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sites. On the best site (Feather), effects dissipated quickly, accounting 
for only a 12% yield gain by age 50. In contrast, fertilization leads to 
notable gains on average and better sites, appearing progressively 
sooner as site quality improves (Figure 2). On poorer sites, early weed 
control projects to a doubling of volume growth by age 50 but fertil
ization offers no further advantage. 

DISCUSSION 

Weed control with herbicides was the most effective early treatment 
across all site qualities, but response was variable. Weed competition 
for water and nutrients was greatest on the poorer sites-a key fact 
where drought dominates site quality. There, weed control spells the 
difference between plantation success and failure. Responses to herbi-

FIGURE 2. SYSTUM-1 projections of cumulative yields for several Garden of 
Eden plantations. Treatment codes follow those in Figure 1, as well as fertiliza
tion (F). Site indices (SI) are in meters at 50 years. 
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cides were less striking on better sites where deeper soils and lower 
vapor pressure deficits (Reynolds and Powers, 2000) buffer them 
against midsummer drought. Weed control improved soil moisture and 
nutrient availability on poor sites, but stresses returned as stands ap
proached crown closure and moisture again became the primary limiting 
factor. 

Nutrient uptake-particularly N-was increased substantially by fer
tilization on all sites through year 9 (Table 2), but growth was in
creased only where site quality was average or better (Figure 1 ). 
Growth response is limited where drought dominates production. 
Stands on sites with more mesic moisture regimes usually develop 
incipient nutrient deficiencies, especially N and P, as they approach 
crown closure, making them prime candidates for prolonged fertiliza
tion response if rates are balanced in quality and quantity. 

CONCLUSIONS 

Massive incremental loadings of nine nutrients coupled with low 
rates of nutrient leaching common to summer-dry climates (Frazer et 
al., 1990; McColl and Powers, 1984; Powers, 1992), point to nutrient 
retention and to fundamental increases in site potential on average and 
better sites. Because functional guilds of soil arthropods were resilient to 
treatment and because litter processors should return once a forest floor 
develops, biotic regulation of detrital processing, nutrient cycling, 
and soil physical maintenance should not be impaired. Therefore, the 
long-term projections of treatment responses shown in Figure 2 
seem realistic if severe water stress is avoided by timely thinnings. 
Ponderosa pine plantations are capable of productivity levels much 
greater than currently realized. Such levels should be sustainable if 
soil organic matter and structure are maintained. 
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