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Effects of different color shading nets on preventing sunburn of Newhall

navel orange during high temperature season

LAI Hengxin, LI Wenguang', PENG Liangzhi’, HE Yizhong, LING Lili, CHUN Changpin
(Citrus Research Institute, Southwest University/CAAS/National Citrus Engineering Research Center, Chongqing 400712, China)

Abstract: [Objective]lln the early autumn, high temperature and strong light often inhibit the photosyn-
thesis of citrus leaves and fruit development, and cause sunburn on leaves and fruits in severe cases,
leading to the decline of fruit yield and quality. Covering shading net above tree canopy is one of the
main and effective measures to reduce the harm of high temperature and high light intensity in citrus
production, which has good effects on increasing fruit production and improving quality. Color shading
nets maybe a new choice for preventing citrus sunburn, and it not only has the effect of shading and
cooling, but also plays a role in regulating the light quality under the net. Previous studies have shown
that the light quality has a significant role in regulating plant growth, development and physiological
metabolism. Therefore, in order to provide a basis for the selection of the appropriate shade net color,
we studied the effects of different color shading net coverings on light intensity, light quality and tem-
perature under the net, as well as the photosynthesis and fruit growth and quality of Newhall navel or-
ange.[lMethods]In high temperature season (Aug.) in Chongqing, weft knitting 6 stitches of color shad-
ing nets (yellow, red, green, blue) and black sunshade nets were selected for tree canopy sunshade treat-
ments for Newhall navel orange. The diurnal changes of light quality, light intensity, leaf and fruit sur-
face temperature, leaf photosynthesis and relative chlorophyll content in the leaves, and the increase of

the fruit diameter were measured during the net covering period. The fruit growth increment and quality

Weks AR 2021-07-15 %5 H#9:2022-03-03
EEWA « 1 5 E 0 R vk R R R AT 2 167 v RO G BB 1 5 715 38 (2020 YFD 10001020 5 W B AT AV A A 345 - [ Z AR A b =
AR R (CARS-26-01A)
TEEEY BEE, 5 i A oA, NGRS 5T 7L . Tel: 13576779585, E-mail: laihengxin_jiangxi@163.com. a A3t
F%—1E#.
*J@ {5 E3 Author for correspondence. Tel:023-68349725, E-mail : pengliangzhi@cric.cn



1242 BowW 2R 5394

indexes, including peel color, contents of vitamin C (Vc), titratable acids (TA) and total soluble solids
(TSS) were measured just post high temperature season and during the harvest time. [Results ]Different
color shading nets had different shading rates on tree canopy and the shading rate was 59.9%-75.4%.
However, yellow, red, green and blue nets basically had the same shading rate, but black net had 75.4%
shading rate, which was 12.2%-15.5% higher than those of color nets (59.9%-63.2%). Compared with
the control (no shading net covering), the cooling effect of all color nets was basically the same, and the
temperature decreased on the leaves and fruits by 7.4-10.0 C and 7.0-8.3 C, respectively. All the treat-
ments had no sun burning damage on the leaves and fruits, and significantly increased the relative chlo-
rophyll contents and photosynthesis. The color shading nets covering treatments, especially the blue
net, yellow net, black net also incresed the fruit diameter and fruit weight in just after the high tempera-
ture season. In terms of internal quality, the color shading nets decreased the fruit TSS and increased the
fruit TA, although the difference between the control and each treatment was not significant . The color
shading nets increased the fruit Vc and the increase of the fruit Vc by the green and blue shading net
was significant compared with the control. In harvest time, the color shading nets increased the weight
of fruit and transverse diameter and the increase by the blue and black nets was significant compared
with the control. There were no significant differences in the longitudinal diameter, the fruit Index, and
the fruit surface color between the various color shading net treatments and the control. In terms of in-
ternal quality, the contents of TSS and Vc treated with the various color shading-net treatments were
higher than those of the control, while the content of TA was lower than that of the control. The fruit
TSS content treated with the blue shading net treatment was significantly higher than that of the control,
and the fruit Vc content of the green and blue shading net was significantly higher than that of control.
Comparing the changes of fruit quality at the end of high temperature and ripening stage, the single fruit
weight and transverse diameter treated with the blue and black shading net treatments was significantly
the highest in both periods. The fruit Vc content treated with the blue and green shading net treatments
was significantly the highest in both periods. The fruit TSS of all the treatments increased rapidly after
removing the shading nets, and finally higher than that of control, in which blue net was significantly
higher than that of the other treatments and the control. The TA content of fruits treated with the color
shading-nets was slightly higher than that of the control in just after high temperature season, but after
removing the shading nets, it decreased as the fruits entered the mature stage, and finally it was slightly
lower than that of the control. [Conclusion] The covering with black, yellow, red, green or blue weft
knitting 6 stitches shading nets could completely control sunburn damage, increase the net photosynthet-
ic rate and improve fruit growth and quality of Newhall navel orange, and blue or black shading net cov-
ering increased the leaf net photosynthetic rate, promoted the fruit enlargement and increased the fruit
weight significantly. Generally, the blue shading net had the best effects on improving fruit internal qual-
ity, including increasing the fruit TSS and Vc, reducing the fruit TA. Therefore, blue shading net would
be suitable application for navel orange in high temperature season for controlling sunburn.

Key words: Newhall navel orange; High temperature in August; Color shading net; Sunburn control
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Table 1 Changes of shading rate and spectral proportion on tree canopy top of Newhall navel orange
covered with different color shading-nets
plipio s WA R L BRI L AR
Treatment Shadlng Blue-violet irradiance ratio Yellow-green irradiance ratio Red-orange irradiance ratio
coefficient/% (400~500 nm)/% (500~600 nm)/% (600~700 nm)/%
X} & Control 0 33.5240.23 b 35.32+0.03 ¢ 31.16+£0.21d
T1-24 T1-Black 75.44x1.73 a 32.68+0.38 ¢ 35.33+£0.07 ¢ 31.99+0.31 ¢
T2-# T2-Yellow 60.02+0.19 ¢ 26.11+0.35 ¢ 37.78+0.13 a 36.11+£0.22 b
T3-4. T3-Red 60.41£1.28 ¢ 28.71+0.07 d 31.91+0.18 d 39.38+0.24 a
T4-%¢ T4-Green 59.93+0.31 ¢ 32.49+0.28 ¢ 37.67+0.14 a 29.85+0.42 ¢
T5-1# T5-Blue 63.17+£0.34 b 39.23+0.61 a 35.94+0.01 b 24.83+0.63 f

T AL R AN NS PRI ER R (p < 0.05). T,

Note: Values in the same column with differens small letters mean significant difference (p << 0.05). The same below.
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Changes of diurnal temperature on leaf surfaces (A, C, E) and fruit surfaces (B, D, F) of Newhall navel orange
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Table 2 Photosynthesis of Newhall navel orange covered with different color shading-nets at

11:00 am and 14:00 pm on clear day

- AhgLE LS ] CO.He kAR
Year O’clock Treatment et photosynthetic rate,Stomatal conductance,Intercellular CO, concentration, Water trangplratlon rate,
P./Cumol-m?-s™) GJ/(mol-m?-s") C/(umol - mol™) T/(mol-m*-s™)
2020 11:00  XJ/¥ Control 3.14+0.32d 0.044+0.004 ¢ 240.8249.39 a 1.89+0.19 ab
T1-7& T1-Black 5.80+0.35 b 0.064+0.012 b 212.71420.21 a 2.04+0.31 a
T2-%% T2-Yellow 4.36+0.43 ¢ 0.051+0.006 ¢ 213.37427.46 a 1.89+0.24 ab
T3-4L T3-Red 4.58+0.61 ¢ 0.049+0.005 ¢ 212.69+10.40 a 1.60+£0.14 b
T4-%% T4-Green 4374032 ¢ 0.050+0.004 ¢ 220.92+3.48 a 1.60£0.13 b
T5-1# T5-Blue 6.56+0.08 a 0.077+0.002 a 219.79+2.73 a 2.26+0.07 a
14:00  XfJ#& Control 1.92+0.33 b 0.033+0.003 b 263.14+18.49 a 1.55£0.21b
T1-£2 T1-Black 4.01£0.80 a 0.047+0.010 ab 216.71+1.82 b 2.15+0.51 ab
T2-3% T2-Yellow 3.92+0.43 a 0.043+0.002 ab 210.26+8.93 b 1.93+0.08 ab
T3-41. T3-Red 3.66+0.36 a 0.043+0.007 ab 218.2442.66 b 2.00£0.36 ab
T4-%¢ T4-Green 3.81+0.98 a 0.043+0.010 ab 218.19+5.84 b 2.01+0.38 ab
T5-% T5-Blue 4.66+0.86 a 0.055+0.012 a 216.96+7.98 b 2.41£0.71 a
2021 11:00 X} & Control 2.70+0.20 ¢ 0.041+0.001 b 243.41+6.51 a 2.75+0.06 ¢
T1-/& T1-Black 6.24+0.59 a 0.078+0.010 a 224.21+8.92 ab 4.27+0.65 ab
T2-3% T2-Yellow 4.50£0.59 b 0.049+0.005 b 227.16+12.60 ab 3.53+0.74 be
T3-4 T3-Red 4.44+041b 0.049+0.002 b 236.25+21.69 ab 4.17+0.80 ab
T4-%¢ T4-Green 4.49+0.21 b 0.052+0.004 b 224.62+6.14 ab 3.32+0.17 be
T5-1% T5-Blue 6.45+0.46 a 0.081+0.005 a 217.14+3.01 b 4.76+0.28 a
14:00  XfH# Control 1.83£0.70 b 0.030+0.007 b 268.76+16.15 a 1.74£0.36 b
T1-7& T1-Black 4.16+0.63 a 0.050+0.002 a 221.70£17.15b 2.92+0.33 a
T2-3% T2-Yellow 3.52+0.08 a 0.045+0.001 a 231.90+0.42 b 2.42+0.07 a
T3-4L T3-Red 3.3740.29 a 0.045+0.003 a 234.98+14.58 b 2.53+0.50 a
T4-%% T4-Green 3.57+0.12 a 0.047+0.005 a 222.60+17.33 b 2.89+0.26 a
T5-1# T5-Blue 4.10£0.31 a 0.053+0.007 a 230.08+10.31 b 2.96+0.36 a
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SLE KB
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PR PH R A X Pt 2 2K R 4 S 3 B xR D 8 2 o
R, BB ATC R 7R . & O WA &5 A
) e UL SO0 ) SR S AR O A R SR AR T R R 2

R T H A B ERH M
2.5 A[E)ER 8 BT e B K2R RS20

1 i 45 R Ja 5 25 A EE I B RSk AT H AR
SiTH FIFEFE 43 2% (0~4 28 , 2020 4 X6 R i F H 1 2
N 50.41% « H K FEFE N 1.87 2% 5 FTH H #1F N
43.70% H FIFEEE 4 1.88 2% 52021 = 06F M E A H 1)
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Table 3 Changes in leaf relative chlorophyll content and fruit diameter increase of'Newhall' navel orange covered with

different color shading-nets during high temperature season

i L S TR RS b 3 B e U 0 A A e

sl Increase in relative chlorophyll content during high Increase of transverse diameter during high
Treatment temperature temperature/(mm-30 d")

2020 2021 2020 2021
Xt & Control -2.09+0.83 ¢ -2.09+0.32 b 6.57+0.37 ¢ 5.75+0.35d
T1-24 T1-Black 2.02+0.68 b 5.79+0.87 a 7.98+0.15a 7.92+0.58 a
T2-3% T2-Yellow 2.07+0.41 b 5.424+0.39 a 7.34+0.29 b 6.70+0.25 ¢
T3-41 T3-Red 3.20+0.60 a 5.79+0.43 a 7.1840.20 b 6.75+0.75 ¢
T4-%% T4-Green 1.59+0.49 b 5.00+1.30 a 7.2840.09 b 6.94+0.33 be
T5-# T5-Blue 1.89+0.33 b 5.70+0.20 a 8.03+0.38 a 7.64+0.10 ab

FONT2.34%  HPIFEEE N 2.07 s 1 H K F N
69.42% - H KIFEEE N 1.98 2752020 4 F112021 4 %5 kb
g AR S R Z B B E, B EMH
PRI 0, 3% 78 o5 24 6 5145 0 3 PH 35 1] 58 42
B ik BRI R A

2.6 A[E)EN B P 7B 2 B BT HE R B EE R

FH 4 W1, fey il 45 O 5 8% C 2 H ) Ach B2 ) o2
RREMAEER(TA SR HAERCVOFEY
f TR T [ TR A B (TSSO I T X0 .
AR W D i DX R IR R R o I v T R
R D R RN B X ) Ve 7 8 32 35w TR I &
FH I AL TSS M TA S 5X R 257 (HE

*4 BRHGREEHEERMNESAE/RBFHERE SRR

Table 4 Comparison of fruit quality of Newhall navel orange covered with different color

shading-nets after the end of high temperature period

A R w4 WA ) P C)
ﬁjiment Single fruit weight/g Soluble solids content/% Titratable acidity/% Vitamin C content/(mg- 100 mL")

2020 2021 2020 2021 2020 2021 2020 2021
X HE Control 144.25+2.04 ¢ 141.0844.79¢  11.00£0.17a 10.07+0.25a 1.33+0.02a 1.32+0.07a 48.74+1.01 b 45.63+0.34 ¢
T1-%2 T1-Black 173.92+1.88a 171.32+2.08 a 10.33+0.67a 9.23+0.25c¢  1.40+0.05a 1.37£0.03a 50.23+1.87 ab 47.12+0.96 b
T2-# T2-Yellow 159.58+3.36b  165.24+3.78 ab  11.07£0.49a 9.53£0.15bc 1.39£0.08a 1.32+£0.04a 52.10£2.44a 47.12+0.75 b
T3-4L T3-Red 154.20+8.25bc  163.33+7.07b  10.93+0.21a 9.73+0.15ab 1.42+0.17a 1.32+0.07a 49.49+1.06 ab 47.42£091b
T4-%% T4-Green  153.44+5.19bc  165.03+1.99ab  10.97£0.10a 9.83+0.40 ab 1.43+0.07a 1.33+0.02a 52.01+0.58 a 49.80+0.91 a
T5-# T5-Blue 178.72+8.16 2 170.32+1.42ab  10.97+0.23a 9.77+0.21 ab 1.35+0.03a 1.35£0.06a 52.19+1.88a 49.40+0.60 a

WA TSS 7 & fefiKo

TSRS, S TR 7 THD » % €3 B D 7 5 1
IR B R AR A v T R e T R R S
TR S B SR AR R e R R A
O O SNBHLZHEREZS . WM
J5R 7T, 4% €0 W0 78 75 1 TSS Al Ve & B8 T 6 1
Forb R IR TSS Fr & 40 2 v 10 R A R RSk Y 1)
Ve Fri i m T i 25 Ul BH I 1) TA 75 = 3
0 BRI JE 3 25 ¢ (GR 5~3R 6,

Gh A v it 445 TR R RS 1 A I ) B SR 5
JoR AR AT R T R A ) SR S B SR R A A B
) I 2 B v, 1K 2 W X R B ) (1 SR SR A5 I 3
TR Gt 8 RN 2 W SR SIE IR Ve 25 5 7E PR AN IR 3

PR E R . S TSS & EAE PRI N 5 L
THER I B 26 5 T o0 R, L b il ) 2 2 o T At A
BRANGTHE o 2% (0 BH DX 7 25 {6 SRS TA & 2 & = T
X (AR 5 208 B 1Y) i o o S S N AR T T B
AT X IE (R 4~326) .

3% w

SR FH W (R g A REANIE G A RO TR Y
SRR B R LA G 3L BB s TR B
I FH R 2 SRR — RE B R DGR ER 1
ok B & I M AL BOE A E IL UM G, 38 H BLE
I LIRS BHIRI G » CAS S SR RE IS (0622, Jig
F 3 YE G A BOR LE B RS2 AR B S K
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Table 5 Comparison of external quality of Newhall navel orange covered with different color
shading-nets at mature stage in 2020
. . P p 1o CIRZES Ay )
WRER B Wi sy WOTIEEOTE L o)
VOS] . . o . BV EED N
* a* b* Single fruit Transverse Longitudinal ~ Fruit shape . Vitamin C/
Treatment weight/s  diametermm diametermm index ool Titratable: o 00 mL)
gnve solids/% acidity/% ‘¢
X Control  69.85+ 26.80+ 69.02+  244.63+ 77.85+ 78.31+ 1.01% 1127+ 0.68+ 47.70+
0.85a 093 b 0.33 ab 737c¢ 1.47b 1.65a 0.04 a 0.12b  0.03a 248b
TI-& 67.88+ 2941+ 68.04+ 260.42+ 80.60+ 80.20+ 1.00+ 11.40+ 0.60+ 48.24+
T1-Black 1.52 be 0.83a 2.29 ab 6.66 ab 1.03a 1.32a 0.0l a 0.60b 0.03b 195b
T2-3% 67.14+ 30.51+ 66.38+ 254.69+ 79.00+ 79.34+ 1.00+ 11.83+ 0.59+ 48.33+
T2-Yellow 1.10 ¢ 048 a 147b 2.84 abc 1.80 ab 1.05a 0.0l a 0.32ab 0.02b 1.33b
T3-4L 69.05+ 29.57« 69.01+ 253.19+ 79.45+ 79.36+ 1.00+ 11.60+ 0.67+ 47.70+
T3-Red 0.87 abc 1.20a 1.80 ab 3.43 abe 0.95 ab 1.12a 0.03 a 035b 0.06a 1.63b
4-Z% 69.56+ 29.06+ 69.45+ 251.88+ 78.21+ 79.35+ 1.01+ 11.50+ 0.60+ 51.85+
T4-Green 0.22 ab 0.39a 025a 7.05 be 091b 049 a 0.0l a 0.10b  0.02b 0.82a
T5-# 68.48+ 29.11+ 68.55+ 264.48+ 80.72+ 80.59+ 1.00+ 12.40+ 0.59+ 53.03+
T5-Blue 1.02 abc 0.53a 1.84 ab 691 a 047 a 1.06 a 0.02a 044a 0.01b 2.36a
3R 6 2021 G ARERAHAAE] 2 € 58 A 7 2 AT /R B AR RO RSN s B L 3
Table 6 Comparison of external quality f Newhall navel orange covered with different color
shading-nets at mature stage in 2021
o Sel=) 7 7 A g H e AaJy >
SRR W Wit sy TR T e )
b7 N N N . . N . YD ERD L
L a b Single fruit Transverse = Longitudinal  Fruit shape : Vitamin C/
Treatment weight/, diameter/mm diameter/mm  index Soluble Titratable (mg-100 mL")
enve solids/%  acidity/% J
X Control 68.43+ 2247+ 66.98+ 233.12+ 76.80+ 77.08+ 1.00+ 11.10+ 0.80+ 47.58+
1.57 a 0.97b 2.08 a 4.06 ¢ 0.90 ¢ 0.48 ab 0.0l a 0.10b 0.08 a 1.56 ¢
T1-74 67.74+ 23.08+ 66.75+ 257.64+ 80.18+ 79.06+ 0.99+ 11.30+ 0.79+ 49.41+
T1-Black 0.71a 1.04 ab 033a 342a 0.81a 0.94 a 0.0l a 0.20b 0.02a 2.70 be
T2-3% 67.21+ 22.13+ 66.01+ 248.57+ 78.27+ 77.83+ 0.99+ 11.30+ 0.72+ 51.96+
T2-Yellow 1.06 a 029b 1.12a 4.70 be 0.82 be 0.41 ab 0.02a 0.44b 0.06 a 1.11 ab
T3-41 67.39+ 23.35+ 66.90+ 249.78+ 78.02+ 78.08+ 1.00+ 11.63+ 0.78+ 51.23+
T3-Red 0.32a 1.50 ab 024 a 1.25be 0.74 be 1.36 ab 0.02a 021ab 0.07a 1.71b
T4-%¢ 67.63+ 24.55+ 67.05+ 243.60+ 77.99+ 76.36+ 0.98+ 11.60+ 0.80+ 52.60+
T4-Green 0.78 a 1.35a 0.67 a 2.26 be 0.68 be 2.04b 0.03a 0.44ab 0.03a 2.19 ab
T5-# 66.64+ 21.45+ 65.81+ 257.84+ 79.51+ 77.14+ 0.97+ 12.07+ 0.72+ 55.25+
T5-Blue 045a 025b 044 a 4.53a 1.08 ab 0.74 ab 0.00 a 0.12a 0.09 a I.11a
U, S5 AH R S 1 SR O RH X AR EL , R BH I P AR ROR S . AT, WA (038 P 1 2 25 e

PR I R S vy, 5 R 8 K I PR B At T
M = F I ILEEA R, AS R By ks H
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BH I 5 1 5 1 < 35 R A6 e 46 - T 2R T O R 7~
10 °C, 15 5 iR AR AE 40 'C LA KT 42 “C A
A7 el 7 R B, ] e AR Bk R R AR IR
LRARNT 4R 2 B 210 T B s TE DGR BE AN i AR A Ty
T A BT AN ], 5 B 6 30 O X B, R €838 B Y e

K W R B R S B % IR (PAR=200~600
pmol - m” - g™ ) I [] B 330 A5 O T L B £ 3 PH ) 22
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SRS AR e e 2= TNTIPAN 2 iow e (E|

SALTFTRCGE D 5 Py T 2 0 0 A 90 € 30 BH Y
X5 AT AT B G T e e AL RO
{1 P N A A TR B AL s 38, 2006 T LS s i
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T BH P P AT AT AR, 1X AT A R W e P AE
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TS LI BH ) P, s T 40 B P X — IR, aX ]

A A I PN B U BOGIG A 2 (1 TR R, AN 2 156
EAE R A B 52 m, Y Ah, Terashima 2592 &% B 7E
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