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Abstract: [Objective] The study investigated the physiological effects of strong cold air flow on three
major local citrus species in Jiangxi (Citrus reticulata ‘Nanfengmiju’, C. grandis ‘Jinshayou’, C. sinen-
sis ‘Newhall Navel Orange’), and evaluated the cold resistance among the species in order to provide
reference for the introduction, production and cultivation management of citrus. [Methods] This experi-
ment was carried out in Jiangxi Academy of Agricultural Sciences from December 23, 2021 to Decem-
ber 30, 2021, with 5-year-old citrus trees used as the experimental materials. The effects of strong cold

air flow on the chlorophyll content, photosynthetic fluorescence characteristics, reactive oxygen species
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and antioxidant enzyme activities in leaves of the three citrus species were studied, and principal compo-
nent analysis was performed on the above physiological parameters, and the cold resistance of three cit-
rus species was finally determined. [Results] The daily minimum temperature on December 24 and De-
cember 26 was 7.2 ‘C and —1.5 ‘C, respectively. The difference between the daily minimum temperature
within 48 hours was greater than 8 “C , and the daily minimum temperature dropped below 8 “C. There-
fore, according to the national standard of Cold Air Grade (GB/T 20484—2017), it was classified as a
strong cold air flow. As a result of this strong cold air flow, the daily maximum temperature and daily
minimum temperature had the same trend. They declined continuously from December 24 to 26, reach-
ing a minimum value on December 26, after which temperature gradually recovered. The content of chlo-
rophyll in the leaves of the three citrus species changed greatly with a similar change pattern. From De-
cember 24 to 26, the contents of Chla and Chlb gradually decreased, but slowly increased after Decem-
ber 26. At the end of the experiment on December 30, Chla content in the three citrus species was slight-
ly lower than that at the beginning, but Chlb decreased significantly. The change in carotenoid content
varied among citrus species. With the decrease in air temperature, the maximum photosynthetic rate
(Pus), apparent quantum efficiency (AQY), PS Il primary light energy conversion efficiency (F./F,) and
light saturation point (LSP) showed a downward trend. During the temperature recovery period, the val-
ues of chlorophyll content, P, AQY, F./F., and LSP increased. The change trends of light compensation
point (LCP) and non- photochemical quenching (NPQ) were similar. With the temperature drop, they
first increased and then decreased, and reached a highest value on December 26. The change trends of
MDA and H,O, contents in the three citrus species were basically the same, showing a trend of first ris-
ing and then falling. Their values were the highest on December 26, and then showed a downward trend.
However, at the end of the experiment, MDA and H,O, contents maintained higher than those at the ini-
tial day. During the whole process of strong cold air flow, the contents of MDA and H,O, in C. sinensis
‘Newhall Navel Orange’ were the highest, followed by those in C. grandis ‘Jinshayou’, and those in C.
reticulata ‘Nanfengmiju’ were the lowest. The trend of POD content in the three citrus varieties was ba-
sically the same, and all showed a trend of first rising and then decreasing. The POD values of the three
citrus cultivars were highest on December 26, increasing by 34.29% (Nanfengmiju), 30.77% (Jinshay-
ou) and 39.02% (Newhall Navel Orange) compared to the values on December 24, respectively, and then
showed a downward trend, but the POD value on the end day of the experiment was still higher than the
initial day. The change trend of SOD activity was consistent with that of POD. During the temperature
drop, the POD and SOD activities in Newhall navel orange were the highest, followed by those in Jinsha-
you, and Nanfengmiju had the lowest enzyme activity. [Conclusion] Through the principal component
analysis of chlorophyll content, photosynthetic fluorescence characteristics, reactive oxygen species and
antioxidant enzyme activities in leaves of the three citrus species, the order of cold resistance among the
three citrus species from strong to weak was Nanfengmiju>Jinshayou>Newhall Navel Orange.

Key words: Citrus; Strong cold air; Photosynthesis; Protective enzyme activity; Principal component

analysis; Cold tolerance
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Table 1 Basic parameters of three citrus species

mh A 138 ek

Varieties

Average crown width/cm

B %M C. reticulata “Nanfengmiju’ 275.64+8.33 a
GV HH C. grandis ¢ Jinshayou’ 277.35£5.78 a
Afaf /RIFFRS C. sinensis ‘Newhall Navel Orange”  269.71+6.49 a

P F T FHETEAR AR
Average trunk height/cm Average trunk diameter/cm Leaf area index
73.33+2.11 a 21.21£2.22 a 2.78+0.12 b
70.47+£3.27 b 19.83+1.37 a 2.65+0.08 b
75.62+2.10 a 22.12+2.43 a 3.16+0.09 a

T AAMENRE 3 REZRCPEhREZ) . B R, ARNG P RRRZEREE (p<0.05). FH.

Note: Each value represents (the mean + standard error) of three replicates. Different small letters represent significant differences at p < 0.05 by

Duncan’s test. The same below.
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Fig. 1 Variation of daily average, minimum and maximum air temperatures during the occurrence of strong cold air flow
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Table 2 Effect of strong cold air flow on chlorophyll content in citrus leaves

bl A Wit % 2) w(nHEb) REEIES

Varieties Date Chlorophyll a content/(mg-g") Chlorophyll b content/(mg-g") Carotenoid content/(mg-g")

MEE 12424 H Dec.24  1.95+0.06 a 0.68+£0.01 a 0.35+0.01 ¢

C. reticulata “Nanfengmiju” 15 526 [ Dec26  1.68+0.01 b 0.54+0.01 b 0.48+0.03 a
12128 1 Dec28  1.77+0.05 ¢ 0.57+0.02 ¢ 0.44+0.02 b
12130 Dec.30  1.92+0.01 a 0.60+0.01 d 0.42+0.02 b

Sl 12 H 24 H Dec.24 1.85+0.02 a 0.62+0.02 a 0.35+0.02 ¢

C. grandis *Jinshayou’ 1226 Dec26  1.60+0.02b 0.52+0.02 b 0.50£0.01 a
12928 H Dec28  1.7120.05 ¢ 0.55+0.02 ¢ 0.47+0.02 ab
12730 Dec.30  1.81£0.02 a 0.55+0.01 ¢ 0.46+0.01 b

A1t /R MR 12424 H Dec24  1.78+0.02 a 0.58+0.01 a 0.38£0.01 ¢

ffa i”e’;egsrfn;:?“’ha“ 1226 H Dec26  1.53£0.03 b 0.4920.02 b 0.52+0.02 2
12428 H Dec.28  1.62+0.01 ¢ 0.50+0.01 ¢ 0.47+0.02 b
12130 Dec.30  1.76£0.04 a 0.51+0.01 d 0.47+0.01 b

T ANEVNG R IR Rl RIS R ) 22 5 3 (RS, p < 0.05) . R .

Note: Different small letters indicate significant difference among different time of the same variety by Duncan’s test (p < 0.05). The same below.
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Table 3 Effect of strong cold air flow on photosynthetic parameters in citrus leaves
o H i RREEER RHEFUE SR FEAME AT
A ’ Maximum photosynthetic Apparent Light saturation point/  Light compensation
Varieties Date 5 . 2 - 2.
rate/(pmol -m?*-s™) quantum yield (umol-m?-s™) point/(umol -m?*-s™)
mFE N 12 A 24 H Dec.24 6.45£0.37 a 0.041£0.001 a 987.43+11.00 a 13.22+0.12 d
f%?ﬁi”@?l 12 H 26 H Dec.26 431+0.11 d 0.035+0.002 b 886.45+12.00 d 22.45+0.14 a
1mnokuni
12 A 28 H Dec.28 4.45+0.23 ¢ 0.0380.001 b 901.56+21.00 ¢ 20.56£0.10 b
12 30 H Dec.30 5.45+0.42 b 0.039£0.001 a 931.66+10.00 b 15.660.13 ¢
SV0Mh 12 H 24 H Dec.24 5.81x0.37 a 0.038+0.001 a 913.50+11.00 a 16.22+0.13 d
f}gﬁfd” , 12 F 26 [ Dec.26 3.94+0.13 d 0.030+0.001 ¢ 808.39+10.00 ¢ 24.45+0.10 a
mshayou
12 A 28 H Dec.28 4.02+0.12 ¢ 0.033+0.001 ¢ 847.91+18.00 b 22.56+0.12 b
12 A 30 H Dec.30 4.89+0.13 b 0.037+0.001 a 911.76£14.00 a 17.66+0.09 ¢
ALt /R R 12 A 24 H Dec.24 5.41x0.17 a 0.036+0.001 a 890.58+12.00 a 16.82+0.10 d
C. sinensis 12 H 26 H Dec.26 3.1120.08 d 0.029+0.002 b 798.41+14.00 d 25.25+0.08 a
Newhall Navel
Orange’ 12 H 28 H Dec.28 3.85+0.21 ¢ 0.030+0.002 b 821.25+9.00 ¢ 23.74+0.09 a
12 30 H Dec.30 4.15+0.22 b 0.035+0.001 a 845.17+13.00 b 18.660.10 ¢

—e— [ FE i C. reticulata ‘Nanfengmiju’ —— 904 C. grandis ¢ Jinshayou’ —s— 41 4j JRITf C. sinensis ‘Newhall Navel Orange’

09 r

PS I (i Kb 5 250%
PSII photochemical efficient, F\./F.,

0.6 1 1 J

2021-12-24 2021-12-26  2021-12-28

H A Date

2021-12-30

05

N
~

TR Z L
non-photochemical quenching, NPQ

0.2 L L )
2021-12-24 2021-12-26 2021-12-28 2021-12-30

H# Date

B2 QT SIHEM FHHREILS RN

Fig. 2 Effect of strong cold air flow on chlorophyll fluorescence parameters in citrus leaves
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Fig. 3 Effect of strong cold air flow on H,O, and MDA content in citrus leaves
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Fig. 4 Effect of strong cold air flow on protective enzyme activity in citrus leaves
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Table 4 Component eigenvalue

VIUEHFIEAH Initial eigenvalue

B % - —
Principal  4{iFHE g RBUTE
component Eicenvalue Contribution ~ Cumulative

g rate/% contribution rate/%
1 9.727 74.826 74.826
2 2.068 15.904 90.731

x5 ERDVIRETFEHIER

Table5 Primary factor load matrix of principal component

A A AR BR FEH 1 Fsr2
Physiological and Principal Principal
biochemical indexes component 1 component 2
-4 & & a Chla content 0.720 0.692
-4 % b & Chlb content 0.704 0.708
KiE MEEE 0.702 0.705
Carotenoid content

BRI T P 0.933 -0.305
FE TR AQE 0.962 -0.049
SR A LSP 0.974 -0.007
JEAMs FLCP -0.890 0.355
BRI F/F, 0.942 -0.272
BV K REINPQ -0.916 0.262
P %% 5 MDA content -0.697 -0.112
i LS5 & H.0, content -0.946 -0.119
i EALYIERE T POD activity  —0.965 0.238
B A A -0.803 0.378
SOD activity

T4 Pros AQE.LSP.LCP. F./F,,.\NPQ.H,0, & &
J POD.SOD iE M9 M EEMEE . F o2 FE
£ % Chla-Chlb 1 Car & & 3 MR 1I{E S .
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FORPUIE SR . KUk, 3 AN AH A o B Bl i o
PE TR iR 95 PPy B o B AR > < v ih > Al R JBE
(E6).
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Table 6 The cold resistance scores of three citrus species

A TR e HE4

Varieties Average scores Cold resistance ranking
R 3.36 1

C. reticulata ‘Nanfengmiju’

g -0.99 2

C. grandis ‘ Jinshayou’

AT IR A -2.37 3

C. sinensis ‘Newhall Navel

Orange’
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