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Risk Analysis of Chilling Injury of Morchella in Middle and Upper Reaches of Qu
River in Sichuan Province
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Abstract: Chilling injury is one of the main climatic problems affecting the cultivation and production of Morchella.
However, there are few reports about the mechanism of chilling injury, meteorological index and climate risk zoning
of Morchella, and there is lack of necessary technical support to carry out the weather services for Morchella chilling
injury. It provides scientific basis for the production planning of Morchella in the study area, the dynamic assessment
of the risk of chilling injury and the meteorological service of disaster prevention and reduction, and facilitates the
development of agricultural industry in mountainous areas. Taking the upper and middle reaches of the Qu River

below 600m above sea level as the study area, DEM data of this area and climatic data of 21 stations in and around
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the basin from 1991 to 2020, and experimental data of Morchella production from 2018 to 2019 were used, based on
the chilling injury types and disaster-causing factors of Morchella, extreme minimum air temperature and
accumulated cold were selected as zoning indices to analyze the relationship between air temperature and ground
temperature from February and March in the study area, to determine the threshold of extreme minimum air
temperature; to statistically analyze the temporal and spatial distributions of extreme minimum air temperature, cold
accumulation, chilling injury frequency and its lasting days. The spatial distribution data of index factors were
standardized by establishing the spatial distribution model of chilling damage index. Analytic hierarchy process and
natural breakpoint method were used to determine the influence weight and risk level thresholds of chilling injury
indexes respectively. Based on the principle of comprehensive meteorological disaster risk assessment, ArcGIS10.1
was used to make a classification in Morchella chilling risk. The results showed that: (1) the average difference
between air and ground temperature from February and March was about 1.0°C(0.7~1.4°C) in the study area, smaller
in the south and larger in the north. The risk index of chilling injury of Morchella was the daily minimum
temperature that was less than or equal to 2.0°C, and the basic index of early-warning of chilling injury risk was
daily average temperature that was less than 6.0°C. (2) The chilling injury frequency of Morchella was more than 7
times in 10 years, mainly occurred from early February to early March, and the occurrence frequency and intensity
decreased every 10 days, among which 70% occurred in early and middle February. The duration of chilling injury
process was 1—3 days, accounting for 82%—89% of the total number of processes, the longest duration was 6—8 days,
and the maximum accumulated cold was 3.64°C-d. (3) The risk levels of chilling injury of Morchella increased from
south to north and from low altitude to high altitude, mainly in the middle and low risk areas. The middle and low
risk areas are mainly distributed in the shallow hills and valleys below 520m above sea level in the middle and upper
reaches of the Qu River, accounting for about 2/3 of the total area. The secondary high and high risk areas were
scattered, mainly distributed in the low-mountain valley area with an altitude of 520—600m in the central and
northern part, accounting for about 1/3 of the area. (4) After controlling the differentiation stage of Morchella to late
February, the chilling injury frequency was reduced to about 2 times in 3 years, the chilling injury intensity was
significantly reduced, and the harm was significantly reduced. (5) The planting site selection and the establishment
of greenhouses had different effects on the chilling injury of Morchella. the influence of local topography on
microclimate can be judged comprehensively according to the altitude and whether it is conducive to the southward
cold air flow and aggregation, the cultivation facilities built with black sunshade net can reduce the environmental
minimum temperature by about 0.3°C and aggravate the chilling damage to Morchella. In the study area, the suitable
season cultivation of Morchella should be controlled below 520m above sea level. According to the weather
conditions, the primary basal differentiation period should be adjusted after late February. Attention should be paid to
the adverse effects of local microclimate and black hollowed-out greenhouse in the process of chilling injury, so as to
avoid or reduce the risk and harm of chilling injury.

Key words: Morchella; Chilling injury; Climate risk; The middle and upper reaches of the Qu River
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Table 1 Investigation result of the growth period of Morchella in research station

H s R FE Pl JRHE e 3Jedh W3k 30 W3 RA Y
Site Altitude (m) Sowing stage Primordium differentiation Begin of harvest Bloom of harvest End of harvest
2 Quxian 295.1 10 A MR IERCIE! 3 H EaY 3 H Al 3R
Late in L-Oct. Early in L-Jan. Early in E-Mar. Early in M-Mar. End in Mar.
7 Xuanhan ~ 389.4 10 1 F 4] 2 A Ltu#]) 3 H LAy 3 A 4 H1
Early in L-Oct. Early in E-Feb. Middle in E-Mar. M-Mar. E-Apr.
WiVl Nanjiang ~ 579.3 10 H A 2 HLfR 3 HLfR 3 AR 4 AR
Middle in M-Oct. Late in E-Feb. Late in E-Mar. Late in M-Mar. Late in E-Apr.
J7 U5 Wanyuan  674.0 10 A a)4] 2 A FHIHI 3 A 3 A MR 4 fh
Early in M-Oct. Early in L-Feb. M-Mar. Late in L-Mar. M-Apr.

Note: E- is the first ten-day of a month; M- is the middle ten-day of a month; L- is the last ten-day of a month. The same as below.
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Fig.1 Topography and site distribution in the study area
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*F2 REFEUE23AHRMEE (T SHERMKEE (Tow) BEVESHLER (2010-2019 £)

Tble 2 Regression analysis between the minimum air temperature (T,,,) and minimum ground temperature (Ty;,) at three

representative stations from Feb. to Mar. (2010-2019)

Ui 11 Station Hi 4l Data array a, a,’ R F °
FIVL (b #)Nanjiang(northern) 101 1.35 0.09022 0.847" 257.2" -22~2.0
TP #8)Xuanhan(middle) 62 111 0.06608 0.730" 68.49™ -2.0~1.3
KAT(Eg#8)Dazhu (southern) 45 0.90 0.06127 0.678™ 36.63" -1.6~1.8
Hr Too=a0+a Ty, + 05 26 RIE 0.01 AT W EERK . FFE.

Note : T ,=ay +a, Ty, + 3 " indicated that the equation passed the significance test of P <0.01. The same as below.

x3 FRIEFRFEKF THIE Tomn<SOCRIFRE R R FH THS-HIRERIT (2010-2019 F)
Table 3  Statistics of the ground - air temperature difference and frequency of Ty, <<0C under different condition (2010-2019)

ijl Tming Z: IEHEUTJ— TOmingonc E@%ﬁ%

3l R bio% 73 gl Frequency of Tomin<<0'C when Tpyin< i ZEE bR UEZE Tomin = Tomin Tomin<<Tomin
Station Altitude(m)  Data array different value(%) T, =SD('C)
P<oo  P<io Pxyp P<3p P1(%) T (1) P(%) Tima(2)
F471. Nanjiang 579.3 101 100.0 91.0 77.3 59.3 1.4+0.84 94.1 1.4 39 -0.6
‘E ¥ Xuanhan 389.4 62 100.0 77.8 523 36.5 0.9+0.85 83.9 1.2 16.1 -0.4
KA Dazhu 418.0 45 80.0 50.0 41.2 31.1 0.7+0.84 82.2 0.9 17.8 -0.4

E: T =Tonin— Tomins Ton A H IR (Toyin) ST EBARIERSE (Tomin) 2 ZE PRI TR, Ty A1 T AR ST

TR ZE, P Py Py AAHM AR . T,

Note: Ty, =Tmin— Tomins T 18 the average difference between Ty, and Toy,,, 1.€. temperature difference, and T,,; and T,,, are mean

temperature difference under different condition, P, P, and P,are their frequency. SD is standard deviation. The same as below.
x4 REREMHS-HIEE (C) MARIERSET TomnSOCHISNE (%) (2010-2019 F)
Table 4 Statistics of the ground - air temperature difference(’C) and frequency(%) under different critical air temperature

when chilling injury occurs in 2010-2019

. ) sl i ZE BRI 2 Tiin= Tomin Tinin<<Tomin
¥ili 54 Station P1oc(%) P2oc(%) P3.0c(%)
Data array T.+SD('C) P1(%) Tmi(C) Py(%) Tma(C)
FEYL Nanjiang 43 77.7 95.1 100.0 1.54+0.83 94.8 1.6 52 -0.3
‘B ¥ Xuanhan 21 61.9 95.2 100.0 1.4+0.82 90.5 1.5 9.5 -0.3
KA Dazhu 14 64.3 100.0 100.0 1.0+0.81 92.9 1.2 7.1 —0.7
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Table 5 Air temperature and ground temperature(Ocm) inside and outside the simple greenhouse at two test stations in February, 2019

TR AR it e T 8
i A i H Mean minimum temperature (°C) Extreme minimum temperature (°C)

Station Project K Hbi i 7= il Hiit i 72

Mean Tpin Mean Tomin T Mean T i, Mean Tomin Tm

Ji 2k MIPY Inside 3.5 2.8 0.7 -0.3 -2.0 1.7

Fangdou MIZh Outside 4.1 32 0.9 -0.1 -1.7 1.6

WA ZE Td -0.6 -0.4 -0.2 -0.2 -0.3 0.1

I B Tnside 33 2.7 0.6 -1.0 -2.5 15

Yanjingba  #i4 Outside 3.7 3.0 0.7 -0.8 22 1.4

WA ZE Td 0.4 -0.3 -0.1 -0.2 -0.3 0.1

T-¥JiE % Mean Td -0.5 -0.4 -0.2 -0.2 -0.3 0.1

Note: Td is the temperature difference between inside and outside the simple greenhouse.
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F} (6] Time of a day
B2 EiXik2019 £ 2 A 19 BSEMMER B NER
Fig.2 Diurnal variation of air temperature and ground temperature
in Xuanhan station on Fer. 19, 2019

m§{LNanjiang m&{{Xuanhan @ KkffDazhu

THFEACHT (°Cd)

B3 1991-2020 F &R REERFREN
Fig.3 Annual changes of accumulated cold harmful temperature
(ACHT) in each station in 1991-2020
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ok, GV T S AR ARLRTRR 9 B I8 e T v A
B, RORRFE R TR E PO ILAE 2008 4F, KAT
S HILAE 1995 45 BRURA RS & T E I HLAR 1)1
RPATIES X, 5% PR sgm, S
NIUEAE N = )8

H# 6 nf UL, MWAFHIHRAENLE, 2 AW
R, “FYIRAEMKL A 2.0 K, FHRIEL N
0.51°C-d; 3 A% FH e, FKRAEBIRLA N 0.3
W, FHFRFEEL N 0.03°C-d. WA RERNE, 2 H
ALLE, ARk S RIS B A AR EGR N, B 3
Ao Lla, A6l XA 3, gtk A%
TR 2 H B AESIRA N 1.6 ka', A S
WK 70.2%, FRIEL) N 0.44°C-d, A 55
B 2 A N HILUEAEWIRZAH 0.7 Yea”!s i

AR 29.8%, FAFEL N 0.09°C-d, ¥ MK %
i, fEFE BB

2R 7 WL, S HAE T A FE R AR AR R )
Je¥a%, WK 10 45 7 B3 2 MY 145 138,
ARl H B4 RS & v E 435k 3.53 (CRAYLD
1.87 CEIBO 1.67 IR CRAT), Sulivd 3 H B LIRS 1~
3d HFE, 7 82%~89%; ¥4 3~5d D, i 9%~
15%; #¢4 5d L EARD, AN 2%~3%.

ik 8 L, &% 2-3 A B EAE L4
HEh 2.7~6.4d, ¥#5FHHVSHE 5.7~58C,
i e AR —2.5~-1.0C, ZEFHRIE 035~
1.01°C-d, ¥ 3P HERNF- 3 R 8 Bl 415 5 R4 1)
B hn G s A S Kk R H HTik 6~8d, e KA
F€2.20~3.64°C-d-

R 6 19912020 F 2-3 AMIRURLSEFLEINE (P, %) FFAE (ACHT, C-d)
Table 6 Chilling injury frequency(P, %) and accumulated cold(ACHT, °C-d) in research stations in Feb.-Mar. in 1991-2020

. 2 H February 3 H March

o 140 E- 14 M- AL H Month 140 E- 4 M- AL H Month

Station P ACHT P ACHT P ACHT P ACHT P ACHT P ACHT P ACHT P ACHT
#4971 Nanjiang 1.43 0.51 0.87 0.25 0.57 0.07 2.87 0.83 0.43 0.05 0.10 0.01 0.07 0.00 0.60 0.07
‘E ¥ Xuanhan 0.90 0.22 0.47 0.07 0.30 0.03 1.67 0.32 0.17 0.01 0.03 0.00 0.00 0.00 0.20 0.01
KAT Dazhu 0.80 0.19 0.40 0.10 0.27 0.09 1.47 0.38 0.13 0.00 0.00 0.00 0.00 0.00 0.13 0.00
34 Average 1.04 0.31 0.58 0.14 0.38 0.07 2.00 0.51 0.24 0.02 0.07 0.01 0.07 0.00 0.31 0.03

F7 19912020 EAEEHRMARFLE B RLELEBFEREINR
Table 7 Frequency of chilling injury in years and annual frequency of chilling injury in different duration days from 1991 to 2020

AEATIR Annual frequency

W FERFEE HAL The process lasts of days

1~3d 3~5d >5d
3 M B PN FL =01 PN FIL =004 PN FIL =008 PN
Station Nanjiang  Xuanhan Dazhu Nanjiang Xuanhan Dazhu Nanjiang Xuanhan Dazhu Nanjiang Xuanhan  Dazhu
B IX Annual 1.00 0.83 0.70 2.90 1.67 1.47 0.53 0.17 0.17 0.10 0.03 0.03
frequency
i1 £t Proportion(%) 82 89 88 15 9 10 3 2 2
R8 19912020 FHRUERLE B, SIEMRELI
Table 8 Statistics of chilling injury days, air temperature and ACHT in research station in 1991-2020
5 WETIY A K W AT R B e it TR BKAEAR BB
) Average chilling Cold injury days mean Extreme min Average ACHT  Longest cold injury Max ACHT
Station injury days(d) temperature('C) temperature('C) (‘Ced) days(d) (‘Ced)

FIIL Nanjiang 6.4 5.7 -2.5 1.01 8 2.55
‘5 ¥ Xuanhan 2.8 5.8 -1.9 0.35 6 2.20
K47 Dazhu 2.7 5.7 -1.0 0.43 8 3.64
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A, =0.065085 + 0.0929¢ + 0.00291h —10.6323 + ®
(R=0.937"", F=38.5") (10)

M 4 mr L, BIF S XM S e A A A 4.4~
—-0.3°C, FHFEN 0.0~1.17°C-d, 4ixHEHEH
b FPE I AR AR IR 1) iR 3 K 25 ()
A A, b 2 26 R B s I . 2R
W BHPY, Z47 2 25 Rl 2 800 T IX AR

32°40°N T ]
32°20°NT i
32°00°N | ]
31°40N| ]
31°20°N | ]
31°00°N | ]
7R g pTestsie
—— B County boundary
U N ¢ —— EEWfiMajor river |
[T HEWE X Not study area
B BRI X_Min(C)
oy High: -03
30°20°N . ow: 44 1

P, P X Y 25 S BT i 2D i i 2 I
PR AN $8 e 10 22 18] 73 AT 26 0B B P8 1] 2588 o ) 32 22

JRA
232 ZEHE R

K 2 R 53 B i e W s e A A< (Tg)
2-3 AXELEZEFHRIE (A MBCE R
(£ 9), J35lh; Ty Ml Ay BEAT AR UEAL AL BE, $2 AR
X fabr EE AT & nie 5. s AR W UL, %
K. A& s e AE 5 Qe o JomME (R
10). & INATBOA R FEERRAEE R, SHRF
B RNE CEL 5D, TS XS 7 X RS L
(%10,

PS5 0L, SRR RA S RSS2 e ) L
E AR ) S 0. AR RS X 322290 A
FIEMMBEE . KT aENRHER S 301X 2R3 e 356
" R ST A R B B RLRH P AR 450m
PUF IR LT 28 R PR, TR (Y 46.6%;
N R SR o (T RPN T - o N A R AW 27
400~520m KL= X, ALY 20.4%; UK EE
T RS X 5 A TRV R R . 38 )b B
JIRS TEYL. FEVLAEER 520~600m K LT 45 X,
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Fig. 4 Spatial distribution of extreme minimum temperature(a) and average ACHT(b) in the middle and upper reaches of the

Qu river in Feb.—Mar.( 1991-2020)
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Table 9 Influence weight of chilling injury index factors

R 5 AR 1€ Accumulated cold harmful
Extreme minimum temperature (Td) temperature (Ay)
BUE Weight(W;) 0.38 0.62

R0 EHERRLSE

SERKEERSER

Table 10 The grade and area of comprehensive risk index of chilling injury of Morchella

i High Wi Sub-high ' Medium A Sub-low fit Low
S 4E¥x Classification index 0~0.294 0.294~0.455 0.455~0.608 0.608~0.761 0.761~1
[ #(hm?)Area(ha) 168457.3 260383.6 265416.8 316575.7 288547.9
7 bt Proportion(%) 13.0 20.0 20.4 24.4 222
— B, 20 ST T0%. e B A B 1~
N T X 3d hE, R 82%~89%, it F ¥
oo | Al 6~8d; MimBL H—4.4~-03C, THFIFE 0.0~
1.17°C-d, $ KFHZE(E 2.20~3.64C-d.
32°00'N (3) FEEAFAEEL AR AL A&
2 B o AR RS X 3= B A B AR 520m LR
SHONT B L TR X, TRy 2735 YRR R X
s1oon | T A IR 520—-600m A LU i 4 X,
MARZ) 7 173,
31°00°N | (4) BNt R a2 2 H M blA,
BESURERY 3 4 2 8, AEmREHERK, I
30N F f& F W9k
SN L M T (50 AR bk bk B2 e B 5 gy 5O 2
P HA AR SN o Ja Hb T /NS 1R 5% )

106°l20’E ]06.°40’E 167°E ]O7l°20’E 1011°40’E 1(.)8°E 108“’20’E 10%&°40’E
B5 RiIpEHEREBFRECEREXK

Fig. 5 Risk zoning of Morchella chilling injury in middle

and upper reaches of Qu river
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