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SUMMARY
Organic mulches were applied to two avocado and two citrus orchards over a four year period. Soil
moisture, weed suppression, tree canopy, root growth, soil/leaf nutrient status and fungal popula-
tions were measured. There was a pronounced effect of mulches on soil moisture (reduced evap-
orative loss) and weed growth (substantially reduced with mulch), but plant canopy and leaf nutri-
ent status changes were negligible during the time frame, although soil nutritional changes were
noted. An important effect of mulches on root architecture was an increase in root length and spa-
tial distribution in avocado, which was not found in citrus. This change in rooting pattern may par-
tially be responsible for improved disease resistance in avocado. 
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INTRODUCTION
Citrus, with a value of more than US$600 million, and avocados, with a value of more than US$240
million annually, are among the 10 top most valuable commodities grown in California. In 1990, a
law came into force which mandated the redirection of landscape trimmings from land fills to more
beneficial use. The subtropical tree crops industry has been viewed as a potential user of mulch
derived from diverted landscape materials. These crops have been targeted because of the rela-
tively high value of the crop being able to pay for the hauling and spreading of the materials.

The effects of yard trimmings as mulches have been shown to be highly beneficial to growth and
production of numerous crops. The effects have ranged from reduced water use (Opitz, 1974),
improved water infiltration (Gregoriou and Rajkumar, 1984; Jones, 1961), reduced weed growth
(Lanini, 1988), increased soil fertility (Weeks, 1945), control of soil-borne diseases (Hoitink, 1991)
along with myriad other effects (McNees, 1916). Avocado trees in particular may benefit from
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mulches since they are prone to a devastating disease caused by Phytophthora cinnamomi – avo-
cado root rot. This is a disease that is enhanced by soil and management conditions that exacer-
bate water logging. This disease affects about 75% of the California plantations. Citrus is also
affected by 2 species of Phytophthora which, although not as debilitating as avocado root rot,
affects nearly 100% of the citrus groves of Southern California. 

The purpose of this project was to evaluate the effects of mulch on the growth of citrus and avo-
cado and its effect on the respective soil fungal pathogens of these tree species.

MATERIALS & METHODS
The trial consisted of two lemon citrus orchards and two avocado orchards in coastal Ventura
County, 150 km north of Los Angeles. Pommer Ranch consisted of 3 year-old ‘Eureka’ lemons on
‘Macrophylla’ rootstock planted on a sandy loam, 3 km from the coast. Twenty replicate trees
received either a 2.5 cm layer of mulch, 7.5 or 15 cm initially and each year material was reap-
plied to the original depth. Twenty trees received no mulch. The mulched trees were treated annu-
ally with a raw yard trimming from 1994-98. Mulch was spread under the tree canopy out to the
drip line and also down the rows as a strip, mulch was kept away from the trunks. The trial was
irrigated by drip irrigation and the treatments were randomized in 5 blocks (4
trees/treatment/block). 

A second citrus orchard (Essick Ranch) was laid out in a similar fashion. The trees were ‘Navel’
orange on ‘Troyer’ rootstock. The soil was a loam soil irrigated by microsprinkler. This site was at
a higher elevation (800 m) than the Pommer site and was both colder in winter and hotter in sum-
mer than the Pommer site. At both sites, Phytophthora citrophthora and P. parasitica were present
in the soil. 

The avocado sites were both on clay loam soils and irrigated via microsprinkler. The Vanoni site
consisted of ‘Hass’ on either ‘Duke 7’, ‘Thomas’ or ‘Toro Canyon’ rootstocks. Sixteen trees of each
rootstock, randomized within the orchard, were treated with either no mulch or a freshly ground
Eucalyptus globulus mulch. Each tree received 1/3 cubic meter of mulch and the amount was
renewed annually the following 3 years to maintain a 15 cm depth. The Sprinkling avocado trial was
similar other than using a mixed yard trimmings mulch and consisted of ‘Duke 7’, ‘Thomas’ and
‘UC2011’ rootstocks. At both sites, Phytophthora cinnamomi was present. Both sites were 20 km
from the coast at 150 m elevation.

At all four sites, trees were evaluated for vegetative growth, tree appearance, fruit yield, leaf/soil
nutrients on an annual basis, root growth, Phytophthora sp. populations, soil water, and weed sup-
pression.  Vegetative growth was measured by trunk and canopy circumferences. Tree appearance
was on a relative scale of 0 to 5, with 5 being a dead tree. Root length was measured with the
Newman technique (Newman, 1966). Phytophthora numbers were measured by the most probable
number (MPN) technique (Alexander, 1982). Soil moisture tension was measured with tensiometers
(Irrometer Co., Riverside, CA, USA) at two soils depths (0.2 and 1 m) with stations in each repli-
cate plot. Weed densities were measured monthly by counting weed numbers in a 1 square meter
grid tossed randomly on to each replicate plot. Statistics were performed with StatView (SAS Insti-
tute, Cary, NC, USA).

RESULTS & DISCUSSION
The most pronounced immediate effects of the mulch are demonstrated at the Pommer and Essick
citrus plots. Figure 1 demonstrates the reduced evaporative loss from plots that have received
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mulch. Soil moisture tension was consistently higher in unmulched plots at all trial sites. This dif-
ference required growers to make adjustments to their irrigation schedules to accommodate the
higher soil moisture contents that could be conducive to root rots. The other immediate effect was
reduced weed populations in the mulched plots (Figure 2). A 15 cm mulch depth resulted in the
greatest reduction in weeds, but even the 2.5 cm depth had some effect.

At all sites there was a difference in soil nutritional levels between mulch treatments and controls
(Table 1), after four years of mulch applications. However, even in the most pronounced example
of a difference in soil nutritional levels at the Vanoni avocado site, there were not markedly differ-
ent leaf nutritional levels (Table 1). There were slight but significantly lower levels in N, P, K, Mg,
Zn, and higher pH in soils with no mulch, but these soil changes had only a moderate effect on a
lower leaf Zn. At three of the sites, there was no difference in canopy volume in either lemon,
orange or avocado trees (Table 2). 

At the Sprinkling avocado site there was a change in canopy volume and this was influenced by the
rootstock (Table 3). ‘Duke 7‘ is a clonal rootstock which has moderate resistance to root rot, where-
as ‘UC2011’ and ‘Thomas’ have some of the greatest resistance to root rot of all the selections in
the UC Riverside breeding program. All of the mulched rootstocks had an improved visual rating
(Table 3), but the ‘Duke 7’ had the greatest growth response.

The more pronounced growth of ‘Hass’ on ‘Duke 7’ is thought to be partially a result of a change
in root architecture. At both avocado sites there was an increase in root length resulting from the
mulch (Table 4). This was not the case at the two citrus sites. In the case of both avocado sites,
roots were found growing in the mulched volume.

On closer examination of avocado root length, root infection and Phytophthora populations at the
Sprinkling site, it became apparent that the root distribution had changed, such that the roots had
grown out of the soil into the better aerated mulch environment (Table 5). This environment had
lower fungal pathogen numbers and lowest incidence of diseased roots (Table 5).

Ongoing research is evaluating the disease suppression of mulches, but there is clearly a physical
effect of mulches on root architecture, as well as other soil physical effects such as soil moisture.
The long-term nutritional and biological effects may also be important, but as can be seen in this
trial, they are not significant on these soils in this environment during the time frame of this trial.
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Table 1. Effect of mulch on selected soil and avocado leaf nutritional levels after 4 years of mulching at  Vanoni site.

* Mean values followed by identical letters are not statistically different according to ANOVA at P=0.05.

Table 2. Effect of mulches on canopy volume (cubic meters) after 4 years of mulching.

* Mean values followed by identical letters are not statistically different according to Waller's k-ratio test.
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no mulch 15.24 A * 10.58 A 25.1 A
2.5 cm 16.31 A 9.98 A NA
7.5 cm 11.77 A 9.45 A NA
15.0 cm 12.80 A 9.36 A 25.7 A

Treatment Lemon Orange Vanoni Avocado

Soil (%) (ppm) (ppm) (meq/L) (meq/L) (ppm) (ppm)
mulch 1.59 A* 17.6 A 284.6 A 26.7 A 9.9 A 7.3 A 30.7 A 7.19 B
control 1.22 B 12.2 B 218.3 B 26.8 A 8.1 B 6.7 B 23.7 B 7.26 A

Leaf (%) (%) (%) (%) (%) (ppm) (ppm)
mulch 2.54 A 0.49 A 1.15 A 1.43 A 0.38 A 20.0 A 35.5 A
control 2.80 A 0.47 A 1.12 A 1.45 A 0.38 A 19.3 B 36.7 A

Treatment N P K Ca Mg Zn Mn pH



Table 3. Effect of mulches on canopy volume (cubic meters) and tree health on avocado trees with 3 different root-
stocks after 4 years of mulching at Sprinkling.

* Mean values followed by identical letters are not statistically different according to Waller's k-ratio test.
** 0-5, 5 is dead.

Table 4. Effect of mulch on root length in citrus (2 sites) and avocado (2 sites) trials.

* Mean values in each column followed by identical letters are not statistically different according to Waller's k-ratio test
1: Sprinkling, 2: Vanoni

Table 5. Effect of mulch on avocado root length, root infection and fungal populations from samples taken at various
depths at Sprinkling site.

* Mean values in each column followed by the same letter are not significantly different according to two-way ANOVA and
LSD (P<0.05) using 5 replications of mulched and unmulched tree pairs.
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Treatment Can. Vol. Rating ** Can. Vol. Rating Can. Vol. Rating
control 1.49 B 1.83 A 2.25 A 1.33 A 3.24 A 0.46 A
mulch 2.81 A 0.43 B 2.86 A 0.52 B 3.79 AB 0.12 A

Duke 7 UC2011 Thomas

Mulched Tree
mulch surface 0.00 B * 0.00 B 0.0 B
mid-mulch 8.34  AB 0.00 B 0.0 B
interface 22.71 AB 0.40 B 0.0 B
soil 7.5 cm 6.70 AB 1.20 A 1.2 A
soil 15 cm 8.80 AB 0.80 AB 0.6 AB

Unmulched Tree
soil surface 0.00 B 0.0 B 0.0 B
soil 7.5 cm 37.34 A 0.4 B 1.0 A
soil 15  cm 6.95 B 1.0 A 0.4 AB

Location Root Length (cm) Root Infection (#/root) Phytophthora (MPN)

Control 7.1 A 14.6 A 13.3 B 5.1 B
Mulch 6.1 A 8.7 A 19.0 A 14.5 A

Lemon Orange Avocado 1 Avocado 2
Treatment

Root length (cm/100 cc soil) *
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Figure 1. Soil moisture tension under mulched and unmulched trees after an irrigation at Vanoni site.  Standard error bars
for each sampling date are for the means of sixteen trees for each treatment.
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Figure 2. Percentage weed cover at Essick plots with different depths of mulch from April 1994 to April 1996. Mulch
depths were maintained 


