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Effects of lime concentration and spray coverage on the severity of citrus

sunburn and fruit quality
WANG Min*, QIU lJieya®, HE Yizhong, LI Wenguang, LING Lili, CHUN Changpin, FU Xingzheng,

CAO Li, PENG Liangzhi’
(Citrus Research Institute of Southwest University/National Citrus Engineering Research Center, Chongging 400712, China)

Abstract: [Objective] Sunburn is a serious physiological disease in citrus production, which leads to
significant loss of fruit quality and yield. With the frequent exposure to high temperature and strong
light in summer, the occurrence of sunburn is increasing and causes serious economic losses in citrus in-
dustry. To date, there are many ways to reduce the damage of sunburn, such as spraying sunscreen,
spraying water, bagging, stamping shade net, carrying out sod-culture, and building shelterbelt. Among
these methods, spraying lime suspension on the canopy of citrus trees is regarded as the most economi-
cal and applicable way. However, there are different opinions on suitable lime concentration for reduc-
ing sunburn, and there has been no systematic study on the control effect with lime suspension. In this
study, we compared the fruit and leaf surface temperatures, the incidence of sunburn, and the quality of
fruit at the different treatments with spraying of lime suspension at different concentrations and coverag-
es, to establish suitable concentration and coverage for sunburn control. [Methods]Two cultivars, ‘Ne-
whall’ navel orange and ‘Orah’ mandarin, were used as the materials for the experiment. Five concen-
trations of lime [0 g- L' (CK), 5 g-L"', 10 g-L"', 20g-L"', and 40 g- L] and two spraying coverages

(30% and 50%) were used. The surface of leaves and fruit in the outer canopies were sprayed before the
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commence of summer high temperatures. The surface temperatures of the leaf and the fruit near sun-
burn spot were measured with an infrared thermometer. After the end of high temperature season, the
degree and incidence of sunburn were statistically analyzed. The quality indexes, including peel chromi-
nance, pericarp thickness, peel hardness, flesh recovery, and contents of vitamin C, titratable acids and
soluble solids were measured at the commercially mature stage. Principal component analysis of these
quality parameters was carried out to establish the optimal treatment. [Results]Compared with the con-
trol, the treatment of spraying lime suspensions significantly improved the leaf light reflectance in both
varieties. With the increase in concentrations or spraying coverage, the reflectance of leaves increased
significantly. At the same time, spraying lime suspension effectively reduced the surface temperature of
the leaves and the fruit, but there was a ceiling value in the cooling effect with the lime suspension.
Above the ceiling value, the surface temperatures of the fruit and the leaf showed no significant change
with the further increase in the concentration or spraying coverage. The ceiling value was shown to be
10 g-L" in ‘Orah’ mandarin. In contrast, the incidence and degree of sunburn varied with the increase
in lime concentration or spray coverage. The lowest incidence of sunburn was found in the treatment at
the concentration of 40 g- L' and the coverage of 50%. The application of lime suspension affected the
quality of fruit, and the most significant effect was found in the hardness of fruit peel, which was signifi-
cantly increased compared with the control. In addition, the treatment also affected the brightness of the
peel, with significant reduction in L value but no significant effect on a and b values. Spraying lime sus-
pension increased vitamin C content in the fruit. In ‘Newhall” navel orange, vitamin C content was sig-
nificantly increased in all treatments compared with the control. Titratable acid content and soluble sol-
id content in the treatments were also higher than the control, but only a few of them were significantly
different from the control. Beyond the above indicators, there was no significant difference among the
treatments. Principal component analysis of the quality indexes showed that the score of control treat-
ment was 0.109 7 (ranking the fourth) in ‘Orah’ mandarin, and 0.125 6 (ranking the fourth) in ‘Ne-
whall” navel orange. When the concentration of lime suspension was higher than 20 gL', the compre-
hensive score was higher than the control. Among these treatments, the one with the concentration of 40
gL' and coverage of 50% had the highest comprehensive score. The results showed that the best lime
treatment to reduce fruit sunburn and improve quality was to spray the canopy with lime at the concen-
tration of 40 g- L' with 50% coverage.[ Conclusion]The application of lime suspension can significant-
ly reduce the incidence of fruit and leaf sunburn, and has no significant adverse effect on fruit quality.
For sunburn control, it is recommended to spray 40 g- L™ lime suspension with a coverage of 50%.
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Fig. 1 Effects of different lime treatments on the reflectance and relative chlorophyll content in the leaves of ‘Orah’

mandarin (A and B)and ‘ Newhall * navel orange (C and D)
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Fig. 3 Effects of different lime treatments on the incidence and degree of sunburn in the leaves and the fruits
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AEYEETEY) 2 R T A, HAR % 4 R
TREER.

R G HPPAS A A K R Tt XS 2 SR S T 5
Wa) , 0f LAE a b AE 5 R R RS VR RS RT3 R 4
A3 CVRRE IR  nT VA PE DR & & 9 N i T Fa i
HEAT E RS 0B, 3R 3 & TUEE bR (1) 2 1T DTk A
92.47%, F1.F2.F3 TTRR %5373l 4 43.48% , 33.24% A1l
15.75%. %3 45 B3 0, 24 it i vk g 40 gL

I, TER W7 a5 26 2 /b, X CTRME BESE ) 5T 34
A PR AR, Hod a KKK EE N 40 g L', 78
752 50% M Ab BRAS 7 e SR e . R4 B IR
Fri) Bt TR E N 82.75%, F1.F2.F3 5Tk 5 5K
39.65%,26.99%H116.11%. MZEE1E0HEA v LA
W ORI ERE 9 20 g - L, Wit 7 5 5 50%
B HOK B E 40 g L, 78 75 % 30%EK 50%
MIALER , 25515 4 ¥ T X R AL 3, e p o IR K i &

£3 FREAET XK REMWESESREA

Table 3 Score and ranking of ‘Orah’ mandarin fruit under different treatments

HER KR “E {4345 % Principal Component Score 15451355 (F) A HES
Coverage degree Treatment  pC1(F1) PC2(F2) PC3(F3) Composite score Comprehensivescore ranking
CK 22171 -1.958 1 -1.3449 0.109 7 4
30% B Tl 1.728 3 22591 03369 0.058 1 5
30% coverage T2 -2.0308 -1.486 8 1.804 1 -1.1820 8
degree T3 -0.2454 1.070 3 -1.3752 0.0351 6
T4 0.644 9 0.226 8 0.798 4 0.520 8 3
50% 7 i T1 -3.773 8 0.3817 -0.977 4 -1.803 9 9
50% coverage T2 -0.655 8 -0.093 4 -0.9279 -0.500 0 7
degree T3 0.084 1 0.844 9 1.289 5 0.562 9 2
T4 2.0315 32737 0.396 4 2.199 4 1
Fz4 TERLET ARR BHERINEESHESEHR

Table 4 Score and ranking of ‘Newhall’ navel orange fruit under different treatments

mER b T 47543 Principal Component Score LA B4 (F) Y A
Coverage degree Treatment PC1(F1) PC2(F2) PC3(F3) Composite score  Comprehensive score ranking
CK -1.794 2 2.8780 0.2398 0.1256 4
30%7 i % Tl -2.3458 -0.386 8 13819 -0.981 3 8
30% coverage T2 0.184 9 0.1200 -2.346 1 -0.3289 5
degree T3 -0.376 8 -1.9810 0.126 5 -0.802 1 7
T4 23203 0.6119 -0.864 8 1.143 1 2
50%74 i % Tl -1.4653 -1.4347 -0.006 1 -1.1713 9
50% coverage T2 -1.162 8 0.1215 -0.791 2 -0.671 6 6
degree T3 2.3390 -1.4825 0.8293 0.798 7 3
T4 2.300 8 1.553 6 1.430 6 1.8877 1

WENA0 g- L, 78 75 8N 50% U R Btk
3o #

H 0 5 A B SRl 22 7, A R dopp i SR sz H
PTG S B A BT AN [F99, H 0 B R A2 2t A flr 2
S RIS, T e M Il RS H R A
B, AR TR B TR R 10% 28 A o i AT
K BH 8 S 2 A H 1 A2 1 2 /> B 2[R 2%, Schrader
SEBI N i AR BH 4 B AN 5 FST B (Fruit Surface Tem-
perature) 7 H S AR H T 46 78 1 SG BE , K PH #8
SRR R WA R 6 S A . DRI 5 e R
AR SR e T i PR R O IO e A A2 I R 79 ) 2 A4 DR

DR MR AR  FEA S, Wil A7 2K
7K FRY SR T AP V- 7 il P82 S 25 A1 T g TR A R o i
JEE, I LB A AR K Wi 4 J5E B o R A T vt A A
T FH SR T2 52 T a3 o (A AROK ) Rl A I AT
FEBIE, 0 DOKIR AR — e fH A , RIS R A
TR 7R P B i 7 i 2, SR T AN TR P AN 2 B
FAA, TR RS R B E T 10 g LA,
Bt 8 R P B e R, R TR P AN P R A R
Ao T T 5 i A A AR KR JRE AN i R
&R AR T BOG AR BE 2 38K ISR, 7 KK
B E I R R A 2, — AR A A RO, 2
JRBR A o ASHIT U 78 A AR K B SO AN B i A R
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Mo B K o S0 HR ORI, IR A% A B IR FD AE T
RRICIE LT, M AT IR RS A H g I 4
FMXT S A T IR X AT AR AR ROR ¢ AL RSB
R R RImIR SR, S EGLH MR E R T IR
M, B B R Z T 1%L b AR
#, FUf H SPAD (AKX T-4b FE .

S H PR AR 2N H SRR BRI, B R B 40
g L' 355N 50% 0 AL H O REBE A H K R AR
AR FESEAI R (0 H R AR 2R H R FR B R B A
R K W Tt AR PR R it 7 o R N B, AX
BRI it A Ak 7K S5 0] DA R vE ARG I E G T
T ) R B R0 AR e AR A A R AR RS — R R
A BRI, Y0356 B RIS 7R BRI AR AR R 1 0 T, i
P A AROK R P A AT B AR SR SR i B R AR
RAHPIFEE BT BRI R A F A 8 42 IR 1
S, B BE G R AN SR H R R AR T
BORAEH S BRA e VR B A AR RN AT 78 5 25 SR 1
ANIHTH SO FERE I, ks> T LR I BB

BT NHIF TR B, W40 £ s e SR S o o, e rp iy
2 AR AN A A 2 38 o SR S A R R Wk A 5 1 A
BT AR FR ), H R 2 0 2 PR, ) SR
T B v e T ¥ S O R TR T A IR U A T
RPN RS e — E R R R R 8 R
B R TR . AARIS A KK S ¢ AL fur
IR RE R R SR B R R e, AR Bk R
55 50%7 55 T M T4 AbHE B 5 B T 0.7
kg-em?f11.21 kg~ em™. Bakeer 557 i) 7 45 15 it 5
A S5, A A P SR Bz 2R B B T e (EL A S e it st
SSC & A& I E R, 1M ) KA U 5
H 38 I AR AL BE ¢ A AR R RS SRS, T DARR
AR Y A AR R C E R, ARSI
s R R AN RAT” SRS ) Ab B AE B T K ALY
(285 A — B0 A R K AT YA 3 C & & T E
Y E AR E RS EA — IR R AR R
IR —E R, ERS O REN, A
IKIK LB L 40 g L, 78 75 208 50%I 56 VP43 5
i, —E R RERT TR

4 4w

$E TN A KWt VA JBE N7 o R RE R e RO R

3 25 PR ARG SR T R TR S BRI H R R AR R
H IR, HEXE R se i i A — e fE i EH . 72 H
11 5 KX, HEFE A K K 3 it JoT 9k i 40 g - L'
i 15 %N 50%.
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