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Studies on the Sensitivity of Apple Flowers and Fruits to

Low Temperatures from Flowering to Young Fruiting Stage

YANG Yonge'?, ZHANG Xiaoyu **", LIANG Xiaojuan'?, MA Mengyao'*, WEI Jianguo®
(1 College of Enology and Horticulture, Ningxia University, Yinchuan 750021, China; 2 Key Laboratory of Agricultural
Meteorological Disaster Monitoring, Early Warning and Risk Management in Dry Areas, China Meteorological Administration,

Yinchuan 750002, China; 3 Ningxia Institute of Meteorological Science, Yinchuan 750002, China)

Abstract: In this study, the flowers and fruits of two main apple varieties ‘Gala’ and ‘Fuji’ in Ningxia
were used as test materials during the bud, blossoming, fruiting and young fruiting period, and the natu-
ral cooling process was simulated by using a field frost tester to statistically measure the freezing rate, and
then the Logistic equations were set up with the freezing rate of 20%, 50%, and 80%, and the critical
temperatures for light, medium, and severe freezing were determined. We also tested the cold resistance
indexes such as overcooling point, freezing point, conductivity, soluble sugar and soluble protein contents
of each variety in different phenological periods, and combined with the multiple linear regression method

to comprehensively judge the main influencing factors of the difference in cold resistance from apple flow-
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ering to young fruiting period. The results showed that, (1) the cold resistance of ‘Gala’ was stronger
than that of ‘Fuji’ in all periods. (2) The cold resistance of the same apple variety was different in differ-
ent phenological periods, which was manifested as follows: Bud period>blooming period > fruit setting
period >>young fruit period. (3) The freezing threshold temperatures of the two apple varieties in each pe-
riod were mild, moderate and severe, and their freezing threshold temperatures showed an increasing trend
as the seasonal period progressed. (4) The freezing rate was highly significantly and positively correlated
with the half-lethal temperature with a correlation coefficient of 0. 909" , and highly significantly and neg-
The study
showed that the four phenological periods of ‘Gala’ and ‘Fuji’ were highly significant in terms of conduc-

atively correlated with the soluble protein content with a correlation coefficient of 0. 874",

tivity and soluble protein content had a strong response relationship to the freezing rate of ovary, and the
temperature of overcooling point and freezing point also had a certain response to the freezing rate of ova-

ry, which could be used as important indexes for evaluating the cold-resistant traits of apple, such as con-

ductivity, soluble protein content, overcooling point and freezing point.

Key words: cold hardiness; phenological period; critical temperature; in-situ tests; frosts
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Average temperatures from January to May and

active cumulative temperatures of =0 C and =5 C
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Fig. 1 Design and test diagram of the field frost test chamber
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Table 2 Frost rates of fruit at different stages of the apple phenology

%% * Frost rate/ %

o
Virie I Sieee
Y -1 —1.5°C —2C —2.5°C —3C —4C —4.5°C
75 W Bud stage — — 0 — 7 34 58
T AL Flowering stage 1 — 2 — 28 61 _
Gala A B Fruit setting stage 9 — 61 81 78 — —
W Young fruit stage 9 45 76 74 — — —
35 W Bud stage — — 0 — 10 47 65
- 1 . _ —_ _
= j: JEAEW Flowering stage 3 21 45 90
Fuji A B Fruit setting stage 17 - 27 72 71 — —
R Young fruit stage 39 48 71 69 — — —
3 ERAEAYEHAZIHEESREZEMN Logistic FERBILRE
Table 3 Logistic equations of frost rate to low temperature and lethal temperatures for different phenological stages of apple
. HILIEJE Lethal temperature/C
i A Vo= 1:np] Logistic J7 2 e R B
Variety Developmental stage Logistic equation R? 20 % Z %R F 50 % 5% R HR 80 % % R &R
20 % frost rate 50 % frost rate 80 % frost rate
TEE W Bud stage =0, 986634/ (1572119570 0.999 5 —3. —4.3 —5.1
W BEAEH Flowering stage y=0.644631/(1+ " 00713 1330 0.999 7 —2. —3.2 —4.2
Gala AR M) Fruit setting stage  y=0. 815935/ (1™ 20719900 0.992 6 —1.3 —1.8 —2.8
R Young fruit stage y=0. 766492/ (1+e" 38434519390y 0.994 2 —1. —1.5 —2.7
£ Bud stage y=0. 779859/ (14 0077 +2 3690 0.999 6 —3. —4.1 —4.8
- &AL Flowering stage y=1.623500/(1+¢" 37114300 0.995 4 —2. —3.1 —3.8
Fuji AL Fruit setting stage  y=0. 906640/ (14" 1012F192871) 0.851 4 —1.: —2.3 —3.2
HRW Young fruit stage  y=0.777345/(1+e 7 H1L707T0y 0.901 2 —0. —1.4 —2.2
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Fig. 2 Overcooling and freezing points for different varieties of apples and different phenological stages
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Table 4 Changes in relative conductivity of apple

under low temperature stress

Ak B i ERO R
lingiti] Processing Relative electrical conductivity/ %
Stage temperature
/°C I I Gala Wt Fuji
0 23.3245. 86b 25. 88 2. 34c
p—_— —2 34.55+10. 40ab 30. 161, 07c
Bud —3 37.32417.30ab 34.70+£3. 60c
stage —4 19, 17415. 91ab 58.49-+15. 31b
—4.5 60.57+18. 70a 74.97+10.07a
0 30. 405, 51c 38.76-£0. 28c¢
o —1 36.97+9. 35hc 40.15+1. 83¢
Flowering —2 45.40+6.15b 41.29+6.09¢
stage -3 50.53+3.58b 66.10-£11. 46b
—4 64.0149. 88a 80. 78+6. 39a
0 26. 42+ 3. 40c 43.50+1. 96b
AR —1 34,016, 17¢ 46.85-0. 04b
Fruit —2 43.89+2.69b 18. 11+2. 89h
setting
stage —2.5 51.03-3. 80b 78.88+8.52a
-3 70.21+7.77a 87.13412. 21a
0 24.97-+0. 93d 39.06+2. 31d
451 —1 38.30E6. 37c 45,4242, 76cd
Y["“.“g —1.5 45. 40 5. 39be 47,927, 35¢
ruit
stage —2 17.89-+5. 02b 80.24-+1.41b
—2.5 60. 121, 49a 92.91-+0. 82a

[ 309 18] B A 6] /N5 5 B 3R A BRRLBE 6] 6 0. 05 K -7 75 B 35 22
5. TR,

Note: The different normal letters within same column and stage indi-
cate significant difference among treatment temperatures at 0. 05 level. The

same as below.
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Table 5 Comparison of the Logistic equation for relative electric conductivity to low temperature,

semi-lethal temperature and 50% freezing rate temperature for apples at different phenological stages

N e T 50 % % Y ik
i ot Logistic 7 deRFE ks ) TR
Variety Stage Logistic equation R? LTs/C oV /0 lreezing rate
’ temperature/ C
AE75 W] Bud stage y=902700. 1630/ (1 ¢! 1011103651321 0.973 7 —14.6 —4.3
. AL Flowering stage =234, 5017/ (14 > 3370. 515530y 0.982 7 —4.1 —3.2
M Y
Gala A8 SR Fruit setting stage Y =1066107. 0099/ (14! 07011091767 0.989 7 —2.8 —1.8
#] Young fruit stage ) =96728. 4669/ (14 ¢ 18377 0- 6121001 . —2. —1.5
QJJ%E@E Y frui } + 9.1837-+0. 6124001 0.960 8 2.6 1
L7 ) Bud stage ¥ =130.9601/(1+> #1103, 0.996 4 —4.2 —4.8
B AL Flowering stage ¥ =90, 0889/ (1’ 2885+ 3. 28301y 0.998 6 —2.9 —3.8
Fuji A 0] Fruit setting stage y=97.7504/ (14! 38617712200 0.991 4 —2.3 —3.2
IR Young fruit stage y=91. 6045/(1+e8’5’315+1'%5“) 0.981 6 —1.8 —2.2
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Table 6 Changes in soluble sugar content of apple under

low temperature stress

Aab B Al PR i
[ing:ti| Processing Soluble sugar content/(mg/g)
Stage temperature
“ L1 Gala & 1 Fuji
0 6.35+1.09d 6.15+0.42¢
—2 7.88+1.19d 8.10+0. 66¢
A
Bud —3 28.96+3. 04a 21.24+0.71a
stage
—4 23.69+2.77b 13.31+1.30b
—4.5 13.414+2.53¢ 7.8141.02¢c
0 17. 0441, 01c 9.0141. 65¢
—1 21.65+£2.08b 15.64+1.55b
RRACI
Flowering —2 24.98+3.27a 19. 65+1.00a
stage
—3 20.70+2.33b 19.6540. 70a
—4 15.44+2.13¢ 18.54+0. 31a
0 16.0341.01c 5.6330. 08c
A 3] —1 18.8841.94b 16.03+0. 56b
Fruit —2 22.54+1.64ab 18284 1. 8dab
setting
stage —2.5 23.64+1,45a 21.1140. 67a
—3 19.3941.33b 18.9841. 53ab
0 15.46+1.58¢ 9.8140. 56¢
_ 41 93be +
SR 1 18.9941. 93bc 16.0240. 78b
Youns —15 24.890. 90a 21.39+2. 00a
ruit
stage —2 19.94=1. 84b 19. 76--0. 98a
—2.5 23.13£0.91a 19.90+1.91a
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FEACTE I, S AL B IR R A RN E R
TREE—4 CZHT AR T 7E—3 CHfikH|
WEfH (4. 28 mg/g), I B # = i (3. 09 mg/g) 14
38. 5%, MM EW A E IEHEA ST RE 4 Cik
FNEE (4. 31 mg/@) BLEIRIEIN 20. 7%,

®7 FRKEMETERTANEAAETK

Table 7 Changes in soluble protein content of apple

under low temperature stress

FERRACI , R AW R B A E A
AE—3 CIRBIEME, 73502 4.11,4. 09 mg/g. fF
Ap A, IR T R AR S A — 2.5 C A B
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Table 8 Correlation coefficient matrix for cold resistance indicators
b7 LB AR SR Z R FURES SN ZEUK R AR E TN
IEld Lethal Electrical Freezing  Supercooling  Freezing Soluble Soluble
ndex temperature  conductance rate point point protein sugar
L FHILIRE Lethal temperature 1
FH XL 5% Electrical conductance 0.491 1
Z %% Freezing rate 0.909 ™ 0.509 1
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] % PEBE Soluble sugar 0. 630 —0.026 0.398 0.194 0. 366 —0.438 1
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Table 9 Multiple linear regression mode
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