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ABSTRACT

Bassanezi, R. B., Montesino, L. H., Sanches, A. L., Spésito, M. B., Stuchi, E. S., and Barbosa, J.
C. 2007. Effect of citrus sudden death on yield and quality of sweet orange cultivars in Brazil.
Plant Dis. 91:1407-1412.

Citrus sudden death (CSD) has greatly affected sweet orange cultivars grafted on Rangpur lime
in S3o Paulo and Minas Gerais States, Brazil. To characterize and quantify CSD damage, fruit
yield and quality were assessed in each combination of sweet orange cultivar (Hamlin, Pera,
Natal, and Valencia), age class (3 to 5, 6 to 10, and 11 to 15 years old), and CSD severity class (0
= no symptom, 1 = initial symptoms, and 2 = severe symptoms). For each combination, 10 trees
were harvested and 20 fruit were taken for quality analysis. Damage was characterized by reduc-
tion of: (i) total weight of fruit/tree (36 and 67% for severity class 1 and 2, respectively), (ii)
number of fruit/tree (27 and 55%), (iii) fruit size (13 and 25% in diameter and height [stem to
styler distance]), (iv) fruit weight (32 and 56%), (v) total soluble solids (TSS)/fruit (18 and
42%), and increase of (vi) Brix (14 and 34%), (vii) acidity (16 and 41%), and (viii) TSS/90-1b.
box (21 and 33%). There was no alteration on Brix/acidity ratio and percentage of juice on fruit
of affected trees. Sweet orange cultivars did not differ in percentage of reduction or increase of
all yield and quality variables, with the exception of Pera, which expressed increases of Brix and
acidity. For more severe affected trees, the youngest plants showed a higher reduction in fruit
number/tree, whereas plants 6 to 10 years old showed a higher increase in fruit acidity and
TSS/box. However, no differences in percentage of reduction or increase for other variables were
observed among different age classes. The damage to the above probably was associated with

reduced water absorption capacity of CSD-affected trees.

Additional keywords: Citrus sinensis, C. limonia

Citrus sudden death (CSD) was reported
in southwestern Minas Gerais State and
northern Sao Paulo State, Brazil, in the
beginning of 2001 (18). This new and de-
structive disease affects groves of sweet
orange (Citrus sinensis (L.) Osbeck) and
some mandarin (C. reticulata Blanco)
grafted on either Rangpur lime (C. limonia
Osbeck) or Volkamerian lemon (C. vol-
kameriana Pasq.). In spite of its unknown
etiology, the causal agent is graft transmis-
sible (35) and probably vectored by insects
such as aphids, giving rise to spatial dy-
namics similar to those expressed Citrus
tristeza virus (CTV) infection (1,2,26).
The association of CTV variants and a new
virus (possible Tymoviridae) with CSD-
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affected trees has been studied (6,28), but
Koch’s postulate has not yet been com-
pleted. Like citrus tristeza, that causes
quick decline of sweet orange grafted on
sour orange (C. aurantium L.), CSD is a
bud-union disease and inarching using
tolerant rootstocks such as Swingle citru-
melo (Poncirus trifoliata x C. paradise
Macf.) and Cleopatra (C. reticulate
Blanco) and Sunki (C. sunki Hort. ex Ta-
naka) mandarin can allow trees affected at
the initial stage to recover (33).

Five years after its first report, CSD
has been found restricted to 12 munici-
palities of southwestern Minas Gerais
State and 19 of northern and northwestern
Sao Paulo State (2,4). Although region-
ally localized, CSD has been responsible
directly or indirectly for decline and
eradication of almost 4 million trees, and
continues to be a serious threat to the
sustainable, commercial production of
sweet orange grafted in Rangpur lime
rootstock in the affected regions (4),
which represents more than 25% of 170
million trees of Sdo Paulo State. Inarch-
ing and new plantings with tolerant but
drought-susceptible rootstocks increases
the demand for irrigation and represents

additional costs to citrus growers of that
region.

The generalized decline of affected trees
caused by CSD is characterized by pale
green coloration of leaves throughout the
canopy, increased defoliation, reduction in
new shoots, absence of shoots internal in
the canopy, rot and death of a large portion
of the root system, and the characteristic
development of a yellow stain in the
phloem of the rootstock (18). The root-
stock bark near the bud union undergoes
profound anatomical changes such as re-
duction size of phloem cells, collapse and
necrosis of sieve tubes, overproduction and
degradation of phloem, accumulation of
nonfunctioning phloem, and invasion of
the cortex by old nonfunctioning phloem
(33). These symptoms intensify as the
disease develops and can culminate with
the sudden collapse and death of the tree,
normally without fruit abscission (18).
Sudden collapse and death of the tree often
occurs when there are long periods of wa-
ter deficit concurrent with high fruit set,
which causes a severe unbalance between
canopy water and nutrient demand and
root system supply. However, the majority
of affected trees display only initial decline
symptoms during the first 2 years after a
symptomatic tree appears in the grove,
followed by the increased incidence of
trees with more severe symptoms and in-
creases in death (2). This gradual decline
of trees usually occurs for a few years,
during which periods of decline and recov-
ery alternate. In this case, affected trees
remain alive for some years and damage
due to CSD is more related to fruit yield
and quality reduction, or “economic tree
death,” than “biological tree death.”

The economic death of the tree can be
assessed by the affects on fruit yield and
quality. There is little data available about
CSD damage on fruit yield (3) and nothing
concerning reduction of fruit quality. Be-
cause citrus fruit quality is related to pho-
tosynthesis (soluble solids content) and
water potential (percentage of juice), it is
possible to obtain an indirect indication of
the effect of the disease on tree physiology.
Also, CSD damage assessment is impor-
tant to characterize the severity of the dis-
ease and to define the CSD incidence and
severity threshold above which the affected
grove becomes unprofitable. Thus, this
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study was undertaken to assess the damage
caused by CSD on fruit yield and quality
as function of disease severity in plantings
of different ages and cultivars of sweet
orange commonly grown in Brazil.

MATERIALS AND METHODS

Citrus groves and data collection. This
work was conducted in 48 plantings of
sweet orange grafted on Rangpur lime
expressing different CSD symptom sever-
ity during the 2004 season. The selected
plantings were located in the municipali-
ties of Coldmbia (northern Sdo Paulo
State) and Planura, Frutal, Comendador
Gomes, and Uberlandia (southwestern
Minas Gerais State), Brazil.

The assessed sweet orange cultivars
were Hamlin, Pera, Natal, and Valencia.
For each cultivar, the age classes were 3 to
5 years old, 6 to 10 years old, and 11 to 15
years old. For each cultivar-age combina-
tion, four blocks were sampled (four repli-
cations).

For each block, all trees previously were
classified according to the descriptive scale
of CSD symptom severity (3): (a) class 0,
asymptomatic tree; (b) class 1, tree with
initial symptoms showing pale leaves and
yellow stain in the inner tissue of rootstock
bark below the bud union; and (c) class 2,
tree with severe symptoms characterized
by a combination of previous symptoms
with partial defoliation and absence of
internal shoots (Fig. 1).

For each class of CSD severity, 10 trees
were chosen randomly and marked prior to
harvest assessment. At harvest time (June
to July for Hamlin, July to September for
Pera, September to November for Valencia,
and September to December for Natal), for
each marked tree, the number of harvested
fruit was counted and total fruit yields
were weighed. Also, 20 fruit of each sever-
ity class in each block were arbitrarily
sampled from marked trees for quality
analysis (32). The quality variables as-
sessed were fruit weight, diameter, height

(stem to stylar end orientation), Brix
(grams of total soluble solids per 100 ml of
juice), acidity (grams of titratable citric
acid per 100 ml of juice), Brix/acidity
ratio, percentage of juice (grams of juice
per 100 g of fruit), kilograms of total solu-
ble solids (TSS) per 40.8-kg box
(TSS/box), and grams of TSS per fruit
(TSS/fruit).

Statistics analysis. For each combina-
tion of cultivar—age, the mean values of
each assessed variable of yield and quality
for each severity classes (class 0, 1 and 2)
were compared by main effects analysis of
variance (ANOVA) with three treatments
and four replications (blocks) per treat-
ment according to a random block design.
For each severity class, the value for yield
variables was the mean of 10 trees, and the
value for quality variables was a mean of
20 fruit.

The means of absolute values of fruit
yield and quality variables were not com-
pared among cultivars and age classes,
because the differences in fruit yield and
quality among sweet orange cultivars and
age classes have been well reported in the
literature (5,9-11,13,31) and that was not
the goal of this study. To eliminate that
intrinsic difference of cultivars and age
classes on fruit yield and quality, and to
allow the comparison of CSD effect on
assessed variables among cultivars and
among age classes, data for severity
classes 1 and 2 were standardized as in the
percentage of values of class O (asympto-
matic) trees. Then, for each class of sever-
ity (class 1 and 2), one-way ANOVA was
done with 12 treatments (factorial with
four cultivars and three age classes) and
four replications per treatment, according
to a random block design. Because there
was no significant interaction for cultivar—
age class for yield and quality relative
variables for the two classes of CSD sever-
ity, the effects of cultivar and class age are
independent and, thus, they were analyzed
separately.

When significant differences among
variable’s means were detected by F' test,
the means were compared by Tukey highly
significant difference test.

RESULTS

CSD damage on sweet orange yield was
characterized by reduction on yield per
tree (total weight of harvested fruit) and
number of fruit per tree. More severe
symptoms of CSD resulted in higher dam-
age estimates.

Reductions of yield and number of fruit
per tree were significant for almost all
combinations of cultivar—age class when
severity class 1 and 2 were compared with
class O (Table 1). There was no significant
difference among sweet orange cultivars
for the percentage of reduction of yield
and fruit number per tree in relation to
severity class 0. Mean reduction of yield
per tree for severity class 1 and 2 was
36.0% (standard deviation [sd] = 16.4) and
67.0% (sd = 11.8), respectively. Mean
reduction of fruit number per tree was
26.9% (sd = 20.0) and 54.8% (sd = 17.7)
for severity class 1 and 2, respectively.
Considering the age classes, there was no
significant difference among age classes
for percentage of reduction of yield per
tree. For reduction on number of fruit per
tree, no difference was observed among
age classes for severity class 1; however,
for severity class 2, the youngest trees
showed a higher reduction of fruit number
(65.7%, sd = 13.4) than trees older than 5
years (50.2%, sd = 15.1, for 6- to 10-year-
old trees, and 48.7%, sd = 19.8, for 11- to
15-year-old trees).

Fruit quality damage caused by CSD
was characterized mainly by reductions of
fruit diameter, height, weight, and
TSS/fruit, and increases of Brix, acidity,
and TSS/box. Very light to no alteration of
fruit ratio and percentage of juice were
observed. As yield variables decreased,
quality damage estimates increased in
more severely diseased trees.

Fig. 1. Classes of citrus sudden death severity. From left to right: class 0, asymptomatic tree; class 1, tree with initial symptoms showing pale leaves and
yellow stain in the inner tissue of rootstock bark bellow bud union zone; and class 2, tree with severe symptom characterized by previous symptoms and by

partial defoliation and absence of internal shoots.
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Reduction of fruit diameter had the same
behavior as reduction of fruit height and
both were significant for all combinations of
cultivar-age class when severity classes
were compared (Table 2). For the percent-
age of reduction of fruit diameter and height
in relation to severity class 0, there was no
significant difference among sweet orange
cultivars or among age classes. For severity
class 1 and 2, the mean reduction of fruit
diameter was 12.8% (sd = 3.4) and 25.2%
(sd = 4.9), respectively, whereas the mean
reduction of fruit height was 13.1% (sd =
3.8) and 25.8% (sd = 5.0) for severity class
1 and 2, respectively.

Fruit weight also was significantly
smaller for all combinations of cultivar—
age class in more severely diseased trees
(Table 3). There was no significant differ-
ence among sweet orange cultivars or
among age classes when the mean percent
reduction on fruit weight in relation to
severity class 0 were compared. The mean
reduction on fruit weight was 32.0% (sd =
6.8) and 55.9% (sd = 8.1) for severity class
1 and 2, respectively.

Fruit concentration of TSS (Brix) from
severely affected trees was significantly
higher for all cultivar—age class combina-
tions compared with asymptomatic trees

(Table 4). Pera and Valencia trees with
initial symptoms also had significantly
elevated Brix compared with asympto-
matic trees independent of age class

Table 3. Fruit weight (g) on different sweet orange cultivar—age class combinations as function of

citrus sudden death (CSD) severity class

Combination CSD severity class*

Cultivar Age (years) 0 1 2
Hamlin 3-5 195.6£13.1a 138.9£10.5b 90.5+£22¢
Hamlin 6-10 2239+38.6a 148.8+7.7b 100.6£9.1b
Hamlin 11-15 193.6£83a 137.8£10.6 b 85.0+9.5¢
Pera 3-5 2350+ 17.8a 142.0+8.0b 96.0+9.1¢
Pera 6-10 249.7+28.6a 1593+ 12.1b 92.8+134c¢
Pera 11-15 2238+ 17.1a 1482+ 11.6b 98.5+11.2¢
Natal 3-5 217.1£28.1a 159.5+£109b 96.4+10.5¢
Natal 6-10 2288+ 17.7a 156.6 +19.1b 1024+ 13.0¢
Natal 11-15 219.7+£27.6a 142.8+8.7b 80.5+14.6 ¢
Valencia 3-5 250.1+19.3a 168.2+6.6b 126.5+27.2¢
Valencia 6-10 221.6+20.8a 159.3+5.0b 106.2+27.7 ¢
Valencia 11-15 220.8 £23.8 a 147.1+17.7b 97.9+232c¢c

z CSD symptom severity classes: 0 = asymptomatic tree, 1 = tree with initial symptoms showing pale
leaves and yellow stain in the inner tissue of rootstock bark below the bud union, and 2 = tree with
severe symptoms characterized by a combination of previous symptoms with partial defoliation and
absence of internal shoots. Mean =+ standard deviation of four blocks and 20 fruit per block. Values
with the same letter in row were not different by Tukey highly significant difference test (P > 0.05).

Table 1. Fruit yield (kg) and number per tree for different sweet orange cultivar-age class combinations as function of citrus sudden death (CSD) severity

classY

Combination Fruit yield per tree as function of CSD severity class? Fruit number per tree as function of CSD severity class?
Cultivar Age (years) 0 1 2 0 1 2
Hamlin 3-5 119.7+ 138 a 59.7+4.0b 37.1+49¢ 868.3+1132a 480.2+28.0b 305.0+68.6¢
Hamlin 6-10 180.0£39.5a 119.3£254b 722+ 176¢ 1,3459+265.1a 1,049.6 £236.7b 700.0 £ 164.6 ¢
Hamlin 11-15 2125+276a 128.8 £26.7b 625+173¢ 1,9859+383.0a 1,196.0£329.6b 706.7+217.7b
Pera 3-5 340+7.8a 155+ 11.6b 7.8+42b 206.7+452a 1054+ 86.4b 58.0+30.8b
Pera 6-10 90.1t15.6a 60.8+20.2b 3271147 ¢ 6164+ 1256a 482.5+140.6 b 3258+ 1227 ¢
Pera 11-15 1200+ 34.6a 99.2+20.5a 59.6+21.4b 848.7+ 2464 a 7843+ 123.6ab  531.1+£1609b
Natal 3-5 69.8£40.0 a 39.3+ 158 ab 16.3+143b 3904+ 1619a 262.2+954b 125.3£106.0 ¢
Natal 6-10 120.8 +17.7a 86.7+17.7b 375+ 14.1c¢ 798.7+166.5 a 670.1 £192.7 a 385.1+1319b
Natal 11-15 115.7+£57.0a 71.3+32.4 ab 323+11.0b 808.9+£2799a 590.8+174.6ab  391.1+137.1b
Valencia 3-5 69.9+379a 49.8 £22.3 ab 31.0+£20.2b 382.8+202.8a 304.5+£160.7ab  191.4+129.8b
Valencia 6-10 1534+458a 88.5+37.6b 433+176¢ 988.8 £306.6 a 729.1£376.5ab  421.8+168.7b
Valencia 11-15 102.7+£54.0a 63.3+32.1ab 323+11.3b 718.8£284.3a 5209+ 185.1ab  359.1+131.5b

¥ CSD symptom severity classes: 0 = asymptomatic tree, 1 = tree with initial symptoms showing pale leaves and yellow stain in the inner tissue of rootstock
bark below the bud union, and 2 = tree with severe symptoms characterized by a combination of previous symptoms with partial defoliation and absence of

internal shoots.

z Mean = standard deviation of four blocks and 10 trees per block. Values with the same letter in row were not different by Tukey highly significant differ-

ence test (P > 0.05).

Table 2. Fruit diameter (cm) and height (cm) on different sweet orange cultivar-age class combinations as function of citrus sudden death (CSD) severity

classY

Combination Fruit diameter as function of CSD severity class” Fruit height as function of CSD severity class?
Cultivar Age (years) 0 1 2 1 2
Hamlin 3-5 74+0.1a 65+02b 56+0.1c¢ 7.7+£02a 6.7+0.2b 56+0.1¢c
Hamlin 6-10 7.6+05a 6.6+0.2b 58+0.1c¢c 78+06a 6.6+0.1b 58+£0.2¢c
Hamlin 11-15 72+02a 64+02b 54+03c¢ 74+£02a 6.5+02b 54+02c¢
Pera 3-5 7.6+03a 63+0.2b 55+02¢ 8.0+0.1a 6.7+0.1b 58+£03¢c
Pera 6-10 77+£03a 6.6+0.2b 54+03¢ 82+05a 69+0.2b 57+02c¢
Pera 11-15 74+03a 6.4+0.2b 55+02¢ 78+02a 68+0.2b 59+£03¢c
Natal 3-5 74+£03a 6.6+0.2b 55+02¢ 77+04a 69+0.1b 57+02c¢
Natal 6-10 75+03a 65+03b 5.6+03¢c 78+02a 6.8+03b 59+£03¢c
Natal 11-15 73+£03a 63+0.1b 52+03¢ 7.7+04a 6.6+£0.2b 54+04c
Valencia 3-5 77+0.1a 6.7£0.1b 6.0+0.5¢ 8.0+0.2a 7.0+0.1b 63+£0.5¢
Valencia 6-10 74+03a 6.7+0.2b 58+05¢ 7.7+£02a 6.8+£0.1b 58+04c
Valencia 11-15 74+03a 6.4+03b 5.6%05¢ 7.6+03a 6.6+0.2b 57+£05¢

¥ CSD symptom severity classes: 0 = asymptomatic tree, 1 = tree with initial symptoms showing pale leaves and yellow stain in the inner tissue of rootstock
bark below the bud union, and 2 = tree with severe symptoms characterized by a combination of previous symptoms with partial defoliation and absence of

internal shoots.

z Mean + standard deviation of four blocks and 20 fruit per block. Values with the same letter in row were not different by Tukey highly significant difference

test (P > 0.05).
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whereas, for Hamlin and Natal, there was
no difference. CSD-affected Hamlin, Na-
tal, and Valencia had similar Brix increases
compared with severity class 0 (average of
10.6%, sd = 7.8, for severity class 1 and
27.4%, sd = 12.1, for severity class 2);
however, these increases were smaller than
those for affected Pera (24.0%, sd = 13.7,
and 52.3%, sd = 23.6, for severity class 1
and 2, respectively). There was no differ-
ence among age class relative to increase
of fruit Brix. Mean Brix increase was
13.9% (sd = 11.3) and 33.6% (sd = 19.2)
for severity class 1 and 2, respectively.

The changes in TSS/box were higher for
more severely affected trees (Table 5). No
differences were observed among sweet
orange cultivars relative to increase of
TSS/box, or among age classes for initially
affected trees. For severely affected trees,
the age class 6 to 10 years old had a higher
increase (40.9%, sd = 22.7) of TSS/box,
followed by 3- to 5-year-old (33.1%, sd =
19.3) and 11- to 15-year-old classes
(23.8%, sd = 17.0). The mean of percent-
age of increase on TSS/box was 20.8% (sd

= 14.9) for initially symptomatic trees and
32.8% (sd = 20.7) for severely sympto-
matic trees.

Although the soluble solids concentra-
tion increased in fruit taken from more
affected trees, conversely, as severity of
CSD increased, TSS/fruit decreased (Table
5). No difference was observed among
sweet orange cultivars or among age
classes relative to reduction of TSS/fruit.
The mean of percent loss in TSS/fruit was
18.1% (sd = 11.1) for initially sympto-
matic trees and 41.7% (sd = 41.4) for se-
verely symptomatic trees.

Except for cv. Pera, fruit acidity of ini-
tially affected trees did not differ from
asymptomatic trees for any cultivar—age
class combination compared (Table 4). For
more severely affected trees, for almost all
combinations, there was an increase of
fruit citric acid concentration (Table 4).
Initially and severely CSD-symptomatic
Pera trees had higher increases of fruit
acidity compared with other cultivars. For
Pera, the mean increase of fruit acidity was
34.9% (sd = 21.1) and 92.6% (sd = 40.8)

for severity class 1 and 2, respectively,
whereas the mean for other cultivars
ranged from 7.2% (sd = 10.6) to 12.6%,
(sd = 14.4) for severity class 1 and from
13.9% (sd = 18.8) to 34.0% (sd = 26.4) for
severity class 2. For the age class 6 to 10
years old, the increase of fruit acidity was
highest, followed by 3 to 5 years old and
11 to 15 years old, and was independent of
severity class. Increases ranged from 7.4%
(sd = 15.0) to 24.0% (sd = 21.4) for sever-
ity class 1 and from 21.7% (sd = 28.7) to
59.0% (sd = 48.6) for severity class 2.
Whereas fruit Brix and acidity increased
in similar proportion, the Brix/acidity ratio
did not change for all cultivar-age class
combinations tested that showed initial
symptoms of CSD (Table 6). An increase
of fruit ratio in relation to severity class 0
trees was detected only for severity class 2
trees of Hamlin—3- to 5-years-old, Pera—3-
to 5-year-old, Pera—6- to 10-year-old, and
Valencia—11- to 15-year-old combinations.
Fruit juice content also was not signifi-
cantly reduced in any cultivar—age class
combination compared with asymptomatic

Table 4. Fruit Brix (grams of total soluble solids/100 ml) and acidity (grams of titratable citric acid/100 ml) on different sweet orange cultivar-age class
combinations as function of citrus sudden death (CSD) severity classY

Combination Fruit Brix as function of CSD severity class” Fruit acidity as function of CSD severity class?
Cultivar Age (years) 0 1 2 0 1 2
Hamlin 3-5 93+05a 10.0£ 0.8 ab 11.2+£04b 0.61+£0.04 a 0.64 £0.04 a 0.62+0.07 a
Hamlin 6-10 94+08a 104+£06a 122+1.2b 0.62+0.07 a 0.70 £ 0.09 ab 0.80+0.15b
Hamlin 11-15 10.1£0.8a 106£05a 121£1.2b 0.67+£0.08 a 0.69+0.13a 0.74+0.13a
Pera 3-5 94+02a 11.2+£02b 133+£0.7¢ 0.61+£0.08a 0.79+£0.02a 1.13+£0.11b
Pera 6-10 96+1.1a 129+£1.0b 16.5£09c¢ 0.54+0.12a 0.81+0.11b 1.26+0.25¢
Pera 11-15 98+1.2a 11.4+£0.8b 13.6+£05¢ 0.61+£0.04a 0.74+0.13b 0.95+0.10¢
Natal 3-5 99+13a 11.2+£0.2 ab 128+£0.8b 0.78+0.13 a 0.87+£0.09a 1.05+0.12b
Natal 6-10 108+ 1.1a 121+1.1a 146+£15b 0.66+£0.04 a 0.76 £ 0.07 ab 0.90+0.15b
Natal 11-15 11.6£09a 124+0.6a 149+£15b 0.66£0.21 a 0.67+0.25a 0.85+044a
Valencia 3-5 9.0£03a 104+£04b 11.5+£0.6¢ 0.66+0.17 a 0.75+0.16 a 091+£021b
Valencia 6-10 105+£05a 121£1.1b 138+15¢ 0.80+0.22a 0.95+0.35 ab 1.13+0.37b
Valencia 11-15 121£09a 13.0+£05a 148+13b 0.66 +£0.08 a 0.72+021a 0.64+0.14a

¥ CSD symptom severity classes: 0 = asymptomatic tree, 1 = tree with initial symptoms showing pale leaves and yellow stain in the inner tissue of rootstock
bark below the bud union, and 2 = tree with severe symptoms characterized by a combination of previous symptoms with partial defoliation and absence of
internal shoots.

z Mean = standard deviation of four blocks and 20 fruit per block. Values with the same letter in row were not different by Tukey highly significant difference
test (P > 0.05).

Table 5. Total soluble solids (TSS) per 90-Ib. box (kg) and per fruit (g) on different sweet orange cultivar—age class combinations as function of citrus sud-
den death (CSD) severity classY

Combination TSS per box as function of CSD severity class? TSS per fruit as function of CSD severity class?
Cultivar Age (yrs) 0 1 2 0 1 2
Hamlin 3-5 1.38+0.18 a 1.64 +£0.25 ab 1.88+0.12b 6.6+13a 5.6+ 1.0ab 424+02b
Hamlin 6-10 1.61+0.30 a 1.93+0.20b 2.16+0.21 ¢ 89+29a 7.1+1.0ab 53+08b
Hamlin 11-15 1.75+0.25a 1.92+0.05a 2.09+0.21a 83+1.0a 65+05a 44+08b
Pera 3-5 1.99+0.13a 2.44+0.05b 2.69+0.05¢ 114+1.0a 85+0.6b 63+0.6c
Pera 6-10 1.90£0.20 a 2.74+0.33b 2.89+0.33b 11.5+13a 10.7+1.7a 6.6£1.5b
Pera 11-15 1.94+0.15a 2.33+0.10b 2.57+0.10c 106+0.5a 841040 6.2+0.8c¢c
Natal 3-5 1.91£0.27a 2.19+0.09 a 2.32+0.18 a 10.0+0.8a 8.6+09a 55£05b
Natal 6-10 2.05£0.17 a 2.48+0.26b 2.86+0.21b 11.5+13a 95+1.0b 72+09c¢
Natal 11-15 226+0.31a 2.55+0.12a 2.62+0.11a 120+ 0.6a 89+0.5b 52+£1.0c¢
Valencia 3-5 1.59+0.18 a 1.96 £0.16 b 2.09+0.08b 97+1.0a 8.1+0.6a 65+£1.4b
Valencia 6-10 1.95+0.27a 2.30 £0.43 ab 2.53+0.28b 105+1.2a 90+14a 65+£1.2b
Valencia 11-15 228+0.26a 2.55+0.17 ab 2.79+0.39b 123+18a 9.1+£0.6b 6.6£1.1b

¥ CSD symptom severity classes: 0 = asymptomatic tree, 1 = tree with initial symptoms showing pale leaves and yellow stain in the inner tissue of rootstock
bark below the bud union, and 2 = tree with severe symptoms characterized by a combination of previous symptoms with partial defoliation and absence of
internal shoots.

z Mean = standard deviation of four blocks and 20 fruit per block. Values with the same letter in row were not different by Tukey highly significant difference
test (P > 0.05).
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trees, except for fruit of Pera, which was
severely affected in all age classes (Table 6).

DISCUSSION

The CSD damages on fruit yield and
quality increased with severity of disease
symptoms. Trees in the initial stages of
CSD infection had, on average, 36.0% less
yield (kilograms) per tree than asympto-
matic trees, whereas severely affected trees
had, on average, 67.0% less yield per tree.
In general, for all cultivars of healthy citrus
trees, there is a positive linear relationship
between yield per tree and number of fruit
per tree (21,22,25), and a negative rela-
tionship between fruit number per tree and
fruit size and weight (20,25). In the case of
CSD-affected trees, the reduction on fruit
yield was related to the reduction of num-
ber of fruit per tree, and the reduction of
fruit size and, fruit weight. Compared with
asymptomatic trees, the number of fruit
per tree with initial and severe CSD symp-
toms was 26.9 and 54.8% smaller, respec-
tively. The average of fruit diameter,
height, and weight were reduced 12.8,
13.1, and 32.0%, respectively, for initially
affected trees, and 25.2, 25.8, and 55.9%,
respectively, for severely affected trees.

These results corroborate those observed
1 year earlier by Bassanezi et al. (3); how-
ever, the damage was greater in 2004 com-
pared with the 2003 season despite similar
yield and fruit number per tree for asymp-
tomatic trees in both seasons. The differ-
ences in duration of water stress and rain
distribution observed in 2003 compared
with 2004 probably were the reason for
the difference in damage estimates. In
2003, the rain deficit (<30 mm/month)
occurred over 3 months (5 mm in June, 4
mm in July, and 20 mm in August)
whereas, in 2004, it occurred over 4
months, with higher stress during the last
2 months when the majority of harvest
was accomplished (17 mm in June, 25
mm in July, 0 mm in August, and 3 mm in
September).

The significant reduction of yield, num-
ber of fruit per tree, and fruit size and
weight for CSD-affected trees was related
to symptom development post tree infec-
tion. The first observed alterations in
Rangpur lime tissues below the bud-union
zone of CSD-affected trees were the reduc-
tion of phloem cell size, collapse and ne-
crosis of sieve tubes, non-functioning
phloem accumulation, and cortex invasion
by old non-functioning phloem leading to
a poor function and degradation of root-
stock phloem cells (33). In response to
phloem cell degradation, vascular cam-
bium promotes overproduction of new
phloem cells, which are further degener-
ated (33). This continual cyclic process of
synthesis and degradation impairs the
transport of photosynthesis products from
canopy to root system. The restricted flux
of nutrients in the sap to roots and feeding
roots over a long time exhausts their carbo-
hydrate reserves, causing general root star-
vation, and favors invasion by secondary
pathogens. Due to the resultant debilitated
root system, water and mineral salt uptake
also is impaired. The unbalanced water
demand by the canopy versus water supply
by the roots is responsible for general de-
cline symptoms that develop in the canopy,
such as wilted and pale leaves, absence of
vigorous new shoots, and defoliation (18).

Foliage prevalence and health is posi-
tively related to citrus fruit size and quality
(15). The greater number of leaves per
fruit, the larger the fruit produced. The
quantity of leaves also is related to yield
and number of fruit. Citrus trees under
water and nutritional stresses and with
small leaf area index have less photosyn-
thetic efficiency and, consequently, re-
duced capacity for carbohydrate accumula-
tion (34). Once environmental conditions
necessary for flowering induction and fruit
set have been satisfied, the availability of
carbohydrate reservoir in the tree is one of
the most important limitations to citrus
fruit production (7,16,19). The higher the

carbohydrate availability, the greater the
number of flowers and the less the fruit
initiated will drop. Consequently, a greater
set number of fruit will be harvested per
tree (24).

Water composes a major portion of the
fruit mass (85 to 90% by weight) and car-
bohydrates contribute to 75 to 80% of total
soluble solids (8). Fruit growth and its
final size and weight result from dry mat-
ter and water accumulation, which depend
on fruit competition for metabolites, avail-
ability of these metabolites in the tree, and
root system water uptake capacity
(8,14,23). Fruit size and weight from
healthy trees have a positive relation to
Brix/acidity ratio and TSS/fruit, and are
negatively related to Brix, TSS/box, and
acidity (10,17). Healthy trees under water
stress usually produced smaller fruit with
increased concentration of total soluble
solids (Brix) and citric acid (acidity), but
with reduced juice percentage and
Brix/acidity ratio (12,30). Citrus varie-
gated chlorosis (CVC), a disease caused by
Xylella fastidiosa bacteria that live in the
xylem vessels, block water transport, and
decrease the nutrient availability to the
tree, reduced the fruit size, weight,
Brix/acidity ratio, and TSS/fruit, but in-
creased Brix, TSS/box, and acidity
(27,29). The positive relationship found
between fruit size and TSS/fruit and the
negative relationship between fruit size
and Brix (TSS concentration) suggested to
the authors that the internal alterations
observed in CVC-affected fruit occurred
mainly by blockage of water transport due
to bacteria in xylem. Except for Brix/
acidity ratio and juice percentage, two
factors that were not significantly affected,
fruit from CSD-affected trees had the same
behavior as fruit from water-stressed
healthy trees; that is, reduced size, weight,
and TSS/fruit, and increased Brix, TSS/
box, and acidity.

The absence of difference among sweet
orange cultivars and age classes in relation

Table 6. Fruit ratio (Brix/acidity) and juice content (%) on different sweet orange cultivar—age class combinations as function of citrus sudden death (CSD)

severity classY

Combination Fruit ratio as function of CSD severity class? Fruit juice content as function of CSD severity class?
Cultivar Age (years) 0 1 2 1 2
Hamlin 3-5 152+13a 156+1.0a 18.1+2.0b 36.2+32a 402+3.0a 414+28a
Hamlin 6-10 153+1.6a 150+t13a 156+23a 416+44a 454+26a 434+0.6a
Hamlin 11-15 153+1.7a 157+33a 168+4.1a 425+57a 448+32a 424+2.1a
Pera 3-5 155+18a 143+0.3 ab 11.8+0.6b 51.7+22a 531%1.7a 49.6+2.1b
Pera 6-10 188+6.0a 16.1 £3.0 ab 135+22b 48.5+09a 52.1+26a 428+4.0b
Pera 11-15 159+09a 156+20a 145+13a 489+3.4ab 504+19a 46.3+2.0b
Natal 3-5 129+05a 130+1.1a 123+15a 47.1+13a 478+19a 446+3.8a
Natal 6-10 165+13a 16.1+19a 16.6+32a 464+2.8a 504+20a 48.0+3.0a
Natal 11-15 187+4.7a 208+7.8a 203+7.6a 474+3.1a 505+1.1a 435+53a
Valencia 3-5 142+34a 142+25a 13.0+23a 430+3.6a 460+25a 447+23a
Valencia 6-10 141+53a 143+6.1a 134+53a 456+63a 46.5+6.6a 450+ 1.6a
Valencia 11-15 185+3.1a 194+59a 242+58b 464+34a 480+19a 46.1+3.1a

¥ CSD symptom severity classes: 0 = asymptomatic tree, 1 = tree with initial symptoms showing pale leaves and yellow stain in the inner tissue of rootstock
bark below the bud union, and 2 = tree with severe symptoms characterized by a combination of previous symptoms with partial defoliation and absence of

internal shoots.

z Mean = standard deviation of four blocks and 20 fruit per block. Values with the same letter in row were not different by Tukey highly significant difference

test (P > 0.05).
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to relative yield reductions and loss of fruit
quality (except for a few fruit quality vari-
ables for Pera and for 6-to 10-year-old
trees) suggest that most sweet orange cul-
tivars have similar tolerance to CSD, or
that those reductions depend mainly on
alterations caused by the CSD agent on the
rootstock and the capacity of the root-
stock’s vascular cambium to regenerate
functional phloem and permit the normal
flux of nutrients to feed the roots responsi-
ble for water uptake to supply the canopy
demand.

After the appearance of first CSD-
symptomatic trees in the grove, disease
symptoms could show up in 60 to 100% of
trees in the next 2 or 3 years. However,
during the same time, the majority of
symptomatic trees will show less severe
symptoms (2). At the beginning of CSD
epidemics, inarching affected trees with
tolerant rootstocks can stop CSD severity
progress in the tree or even reverse symp-
toms from severity class 2 to 1 and from 1
to 0 (33), extending the life of affected
trees. Based on the results of this work, it
may be possible to estimate the economic
viability of an affected grove prior to
eradication or inarching measures being
undertaken, considering the expected aver-
age yield and fruit quality of each severity
class of CSD-symptom, the box production
costs, the box price, and the incidence of
affected tree in each severity class.
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