188 2020 4F 7 A

#36% Aok TR R

Transactions of the Chinese Society of Agricultural Engineering

14 ¥ Vol.36 No.l4

Jul. 2020

ET R ERENMICEIAR FRIERLE

gAaT M, Kk &Y, BETTY, 0 BV, FFat BRR T

(1. TFEMEREABXREREATICH, R 7500025 2. FES SRR XERE AR R 5 I T 5 R8P T se 6 =, )1
750002; 3. TEAGHRIEKE AL E, R 750002; 4. TEIKFERER, B)11 7500005 5. AR EAESS RS ZEFL, T

FERF 010051)

. SRV G H R, SRR A RS o M AR e A 2, RN LR SLIefE T
2016—2019 EFFJ& T MRt Ae ARG AR B RARLS, St 7 AN RIIRBE B HOAS R FRERT (A T Mufc 463 3 AN B (TERE A WI4E.
BAEHD M2, SINEERBIMSEAT 7, 45680 HE LR T fa FRUR I A T 78T, @7
T ERRACIE IR R bR, R B 4h ST £ 45 FHZ AR T T3, 45 RERW, JREBFEZ-1 Chriid
TRARHINZED S, FE-2 CRMRRARTEEIZHETER, -8 CHZIERIET] 100%, WAMCIENZEEGEER
BV N-8~-1"C, FEMIRBEVERIN, WAL, (RIRRFEER AR, e R . MR TE7E PR ae 1 &,
WIEIR 2, BAERS . BT EMNEFFRA XN ZURE AR E AW AT, THEEREWIIMAE S RIEAR—3, &
SEIFR AR AE S N T HURC AL ARG O 9 TR . T DL RV

KR RE; Kty Mte; ) FAER, AERE

doi: 10.11975/j.issn.1002-6819.2020.14.023
FESES: P49 XEAPRERS: A

KT, %Ki, DEY, F ETRERENMCEARREFRE ] RUTEFR, 2020, 36(14) : 188-193.
doi: 10.11975/5.issn.1002-6819.2020.14.023 http://www.tcsae.org

Zhu Yongning, Zhang Lei, Ma Guofei, et al. Frost index of Lycium Barbarum during flowering period based on harmful
accumulated temperature[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2020,

XERE: 1002-6819(2020)-14-0188-06

36(14): 188-193. (in Chinese with English abstract) doi: 10.11975/5.issn.1002-6819.2020.14.023

0 31 &

Mifc 2 SR I8 2 A R, & T E AR
JE RS I 3 T P, IR AE NS HiE HOR
FrEEssh T AR, RIEHIX M EEL N, 7
e X2 HR 2 RIX, 4 Aha—6 A LA 2EFE K
faFE RIS, R SRR X A A IE % IR R AE
W FR RS TR T, 78 R0 Mo AC A8 3038 Bl 1) fE 3 B2 K &R
B4 FC IR 7= R T, R RAC P I R R B K R
W HAT, SRR TR O SR EY . AR
1 DA R AT, 15 SR R W 0 7R 5 F b A2
FNI T2 — o TR MR R A8 PR T, 20 2t 90 4E4R,
PEsE BT R R SR, 1R TR AE AN
R R B2 R 4 0 & -4.0~-0.1 « —-3.5~-0.1.
-1.0~1.1 CM, ZEpr s i s B AL AR R 06 M b T R
)52 E iR E X A N-2.5~0.5 'C, fkTF-2.5 CH™EZ
F WAAEH SR AN THREF LA TR 4
M SRR, F 25, PrEEtEsnsy

Wk H e 2020-01-07  AEIT H: 2020-04-03

REEUH: BRARBIESIE (41565007); FEH “ 7 HHEERA
AFEA LR TH (TIGC2019058),

BT dokTs, LR, EENFLISAGRETT.

Emai: zhuyongning.007@163.com

MOBEIER: BIRR, @R LR, FENFRIPA RS K ERH .
Emai: dxl 1127@163.com

http://www.tcsae.org

NAEIE > S > MEES, G E T AN SR A e B A4
TG SR N BEE W TR, FE AW R
R FE L AR SR 2 18 i/ 4 Fe b BT A, BE—
ANTEIAS R B B R R T b B A BT A [ o VR P4 it
K R 6 AR AR VR A LRI, KR 3205 i e T Bk AE
ANFFE I R EVE R, FRA TR SE<0CH
Framratsl, F R gsmad N TSI A AN LR %
RO X A [ b 7 S SR A BARE R R TR g, Eor
T TR AV IR R S ] R R FR bk RO oA
SEEI AL T AN EREA A . B, B =&
TR BRI RIRARI 2, A R R R G
ERNGMMIEA X, BEHREREN A X, (HEELhR
whdE DL 58 BRI AN RS () 0 “ A HES) 56, SEuE
ST AR AR F R EE R S 18] (1 [X (8] L T e 4 M A
HEEARE A IR & A X H], XA — SR L miEtr
(1 Y Aff PR R SR B o SR A SR 7 DA B AR B A T —
SR HEUE A R bR, H B TR H AR B
Ko LhH AT IR IE RS2 R R 20, Tk
B R IR FF AL B, HAT, KA TR S RESLILE /N
I B ASURTR . T T T AT LR I S AR IR B L
IR RARbR, SRESE & a0 KA TR RS LT R L,
AT T EEREPIWMS, 78 2016—2019 EF]
N TR SRIAATT R T MRS AE I/ R IR OB 72, 14T
TREEREEAN, ETMIEREFSEMWLER, [
I B B8 4 10 S P T MORCAE IR R TR . TR A



14 3

Aok T T ERURKMACTE IR IR br e 189

1 MREIFE

1.1 IR

WRIGHT MM T2 1 5, ZaMEAa
B . PURMEMP R RS A AR, B
20 et 70 SR UAE S E &2 X2 fidE . R T
fE 4—5 A MIRCTFAERT 34T, BT R MIRC AL 260k B T B MAd
WEFERTAREE T, R 56 A T AR )1 17 P L (X ™ e 4
BRUCGRIE AR B A KA R B A 8 B AR B 2%, K #
A TN EE TERBP &M

N TG RSB0 AR A P AR BE A I35 5 AT R4l R
WA BT I MSX-2F B, sEIGAH P T2 T m (K X 1m
(%8) X0.77m (&) o WEEGTEEN-20~30 C, ¥
FERE0.5°C, AIREE BN | A7 RS A 5
FHEERNK N 050, KN 12h. AR 40 NEEHE
3k, B 10s RE 1 KR, REFEAE03C, HiFa
T SRS AR B HI A R AR A il A7 -

) FH BB BT R B R AR R T B T,
B5H CX31, JBURAEEL 10~40 f5.
1.2 RWHE

AR HRIR A TG N-9~-1 C, #EH-1CTRS
# 7 H 2010—2018 £E MR FF AL A H BRI LA S M AT
PN S GRFRL S, Tl sk, RIRSIRERE 0 C
BB SZERCE, FrLAEFEM-1 CHAIG. -9 CRTE
R M1 CHIEK AT RT3, 7E-8 CH4E 1 h
B, MIACAE A iR 52, SCHAT 19 CHEEE 1 h 15,
GER 58 C—Ff, IRAFERE N 1 C. RIGIZIE—
AR SR FE A R RS20 () E AT, FREERTEIAL 1h 2] 6h
N, FUORBAAHLE 3 EE, §PMEE T,
WIHE BAEECRIIEF] 50 ANLLE. NfEREL IR 5 5L
Praf i FE s e, LA IRCOVIIRIRE, 4%H 4.0 'C/h
FIEFERAE 0 °C, FLL 1.0~3.0 “C/h [ B T 4 A7
5L S R S A N R, BG4 S e PN R VR S
i, HEAAFEEZEE, RSN 24 h FHHRE.

S oAb S W e gt R, g A AC 18 45 4y
fE, B45 THCIESSZ R (GR 1D, TEZ R R AR
R UL bR AE AT M EE,  H B LR o T A ) — Rtk o R
G NZE, NG TR . WITER AR DL AT
AR, PLZIER<30%, 30%~70%, >70%%5 %
TENSE W BRI RIARHERY, 2R =22 52
B A 2 B X 100%.
1.3 BERENIHERERGITIHGE

RYE =R E X, EREEFELSEY HIrE A
wr

K=-3, 6T D

K KR EERE, Ch. T EAE XK GEFIRENZ
BHEE, C, Tp RMREAENIRIRE, C, T<T. n
AR I R PR AR T I SRR R U RF SRS TR], by mp /21K
5 fE R FE A S TE), he (R fE E R E ERR T E 1
Fono TN 78 R SE U0 R A2 I B RN i L 4 1L A
R FE iy, HAE RS I AR Hp s R B AN A e 4 5 TR

JE— B BRSO TG T AR I T A8 S PR AR AR L
RISLGAH 40 MR R SL TSR IR N TR -

® 1 AR 3 M ERZIFRERE

Table 1 Symptoms of frozen level of Lycium Barbarum during
three flowering phases
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of flowering reezing symptoms
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1% Temperature
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i=n, n I [WTime

e To R RIRAEF WG R n RORIGER R PR AT IR FHR I+
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Note: Ty is the critical point of the cold hazard; n is the duration of the cold
process when the temperature is below critical point; ny is the critical time of the
cold hazard process.
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Fig.1 Schematic diagram of harmful accumulated temperature
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Table 2 Freezing rate of Lycium Barbarum flowers under different low temperature treatments and durations %
3 #4521 h For 1 hour B4z 2 hFor2 hours %423 hFor3hours 424 hFor4hours  £F%E 5hFor5hours #7426 h For 6 hours
Temperature/'C ypai i RtE efk (675 WIE MEAE Wtk 16U WIME BRE MUK 16 VITE BAE MR (65 WME MEME Mtk 1EE WG ARG Rk
-1 0 0 0 0 - - - - - - 0 0 0 0 0 - - o
-2 1 28 28 11 21 28 31 29 28 32 36 30 31 36 38 36 33 46 44 38 36 46 44 42
-3 20 31 36 26 26 33 42 33 32 33 50 37 37 35 58 43 38 49 61 47 42 63 75 49
-4 28 35 43 35 30 36 41 31 30 46 54 39 31 55 58 41 49 63 64 53 - - -
-5 30 38 46 34 30 40 49 35 33 48 52 37 33 58 58 39 59 70 67 59 65 87 68 73
-6 45 49 61 50 47 55 65 57 45 49 61 54 76 70 94 78 - - -
-7 39 65 61 49 53 65 61 64 56 91 64 65 - - - - - -
-8 100 100 100 100 100 100 100 100
-9 100 100 100 - - - -
e R L7 RIORARTT AR ARG I R P 4RE R b [R] X58 «
Note: “-” in the table means that the corresponding low temperature and corresponding duration test have not been carried out.
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— U220 R DUR I, M AT AE 2 A TR B B B 32.8 C-h <K; VLA B2 By B BERR VR I X R RT3
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HRIR IR ERFEMEERR B IEMHSE, 1E P<0.01 KFT, FFEE 1 h B B EAE 2 2] R R .

5 8or =Y <0. 5 80 g ae " = 80L R=0.8443 P<0.01 = 80 - . :
= = R=06634 P<0.01 o a i i
= 60 £ 60 £ 60 £ 60]
N N N N
g 40 8 40 S 40 8 40
o =2 o = 4
20 # 20 # 20 # 20
R 0 10.00 20.00 30,00‘(]}( 0 10.00 20.00 3000‘1D< 0 10.00 20.00 SOAOO%>< 0 10.00 20.00 30.00
faERUR faERUR faERUR faERUR
Harmful accumulated temperature/("C- h) Harmful accumulated temperature/("C- h) Harmful accumulated temperature/("C- h) Harmful accumulated temperature/('C - h)
a. AN b. {EE ] c. YIHEH] d. BRI
a. All the flowers b. Flower bud c. Early flowering period d. Full flowering period

Wy RZER, % KEBERE, Ch.
Note: y is freezing rate, %; K is harmful accumulated temperature, C-h.

B2 #MleiAZ AR LERRGLR

Fig.2 The relationship between the freezing rate of the Lycium Barbarum flowers and the harmful accumulated temperature
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Table 3 The harmful accumulated temperature range of Lycium
Barbarum flowers under different degrees of freeze damage (°C-h)

TEIRIAS FIBT B B i P
Different flower phases Mild Moderate severe
BAAEH] All the flowers  0<K<3.6  3.6<K<28.1 28.1<K

157 1 Flower bud 0<K<74 74<K<328  328<K
% H)
Wﬁfﬂ . 0<K=<25 25<K=<213 21.3<K
Early flowering period
REAEH
<K<2l. 3<
Full flowering period O<k=213 213<K

T B P REME RN R SRR <30%, 30%~70%, >70%.
Note: The mild, moderate and severe in the table correspond to freezing rate
<30%, 30%~70%, >70%.
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Table 4 Comparing the calculated results based on the harmful
accumulated temperature with the actual survey results
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Frost index of Lycium Barbarum during flowering period based on
harmful accumulated temperature

Zhu Yongning'*?, Zhang Lei**, Ma Guofei'*?, Xu Rui'*, Li Fanghong®, Duan Xiaofeng'~*
(1. Ningxia Institute of Meteorological Sciences, Yinchuan 750002, China; 2. Key Laboratory for Meteorological Disaster Monitoring and
Early Warning and Risk Management of Characteristic Agriculture in Arid Regions, CMA, Yinchuan 750002, China; 3. Ningxia Key

Laboratory for Meteorological Disaster Prevention and Reduction, Yinchuan 750002, China; 4. School of Agriculture, Ningxia University,
Yinchuan 750000, China; 5. Inner Mongolia Ecology and Agro-Metorology Center, Hohhot 010051, China)

Abstract: Lycium Barbarum (also called wolfberry) is a deciduous shrub mainly grown in northwestern China. The flowering
phase of Lycium Barbarum is from April to June when the frost occurred frequently. The harm of frost at this time can directly
affect the yield and quality of Lycium Barbarum. It is necessary to study the frost index of Lycium Barbarum in the flowering
phase for frost forecast, early warning, and evaluation. Taking the species of 'Ningqi No.1' as research object, we investigated
the effect of low temperature and its duration on the frost index of the Lycium Barbarum flowering phase. In the spring of
2016-2019, an artificial frost test box was used to conduct the frost index experiments in Yinchuan, Ningxia Province,
northwestern China. An invitro test was conducted in the low-temperature treatment. The young branches in a healthy growth
state were selected from the experimental field in the Ningxia Lycium Barbarum Research Institute. The experimental
temperature gradients were set from —9°C to —1°C, with an interval of 1°C. The selection of temperature gradients referred to
the temperature reduction during the spring frost disasters in Ningxia from 2010 to 2018, and the observation records of the
Lycium Barbarum agro-meteorological disasters. Different duration, from 1h to 6h, was set at an experimental temperature in
each experiment. Three samples were used at each experimental temperature for reproducibility. More than 50 flower buds
were selected for the early flowering and full flowering periods in each replicate. The room temperature was used as the initial
temperature, and it was reduced to 0°C at a rate of 4.0°C/h, finally decreased to the experiment temperature at a rate of
1.0-3.0°C/h. The experiment temperature can be holding for the preset duration. The experiment box was closed once the
experiment was completed, where the temperature naturally rose to room temperature. The freezing conditions of Lycium
Barbarum flowers can be examined after 24 hours. In the post processing step, a concept of harmful accumulated temperature
was introduced to systematically elucidate the effect of low temperature and its duration on Lycium Barbarum flowers. The
results showed that the freezing rate and freezing degree cannot increase as the decrease of temperature and duration below the
critical low temperature. A approximate formula of harmful accumulated temperature was modified using a piecewise function,
in order to describe the degree of frost damage of Lycium Barbarum flowers at different temperature stages, according to the
actual situation of damage. Then, combined with different freezing rates, the frost index of the Lycium Barbarum flowering
phase was established based on the harmful accumulated temperature, and verified by the field experiments. The experimental
results showed that when the temperature dropped to —1°C, there was no sign of freezing on the flower organs of Lycium
Barbarum, whereas, when it fell to —2°C, the signs of freezing began to occur, with the freezing rate up to 100% at —-8°C,
indicating that the temperature range of frost damage was —8-—1°C during the Lycium Barbarum flowering phase. In addition,
the different frost resistance of flowers varied at different stages. Specifically, flower buds showed the strongest frost resistance,
followed by that in the early flowering period, and the weakest in the full flowering period. The proposed frost index based on
the harmful accumulated temperature can be used to determine the critical low temperature of different forms of flower organs
caused by frost, particularly considering concurrently the low-temperature intensity and duration, thereby to precisely predict
the freezing conditions of the Lycium Barbarum flowers. The finding can provide a promising approach for the accurate
forecast, early warning, and assessment for the frost of Lycium Barbarum.

Keywords: temperature; risk assessment; Lycium Barbarum; flowering phase; frost index; harmful accumulated temperature
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