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Highlight: Forest management companies in Florida currently 
fertilize approximately 10,000 + hectares of pine plantatioh annu- 
ally. This paper reports excellent yields of bluestems with reduc- 
tion in pineland threeawn S years after fertilization and establish- 
ment of slash pine on an Olustee-Mascottee-Leefield soil complex. 
Neither total understory live biomass nor total grass production 
was changed by fertilization. As much as a 250% increase in 
bluestem forage, preferred by cattle, was produced with several 
fertilizer combinations. In addition, understory plant responses in 
relation to the fertilized tree row indicate significant movement of 
fertilizers to adjacent unfertilized areas. Pineland threeawn, 
generally undesirable for cattle forage, was reduced with fertili- 
zation. The overall increase in bluestem forage resulting from 
plantation establishment and fertilization for increased tree yields 
is a complementary benefit valuable to forest landowners and 
cattle producers. 

The southeastern United States is widely recognized as the 
area with the highest growth potential for meetingfuture wood 
and meat demands of the nation. Currently, well-managed 
forest-range grazing has economic superiority over improved 
pasture forage programs (Pearson 1974). Intensification of 
forest management practices offers opportunities for intensive 
range cattle operations to utilize available forage in an estimated 
485,000 hectares of pine plantations in north *Florida. In 
addition, forest fertilization for improved tree growth on ap- 
proximately 10,000 hectares annually in 1974 is expected to 

increase to 28,000 hectares in 1985 (IFAS 1974). These 
practices may increase forage yields and quality from forest 
plantation management and increase forest ianddwner income 
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while providing much needed low cost forage for beef cattle 
production. 

The sudden release and disturbance of understory vegetation 
created by clearcutting, site preparation, and planting of pines 
appears to benefit many desirable plant species (Bennett 1965; 
White 1975) with little recovery of many undesirable forage 
plants. White ( 1973) noted substantial desirable forage produc- 
tion increases on many range areas following fertilization, brush 
control, proper grazing, and wider spacing of trees in forest 
plantations. A review of production capabilities of different 
southeastern ecosystems and their successional relationships 
was presented. Site preparation methods greatly affect species 
distribution in relation to tree rows, amount of soil disturbance, 
and fertilizer placement (White 1975). Increased intensity of 
site preparation on a wet savanna site decreased herbaceous and 
shrub biomass, primarily due to a decrease in undesirable forage 
species, but increased desirable bluestem production. Increased 
intensity of site preparation increased successional development 
towards a pine forest at the expense of many herbaceous species 
and certain wildlife (Harris et al. 1974; White et al. 1975). 
Nitrogen fertilization (90 kg/ha concentrated in 1.2-m bands 
along the tree row) increased grass biomass (primarily blue- 
stems [Andropogon spp.]) from 960 kg/ha to 1,272 kg/ha 3 
years after application (White 1975). Bennett ( 1965) reported 
tree response to fertilization was most consistent on grazed plots 
in a 25-2%year-old plantation. Hence, grazing may be needed 
to reduce competing vegetation and increase growth of fertilized 
pine plantations. Application of N-P-K on plantations in Louisi- 
ana increased protein content of mature herbage by one-third 
and yield by more than three-fold, but was considered un- 
economical just for range improvement (Duvall and Grelen 
1967). Fertilization of range in south Florida (with rock 
phosphate) can triple herbage yields (Lewis 1970). 

This paper reports forage yields 5 years after fertilization of a 
newly planted slash pine plantation on an Olustee-Mascottee- 
Leefield soil complex in north Florida. 
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Study Area and Methods 

The study was installed by Owens-Illinois to determine slash pine 
growth and yield following fertilization soon after planting. The area 
selected, near Lake Butler, Fla., was a typical flatwoods site having 
less than 2% slope with soils of acid sands to loamy sands, poorly to 
somewhat poorly drained. The original vegetation was longleaf and 
slash pines with an understory of saw-palmetto (Serenoa repens) and 
pineland threeawn (Aristidu strictu). The tree site index was estimated 
to be 17 m at age 25. Soil chemical analysis indicated pH of the A I, 
AZ, and B horizons to be 3.65, 4.30, and 4.17, respectively. Total 
phosphorus, organic matter, and total nitrogen were 69 ppm, 3.04%, 
and 0.082%, respectively. The area was clearcut in 1967, burned, 
KG’d (residual trees, brush, and slash raked into windrows), disc 
harrowed once over, and bedded at 3-m intervals. Commercial slash 
pine seedlings were machine planted at approximately 2-m intervals 
along the tops of the beds in February, 1968. Fertilizers were applied 
in 1.2-m bands down the tree rows (2.5 times concentration of the per- 
hectare basis) in March, 1968. Tree survival in June, 1968, was 82%. 
The area was excluded from cattle grazing. 

Fertilization treatments were applied in a 3 x 3 x 3 factorial 
experiment (replication X nitrogen X phosphorus) in a randomized 
block design on plots 24 by 32 m (Pritchett and Smith 1972). 
Nitrogen and phosphorus were applied in all combinations of 0, 22, 
and 90 kg/ha. An additional three plots per replicate with N-P-K 
(90-90-90 kg/ha), N-P-K (90-90-90 kg/ha) plus essential elements (56 
kg/ha of micronutrient Frit-503), and N-P-K (22-22-90 kg/ha) were 
included to provide additional information. 

Forage production measurements were made during October, 1973, 
from five randomly placed paired 0.20-m’ quadrats per treatment. 
Each quadrat pair consisted of two niches: (1) on the bed midway 
between planting spaces and (2) midway between beds halfway 
between planting spaces. Paired niche quadrats were used to avoid 
questions of species availability for occurrence in each niche. Total 
standing biomass of understory vegetation (including current year’s 
growth of woody plants, excluding pine trees) was clipped from the 
soil surface to a height of 1.5 m above each quadrat. Biomass was 
sorted into dead and live, but the latter sorted by species or species 
groups. Samples were dried (65°C) to constant weight. ANOVA 
procedures utilized a randomized block design to test treatment effects 
for each niche, followed by use of a Duncan’s multiple range test to 
identify significant treatment differences. A standard r-test was used to 
identify significant niche differences within treatments. 

Results 

Understory vegetation 5 years after establishment of slash 
pine averaged 3,6 18 kg/ha live biomass over all plots measured 
and was composed of 29 species groups (Table 1). Grass 
biomass (2,777 kg/ha) was approximately four times shrub 
biomass (716 kg/ha) and 59 times forb biomass (47 kg/ha) in 
October. Although seven species of grasses were collected, 
only bluestems and pineland threeawn occurred in large quanti- 
ties. Bluestems (2,198 kg/ha) were the most abundant grass 
species on the study area. Blackberry (Rubus spp.) (112 kg/ha) 
and gallberry (1lex glabra) (464 kg/ha) were the most abundant 
shrubs, while deer tongue (Trilisa odoratissima) ( 16 kg/ha) and 
dogfennel (Eupatorium capillipolium) (9 kg/ha) were the more 
common forbs. Dead biomass (litter plus standing dead) was 
small (84 kg/ha) compared to standing live biomass. All firmly 
attached herbaceous material with live bases was considered 
live biomass. 

Most understory plant species did not have significant re- 
sporises due to the application of fertilizer. Only nine species or 
groups had significant responses (Table 2). On niche 1, three 
species showed significant response to application of fertilizer 
compared to control plots. Of these, blackberry and ground 
blueberry increased production with addition of 90-90-90 or 

Table 1 . Average understory plant biomass 
rnent and fertiiizaticm of slash pine. 

(kg/W 5 years after *establish- 

Plant name 
Standing 
biomass 

Live biomass 
Grasses 

Artdropogon spp. 
Aristida spiciformis 
A. stricta 
Panicum spp. 
Paspalum spp. 
Sporobolus curtissii 
S. junceus 
Total grasses 

Forbs 
Aster squarrosus 
Elephantopus tomentosus 
Erigeron spp. 
Erygnium yuccifMum 
Eupatorium capillifolium 
Heterotheca graminifolia 
Hypercium stans 
Lactuca canadensis 
Trilisa odoratissimu 
Xyris spp. 
Misc. forbs 
Total forbs 
Shrubs 
Befaria racemosa 
Hypericum fasciculatum 
llex gtabra 
Kalmia hirsuta 
Lyonia lucida 
Myrica cerifera 
Quercus spp. 
Rubus spp. 
Serenoa repens 
Smilax spp. 
Vaccinium myrsinites 
Total shrubs 

Total live biomass 
Dead biomass 
Total biomass 

2198 
1 

559 
2 

10 
5 
2 

2777 

Trace 
Trace 

1 
5 
9 
5 
2 

Trace 
16 
I 
1 

40 

Trace 
3 

37 
3 
9 

19 
112 
32 

3 
31 

713 
3530 

84 
3614 

90-22-o N-P-K, respectively. Other fertilizer treatments were 
not significantly different from the control. However, ground 
blueberry had significantly greater production on 0-90-O and 
22-22-90 N-P-K fertilizer combinations compared to other 
fertilizer treatments. Pineland threeawn had significantly lower 
production compared to the control with application of 22-o-0, 
o-22-0, 22-22-0, 22-22-90, 90-22-0, 90-90-90 EE, and 90-90- 
90 EE N-P-K. However, 90-90-90 N-P-K was significantly 
higher than those same fertilizer combinations. 

On niche 2, three species had significant fertilizer responses 
(Table 2). Bluestem had higher production with application of 
90-o-0, o-22-0, 22-90-0, and 90-90-90 N-P-K as compared to 
the controls. Since there were no significant fertilizer effects on 
niche 1 nor significant niche differences within treatments, this 
would indicate fertilizer movement. Although not significant, 
the higher production for niche 1 on control plots plus the lack of 
significance between niche 1 and niche 2 on fertilized plots 
indicate a positive response from bedding with a general additive 
effect from fertilization. Laurel (Kalmia hirsuta) had signifi- 
cantly lower production on some fertilized plots than on control 
plots. In addition, there were significant niche differences for 
control, 22-o-0, and 90-0-O treated areas. Apparently, the 
bedding operation greatly reduced the abundance of laurel over 
the less disturbed area midway between tree rows. However, 
this trend was not consistent once fertilizer was applied to the 
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Table 2. Significant understory plant responses (kg/ha) 5 years after establishment and fertilization of slash pine. 

Fertilizer treatment (N-P-K applied in kg/ha) 

Species Niche Control 22-O-O 90-O-O O-22-0 22-22-o 22-22-90 90-22-O O-90-0 22-90-O 90-90-O 90-90-90 EE ’ !m-90-90 
Andropogon spp. 1 1837a’ 2900a 3097a 1953a 2947a l902a 2153a 1965a 2338a 1591a 2707a 

2 1006c 1943abc 2562ab 2832a 2563ab 1255bc 2266abc 104labc 2768a 179Oabc 2560ab 
Aristida stricta 1 1114a 140b 673ab 154b 156b 177b 39b 284ab:’ 528ab 359ab 1161a 

2 1171ab 634ab 408ab 618ab 680ab 784ab 230b 1196a” 503ab 343ab 1116ab 
Total grass 1 3Ollabc 3084abc 3775ab 2135bc3 3161abc 2088~ 2 197bc 2258abc 2865abc 195Oc 3879a 

2 2102a 2577a 3021a 3555a3 3245a 2069a 2523a 2598a 3271a 2133a 3693a 
Ibex glabra 1 482abc 543abc 639abc 758abc 307bc 2OOc 67 1 abc 229~ 1096a 5OOabc 223~ 

2 424a 255a 403a 578a 247a 319a 467a 257a 740a 259a 180a 
Kalmia hirsuta 1 25a:’ 74a:’ 19a:’ 50a 36a 8a 88a 29a 44a 14a Oa 

2 116ab” 0~:~ 129a:’ 16c 28bc oc 96abc 48abc 4labc 3Obc Oc 
Quercus spp. 1 Oa 29a 17a Oa 41a 6a:’ 16a 30a Oa 41a 45a 

2 5b 51ab Ob Ob 13b 82a” Ob 8b 16b 24ab 35ab 
Rubus spp. 1 41b 191b 48b 98b 171b 45b 121b 207b 118b 241b 25 lb 

2 23a 87a 6a Oa 38a 22a 29a 38a 8a 223a 127a 
Vaccinium myrsinites 1 56bc 15c 6c 8labc:’ 5c 102ab” Oc 143a:’ 47bc 16c 29bc 

2 32a 13a Oa 5a” 30a Oa:’ 36a 34a:’ 53a 29a Oa 
Total biomass 1 3823abc 418 labc 4574ab 3409abc 3956abc 2571~ 3204abc 3045abc 4439ab 2875bc 4648a 

2 2963a 3436a 3673a 4357a 3739a 3057a 3198a 3034a 4206a 2878a 4267a 

2308a 
2118abc 

93b 
697ab 

24OOabc 
2815a 
947ab:’ 
412a” 

Oa 
4c 
Oa 
Ob 

507a” 
39a” 

oc 
1Oa 

3993abc 
3297a 

EE = essential elements applied from 112 kg/ha end of Ca So, and Mg So,, and 56 kg/ha of Fritted Trace Element-503. 
titters identify significant-fertilization responses within niches ‘(P>O.O>). 1 
gdentifies significant niche differences within fertilization treatments (PM. 10). 

- 

bedded area. Oak production was significantly higher than the 
control with application of 22-22-90 N-P-K to niche 1. Also, the 
niches were significantly different for this treatment. 

Total grass, gallberry, and total biomass did not exhibit 
significant responses on either niche from fertilization com- 
pared to control plots (Table 2). However, each of these had 
some significant differences between fertilization treatments. 
Only total grass had a significant niche difference within a 
fertilization treatment (0-22-O N-P-K). 

As reported by White ( 1975), blackberry was most produc- 
tive with high rates of fertilization on the more disturbed areas. 
Blackberry provides limited wildlife value and often becomes 
impenetrable to livestock and man. Therefore, moderate fertili- 
zation rates and/or site preparation intensities would be recom- 
mended to produce good forage yields and reduce difficulty for 
animal movement while providing browse and berry production 
for wildlife. 

Discussion and Conclusion 

Gallberry, oak, and ground blueberry responses were not 
consistent. These species are of minor value for cattle but could 
be important to wildlife. 

Total production of live understory and total grasses 5 years 
after fertilization were not affected, but species composition 
shifts resulted. The 5-year-old plantation became a bluestem 
range following site preparation, establishment of pines, and 
fertilization, which contrasts with the original pineland three- 
awn-saw-palmetto range described for the area. In addition, 
fertilization further reduced pineland threeawn and benefitted 
bluestem. These results and others (White 1975) suggest that 
systematic tree planting and site preparation techniques, in- 
cluding bedding, also restrict distribution of some species along 
man-made niches within plantations. Species such as bluestem 
that are prolific seeders occupy both niches following general 
soil disturbance by site preparation and bedding and take 
advantage of fertilization. 

Fertilization to increase bluestem production would be most 
economical on treatments having the greatest tree response, 
although 90 kg/ha nitrogen alone greatly increased production. 
As indicated by White et al. (1975), increased growth rate of a 
forest overstory decreases the longevity of the “grassland” 
understory successional stage most desirable for cattle produc- 
tion. Comparison of niche 1 and niche 2, in light of the more 
rapid successional development, suggests that niche 1 may have 
been more productive when tree growth would be less competi- 
tive. Hence, niche 2 would be able to maintain production 
longer since it was the most distant point from trees. Also, 
fertilization effects on niche 2 may be indirect through litter 
deposition from niche 1 and the pine trees. Optimum tree and 
bluestem response would probably be best with phosphorus and 
nitrogen combinations (Pritchett and Smith 1974). 

Establishment and fertilization of slash pine produced a more 
desirable range resource readily utilizable by beef cattle while 
decreasing undesirable pineland threeawn. With an increase in 
acreage of fertilized slash pine plantations, a new productive 
and desirable forage is being developed in the Southeast. This 
valuable forage resource can be used by forest landowners to 
offset land ownership and plantation management costs while 
meeting the increasing needs of the southeastern cattle industry 
for low-cost, higher quality forage. Lewis et al. (1975) reported 
crude protein and digestibility of bluestems superior to pineland 
threeawn throughout the growing season. In addition, Hilmon 
and Hughes ( 1965) showed year-round cattle diet preference for 
bluestems although they had low forage production under 
pineland threeawn management objectives. Intensive forest 
management with fertilization of 90 kg/ha of nitrogen alone 
could increase cattle carrying capacity on slash pine plantations 
250% 5 years after application, and probably greatly improve 
forage quality. 
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