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ABSTRACT

Due to the phytotoxic hazards of herbicides applied in 'Tahitian' lime (Citrus aurantifolia
Swingle) orchards less than one year old, non-chemical methods of controlling weeds and
enhancing tree growth were compared. An unweeded control, hand weeding, mechanical
mowing, polyester geotextile fabric, eucalyptus (Eucalyptus robusta Sm.) mulch, lychee (Litchi
chinensis Sonn.) mulch, and oxyfluorfen herbicide were selected to determine their effectiveness
in a newly planted lime orchard. All treatments significantly reduced weed dry weight compared
to the hand weeded control.- There were no significant differences in weed control among the
oxyfluorfen, polyester fabric mulch, lychee mulch, and eucalyptus mulch treatments.
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INTRODUCTION

Prior to the early 1960s, orchard floor management consisted of continuous cultivation
during the growing season (Lord and Vlach, 1973; White and Holloway, 1967). Today, annual
and perennial weeds are still adequately suppressed by cultivation practices (Klingman and
Ashton, 1982) though the disadvantages of cultivation are well documented (Cary 1978; Haynes,
1980). With increasing labor and equipment costs, cultivation has also become more expensive
(Tucker and Muraro, 1980).

Sod culture gradually replaced cultivation in many orchards by the 1960s (Haynes and
Goh, 1980). Although sod culture was successful in reducing the destructive effects of
cultivation, it had some serious problems (Jordon and Day, 1973).

Mulches have been successfully used to increase the growth and vigor of fruit trees
(Haynes, 1980; Lord and Vlach, 1973). Additional benefits from mulching can potentially be
obtained by using mulches with allelopathic properties. Allelopathy has been reported to be
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significant in controlling the understory vegetation under Eucalyptus camaldulensis (Del Moral
and Muller, 1969a), E. baxteri (Del Moral et al., 1978), and E. globulus (Del Moral and Muller,
1969b).

Oxyfluorfen is not currently registered for use in bearing lime orchards, and herbicides
can be phytotoxic in less than one-year-old lime orchards. The objective of this study was to
evaluate the potential of a known allelopathic mulch (Eucalyptus robusta Sm.) and a non-
allelopathic mulch (Litchi chinensis Sonn.) in suppressing weeds and enhancing tree growth in
a newly planted, non-irrigated 'Tahitian' lime (Citrus aurantifolia Swingle) orchard. The
performance of the mulches was compared with more established weed control methods.

MATERIALS AND METHODS

This experiment was initiated on July 25, 1986 in Mililani, Oahu at an elevation of 340
m with an annual precipitation of 150-200 cm. The field was subsoiled to a depth of 46 cm and
disked prior to tree planting. Two-year-old ‘Tahitian’ lime trees grafted on Citrus volkameriana
rootstock were planted in non-irrigated raised beds approximately 20 cm high with treatment
plots 2 m wide by 10 m long. There were two trees centered in each treatment plot spaced at 5
m within rows and 5 m between rows. All but 3 main limbs were removed from the trees at
planting.

The experimental design was a randomized complete block with eight replications.
Experimental trees were planted in blocks oriented in an east-west direction. Experimental
blocks were in the middle of the orchard with several guard rows bordering the experimental
field. Treatments consisted of the following:

a) Control--weeds were allowed to remain in the plots until the completion of the
experiment.

b) Warren's “Terrabond” polyester geotextile fabric (85 mm thickness) (Warren's Turf
Nursery, Inc., Crystal Lake, IL).

c) Lychee organic mulch--applied at 200 tonnes/ha. Lychee limbs (maximum diameter 16
cm) and leaves were mechanically shredded into chips approximately 0.25 cm thick by
2 cm wide by 6 cm long.

d) Mechanically mowed--with a weed whip at 169, 232, 302, and 372 days after planting.

e) Chemical herbicide--oxyfluorfen at 0.9 kg active ingredient per ha applied at 169, 232,
302, and 372 days after planting.

) Hand weeding--with hoes and sickles.

g) Eucalyptus organic mulch--applied at 200 tonnes/ha. Eucalyptus limbs (maximum
diameter 16 cm) and leaves were mechanically shredded into chips.

Weeds were hand harvested with hoes and sickles from a 0.5 m? sample area in the
middle of the treatment plot. Sample time for weed harvests were 169, 232, 302, and 372 days
after the trees were planted. All aboveground weed biomass was oven dried at 72°C for 4 days
and weighed.
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Lime tree growth for the eucalyptus mulch treatment was measured at 10, 113, and 354
days after planting. The trunk diameter of the scion 25 mm above the graft union was measured.
Two measurements were recorded at the same height, rotated 90° about the trunk axis and
averaged to compensate for irregularities in trunk diameter. Limb diameter of the 3 limbs 5 mm
above the trunk/limb union to the terminal end of the limbs was taken. Lengths of the 3 limbs
were measured (and combined) from the trunk/limb union to the terminal end of limbs. Total
‘ leaf count for the 3 limbs was recorded for each tree.

RESULTS AND DISCUSSION

Visual observations of the treatments suggested that oxyfluorfen provided better weed
control than the mulch treated plots. Many oxyfluorfen treated plots were totally without weeds,
whereas the mulch treated plots contained weeds that gave the appearance of being a less
effective control. However, statistically there were no differences in weed dry weights (Table
1). Hand weeded plots had significantly greater weed dry weight than all the other treatments
(Table 1). Mean weed weights for all treatments decreased from January to March (Figure 1).
The polyester fabric mulch, lychee mulch, oxyfluorfen, and eucalyptus mulch treatments were
equally effective in reducing weed dry weight (Table 1).

The control trees had a significantly smaller trunk and limb diameter (combined) than
trees of the other treatments 113 and 354 days after planting (Table 2). Limb length of the
control trees was significantly less than those of the other treatments at 354 days after planting
but not at 113 days. Leaf number of the control trees was significantly less than that of the other
treatments 113 and 354 days after planting.

Trees in the oxyfluorfen treated plots had greater trunk and limb diameters (combined)
compared to the mulch treated trees at 113 and 354 days after planting (Table 2). Limb length
of the trees in oxyfluorfen treated plots was not significantly different from that of the mulch
treated trees at 113 and 354 days afier planting. Leaf number of the trees in the oxyfluorfen
treated plots was significantly greater than that of the mulch treated trees at 354 days after
planting, but not at 113 days.

Trees in the polyester fabric mulch plots were not significantly different in trunk and limb
diameter (combined) and limb length from the lychee mulch and eucalyptus mulch treated trees
at 113 and 354 days after planting (Table 2). Leaf number of the trees in the polyester fabric
mulch treated trees was significantly less than that of the lychee mulch and eucalyptus mulch
treated trees at 113 days after planting. There were significant differences in leaf number at 354
days after planting among the muiches.

. Lychee mulch treated trees had significantly greater trunk and limb diameter (combined)
than eucalyptus mulch treated trees at 113 days after planting, but not at 354 days (Table 2).
There was no significant difference in limb length and leaf number between the eucalyptus and
lychee mulched trees at 113 and 354 days after planting.

Trees in the oxyfluorfen treated plots had significantly greater trunk and limb diameter
(combined) and leaf number than the other treatments at 113 and 354 days after planting (Table
2). There was no significant difference in limb length of the trees in the oxyfluorfen treated plots
and the other treatments at 113 days after planting.
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Due to the allelopathic properties of eucalyptus (Del Moral and Muller, 1969; Patrick et
al., 1963), eucalyptus mulch was expected to control weeds better than the lychee mulch, which
is not known to have allelopathic properties. However, results from this experiment showed that
the eucalyptus mulch and lychee mulch were equivalent in their weed control ability. Either both
mulches were allelopathic or the physical presence of the mulches provided the observed level
of control.

The polyester fabric mulch proved to be durable and effective in inhibiting weeds from
growing through it. However, it did not prevent weed seeds from germinating on its surface and
penetrating into the soil below. The polyester fabric mulch accumulated wind-blown soil and
provided a suitable environment for weed seed germination. The polyester fabric mulch was so
strong that the lime trees were girdled as the trunks grew into the fabric. Increasing the diameter
of the opening around the tree corrected this problem, but allowed weeds to emerge from the
enlarged hole. This fabric was considered unsuitable for weed control in a commercial lime
orchard.

Many trees in the mechanically mowed plots were chlorotic as has been reported in apple
trees (Stott, 1976). Weller et al. (1985) reported that young peach trees grown with common
bermudagrass ground covers were stunted and chlorotic. Many trees grown under grass in this
experiment were also stunted and had chlorotic leaves. The leaf chlorosis and growth reduction
may be due to competition with the trees for moisture (White and Holloway, 1967), nitrogen
(Stott, 1976), and other nutrients (Jordon and Russel, 1981).

Trees in the hand weeded plots were smaller than those in all other treatments except the
controls. Hand weeding was more time consuming than the other treatments and would not be
recommended for weed control in orchards when other methods are available.

Based on the results of this experiment, the use of oxyfluorfen in newly planted, non-
bearing lime orchards appears to be suitable to commercial operation for weed control in Hawaii
(Rohm and Haas Co., 1988). Oxyfluorfen is not currently registered for use in bearing lime
orchards. A combination of organic mulches and a postemergence herbicide such as glyphosate
could be employed. The mulch would suppress many weeds, and the glyphosate could then be
used as a spot treatment for weed control.

Mulches derived from leaves and limbs from fruit orchards other than lychee should be
investigated. If heavy annual pruning is a part of management practices, chipping of limbs for
mulch may prove to be cost-effective by eliminating the need to remove branches and providing
a degree of weed control.
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Table 1. Effect of weed control methods on weed dry weight in a
newly planted ‘Tahitian’ lime orchard in Mililani, OQahu. Values
represent the sum of 8 replications.

Weed dry weight (g)
Harvest date
Treatment (days after planting)
no. Treatment 169 354
1 Polyester fabric muich 32 7.8
2 Lychee mulch 18 15.0
3 Oxyfluorfen 11 0.1
4 Hand weeding 108 93.0
5 Eucalyptus muich 34 159
Contrasts

4vs. 1,2,3,5 okk xk
3vs. 1,2,5 NS NS
1vs.2,5 NS NS
2vs. 5 NS NS

NS, *** Nonsignificant (NS) or significant at P = 0.001.
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Figure 1. Weed weight per plot for 5 weed control treatments in & newly pianted ‘Tahitian” lime
orchard in Mililani, Oahu. Values represent the sum of 8 replications.
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Table 2. Effects of weed control methods on tree growth in a newly planted lIime orchard. Values
represent the sum of § replications.

113 Days? 354 Days
Limb Limb
Treatment Diameter  length Leaf  Diameter Length Leaf
no. Treatment (mm) (mm) number (mm) (mm) number
1 Polyester fabric mulch 102 2648 318 204 5911 2438
2 Control 96 2571 318 149 4410 851
3 Lychee mulch 119 3219 554 229 5947 3942
4 Mechanical mowing 105 2923 414 177 4668 1168
5 Oxyfluorfen 123 3186 606 246 6614 4845
6 Hand weeding 103 2708 434 201 5679 3256
7 Eucalyptus mulch 106 2912 573 218 5829 3320
Contrasts
2vs. 1,3,4,5,6,7 * NS * *okxk >k *okx
5vs. 1,3,4,6,7 - *ok NS * * * *okok
5vs. 1,3,7 * NS NS * NS **
7vs. 1,3 NS NS NS NS NS NS
1vs. 3,7 NS NS *x NS NS NS
7vs. 3 * NS NS NS NS NS

ZDays after planting. '
NS, **,*** Nonsignificant (NS) or significant at P = 0.05, 0.01, or 0.001, respectively.
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