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Abstract. Commer cially used citrusrootstockscan all be seriously damaged by lar vae of
thesugar caneroot weevil, Diaprepesabbreviatus(L .). Six greenhouse challenge experi-
ments were used to compare the resistance of 24 selections of citrus rootstocks and
related speciestothisweevil by measuring root damage, and larval growth and survival.
Thecommercial rootstockstested wer efound to besusceptible, whileat least seven other
species within the subfamily Aurantiodeae were observed to be significantly more
resistant. The species Balsamocitrus dawei Stapf. was most resistant to weevil larvae,
exhibited less root damage than commonly used rootstock cultivars, and significantly
depressed larval growth and survival. The species Glycosmispentaphylla (Retz.) Correa,
Microcitrus australis (Planch.) Swing., Eremocitrus glauca (Lindl.) Swing., Severinia
buxifolia (Poir.) Tenore, Triphasia trifolia (Burm. f.) P. Wils., and Citrus hystrix DC.
suffered as much damage from the weevil as common rootstock cultivars but signifi-
cantly depressed growth of larvaefeedingon them. Onenew hybrid rootstock, HRS-801,
also significantly depressed D. abbreviatuslarval growth, but thiseffect hasnot yet been
verified as having significance in along-term or field situation. Several strategiesare
discussed for developing citrus rootstocksresistant to D. abbreviatus.

Thesugar caneroot weevil isadevastating
pest of citrusand other cropsin many parts of
Florida and the Caribbean (Beavers et d.,
1979; Schroeder and Beavers, 1977). Sinceits
first discovery in Florida in 1964, D.
abbreviatus has spread from asmall areanear
Apopka (Orange County) to encompass 20
counties from central to south Florida. The
adult weevil feedson thefoliage, but themain
damage to the citrus tree is caused by larval
feeding on roots. Some chemical and biologi-
cal control agentsareavailable, but no combi-
nation of theseisboth affordableand effective
(Anonymous, 1994; McCoy et al., 1996;
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Schroeder, 1988). Although many different
citrus rootstocks are available, previous ef-
forts to identify cultivars with a significant
level of fieldresistanceto D. abbreviatushave
been unsuccessful (Beavers and Hutchison,
1985; Grosser and McCoy, 1996; Norman et
al., 1974; Shapiro and Gottwald, 1995). Re-
cently, we reported that one citrus relative,
Glycosmis pentaphylla, was resistant to
Diaprepes weevil in greenhouse testing and
diet feeding assays (Shapiro et a., 1997).

The objectives of this study were to sur-
vey the subfamily Aurantiodeae and some
untested rootstock cultivarsfor resistanceto
D. abbreviatus. Testing was conductedin six
separate greenhouse experiments using the
common rootstock ‘Carrizo’ citrange as a
standard, susceptible genotype for compari-
son. Root loss, larval survival, and larval
growth were measured.

Materials and M ethods

Seeds of selected citrus rootstocks and
relatives were harvested from fruit, dried,
and stored at 4 °C until use. A special effort
was made to include citrus relatives that had
not been tested previously for resistance to
Diaprepes root weevil (Table 1). Common
rootstocks used for =85% of the commercial
acreagein Floridaand several promising new
rootstock cultivarswerealsotested (Table2).
Seeds of B. dawei, C. hystrix, Clymenia
polyandra (Tan.) Swing., E. glauca,
Fortunella hindsii (Champ.) Swing., G.
pentaphylla (Expt. 6) and M. australis were
provided by the U.S. Dept. of Agriculture
(USDA) National Clonal GermplasmReposi-

tory for Citrus and Dates (Riverside, Calif.).
Seedsof Afraeglepaniculata(Schum.) Engl .,
G. pentaphylla (Expts. 3 and 5), Murraya
paniculata (L.) Jack, S. buxifolia, and T.
trifolia were collected from the Florida Cit-
rusArboretum, Winter Haven. All other seeds
were obtained from the USDA Whitmore
Foundation Farm, Groveland, Fla. Seedswere
planted in a peat/perlite/vermiculite potting
mix (Pro-Mix BX: Premier Horticulture, Red
Hill, Pa.) at a rate of one seed per cell (140
cm? volume) in multi-cell trays (Multi-Pots;
Can-Am Containers, Springhill, N.S.). Cit-
rus hystrix plants were propagated as cut-
tings from two uniform seedlings to mini-
mize the effects of seedling variability. For
all other genotypes, uniform healthy seed-
lings were selected for testing from larger
populations. Individual seedlingsweretrans-
planted to 3.7-L containers when they were
3-9 months old and maintained on elevated
benches in a greenhouse with an average
diurnal temperaturecycleof 35°C maximum
and 23°C minimuminthesummer, and 32°C
and 20 °C in the winter. For Expts. 1-5, the
same potting mix was used for transplanting
to 3.7-L containers as for seed starting. For
Expt. 6, plants were transplanted into 3.7-L
containersusing apotting mix lacking perlite
(Metro Mix 500; Scotts Sierra Horticultural
Products Co., Marysville, Ohio) to make it
easier to separate the larvae from the potting
mix at the end of the experiment. At thetime
of transplanting, 0.5 g Kocide 101 (cupric
hydroxide; Griffin Corp., Vadosta, Ga.) and
1 g Sequestrene 138 Fe (chelated iron; Ciba-
Geigy Corp., Greensboro, N.C.) were ap-
plied to the containersto provide copper and
iron to the growing plants. No supplemental
light was supplied. The natural photoperiod
fluctuated from 13.5 h in summer (using
sunrise to sunset) to 10.25 h in December.
Maximum photosynthetic photon flux (PPF)
inthe greenhousewas800 pmol -s*-m2, Dur-
ing initial growth, irrigation alternated be-
tween nonamended well water and a water
soluble fertilizer mix, 15N—7P-14K (Peters
Fertilizer Products; W.R. Grace, Fogelsville,
Pa.) applied with a proportioner at a rate of
380 mg-L* N. During the later stages of
growth and the period of infestation, plants
were watered with a dilute fertilizer mix at
every irrigation using a water soluble 20N—
4.3P-16.6K at arate of 150 mg-L* N.
When plantswere 0.75-1.5 m tall and 7—
18 monthsold (27 monthsoldfor Eremocitrus
glauca, which growsvery slowly), they were
inoculated with weevil larvae. Healthy D.
abbreviatus larvae =1 month old, weighing
18-38mg, weresel ected fromacolony reared
on artificial diet maintained at the U.S. Hor-
ticultural Research Laboratory in Orlando.
Ten larvae were inserted into the soil in each
pot in aring around the trunk of the plant,
halfway between trunk and pot edge, and
halfway between the soil surface and bottom
(8-cm depth). Seven plants of each genotype
were infested with larvae (except F. hindsii,
wherethreewereused) and sevenwereleft as
controls. Test plants were maintained in a
greenhouseasdescribed abovefor 5-6 weeks



Table 1. Germplasm in Aurantiodeae subfamily? tested for resistance to Diaprepes abbreviatus.

Tribe Subtribe Group Species Ref .Y
Clauseneae Micromelinae None tested
Clauseneae Clauseninae Murraya paniculata (L.) Jack 4
Clauseneae Clauseninae Glycosmis pentaphylla (Retz.) Correa 3,4
Clauseneae Merrilliinae None tested
Citreae Triphasiinae Triphasia trifolia (Burm. f.) P. Wils. 4
Citreae Citrinae A Severinia buxifolia (Poir.) Tenore 1,4
Citreae Citrinae B Citropsis gilletiana Swing. & M. Kell. 4
Citreae Citrinae C Fortunella hindsii (Champ.) Swing. 4
Citreae Citrinae C Eremocitrus glauca (Lindl.) Swing. 4
Citreae Citrinae C Poncirustrifoliata (L.) Raf. 1
Citreae Citrinae C Clymenia polyandra (Tan.) Swing. 4
Citreae Citrinae C Microcitrus australasica (F. Muell.) Swing. 1
Citreae Citrinae C Microcitrus australis (Planch.) Swing. 4
Citreae Citrinae C Citrus aurantium L. 1,24
Citreae Citrinae C Citrus hystrix DC. 4
Citreae Citrinae C Citruslimon (L.) Burm. f. 1
Citreae Citrinae C Citrus macrophylla Webster 1,2
Citreae Citrinae C Citrusreticulata Blanco 1,24
Citreae Citrinae C Citrussinensis (L.) Osbeck 1
Citreae Basamocitrinae A None tested
Citreae Basamocitrinae B Afraegle paniculata (Schum.) Engl. 4
Citreae Basamocitrinae B Balsamocitrus dawei Stapf. 4
Citreae Basamocitrinae C None tested

zSwingle (1967).
¥1 = Beavers and Hutchison (1985); 2 = Shapiro and Gottwald (1995); 3 = Shapiro et a. (1997); 4 = This

manuscript.

to allow larvae to feed on the roots. During
this initial 6 week period, D. abbreviatus
larvaefeed and grow most rapidly. After this
feeding period, rootswerewashed free of soil
mix and recovered larvae were counted and
weighed (Shapiro et al., 1997). Root masses
of both infested and control plants were sev-
ered at the soil line, air-dried, and weighed.
Theaverageroot weight of seven noninfested
plants of each genotypewas calcul ated at the
end of the experiment. The amount of root
loss due to feeding of D. abbreviatus was
estimated for each replicate (pot) as the dif-
ference between thismean value and theroot
weight for each infested plant. A comparison
of infested to noninfested plants of each cul-
tivar independently by t test was used to
determine resistance based on root damage
because of uncontrolled factors that varied
between and within experiments. Shapiro
and Gottwald (1995) expressed root lossas a
ratio of infested root weight : uninfested root
weight. We did not use this conversion
because our initial root weights varied
considerably and a ratio comparison would
bias resistance estimates to favor selections
withlargerinitial root weights. Instead, resis-
tance to root damage by larvae was assessed
by at test comparison of root weight for
infested and noninfested plantsof each selec-

Table 2. Common and new hybrid rootstocks tested for resistance to Diaprepes tion. Resistant types were those with no

abbreviatus. significant difference (P < 0.05) in root dry
Commercial weight between treated plants and the
Name/Code Parentage utilization? noninfested controls.
Carrizo citrange Citrus sinensis x P. trifoliata 24 For comparison of meansfor larval growth
Swingle citrumelo C. paradisi Macf. x P. trifoliata 53 and survival among rootstocks and species
Smooth Flat Seville Citrus hybrid, parentage unknown 4 within experiments, a single factor analysis
gﬂr%?:nzga g ;ﬁ'gﬁ:ﬁ}; g of variance (ANOV A) was used, followed by
Yuma probably C. paradisi x P. trifoliata 0 Tukey shonest_IySIgnlflcant dlffer(_ance.(HSD)
HRS-801 C. reticulata x P. trifoliata 0 test (SAS version 6.08, SAS Institute; and
HRS-802 C. grandis (L.) Osbeck x P. trifoliata 0 Statisticaversion5.0, Statsoft, Tulsa, Okla).
HRS-812 C. reticulata x P. trifoliata 0 All statistical comparisons used ‘Carrizo’
HRS-896 C. reticulata x P. trifoliata 0 citrange as the standard because it is a com-
HRS-941 C. reticulata x P. trifoliata 0 monly planted rootstock and is widely ac-
HRS-1101 C. reticulata x C. macrophylla 0 cepted as susceptible to D. abbreviatus.

For easy comparisons of cultivars/selec-
tionsincluded in different experiments, root

zPercentage of Floridacitrus nursery trees propagated on thisrootstock over thelast
7 years, asindicated by Florida Dept. of Agriculture (1998).
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Fig. 1. Relationship of noninfested root weight to infested root consumed. Fig. 2. Relationship of noninfested root weight to larval weight gain.



loss and larval growth were converted to a
numerical value that ranged from 1 to 4,
where 1 = highly susceptible, 2 = susceptible
(by definition ="*Carrizo’), 3 = resistant, and
4 = highly resistant. For the nine selections
tested in more than one experiment, the sum-
mary rating of each of the resistance mea-
sures was expressed as an average of the
values from each experiment. An overall re-
sistance rating (average of the measures of
root loss and larval growth) was also calcu-

lated. This rating is proposed as an aid for
quantifying levels of resistancein aprelimi-
nary study until more detailed information
can be collected on resistance of individual
selections.

Results

Each experiment identified one or more
citrus rootstocks or citrus relatives that dif-
fered significantly from ‘' Carrizo’ by at least

Table 3. Mean root damage to rootstocks in six experiments, means + se.?

Root wt (g)
Species/cultivar Noninfested Infested Py Rating*
Expt. 1. Jan. 1996
Carrizo 349+30 141+12 0.000 S
Swingle 183+18 76+12 0.000 S
Sun Chu Sha 472+50 21.8+36 0.001 S
HRS-801 16.0+£0.9 80+0.7 0.000 S
HRS-802 75.2+46 39.8+33 0.000 S
HRS-812 335+40 124+ 15 0.000 S
HRS-896 30.7+38 131+11 0.001 S
HRS-941 293+26 10712 0.000 S
Afraegle paniculata 57.7+£29 30.6+4.8 0.000 S
Expt. 2. June 1996
Carrizo 446+ 8.3 21.3+16 0.018 S
Swingle 37117 131+14 0.000 S
HRS-801 231+38 71+15 0.002 S
HRS-802 395+6.3 359+50 0.655 R
HRS-896 244+21 79+14 0.000 S
Smooth Flat Seville 64.5+20.6 522+ 6.0 0.576 R
Balsamocitrus dawei 420+ 8.6 46.0+12.9 0.802 R
Yuma 55.4+49 348+33 0.005 S
Citropsis gilletiana 729+ 158 39.0+5.2 0.064 R
Expt. 3. July 1996
Carrizo 220+15 9.7+14 0.000 S
Swingle 298+23 9.1+14 0.000 S
HRS-1101 415+38 145+23 0.000 S
Severinia buxifolia 274+53 9.8+23 0.011 S
HRS-941 326+39 113+13 0.000 S
Microcitrus australis 33.0+59 9.7+15 0.002 S
Murraya paniculata 29.3+6.6 204+35 0.256 R
Glycosmis pentaphylla  37.5+5.2 329+41 0.501 R
Eremocitrus glauca 152+12 60+12 0.000 S
Expt. 4. Dec. 1996
Carrizo 297+18 206+35 0.039 S
Swingle 41.0+£3.7 20.0+45 0.003 S
HRS-802 66.3+55 443+55 0.015 S
HRS-812 487+51 271+20 0.002 S
HRS-896 41.7+43 295+32 0.043 S
Sun Chu Sha 62.8+9.2 458+ 4.4 0.120 R
Triphasia trifolia 264+34 11.5+1.0 0.001 S
Clymenia polyandra 292+7.0 54+13 0.006 S
Citrus hystrix 17.8+5.0 56+17 0.037 S
Fortunella hindsii 27.2+86 40+05 0.055 R
Expt. 5. Oct. 1997
Carrizo 264+28 92+12 0.000 S
Swingle 27.0+35 40+£10 0.000 S
Glycosmis pentaphylla  23.1+3.2 7.7+£10 0.001 S
Expt. 6. May 1998
Carrizo 129+0.7 6.3+0.9 0.000 S
Swingle 183+1.8 73+£10 0.000 S
Glycosmis pentaphylla  21.3+2.9 104+1.2 0.005 S
HRS-802 264+1.7 124+14 0.000 S
HRS-896 171+10 95+15 0.001 S
HRS-941 208+1.8 114+21 0.005 S
Citrus aurantium 20.7+x11 42+05 0.000 S

2For each species or cultivar, means for seven infested plants were compared with the mean of

seven noninfested plants.
ySignificancein t test.

*Ratings: S=susceptible; infested were significantly different from noninfested plants, P <0.05.
R = resistant; infested were not significantly different from noninfested plants, P > 0.05.

one of the measures of resistance studied
(Tables3and 4). Both highly susceptibleand
resistant types were identified within some
individual tests, and results for genotypes
included in more than one test were con-
sistent from one test to another for most
cultivars.

Shapiro and Gottwald (1995) suggested
that the rootstock ‘Swingle’ citrumelo was
somewhat more resistant to the weevil than
‘Carrizo’. However, during repeated testing
wefound no consistent differencebetweenthe
two cultivars. In particular, root loss, larval
survival, and larval growth were statistically
indistinguishable for the two cultivarsin five
of the six experiments (Tables3and 4). Inthe
remaining experiment (Expt. 1), less larval
growth occurred on ‘Swingle’ than on
‘Carrizo’, while root loss and larval survival
were indistinguishable.

Because* Carrizo’ and‘ Swingle' appeared
similar in weevil resistance, datacollected for
the two cultivars were used to examine the
rel ationship betweenroot lossfrominfestation
and noninfested root weight (Fig. 1). There
was a correlation between these two param-
etersfor both‘ Carrizo’ (r2=0.726, P < 0.031)
and ‘Swingl€’ (r?2=0.674, P < 0.045).

In three of the six experiments, no signifi-
cant differences in percentage root |oss were
observed between the cultivars/speciestested.
Plantsof B.dawei, M. paniculata, C. gilletiana,
‘Smooth Flat Seville’, ‘Sun Chu Sha!, G.
pentaphylla, and the hybrid HRS-802 did not
suffer significant root loss from feeding of D.
abbreviatusin at least one experiment.

Therel ationship between noninfested root
weight and larval weight gain was nonsig-
nificant for either ‘Carrizo’ (r2=0.056, P <
0.651) or ‘Swingle' (r2 = 0.319, P < 0.243)
(Fig. 2). We conclude that larval growth and
survival were not limited by availability of
food, demonstrating that our level of infesta-
tions and test duration were appropriate to
minimize competition between larvae for
nutritional resources. To evaluate resistance
by larval growth, thelarval weight gained on
each species was compared with ‘Carrizo’
for each experiment. Several of the species
supported significantly less larval growth
than ‘Carrizo’, including B. dawei, C.
polyandra, S buxifolia, M. australis, G.
pentaphylla, E. glauca, T. trifolia, C. hystrix,
and hybrids HRS-801, HRS-896, and HRS-
941 (Table 4).

Some cultivars/species differed signifi-
cantly from ‘Carrizo’ in larval survival in
some experiments. However, larval survival
appearedtofollow the samepatternsaslarval
growth, but wassomewhat lesssensitivethan
the latter measure of plant resistance. All
significant differencesthat were observedin
larval survival were mirrored by significant
differencesin larval growth. Therefore, lar-
val survival was not included in the overall
summary and resistance rating described be-
low. Many of the 23 other genotypes tested
during the course of the six experiments dif-
fered little from the standard, ‘Carrizo’, in
apparent susceptibility to D. abbreviatus|lar-
vae (Tables 3 and 4).



Table 4. Larval survival and growth on rootstocksin six experiments, means + se. Based on these experiments, the species
Balsamocitrusdawei hasahighlevel of resis-

Species/aultivar % % tanceto D. abbr evi atus larvae, suffering Iit;le
rootdamageandinhibitinglarval growth, while
Expt. 1. Jan. 1996 G. pentaphylla, E. glauca, M. australis, S.
Carrizo ol+1 S 1805 S buxifolia, T. trifolia, and C. hystrix have a
gu"’r"”gLi ha gﬁf g g i% f 2 F; lesser level of resistance that was evidenced
HRS-801 76+2 R 151+8 R mainly by adepressioninlarval growth (Table
HRS-802 89+ 5 s 206+ 4 s 5). The cuttings of C. hystrix used in testing
HRS-812 93+4 S 160+ 7 S appeared healthy and similar to seedlings.
HRS-896 87+4 IS 138+ 8 HR However, it should be noted that if seedlings
HRS-941 89+3 S 166+ 4 S had been used for this cultivar, rather than
Afraegle paniculata 94+2 S 155+ 6 S cuttings, there would have been more genetic
P (F test) 0.003 0.0001 variability among the plants tested and differ-
Expt. 2. June 1996 encesinroot structuremight have affected test
Carrizo 9%+ 3 S 185+ 8 S results. All of thecommercially usedrootstocks
Swingle 89+3 S 185+ 5 S that wetestedintheseexperiments(‘ Swingle',
HRS-801 7715 R 122+7 HR *Smooth Flat Seville', * Sun Chu Sha', and C.
:Sgggg gg f i g igg f él g aurantium), many new _hybrid rootstocks, _and
Smooth Flat Seville 96+ 2 s 190+ 6 s someof therelated specieswereassusceptible
Balsamocitrus dawei 8143 R 128£10  HR to D. abbreviatus weevil larvae as was
Yuma 87+3 S 183+ 7 S ‘Carrizo’. One new hybrid rootstock, HRS-
Citropsis gilletiana 96+ 3 s 258+ 12 HS 801, depressed the growth of D. abbreviatus
P (F test) 0.0001 0.0001 larvae consistently in two experiments. Only
Expt. 3. July 1996 C. aurantium was possibly more susceptible
Carrizo 83+5 IS 207 + 11 IS to Diaprepes than ‘Carrizo’, based on the
Swingle 86+5 S 213+ 20 S resistance index.
HRS-1101 79+3 S 176+ 8 S
Severinia buxifolia 0+7 S 104+ 11 HR ; ;
HRS-941 70+ 4 S 145+ 9 R Discussion
Microcitrus australis 63+7 S 80+6 HR ; ; ; ; T
Murraya paniculata 8714 S 164+ 12 S alThlsserles]:of (a_xperlmentt;sldil(t;fle?sev-
Glycosmis pentaphylla 57+5 S 38+5 HR éral sourcesof res _stance tobeu n _utu_re
Eremocitrus glauca 51+8 R 81+8 HR research and breeding efforts. Informationin

P (F test) 0.0001 0.0001 _ttheli:(era{ure og i_xua] gndl_grafégo(rgzz_aliblil-
ity of citrus relatives is limi ingle,
Expt. 4. Dec. 199 1967). However, the speciesmost resistant to

Carrizo 89+3 S 182+ 10 S ’ ; A

Swingle 87+ 4 s 171+ 10 s Diaprepes weevil larvae, Balsamocitrus
HRS-802 93+ 3 IS 228+ 5 HS dawei, is considered sexually and graft in-
HRS-812 91+1 S 199+ 9 S compatible with the genus Citrus, eliminat-
HRS-896 87+5 S 158+ 12 S ing the opportunity to transmit the resistance
SunChu Sha 94+2 S 209+ 10 S factors by sexual hybridization or to usethis
Triphasia trifolia 56+ 6 HR 55+ 4 HR speciesdirectly asarootstock. ThespeciesG.
g:%’rﬂjsg?)'(ya”dra gg : ‘21 2 1§3 : ?2 HRR pentaphyllaisalsosexually incompatiblewith
Fortunella hindsii 7343 S 150+ 13 S citrus, but is partially graft-compatible with

P (F test) 0.0001 0.0001 zc;tm;a (itrqs §|peci¢ts étB_owman, ur_lgtubl_i tsr??d
a). A similar situation may exist with T.
Expt. 5. Oct. 1997 trifolia. Experiments are underway to iden-

giﬁ?,gf’e 322‘3‘ 2 igﬁi ié 2 tify suitable interstocks to allow use of G.
Glycosmis pentaphylla 67+7 R 30+5 HR pentaphylla rootstocks with commercial
P (F test) 0.044 0.0001 scions in areas infested by D. abbreviatus.

Expt. 6. May 1998 The biochemical basis of resistance in G.
Carrizo 81+7 s 156+ 9 s pentaphylla has been investigated (Shapiro
Swingle 0+4 S 144+ 6 S et a., 1997), and one component of this
Glycosmis pentaphylla 61+7 S 35+3 HR resistance has been identified as dehydro-
HRS-802 74+6 S 214+5 HS thalebanin (Shapiro et a., in press). This
HRS-896 79+6 S 116+9 R information might permit manipulation of
HRS94L 804 S 145+ 9 S biochemical pathways in existing citrus
guzlr:utse;l;rann um %Ooilg S 18%650% HS rootstocks, viagenetic transformation, toin-

. a— — T duce “Glycosmis-type” resistance.

?Ratings: Carrizo is susceptible (S). All means rated as S were not distinguished from In contrast, antibiosis from S. buxifolia,

‘Carrizo’ by Tukey’s honestly significant difference (Hsp) test at P < 0.05 and are also
considered susceptible. HS = highly susceptible, more larval survival or growth than : : . A
‘Carrizo', and distinguished fromit by Tukey’ sso test at P<0.05. R = resistant, lesslarval potentially be 'k””t?gressed Y 'abfr eeding into
survival or growththan‘ Carrizo’, and distinguished fromit by Tukey’ sHsp test at P < 0.05. CItrus rootstocks ecalise t €se Tour SpeCIe§
HR = highly resistant, lesslarval survival or growth than* Carrizo’, and distinguished from are sexually compatible (Swingle, 1967;
it by Tukey’s Hsp test at P < 0.001. Medina-Filho et al., 1998) with some com-

mon species of the genus Citrus. Although
resistance to D. abbreviatus was not afactor
in their creation, hundreds of sexual hybrids
between Citrus species and Eremocitrus or
Microcitrus already exist in the germplasm
of the Ft. Pierce USDA breeding programs.

E. glauca, M. australis, and C. hystrix could



Table 5. Resistance of citrus rootstocks and species to D. abbreviatus over six experiments.

Root loss  Larval growth*  Resistance rating?

Species/cultivar Expts. (R1) (R2) (R1+R2) + 2
Balsamocitrus dawei 2 3 4 35
Glycosmis pentaphylla 3,56 23 4 32
Eremocitrus glauca 3 2 4 3
Microcitrus australis 3 2 4 3
Severinia buxifolia 3 2 4 3
Triphasia trifolia 4 2 4 3
Citrus hystrix 4 2 4 3
HRS-801 1,2 2 35 238
Murraya paniculata 3 3 2 25
Clymenia polyandra 4 2 3 25
Smooth Flat Seville 2 3 2 25
Sun Chu Sha 1,4 25 2 23
Hybrid HRS-896 1,24,6 2 25 23
Hybrid HRS-941 1,3, 2 23 22
Swingle 123,456 2 22 21
Carrizo 1,2,3,4,56 2 2 2
Yuma 2 2 2 2
HRS-812 1,4 2 2 2
HRS-1101 3 2 2 2
Afraegle paniculata 1 2 2 2
Citropsis gilletiana 2 3 1 2
Fortunella hindsii 4 2 2 2
HRS-802 1,246 23 15 19
Citrus aurantium 6 2 1 15

“Ratings: 1 = highly susceptible; 2 = susceptible; 3 = resistant; 4 = highly resistant.

Somatic hybrids between Citrus species and
Microcitrus or Severinia have also been pro-
duced and are under evaluation (Grosser et
al., 1996). Caution is till necessary in using
these sources of resistance because we do not
know how theshort-term depressioninlarval
growth that occurred from feeding on these
four species relates to weevil maturation,
reproduction, or population dynamics under
field conditions. These species all suffered
significant root damage from D. abbreviatus
during the greenhouse testing.

Theobservationthat hybrid HRS-801 sig-
nificantly reduced larval growth and survival
may indicatethat amodest level of resistance
occursin somehybrids of Citrusreticulata x
Poncirus trifoliata. This type of hybrid also
has potential to combine other useful root-
stock traits, including tree size control and
resistanceto citrustristezavirus, citrusnema-
tode, phytophthora diseases, cold, and citrus
blight (Bowman, 1998; Wutscher and Bow-
man, 1999; Wutscher and Hill, 1995). How-
ever, we cannot eliminate the possibility that
reduction in larval health for this selection
may have been theresult of arelatively small
root mass (<25 g) for the tests with this
selection, despite the conclusion that root
weight (in the range of 2545 g) was not
associated with larval growth (Fig. 2). As
withtheantibiosisof E. glauca, M. australis,
and S. buxifolia, and C. hystrix, better defini-
tionisneeded for how thisshort-term depres-
sion in larval growth relates to longer-term
resistance issues.

For future greenhouse testing, use of
potting mix without perlite, as was done in

Expt. 6, may reducethedifficulty in recover-
ing weevil larvae at the conclusion of tests. It
did not appear to significantly affect testing
of either standard susceptible cultivars like
‘Carrizo’ and‘ Swingl€' ortheresistant species
G. pentaphylla. Standardization of initial root
mass of selectionsto betested isimportant to
minimize the potential influence of this fac-
tor on root damage and larval growth.
Glycosmis pentaphylla appeared to beagood
resistant control to include in future green-
housetestsfor Diaprepesresistance; B. dawei
may also be used for this purpose, but is
probably less convenient because of along
juvenile period, greater seedling variability,
and very limited seed sources in the United
States.

The research described here has identi-
fied several new potential sources of resis-
tance to Diaprepes weevil larvae, defined
relative level of susceptibility for several
common and new rootstock selections, and
identified ways to improve greenhouse test-
ing for weevil resistance. There appear to be
several long-term approaches available for
future development of new rootstocks resis-
tant to Diaprepes weevil.
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