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SUMMARY 

Most citrus grove soils in Florida are infested with Phytofihom niwtianae, which causes Phytophthora trunk 
and root rot rtsulting in decline of tree condition and fiuit production. The potential for composted municipal solid 
waste (CMW) as a soil amendment to provide long-lasting suppression of P. nicotianue and enhance root health and 
tree yidd was evaluated CMWs were applied to newly planted young trees and bearing citrus groves in central ridge 
aad east coast fMvoods locationS. Young tncs wen planted on typical citrus soils, while bearing trees in decline were 
1ocatedonmarginaI soils. Two sourcesafCMWwenappliedas5-to IO-m-thick mulch layers under the tree canopy. 
Rhizaspherc populahon dtnsities d P .  niwtianoe wefc not reduced, but in some cases were increased by CMW. Root 
density ~esponse was sitedependent. Trees treated with CMW were more densely foliated probably due to improved 
soil moisture availability. Young trees responded i"cdiatc€y to CMW trcatmcnt with 20-30% increases in stem 
caliper and root mass. Yields and fruit size of bearing trees were increased in the second and third seasons after 
application. CMW did not suppress the,root pathogen, P. nicotiunoe, but CMW inmased water and nutrient 
availability in soils low in organic matter which mhanad root health and uptake efficiency, and thereby r e d d  the 
impact of fibrous root disease and probably other soil stresses. 

INTRODUCTION 

C i a  is the most economically important and widely planted crop in Florida Covering about 273,000 ha in 
central and south Florida. The center of the citrus industry is within a 1Wmile radius of over 7 million people 
p " g  5 kg ofsolid waste per person per day. Between 1992 and 1994, over 10.3 million new trees were planted 
on sandy soils, mostly low in organic matter, and poor in nutrient exchange and water holding capacity. 

In citrus nurseries and groves, Phyrophrhoro nicotianoe Breda de Haan (synonym = P. parasiricu Dastur) is 
o b  an endemic root pathogen that causes f l ing of the trunk due to bark infection and slow decline in canopy vigor 
and h t  production due to rot of fibrous roots (Graham and Timmer, 1992). Applications of the fungicides control 
fungal infection of berk and roots and innease fibrous root densty (Timmer et al. 1989). Although fungicides increase 
yields and fruit size of orange and grapefruit trees on Phytophthora-susceptible rootstocks, yield response is often 
variable. Therefoxt, fungicides are not " m e n d e d  unlcss populations of P. nicofianue c x d  a threshold of 10 to 
15 propagules per cm3 of soil. Fungicides are usually applied to the soil through the imgation system two to three 
timcs over several seaso~ls to be effective and economical for application. However, soil-applied pesticides are prone 
to loss of efficacy after prolonged usage and, since they arc water soluble, have the potential to leach into the 
g" after excessive imgation or rainfall (Kodma et al., 1995). Fungal resistance to the metalaxyl has been 
found in Florida nurseries, raising concerns about the long-term usage of this fungicide in citrus groves (Timmer et 
al., 1998). 

An alternatlve strategy to fungicides for sustained control of soilborne dseases is to pendcally apply 
co- orgaxuc matenals as amendments to suppress fungal root pathogens Composted bark, when incorporated 
into pomng m d a ,  suppresses soilborne diseases of ornamental plants (Hoitlnk and Grebus, 1994) In Australian 
avocado groves, root rot caused by P crnnumomr was effectrvely controlled by intensive mulchng wth o r p c  
amendments and applicaoons of gypsum (Broadbent and Baker, 1974) 
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In our studies of citm, CMW from Merent sources mixed the incidence of root infection of citrus seedlings 
through dum suppression of P. nicotianae in soil (Widmer et al., 1998a). Thus, the principal objective of field studies 
was to examine the potential for CMW, from M e m t  sources applied as a mulch layer on the soil surface, to suppress 
P. nicotianae and improve root health Growth of young trees and yield of bearing citrus trees was evaluated in typical 
and marginal soil types with damaging soil populations of the pathogen. 

RESPONSES OF YOUNG TREES TO CMW 

Three trials €tom 1991-19% demonsmated that mulch treatments of composted municipal wastes (CMW) are 
highly e&ctive for growth stimulation of young citrus trees in newly established gmves ( W i d "  et al., 19%,1998b). 
Responses were seen for soils typical of both the ridge and flatwoods production areas. While greenhouse bioassays 
predicted that CMW might suppxes the patbogen ( W i i r  et al., 1998a). populations of P. nicotiunae were either not 
affected or even increased by CMW. Despite inoculation with the pathop, stem diameter and root mass of young 
trees increased 20-30% in response to post plant treatments with surface mulches as well as incorporation treatments 
at planting. Thus, CMW can be applied to existing groves without incorporation of thc material into the root zone. 
operationally, the CMW is &ectively and efficiently applied with a New Holland 3000 sidedischarge spreader as a 
5-10 cm t.h~& mulch layer within the tree row to c w u  about 80% of the root system. The rates are quite high, ranging 
from 150-170 metric tons per hectare, but last up to 2 years belore reapplication is necessary. Reduction of mulch 
layers to 2-5 cm thick decreases the tree response and may q u i r e  yearly reapplication to be d € d v e .  

Current trials are to designed to establish the optimum rate of CMW and the mechanism for the growth 
enhancement of young citrus in low organic matter sandy soils. Although CMW increased growth of trees in the 
presence of P. nicofiunae, the fungus was not suppressed by the CMW (Widmer et al., 19%,1998b). Despite pathogen 
activity in CMW-amen&d soils, thetnesperfonnal marly aswell as those in noninfksted soils and significantly better 
than those in nonamended soils. The grad response is best explained by increased tolerance to the disease rather 
than pathogen suppression. Tolerance is attributed to improvement of conditions in the root zone for more efficient 
water and nutrient uptake. Young trees received adequate fertilizer and scheduled irrigation so CMW did not 
substantially increase their nutrient status. Soil wata holding capacity was elevated at the interface between the mulch 
and the mineral soil, as was soil temperature. The proposed major benefit of CMW, increased soil water availability 
to tree roots. will be substantiated by further measurements of soil and plant water relations. 

RESPONSES OF BEARING TREES TO C M W  

CMW applied as 5- to lO-cm-thick mulch layers increased the yield and fruit size of Marsh grapefruit and 
fruit size of' Valencta orange 2 and 3 years after application (Widmer et al., 1997). The responses occurtd in groves 
with marginal soils and ill-adapted rootstocks that were predisposed to damaging popllations of P. nicotianae. The 
effect of CMW on root density was site specrfic. CMW increased root density of the Valmcia sweet orange trees on 
Canimcimge rootstodr inahigh pH, cal-soil, whereas, CMW decreased root density of the Marsh grapcfht 
~onsourorangerootstodcinaloworganicmattersandsoil(deprcssi0nalsandsoak)attwosites. Therootsinthe 
organic mulch layer were usually lighter in color and healher in appearana than those in the mined soil below. 
The mulch laver apparently provided a zone of favorable conditions for growth and function of fibrous roots. 

The increase in yield of tries in very sandy. slightly acid soils versus the non response in calcareous, alkaline 
soils may be related to the effect of CMW on root darnty at the dif€hnt sites. Trees in the very well drained sand soak 
soil treated with C M W  were more densely foliated and showed little sign of water stress companxl to the messed, 
nontreated trees. CMWs have slow mine" . tion rates, due to their moderate to high CM ratios (Eichelberger, 1994), 
so mulches did not increase N status of the tree (Widmer et al., 1997). The mulches substantially improved moisture 
holdmg capac~ty of the sqil as demonstrated for CMW applications to other Florida crops in similar soils (Obreza and 
Reeder. 1994; Turner et al.. 1994). Under more favorable conditions for water uptake. apparently fewer roots were 
r e q d  to take up water and water mobile nutrients (e.g. N and K) bringng about a 30% decrease in root density after 
CMW application in w e l l h n e d  sand soak soil. Hence. trees were able to produce more and larger fruit instead of 
supporting the lugh density of roots required by a tree in the low water and nutrient holdmg capacity sand. In finer 

-textured, lugh pH calcareous sand, where root density was 2 5 3 5 %  of that in the sandy soil, CMW apparently 
exacehted the soil conditions (high calcium and somewhat alkaline pH) that normally limit performance of certain 
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rootstocks like Carrim citrange (Castle et al., 1993). Although the mulch layer provided a favorable site for root 
growth in calcareous soil, yield of trees was not increased even after 3 year. 

Thus, as for young trees, the principal &kct of the CMW was improvement of soil water holding capacity. 
This condition enhanced pathogen reproduction in the mulches because P. nicotianae was favored by elevated soil 
moisture (Duncan et al., 1993). However, CMW appeared to increase toleranct to Phytophthora root rot. The benefits 
of CMW for increasing water and nutrient availability in soils low in organic matter mhanced mot health and uptake 
efficiency, and thereby reduced the impact of fibrous root disease and probably other soil stressts as well. 

CURRENT STATUS OF RESEARCH ON CITRUS 

Some limitations in the use of CMW have been encountered. Foremost is the availability of hgh quality 
sources of CMW near the citrus industry that can be supplied with minimal delivery cost. Most of the research has 
been conducted with a cmxmposted municipal solid waste (approx. 90%) with waste water miduals (1PA) from 
Sevierville, TN supplied by Bedminster Bioconversion. Cocomposted CMW has a faMrabe c/N ratio for microbial 
activity (19:l) and slow soil mineralization of nitrogen (Eichelberger 1994) so nitrogen leaching is not a concern. 

The local CMW tested in the early 1990s is no longer available (Reuter) and evaluation of CMW itom Palm 
Beach County has only recently been initiated. A grower/cooperator conducted a preliminary trial with Palm Beach 
C W  in 19% and reported that tbe material was very fibrous containing palm branch wastes and other coarse woody 
residuals that made spreading difficult. The Palm Beach material may also have bten high in salts, but thus far, 

CMW have not been a problem for citrus in contrast to the experience for vegetables residual salts in the- 
where growth of the first crop is rpmvwl inihaUy (obraa 1995). Very sandy soils facilitate rapid leaching of salts and 
thus, no effect on perennial citrus trees F v e  been observed oyer the longer term (at least one year to detect growth 
responses). The Palm Beach material spread in 1997 did not share the problems e x p e n d  with the 19% material, 
but t h ~ s  points out the requirement for CMWs to be consistent in quality through time if they are to be used 
commercially. 

. .  

Another major limitation to proceeding with further trials is the availability of a commercial applicator with 
the New Holland or equivalent spreader in southcentral Florida. Two cooperators representing about 25,000 acres 
of c o m m e d  grove land are at present unable to use C M W  due to the lack of the appropriate application equipment. 
These companies are unwilling to purchase a spreader given the high capital cost (appmx. S10,000-14,000) and the 
uncertain availability of high quality CMW. Nevertheless, our results have stimulated their interest in further trials 
of local CMW sources, especially in low organic matter, sandy soils. Current evaluation of the benefits of CMW 
mulches is focused on both young and old groves in depressional sand soils, where citrus trees have not responded to 
extra water and nutrient inputs and, thus, arc probably not manageable without soil a " m t s .  Reduced rates of 
CMW sources produced by local munipalities in close proximity to the citrus industry arc now under evaluation to 
further quant@ the benefits and costs of CMW applications. Although the responses an positive, it is unlikely that 
the horticultural benefits will offset the high cost of production and transport of CMW. However, as land fill space 
dmppears, the cost of production and transport of CMW will eventually be borne by the municipalities surroun&ng 
the citrus mdusuy. For example, Los Angeles County is now paying citrus growers to acccpt yard wastes for disposal 
in their citrus groves (J. A. Menge, University of California, Riverside, personal communication). 

_- 
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