plantation trees to attacks by insects and 
d iseases . Attacks by Dioryctria amatella were closely related to ferti­
lization treatment . particularly to phosphorus. When compared with 
treatments containing no phosphorus . phosphate at the 50 pounds pel' acre 
rate quadrupled the incidence of Dioryctria . Attacks increased with an 
increase in growth rate of trees . Damage by this insect or by southern 
fusiform rust was negligible among slower growing trees planted nearby 
in native wiregrass sod . 
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