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Study on frost indicators during blooming and fruiting
periods of two peach varieties in Ningxia
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Yinchuan, Ningxia 750002, China; 3. Ningxia Institute of Meteorological Science, Yinchuan, Ningxia 750002, China;

4. Ningxia Zhengguo Agricultural Techology Co. Lid., Zhongning , Ningxia 751200, China)

Abstract: To improve the rational layout of peach orchards and the ability of frost monitoring, forecasting, e-
valuating and preventing in Ningxia, ‘Huayu’ and ‘ Ruiguang 39’ peach varieties were used as research objects to
conduct in-situ tests using field frost test chamber to simulate low-temperature environments in April to May 2022.
The study set four treatment temperatures at each growth period, lasting 0.5 h. The flowers and fruits in natural state
were used as CK. We investigated the freezing rate of blooming period, bean fruit period and young fruit period un-
der different low-temperature treatments and combined with indoor microscopic observations and overcooling points
to determine the frost indicators for flowers ( young fruits) of two peaches in Ningxia. The results of the in-situ tests
indicated that fruit trees were probably subjected to frost damage at temperatures slightly above their overcooling
point. There were significant differences in frost indicators at different growth periods of peach, the resistance of

peach at blooming period > bean fruit period > young fruit period. The resistance of different varieties differed sig-
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nificantly, and the resistance of ‘ Ruiguang 39’ and ‘ Huayu’ were basically comparable during the blooming peri-

od, but its resistance was significantly weaker than that of ‘ Huayu’ at bean fruit period and young fruit period.

*Huayu’ bean fruits were lightly frozen at —1.10°C and heavily frozen at =2.68°C , while ‘ Ruiguang 39’ was light-

ly frozen at —0.96°C and heavily frozen below —=2.16°C.. The young fruits of ‘ Huayu’ were lightly frozen at —=1.75 ~

-0.48°C, and heavily frozen below —2.40°C. The young fruits of ‘ Ruiguang 39’ were lightly frozen when the tem-

perature reached —0.52°C , and heavily frozen when they encountered the low temperature of —=1.41°C.

Keywords: peach; field frost test; frost indicators; subrcooling capacity; critical temperature
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Fig.1  Structure of field frost test chamber
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Table 1 Table of low temperature simulation treatments
for each development stage of Ningxia peach

KEM I BE B BE

A TS [H]
Variet Development Temperature Duration/h
anety stage gradient /°C uration

g&fk,ﬂ;fj . -2.5 -3.0 -35 -4.0
Blooming period
1B SR 50|
-+ v 7
Huayu  Bean fruit period 1.0 15 2.0 25 0-5
Y
Young fruit period 0 -15 =200 =25
H
E%XE”H . -2.0 -25 -3.0 -35
Blooming period
it 39 5 _
HESO 5 gy
Ruiguang . ., -05 -1.0 -15 =20 0.5
39 Bean fruit period

IR -0.5 -1.0 -15 -2.0

Young fruit period

i Temperature/C

50 l(;O I;O 260 2;0 3(‘)0 3;0 4(‘)0 4;0
[% 35 B 4] Cooling time/min
TE:T) FoRd MR T, SRRk i,
Note : T, indicates the overcooling point temperature; T, in-
dicates the freezing point temperature.
B2 ik bR 2 Hh 2k

Fig.2  Cooling process curve of overcooling test
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Fig.3  Ovary of Ningxia peach in blooming period with unfrozen,

light and heavy freezing symptoms

(a) & % % Unfrozen

(b) % J% 5Z ¥/ Light freezing
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Fig.4 Seed and part of flesh of Ningxia peach in bean fruit period with unfrozen,

light and heavy freezing symptoms

(b) #: % 52 7% Light freezing

(¢) & & 7 % Heavy freezing

A
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Fig.5 Seed and part of flesh of Ningxia peach in young fruit period with unfrozen,

light and heavy freezing symptoms
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Table 2 Freezing rate and freezing performance of two Ningxia peach varieties at different development stages

Al o SRPIELEE LR 2R

i ; . SRR
Development Variet Treatment  Duration Freezing F "
stage anely temperature/ °C /h rate/ % rozen periormance
AEIEE TS HLAR UK s LA (0 M ME RS I IE
-2.5 0.5 0.0 Petal withered and slightly water-stained ; the pedicels were green; the stamens and
pistils were normal
AERE R 0, HLAR U 3, 1 ~ 2 IR AR 0 A8 AR A F 5 B, T
B AR AR
tBE -3.0 0.5 42.4 Pedicels were blackish green and slightly softened; 1~2 stamens slightly browned
Huayu and deformed and wrinkled; the ovaries were normal, still growing, not affected
fruit set
- AEAHAR SRR A A il B 67 5 SR LT 58 8 5 F B 48 R 00 50K TR A
3.5 0.5 88.8
6, Bk i
Pedicels darkened and wrinkled, some fell off when touched ; the stamens were al-
A -4.0 0.5 100.0 most completely browned ; the ovaries turned black or dark brown and water-stained
Blooming 75% 1E% s F 55 SE T AE R AR AR
. -2.0 0.5 28.8 . . .
period 75% were normal, the ovaries were intact, the petals slightly browned
AERE R TR MR R 2 HASIE  F B
-2.5 0.5 42.7 Pedicels were green; some stamens slightly browned and deformed; the ovaries
were normal
AERE R H G — 2 L S 7 L A0 s AR T 48 78 s 1 P e O
B 39 5 i
Ruiguang 39  —3.0 0.5 52.5 Pedicels were blackish green and softened; more than half of the stamens browned
and crinkled; the petals browned proximally; the ovaries slightly browned
and yellowed
AEREAE P W) I A AR A S il TV % 5 AR SR A W s T B R IR e (0 B
=35 0.5 85.6 7J(@—'t . .
Pedicels darkened, visibly softened and wrinkled, fell off when touched; the sta-
mens completely browned; the ovaries turned dark brown and water-stained
AL, Py
1.0 0.5 132 0% IRIERE .
90% were normal , the embryos intact
T JARTE I AR A 5 SR TR GO IRE | 20 8 5 2R 1A I (s ¢
; ) -1.5 0.5 36.6 Embryos had not obvious changed; the fruit surface slightly frost marks and wrin-
ayd kled; the flesh color slightly deepened
2005 05 RRERHE RARAE A
-25 0.5 61.7 Embryos slightly browned; the flesh was dark green, slightly browned
B 80% IEH , IR M IC I B AL, 2R P B ERE IR
E%Eﬁ -0.5 0.5 23.9 80% were normal, the fruit surface had not obvious changes, the flesh color
Bean fruit slightly darker
period EE] 6825 f s ST RO A0 R T
-1.0 0.5 44.8 Embryos without obvious changes; the fruit surface with slight freeze marks and
it 39 5 black spots; the flesh color was dark green
Ruiguang 39 JE TR SR A TR SR, 2/3 #9708 s R
-1.5 0.5 78.6 Embryos slightly browned; the flesh was dark green, 2/3 browned; the fruit sof-
tened
JHRAES PRl A £ LK IR 5 2R KT s SRAAR R 1 il I 9%
-2.0 0.5 85.1 Embryos were dark or dark brown and water-stained; the flesh water-stained; the
fruit stalks were yellow and dry, fell off when touched
-1.0 0.5 30.8 JARTE A (R4 SR A B R ¢ 5 SR S 23R
. -1.5 0.5 47.9 Embryos had not obvious changes; the flesh color slightly deepened; some
FE -2.0 0.5 49.5 fruits softened
Huayu o
IR AL s RIA TRAR (0
-2.5 0.5 71.4 .
s Embryos slightly browned; the flesh was dark green
Young fruit 05 05 189 SSBIEH HIMAASE N
iod 85% were normal, some flesh color darkened
perio
o es s IR RNRSE
it 39 % ’ ’ ’ Embryos slightly browned; the flesh dark green
Rui 39 - N - N X -,
TR s 0.5 84.6  WRVRIE L FLAKE; SRS, SR K ; SRT Al M09 5 5
Embryos were dark brown and water-stained; the fruit softened; the flesh water-
-2.0 0.5 100.0

stained ; the fruit stalks fell off when touched; the fruit surface slightly wrinkled
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FEkRRSRBEN T EST(X£SE)
Table 3 Variance analysis of overcooling point, freezing point
and subcooling capacity of two Ningxia peach varieties

at different development stages ( X+SE)

o KEW PURRESIES Sk ITRRET]
\; u_, ) Development Overcooling Freezing Subcooling
anely stage point point capacity
JEAEH
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Note : Different lowercase letters after the data in the same column in
the table indicate that the indicators of different varieties at different de-
velopment stage are significantly different at P<0.05 level, and different
capital letters indicate that the indicators at different development stage of
the same variety are significantly different at P<0.05 level. SE indicates

standard error.
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Table 4  Simulation model between freezing rate (x) and low temperature (y) of two Ningxia peach at different development stages
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Table 5 Critical temperatures for light, moderate and heavy freezing
of two Ningxia peach varieties at different development stages
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period HJE Heavy -2.40 -1.41
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Table 6 Frost indicators of two peach varieties in Ningxia

at different development stages
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Note:; ¢ refers to temperature.
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