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Investigation on the last freezing indexes of Fuji

apple flowers in Shaanxi province
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(1. Shaanxi Meteorological Service Observatory for Economical Crop, Xi’ an, Shaanxi 710014, China;
2. Xunyi County Meteorological Bureaw, Xunyi, Shaanxi 711302, China)

Abstract: To provide a solution for addressing the difference between the existing last freezing indexes and the real

performance of Fuji apple flowers in Shaanxi province, this research mainly used an artificial climate box to evaluate the

indexes. The result showed that the critical frost temperature was — 2°C. Meanwhile, the colder the temperature went

and the longer it lasted, the more damaging rates the apple flowers encountered. Abrupt fluctuations in temperatures

could easily result in sever damages on apple flowers. The level that the flowers became frozen was related with the open-

ings of the flowers. The more the flowers opened, the more severe they suffered. However, no significant correlations

were discovered between the damages and the locations of the flowers — central or peripheral. On the basis of these obser-

vations, this research established a new last freezing index, which included level of freeze, extreme minimal temperature,

duration for temperature below 0 oC, freezing rate and freezing performance. In addition, the real agreement and the ba-

sic agreement rates of the indexes were greater than 70% , indicating that the indexes could be used in practice.

Keywords: Fuji apple; last frost; indexes; Shaanxi Province
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Table 1  Experiment results of the last frost to Fuji apple flowers in Shaanxi province
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.o . Hypothermia Cooling range Temperature The length of Cold rate
Cooling type Experiment
lensth/h /C and the length range and the temperature /%
engt /(°C,h) length/(C ,h) below 0°C./h
HERFIEAY Strong cooling type 24 -6.0 6.4~ -6.0,15 -6.0~13.5,9 8 100
HH [ Moderate cooling type 21 -3.0 9.1~ -2.9,14 ~2.9C ~10.5,11 7 30 ~ 50
FIRFIEA Weak cooling type 2 -2.0 20.0~ -2.0,15 -2.0C ~13.0,7 6 <30
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Fig.1 The flower frost symptoms in center flower

filaments (Strong cooling type)

3 BRFELZHRFIAGRERE)
Fig.3  The flower frost symptoms in peripheral flower
filaments (Strong cooling type)

5 MAROERLZFRFI(HAEFRLL)

Fig.5 The flower frost symptoms in early opening center

flower filaments (Moderate cooling type)
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Fig.2  The flower frost symptoms in center flower

ovary (Strong cooling type)

B4 BEFHEZERIR GRS
Fig.4 The flower frost symptoms in peripheral flower
ovary (Strong cooling type)

Bo #MARLEFEZHERICHFHRE)
Fig.6  The flower frost symptoms in early opening center

flower ovary (Moderate cooling type)
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7 EFBTHLZERICHEREIRA)
Fig.7 The flower frost symptoms in full opening peripheral

flower filaments (Moderate cooling type)

B8 £FiatFEIHRRI(TFREEL)
Fig.8 The flower frost symptoms in full opening peripheral
flower ovary (Moderate cooling type)
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Fig.9 The flower frost symptoms in early opening center

flower anther (Weak cooling type)
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10 #FHOIEFHEZHRRIHAER)
Fig.10  The flower frost symptoms in early opening center
flower ovary (Weak cooling type)

11 EFPOERAZTHRIEFRE)
Fig.11  The flower frost symptoms in full opening center
flower anther (Weak cooling type)

12 EFFOEFEZHRRIACHERL)
Fig.12  The flower frost symptoms in full opening center
flower ovary (Weak cooling type)
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Table 2 The last freezing disaster indexes of Fuji apple flowers in Shaanxi province
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Hypothermia Cold rate
Level temperature below 0°C Performance
/C /%
/h
5 oy T2 et TR B0 R
Rz 20 A SR
Mild Anthers, filaments, ovaries were intact, only in-
-3 <5 dividual cold. It did not affect the setting rate.
-2 =7 B BB O, B2 RO BRI, T 5% %
i BRI R
Mod %t -3 =6 80 Anthers was brown, filaments was red and de-
erae formed, ovary was black. It affected the setting
-4 <4 rate and yield.
4 =5 T2y A2z B0, G, F D A
i 100 TR 4
Severe Anthers, filaments were black and severely de-
-5 =4 formed, ovaries all black. It can not produce.
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R FAGIR, EHM TR R F AR A H AL BT
F1JEF Moderate 59 14 27 R .
o - . ; B RIS, LA B
:l_: N
4 45 i
39 ®

1) FETFRESERAE T VR TR M S5 LA AT
AR, BB R R G RE AR bR SRR AR 22
TR UR A R DUEE S R T
VA6 T R A R R A P A IR AR 1o e ] 25
KHEA T BT AR B IE B 45 R AR £ W, R[]
PR 58 J5E R I 8], Xof B P 6 2RSSR AE AR R Y
SEMARERE AN R Y, SO R 25 DASE SR A8 H I 11K
il 8 5 A BRAS AR O S R A VR 1R A i A , AR fF
FE A7 12 R BE A , HLAE R H AR

2) NI ) T 16 A BRI (8] S AHEAS i
R B R PR i AN ) R R R U K A R L
PABRBURS A RO AR A5 R . BRIY S L &R5E
ARACHEFRVRAE PR B 0T 58 AN e il h &,
VIR NS5 23 MAR S48 R N, A o %
WS T B BRI 3, Ja B XA i T,
PSS AR Tk R RE 1, W IARBL TR bR
SCR S 2R

3) AR V4 4 35 R AR I R R AR R R R Y

1) BEVE 4w 7R A0 7R R G IR
—2°C, HLIGRE MR RSt i SE R SRR R
R 5 R ZN A THREIR AR AL, T8 ) 1 RS R AR R
FR ;S RACAZ VR 5 ST JORE B 2 A OG , T iR
FEREK, 32 R (2 VR R B S U PO R 2
AR R,

2) 3 3R K A SRR I, T T RS
e e eI 0°C LA N AR FF R 18] A2 R K
TR 5 BRANMPEITE &+ R VR R
FebRe ARG A5 bR X SE R TR W) A F AL A
W4 255 70% LA Bl A0 45

3) ARWFIEAEREARAEL A, DA TR R v K<
R h SRR 5 32 1 R VR 245 SR X HU A 5 RS2 T
JRIRAMISE , LAE B IRIGL5E , sE B8R R . AT
FESE VAR 0 3 S W R R 48 FR i 50 1 B B E 5 K
J CHAEW I 735 B R B L BAA R X
HABVED G K FEF MR 7T A S %M.

(F#% 285 W)



&%

4 i

T 85 AR Bty AN TR AR i X - SRl 2By R B SR A 52

285

[14]

2RV R M B S L PEAY (1] o R 2% 5 4, 2010, 26 (15) < 323-
327.

X R ARRAT, TR L, A5 . e T I S A A 2 T A
B R R[] AR R S R R AE 1, 2010, 16(4) : 824-
832.

XU, 8 e IRk, 2 R AL LR AR R T A
A B A MEA R B X)), 324, 2003, 40(6) : 937-
944 .

PR, SEIEVK , B D33t , 55 . A0S Bl A R A R 2 %ok - S 3
PRI [J] . K EARFEE ], 2014,34(2) : 57-62.

HRGEES, WD, 4 0,5 BRALRBOCE R RN LA 8 T
T REAE (1] K R AR RRIFST , 2005, 12(1) : 10-12.

AR E R, AR, AR B S RV HUR H B bR SS H I
WFFEL] . K AR RIS, 1995,2(2) : 99-108.

Eandf . RO F ATk M s E AL R
AL, 1999.

ikl R, B2, AR RS IR A B - R
Yrit CN RYFZM [J] . Ak PR R4 2440, 2004, 23(5) : 993-997 .
fAT4R ST . AR ) iR R AE 55 43408 B R B 5 S0 i DA v 1
B[], 43,1997,29(2) : 61-69.

FeVTVE  BGRDL, B R AAE TS R G A W R AR
oA XA E Rz [T] . HbFEA}F ,2000,29(2) : 238-243.
B, E W ERA, A b KA R e
YR AR )] AR R4k ,2013,33(18) : 5615-5622..
WAL B E A e KORR LA Ay 2

[17]

(18]

[19]

[20]

[21]

[22]

[24]

T PR R R (] K £ ORI A, 2013,33(6) ;
62-68.

RAIK MRS, I, A IR A e 5 T b
REAIMY . Abst: <R R, 2006.

TR, BR/INAT, KBS AT . 27 W AR DA ) 2R 358 - 3 AR 1 A
YR SRS X RZWR )] AERF R, 1998, 18(2) : 218-222.

ik MIEER, ARE, SF R IX S G SRR Y
FE I 7K £ARF54,2006,20(3) : 136-140.

ZegpoK, B ASE, BREERK, 55 . B - A W w8 U IR T
[J]. 34,2003, 40:70-78.

Guo M J, Cao J, Wang Ch Y, et al. Microbial biomass and nutrients
in soil at different stages of secondary forest succession in Ziwulin,
northwest China[ J]. Forest Ecology and Management, 2005, 217:
117-125.

Breue L, Huisman J A, Keller T, et al. Impact of a conversion from
cropland to grassland on C and N storage and related soil properties:
Analysis of a 60-year chronosequence[] ]. Ceoderma, 2006, 133:6-
18.

Fbede, 8 B R, 5F LD R L A 5 U
TSR e Bl R R D] ARl BR IR A A 2 4, 2006, 25
(1):143-147.

Cleveland C C, Liptzin D. C:N:P stoichiometry in soil: is there a
“Redfield ratio” for the microbial biomass[J].
2007,85(3):235-252.

Biogeochemistry,

(EEF 212 1)

2 £ X Wk:
(1] BoEE, Lot AP RREIM] AUa AR AL, 2002.

FRORBE AR RG24 M [ M] 58 = b at Al H i, 1997
303.

TR T, SR 22, BUZEAR, 45 . PE AL IR T 50a T A1 4 K o
FAOFARCRRIELT] . B SR U440, 2012, 10(27) : 1720-1733.
ViR B ' R S I i [ AR e e W = N
AR B S R [ )] . A E ARk <% ,2013,01(34) :8-13.
e FELEE OETX B PVE AL B S A R R B
gk J] . E R4 ,2010.31(4) :621-626.

X ERIREL, S8 T, S BRVE A AL R R T A
[J]. TR X AT ,2009,9(27) : 251-255.

EIRE, A, TRE, S FERNA LK E RGP A
SR HRFFELT] . B AR IR 441, 2003, 18(6) :692-703.
XUZRAG, EAR A EA, % A M A 4 /N2 R M T 5 AR P A
[T]. TR X AT ,2007,25(6) : 1-4.

THRERR, KVHTAE , B 30,5 AR AR ol BH 3 2R AR 7 11 52

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

B Heptsel ] R R A5, 2011,29(2) :259-265.
Levitt. Responses of plants to Environmental Stress[ M]. New York:
Academic, 1972,697.

Levitt. Freezing temperature responses of plants to environmental
Strees[ M]. New York: Academic Press, 1979,1:267-290.
BEMR, T , AN SRR R & TR A B i (]
LA, 2002, (2) :55.

TR SRR T R 0 R A AN R [T ] AR S EOR,
2009, (3):37.

AT, 1t T A , BN L AR R XA E YRR R E s (7]
AR, 1993,4(4) :440-445.

BT R R CHE R B SR R R S R E BT R
(M dbmt Aol h ikt , 1993:30-57.

W T AR IR T 0 e R SR R R (0] AT b 2
1996, (1) :32-33.

HRIEAE , DB, I, 4 T R AR R R IR (]
TR BHRSER5E,2001,15(2) :50-54.



