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Abstract: [Objective] To clarify the effects of citrus Huanglongbing (HLB) pathogen on agronomic
characteristic and fruit quality of Citrus maxima (Burm.) Merr. cv. Shatian Yu. [ Method] Changes in pathogenic
symptom of leaves, fruit external and internal qualities as well as sensory qualities of C. maxima after infected by
HLB were studied by field investigation and laboratory test. The effects of bacterial concentration and tree age on
disease development process were investigated. [Result] After C. maxima grafted with HLB-infected scions,
when pathogen concentrations remained relatively low (Ct>28), HLB symptoms were not evident with slight
mottled yellow old leaves, slight uniform yellow new leaves and normal shooting. Compared with healthy plants,
leaf symptom, fruit yield, and all fruit quality indexes of C. maxima infected by HLB pathogen at the concentration
of 28<Ct<32 had no significant changes. With the increase of HLB affection, C. maxima infected by HLB

pathogen at the concentration of Ct<26 showed typical mottled yellow leaves, total yield per plant and fruit number
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per plant decreased significantly, fruits were smaller and lighter with variable color. The percentage of edible fruit

and juice extraction rate, soluble solid content, sweetness, plumpness and overall flavor significantly decreased,

while acidity and odor degree significantly increased. The fruit lost edible value. [ Conclusion] The disease

progress of HLB-infected C. maxima is slow, but the economic value of plant is seriously affected with the increase

of morbidity degree. This study provides a scientific basis for evaluating the effect of HLB on C. maxima fruit

quality and offers theoretical supports for analyzing the HLB tolerance mechanism of grapefruit plants.
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Fig. 1 Incidences of citrus Huanglongbing in Citrus maxima and Citrus reticulata after grafting HLB-infected scions
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FIFRIRAFED) 2 5 5.3 (P<0.05) AR 23 (P<0.01)(Wilcoxon Mann-Whitney #536)

Ct refers to qPCR cycle threshold for 16S rDNA of HLB pathogen; Different letters in the same line indicate significant difference (Tukey’s studentized
range test, P<0.05); “*” and “**” at the same time indicate the difference between two plant species reaches 0.05 and 0.01 significance levels,
respectively (Wilcoxon Mann-Whitney test)

B2 DHEEMERZ R E KRR AR RR AR

Fig. 2 Concentration of HLB pathogens in disease positive Citrus maxima and Citrus reticulata after grafting HLB-infected scions
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a, b and c indicate the samples collected from healthy trees (Ct>35), trees with low pathogen concentration (28<Ct<32), and trees with high pathogen
concentration (Ct<26)
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Fig. 3 Leaves and fruits from healthy and HLB-infected Citrus maxima
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Table 1 Effects of different concentrations of HLB pathogen on tree vigor and yield of Citrus maxima

fEFER (Ce35) 1R P VR 5 4 (28<Ct<32) 51 B R BE Y (Ct<26)
T5E Fa bz Healthy trees Trees with low pathogen concentration ~ Trees with high pathogen concentration
Measured index 67F-H Sl 15 R 67F-H Sl 15 R 67F-H Sl 15 R
6-year old orchard 15-year old orchard  6-year old orchard 15-year old orchard ~ 6-year old orchard 15-year old orchard
i f/em 263.90+£9.91b 440.60+14.58a 253.00+15.13b 436.00+11.98a 249.90+11.65b 432.50+13.52a
Plant height
Wi E4#/em 309.60£11.34b  503.70£11.24a  307.80£7.63b 511.00£9.10a 278.50£16.90b  498.75+11.82a
Crown diameter
BT Y/’ 26.09+1.70b 70.35+3.30a 24.78+1.48b 70.52+2.84a 22.34+2.12b 68.39+3.15a
Crown superficial area
Hbk i kg 43.1142.11b 136.2249.7% 42.79+1.73b 125.1746.28a 25.4443.52b 44.14+7.87b
Total yield per plant
BEREA 31.90+1.43bc 93.50+4.48a 28.80+2.69¢ 90.40+4.86a 22.80+2.86¢ 52.3047.71b
Total fruit number
EREEAN 1.30£0.37b 2.700.99b 1.40£0.51b 1.60£0.81b 12.80+2.12b 40.60+7.13a
Number of drop fruit
SR B2/ kg 39.22+1.76b 129.73+7.97a 41.18+2.11b 121.30+5.71a 16.00+1.26¢d 10.95+1.78d

Total yield of economic fruit

DRAT4E B B A R R T84 & F 25+ 2% (P<0.05,HSD#*)
1)Different letters in the same row indicate significant difference(P<0.05, HSD test)
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Table 2 Effects of different concentrations of HLB pathogen on external qualities of Citrus maxima

f#FRA(Ce>35) R IR FEI I (28<Ct<32) 5 B R BE I (Ct<26)
e Healthy trees Trees with low pathogen concentration ~ Trees with high pathogen concentration
Measured index 6 R 1554 B I 6FAE R 1554 il 64 A [ 1544 el
6-year old orchard 15-year old orchard ~ 6-year old orchard 15-year old orchard ~ 6-year old orchard 15-year old orchard

PR /g 1446.00£4631a  1455.60+49.14a  1390.80£13.07a  1409.20£13.77a 802.10+44.69b  906.60+32.11b
Fruit mass
LR /em 18.58+0.42a 19.13+0.42a 18.44+0.25ab 19.17+0.27a 15.77+0.29¢ 16.79+0.33bc
Fruit vertical diameter
RERER/em 15.14+0.27a 15.58+0.27a 14.87+0.28a 15.04+0.10a 12.96:0.24b 12.4020.17b
Fruit transverse diameter
ESIGGL 1.270.03a 1.230.03a 1.24+0.02a 1.270.02a 1.33£0.02a 1.34+0.04a
Fruit shape index
R B fem 1.93+0.05a 2.10£0.09a 1.98+0.04a 2.14+0.10a 2.01+0.07a 2.06+0.10a
Pericarp thickness
K E/g 461.00£11.10ab  504.90+13.17a 453.00£16.38ab  491.20+8.77a 398.00£7.12bc 3 365.00£19.68¢
Pericarp mass
R 2% 31.25+1.22b 36.02£0.90ab 31.28+1.17b 33.73£2.16b 43.00+2.38a 43.66+1.83a
Rate of pericarp
EHEsE% 90.50+1.38a 86.00+2.87ab 89.00+1.87ab 91.00+1.87a 65.50+5.70b 444.0048.49¢
Color index
M3k 33.70+0.88a 39.30+1.74a 34.40+1.96a 36.00+1.61a 35.30+1.17a 35.10+1.97a
Seed number
FhF3/% 0.97+0.05ab 1.23£0.07a 1.08+0.11ab 1.0920.04ab 0.79+0.07b 0.78+0.12b
Seed rate

R385 5 A R R 584 A7 £ 7 B3(P<0.05, HSDi%)
1) Different letters in the same row indicate significant difference(P<0.05, HSD test)
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Table 3 Effects of different concentrations of HLB pathogen on internal qualities of Citrus maxima

T BER (C>35) TR BV B I (28<Ct<32) 5 B R BE A (Ct<26)
e Fabs Healthy trees Trees with low pathogen concentration  Trees with high pathogen concentration
Measured index 64 R 1554 R i 64 R 1554 R i 644 R 1554 R
6-year old orchard 15-year old orchard  6-year old orchard 15-year old orchard ~ 6-year old orchard 15-year old orchard
A% 66.95+1.04a 63.94+0.80ab 66.321.30a 64.050.63ab 47.13+4.68¢ 55.57£2.27bc
Percentage of edible fruit
HT /% 39.40+1.29a 39.82+1.04a 38.31+1.16ab 39.06+0.98ab 26.43+1.39¢ 31.99+2.32bc
Juice extraction rate
AR E % 11.86+0.34ab 12.78+0.31a 11.62+0.27ab 11.86+0.21a 9.17+0.61¢ 10.23£0.32bc
Soluble solid content
p(ITHER) (2L 7.16£0.37¢ 8.08+0.50bc 7.4620.38¢ 7.66+0.66bc 11.47£0.49ab 11.67+1.40a
Titratable acid content
w(EEEC) (mg kg ) 70.63+3.41ab 68.104.62ab 74.29+4.16a 71,2242 47ab 58.4242.95¢ 56.3342.56¢

Vitamin C content

) RUT#E G A R B F 54 R £ 2%(P<0.05, HSD#)

1) Different letters in the same row indicate significant difference (P<0.05, HSD test)
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Table 4 Effects of different concentrations of HLB pathogen on sensory qualities of Citrus maxima

{# R (CE>35) TR T b (28<Ct<32) o R VR BE T (Ct<26)
M52 a7 Healthy trees Trees with low pathogen concentration Trees with high pathogen concentration
Measured index ~ 64E4 HL[E 1544 R 64 A R I 1544 R 64 R 1544 R
6-year old orchard 15-year old orchard ~ 6-year old orchard  15-year old orchard ~ 6-year old orchard 15-year old orchard
BHWR 7.06+0.20a 6.79+0.20a 6.75£0.19a 6.65£0.22a 2.53+0.36b 3.18£0.57b
Sweetness
LUK 2.89+0.17¢ 3.010.18¢ 3.09+0.14bc 3.070.18¢ 4.31+0.30a 4.01£0.31ab
Acidity
T 7.01£0.30a 6.810.20a 6.28+0.23a 6.91+0.26a 4.1620.14b 4.96+0.22b
Plumpness
FEURE 2.20+0.14b 2.38+0.13b 2.43+0.14b 2.910.19b 5.39+0.26a 4.6120.39a
Odor degree
eI 6.74+0.16a 6.52+0.23a 6.51+0.19 6.1240.17a 2.85+0.21b 3.76:£0.44b

Overall flavor

DRViT 5B B B A R R F8 4 k7 £ 5 2 $(P<0.05, HSD#%)

1) Different letters in the same row indicate significant difference (P<0.05, HSD test)
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