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Study on the protective effect of Tunisia Soft-seed pomegranate on
cold-proof and wintering measures
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Abstract: [ Objective ] Using Tunisia Soft-seed pomegranates as experimental materials, we
performed 21 treatments, taking 7 physical protection measures under 3 soil thickness. The
temperature and humidity changes of Tunisia Soft-seed pomegranate trees under various physical
measures were measured, and the heat preservation effects of different measures were studied. In
this paper, the freezing damage of Tunisia Soft-seed pomegranate of different tree ages was
studied, with the freezing damage grade formulated. Moreover, the different freezing damage

levels were analyzed, and the rules of freezing damage were combed. Eventually, the anti-freezing
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cultivation modes were summarized, as a resuilt, we could provide guidance for production
practice. [Methods] Seven kinds of physical protection measures under three kinds of covering
soil thickness were taken in the experiment, with a total of 21 treatments, during which all of
Tunisia Soft-seed pomegranate trees were entirely covered with soil. There were 3 creeping
cultivated 'Tunisia Soft-seed 'pomegranate seedings under each treatment, and the 'Tunisia
Soft-seed 'pomegranate seedlings planted in the open field without any protection measures were
used as the control group. The daily minimum temperature, daily temperature variation amplitude,
daily maximum temperature, daily mean temperature and air relative humidity of soft-seeded
pomegranate were compared and analyzed. The daily variation of temperature around the trees
treated with different cold-proof measures was compared when the extreme minimum temperature
(December 31) occurred.3-year-old pomegranate 'Tunis Soft-seed’ were utilized as the
experimental materials. 5 kinds of cold-proof measures were set in Company 20 cold sheds and 2
kinds of cold-proof measures were set in Company 19 cold sheds to investigate and analyze the
freezing damage of pomegranate trees in the following spring so as to screen the suitable
cold-proof and overwintering measures. [Results] The winter temperature in southern Xinjiang is
relatively low, and the cold-proof effect of the traditional buried soil method is not so good. "Tunis
Soft-seed' pomegranate trees still suffer from severe freezing damage, and the frozen parts are
mainly the root necks and branches. The older the tree, the lighter the degree of freezing damage.
Through this experimental study, it was concluded that the seven physical protection measures
could effectively increase the daily average temperature around the ' Tunisia Soft-seed '
pomegranate trees, reduce the daily maximum temperature, daily temperature variation amplitude,
and the temperature difference, greatly increasing the relative humidity of the air in the tree
microenvironment. The relative humidity was close to 100 %. The thicker the covering soil was,
the gentler the daily temperature change was, and the smaller the temperature difference between
the tree microenvironment under different covering materials was. It can be seen that by covering
the buried soil cold-proof layer, the fluctuation of the tree microenvironment temperature with
time can be effectively reduced, thereby increasing the micro-domain temperature and reducing
the daily range. Among the seven kinds of physical protection measures, the cold-proof measures
of straw curtain + covering soil, straw curtain + steel rebar holder + covering soil and straw
curtain + plastic membrance + covering soil had better effects on the safe overwintering of
soft-seed pomegranates, obviously increasing the daily average temperature and daily minimum
temperature of pomegranate tree microenvironment. In the field freezing damage investigation
experiment, the ' Tunisia Soft-seed ' pomegranate trees covered by straw curtain + plastic
membrance+ covering soil 15 cm cold-proof measures had the lightest overall freezing damage
(freezing damage index 8.3 ). The best physical protection measure among the different covering
methods in the cold sheds was straw curtain+arched shed, none of the 'Tunisia Soft-seeded'
pomegranate seedlings were frozen, and the physical protection measures that were more effective

were respectively felt (freezing damage index 11.0) and soil cover (freezing damage index 17.3).



Burying' Tunisia Soft-seed ' pomegranate seedlings under the soil to overwinter in the cold sheds
can reduce the degree of freezing and drought, which is a more effective physical protection
measure. [Conclusion] The winter climate of Xinjiang is very cold. Even with the traditional
cold-proof measure of soil cover, "Tunisia Soft Seed' pomegranate still suffered severe freezing
damage. It is necessary to take other physical protection measures combined with covering soil to
avoid freezing damage. The freezing damage of Tunisia Soft-seed pomegranates covered with
straw curtain + plastic film + soil covering 15c¢cm cold-proof measures was the lightest (frost
damage index 8.3%), which could be popularized and applied. The cultivation of cold sheds alone
does not have a good anti-freezing and drought-resistant effect on Tunisia Soft-seed pomegranate
trees, and the construction of small arches in cold sheds and the covering of grass curtains on them
can ensure the safe overwintering of soft-seeded pomegranate trees.
Key words: Tunisia Soft-seed pomegranate; Cold protection treatments; Frost damage
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Table 1 Different cold prevention measures

bt

Treatments

BARTT
The specific methods

FREX TR G D
Pomegranate area near the surface
(control)

HH+E L

Straw curtain+soil cover/ (15, 20,
30 cm)

TN+

Straw  curtaintrebar  holder+soil
cover/ (15,20,30 cm)

BT+ SR -7 1
Straw curtaintplastic

membrance+soil cover/ (15,20, 30
cm)

H TR T 1 M R Sk [E S E PR TG AT AT 78 i B A A A b, /EBE BHBTET 35 em B4
HHEATIE

The monitoring probe of the thermometer was fixed on the pomegranate tree without any
coverage in the open air, and measured at a distance of 35 cm from the ground
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Each creeping cultivation of Tunisia Soft-seed pomegranate tree was covered with 15 cm, 20 cm
and 30 cm soil after laying a grass curtain

FEAE IR 1 R 10 5 JE 0 K A AR BT 2 P AR AR A 35 2 — MM 42
IJE B L 15, 204 30 em

In each creeping cultivation of Tunisia Soft-seed pomegranate tree above the first with two steel
to build a steel frame, and then lay a layer of grass curtain, finally respectively covered with soil
15 cm, 20 cm, 30 cm
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SrE L 15, 20 30 cm

In each creeping cultivation of Tunisia Soft-seed pomegranate tree above the first layer of straw
curtain, and then covered with a layer of EVA plastic film, and finally covered with soil 15 ¢cm,20
c¢m,30 cm respectively
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Plastic basket+soil cover/ (15,20, A plastic frame was buckled on each creeping cultivation of Tunisia Soft-seed pomegranate tree,

30 cm) and then covered with 15 cm, 20 cm and 30 cm soil, respectively
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Insect net+soil cover/ (15, 20, 30 A layer of insect-proof net was covered on each creeping cultivation of Tunisia Soft-seed

cm) pomegranate tree, and then covered with soil 15 cm, 20 cm and 30 cm respectively
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Double felt/3 mm +soil cover/ (15, 30cm

20, 30 cm) In each creeping cultivation of Tunisia Soft-seed pomegranate tree above a layer of 3 mm thick
double felt and then covered with soil 15 cm, 20 cm, 30 cm respectively
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Single felt/1.5 mm +soil cover/ (15, 20, 30 cm

20, 30 cm) In each creeping cultivation of Tunisia Soft-seed pomegranate tree above a layer of 1.5 mm thick

single layer felt and then covered with soil 15 cm, 20 cm, 30 cm respectively
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Table2 The freeze injury classification standard
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Grade Plant traits
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Grade 0 The 1-year-old branches had no frost damage, the color of the branches was normal, and the bark was basically free of
cracking

1% BEEZVR, —FER BRI 14, WRITRBIaE R, TR

Grade | Mildly frozen, 1/4 of the upper part of the 1-year-old branch died, the bark cracked and the color became black, and
the twigs dried up

11 %% R, —HEARSE EEARTE 172, BIROTRE, BUEASR, WIS, ARBHAH, B2 MR

Grade I Moderately frozen, 1/2 of the upper part of the 1-year-old branch was frozen to death, the bark was cracked, the color
became black, the phloem and xylem became brown, and the cortex was depressed

4% FREZUR, ERCEE R MBRIE 12, BARIMBKAET, WTRRELH

Grade 1T Severely frozen, the upper part of the main branch and the lateral branch died of 1/2, the branches showed
dehydration and shrinkage, and the trunk cambium became brown

IV FER TR, i EAMAR BRI FIE T, BN, KEMABZ 28, BT, BHEs

Grade [V It was severely frozen, and the whole plant above ground died of freezing injury. The root neck became brown, the

cortex and wood layer were separated, the branches and shoots dried up, and the whole plant died.
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Table 3 Different cold prevention measures



Hi s QbR BT
Point Treatments The specific methods
20 % TEs G FEVHI P By BTG o HA A B AR 15 i
20 No coverage (control)
Company . . . . . . .
Cultivated in a plastic greenhouse without covering other physical protection measures
LA+ R FEVE PN R O SR e T ORF AR B 5 56l — B AT, S8R i — 2 EVA BRI
Straw curtaintplastic ~ The Tunisia Soft-seed pomegranate tree planted in a plastic greenhouse was covered with a
membrance straw curtain and then covered with an EVA plastic film
MR BEHIERHE FEVS PN R O SR e T HORF AR 5 5655 — 2 3mm BRIOWZ B, AR —Z EVA
Double  felt+plastic ¥} f
membrance A layer of 3mm thick double-layer felt was covered on the top of Tunisia Soft-seed pomegranate
tree cultivated in plastic greenhouse, and then a layer of EVA plastic film was covered.
W E ) TE VN PR 1 SR SR ST BORF A MRS B 77 5 P AR A A 44 2 — MM 28, i — )2 3mm B
Double felt+arched  [IXUZEH
shed The Tunisia Soft-seed pomegranate tree was planted in a plastic greenhouse. Above the
pomegranate tree, two steel bars were used to build a steel frame, and then a 3 mm thick double
felt was covered.
LA+ FEV BT A BB 1 5% Je W OR AR Re_E 5 2 FR AR N S #5  — MM B 4, Pl — R e
Straw curtaintarched  The Tunisia Soft-seed pomegranate tree was planted in a plastic greenhouse. Above the
shed pomegranate tree, two steel bars were used to build a steel frame, and then a straw curtain was
laid.
ik TEVE I P8 R 1O R JE T 3ORT A R B 077 5 — R AR
Quilts A quilt is draped over the Tunisia Soft-seed pomegranate tree planted in a plastic greenhouse
19 3% i B FEV B P SRR 11 5 Je W ok Ay b 7 b
19 Soil cover Tunisia Soft-seed pomegranate trees planted in plastic greenhouses are covered with soil
Company
B FEV TR P AREE S R WO AR B 07 % — 2 1Smm BRI RZE B
Felt A layer of 1.5 mm thick single layer felt was covered on the top of Tunisia Soft -seed

pomegranate tree cultivated in plastic greenhouse.
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Table4 The metreorological minimum temperature of during observation period °C
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Note: Air temperature citing data from The European Centre for Medium-Range Weather Forecasts (ECMWF).

The same below.

75

—o— Jfi#)E Lowest Temperature (°C)

E1 22111 B1HE202243 8 10 HARBMEXSHRKEE

Fig.1 Minimum daily temperature in pomegranate growing areas, November 1, 2021 to
March 10, 2022
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Table5 Microenvironment in different winter protection methods
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i ¢ 1 B Winter Cover Daily Daily Mean Da.ul.y Daily Average
protection . maximum minimum .4
methods thickness temperature/ temperature/ temperature/ temperature humidity/
/em oC °C oC fluctuation/ °C %
AREIXT R 0 28.8 -2.61 -9.50 38.50 45.09
Pomegranate area
near the surface
H+E 15 14.50 0.13 -5.80 20.30 98.07
Straw  curtaintsoil 20 15.00 -0.21 -5.80 20.80 99.90
cover 30 19.00 -0.67 -5.70 24.70 99.89
FLA R+ 15 23.30 2.03 -6.90 30.20 98.72
Straw 20 18.50 0.64 -5.90 24.40 99.92
curtaintrebar 30 16.20 1.84 -3.20 19.40 98.75
holder+soil cover
EE+ IR A+ 1S 17.30 -1.28 -6.30 23.60 98.56
+ straw 20 13.20 -0.35 -4.80 18.00 96.03
curtain+plastic 30 20.10 -0.52 -5.20 25.30 99.02
membrance+soil
cover
JOME+7E + 15 17.80 -0.57 -8.80 26.60 94.06
Plastic  basket+soil 20 16.00 -0.64 -7.20 23.20 99.43
cover 30 15.50 -0.38 -7.40 22.90 99.86
Big He o+ 7 1 15 19.70 -2.24 -12.40 32.10 99.99
Insect net+soil cover 20 22.70 -0.30 -9.10 31.80 99.66
30 22.10 1.01 -8.90 31.00 99.37
NEEH+E 1 15 21.30 -0.93 -10.10 31.40 99.90
Double felt+soil 20 18.20 -1.20 -8.80 27.00 99.99
cover 30 16.80 -1.38 -8.80 25.60 99.99
BERE+E L 15 17.00 -0.95 =7.40 24.40 99.90
Single felt+soil cover 20 21.40 -0.71 -10.60 32.00 99.86
30 16.80 -1.77 -9.30 26.10 99.99
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—— A | Straw curtain+Soil cover —— HLH 5% |- Straw curtain+Rebar holder+Soil cover
—— HLT # . Straw curtain+Plastic membrance+Soil cover —s— [IfE7 |- Plastic basket+Soil cover
—o— H A EH#E |- Single felt+Soil cover —o— X AL % |- Double felt+Soil cover

—a— [ 1 [ |- Insect net+Soil cover —o— 71 f§[X il % Pomegranate area near the surface
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R
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Fig. 2 Diurnal variation of tree microenvironment temperature under different cold protection

measures under 15 cm soil thickness

|- Straw curtain+Soil cover —e=— T 7 |- Straw curtain+Rebar holder+Soil cover
1% |- Straw curtain+Plastic membrance+Soil cover —s— f[If{E% |- Plastic basket+Soil cover

- Insect net+Soil cover —o— W= EH#i% |- Double felt+Soil cover

—o— A EH#iE |- Single felt+Soil cover —o— {1 f§[X 1L Hh#% Pomegranate area near the surface

—a— B3

5

T
16:00 : 22:00

14:00

20 L i} [} O'clock

B3  20cm BEXEETAEREERIARIMDEE HEK
Fig. 3 Diurnal variation of tree microenvironment temperature under different cold protection

measures under 20 cm soil thickness
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Fig. 4 Diurnal variation of tree microenvironment temperature under different cold protection

measures under 30 cm soil thickness

2.2.3 KHEANFEP RGN REHPFFAREEGIHE 12 % 21 FAFRE SR
RSP AR 1L BT TR A RCR WAL 601 AR R e i HOF A R AR VR T e
ZHURERFEIEN G LRI BER BUF RPELORA 5 i 9 B A+ SR 15 om R840
8.3, REZ 66.7%. RIFRCRELF FIM BRI FE N +78 £ 30 em R F IR 16.7, KFH
#66.7%;: FA R L 30 om R FETREL 33.3, REF 66.7%. HFHEEESHEAK,
FERINE LREF 6T, 20 3% 3 AR WP AR R F 484 62.5, HRFHH 62.5%,

fIRT 20 3 2 AR MO AR AR F AR BN TR (87.9, 100%) , RILSIR e
VLA RE ST, R EREGH™ E, EHEARGERE PR, RBIE a2 A
BRI 5% o AREARSIAL THR R A T2 8], S Wik NARAR IR, AT b, PRl
HiNFERE TS, —HSBRBRB, HERAEFRE. EPRM+E L 15 om PiFERFIE T, &%
JEITHRF AR R ATV R, RSAE B 2R AE R R B AR . 53 JE M BORF Ao M0 38 A2 ™ J v
Ja, HEGRE KT, SO EHARBIE B BEIR, R E 2R E G R
HFRAES, REMPIAR 1 FEME B RBIR, 8RAREBSRRE (R,
HPEBWE G T T, FILESMRE, BEREEERAE, Bbn] 2B
JE BB B 5 7 5 ORA AR A 7 75 7 R B 51 R R W R A R i % R B, EL
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Table 6 Investigation of freezing of Tunisia Soft-seed pomegranate trees under different cold
protection measures in the field
B BLEE Cover ey A RIR 25 G 2 HERE HREE

Coverage methods thickness Number OfFrozen number/plant at different frostFrostbite Frost damage

/em levels/plant index rate/%




surveys oZ% T2 W% % N&

/plant Grade Grade Grade Grade Grade
0 I I I11 I\

IME+7E + 15 3 0 0 1 1 1 75.0 100.0
Plastic basket+soil cover

20 3 0 0 0 1 2 91.7 100.0

30 3 0 0 1 2 0 66.7 100.0
[ R+ 15 3 0 0 0 0 3 100.0 100.0
Insect net+soil cover

20 3 0 0 1 2 0 66.7 100.0

30 3 0 0 0 3 0 75.0 100.0
HEEH+E L 15 3 0 0 0 0 3 100.0 100.0
Single felt+soil cover

20 3 0 0 0 0 3 100.0 100.0

30 3 0 0 0 0 3 100.0 100.0
MEEH+HE L 15 3 0 0 0 0 3 100.0 100.0
Double felt+soil cover

20 3 1 0 0 1 1 58.3 66.7

30 3 0 0 0 0 3 100.0 100.0
EHHHE L 15 3 0 0 0 0 3 100.0 100.0
Straw curtaint+plastic membrance+tsoil
cover 20 3 1 0 0 2 0 50.0 66.7

30 3 1 2 0 0 0 16.7 66.7
RN +E 15 3 0 1 0 0 2 66.7 100.0
Straw curtain+rebar holder+soil cover

3 0 2 0 0 1 50.0 100.0

30 3 0 2 1 0 0 333 100.0
BRI+ £ Straw curtain+plastic 15 3 2 1 0 0 0 8.3 333
membrance+soil cover

20 3 1 0 1 1 0 41.7 66.7

30 3 1 1 0 1 0 333 66.7

®TREHBAAABHEFLE. KFFE

Table 7 Investigation on mouldy and blackened branches of Tunisia Soft-seed pomegranate

REBRRNK  REBEAWEE  ROREERN

ﬁigif f)vejr‘ BB J% Length of Roughness  of  KJERHE
metho d% thickness/cm Moldy moldy Length of blackened branches length/cm and
branches/cm branches/mm roughness of blackened branches/mm
KE+7E + 15 cm 24 9 -
Plastic 20 cm - - -
basket+soil cover 30 cm - - .
55 e Y +-78 +- 15 cm - - -
Insect net+soil 20 cm 50 8 -
cover 30 cm - - _
BEEHEL 20cm 43 12 -
Single felt+soil 28 8 -
cover 65 15 -
30 cm 23 10 -

45 14 -

40 12 -
WEEH+E L 15 cm 44 11 -
double felt+soil 20 cm 18 6 -
cover 17 8 -

30 cm 21 7 -
20 10 -
24 8

T “=7 FRORRIEHTHR A AR R AR R R B B SR LS

Note: “~"indicates that the "Tunisian soft seed' pomegranate seedlings have not had moldy or black branches.
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(PERZER) o R ERIF BRI 2 S+ 00, Aok 20, e e fh
DRI & T AR B R E, R RCR B M B Ry 18 1t D9 B8 RFRE11.00 fE+
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Table 8 Investigation on freezing of Tunisia Soft-seed pomegranate trees under different
measures of cold overwintering in cold shelter

AN [ 5 T 3 52 R A
. . Frozen number at different frost
o HE mws N gt ERE hEE
Placement :?‘eg; fyear OfCoverage methods surveys ok 14 %k IM%k IV ilrg:;blte fz:toei}’/o damage
/plant Grade Grade Grade Grade Grade
0 [ I il v
20 A 3 TAEE GHED 3 0 0 0 0 3 100.0 100.0
20 company No coverage (control)
plastic sheds
B+ HRL B 6 0 3 3 0 0 37.5 100.0
Straw  curtain+plastic
membrance
MZ B+ IR R 5 0 0 3 2 0 60.0 100.0
Double felt+plastic
membrance
BB+ 3 0 2 1 0 0 333 100.0
Double felt+arched shed
A +HE 3 3 0 0 0 0 0.0 0.0
Straw  curtaintarched
shed
ik 3 0 0 3 0 0 50.0 100.0
Quilts
19 A M -+ 26 18 7 1 3 0 17.3 423
19 company Soil cover
plastic sheds T 25 16 7 2 0 0 11.0 36.0
Felt

31 @
3. RESBMFABFESKENXR

TR 5 ) AR T R AR ) R B IR 3, AE AR IR TR, R 35 1R AR 5 A IGIRL
IR P G F 1 T P57 B 0 PR SR P A 5% 1 R IS0 CHy, R 5 (I B AR IR
AR FRFG T, MRS T IIMER T-7.0 °C. iR AR RIKT-13.0 °CH&
AR AR IR IEIRAE-9.0 °CULT, MRim R K URAE-15.0 °CLLT H BB K P R
Fo M HFEWIRATRIG, HIMIEIEF RN, AR FEN-1.0 °C, AR RIS
HHN-9.0 °C, ARSI ARG RERE . SRS, fEAMAERKERES, TBE R
HAEKPEERE R, EAFIEFRRAST, R TFHEET-7 °C, iRk
BAKRT-17 °C, BUES: 5 d RARFIRML T 13 °C, K S EEE a5 10 A B KA SE . 1R E
FFMELIIL, BHRARGRF ARSI R8RS ARG R T -9 °CHRl 2 1% #
FEEERC e, MAE-13 °CIEZ MR FERRE M E, 11 °CH, HIL 7R
HRENR



2021 A RHERA N 2021 4E 11 H 1 HE 202243 H 10 H, AMFHEX 2021 4 11
H8HE202242 H 25 H, HEMRIMIKT 0 °C, 12 Aha)E 1 A A HECRY
WK T-10 °C, MK T-10 °CHER 12 h REMHAF AR ST, 12 A 18 H H K
I fIIR-14 °CHITEHL.2021 4F 12 H ER R IRGE 1 H M), A SRR R -FEE KT -7 °C,
Forpr2021 48 12 AR A) J 2022 45 1 b A D SRR B RSP S MR T -9 °C, 2021
12 A A Rm AR IR 14 °C. 12 A M RmRAR IR N-13 °C, W W AKX
R AREZ T ™ EIRE.

3.2 R4 RA ZEHEHE o A AR A IR R FO S0

TEHE, ATRURIES, BRI AR K, e m iR T 2R &M T,
T 14 CRIFGEERNRMEL, BIKHM 177 A Re 2 A& . 209 5t Rk B
AR R H_E 3R A SN R SR AT R B 4 (R 1 B BR AR 2022 4E 3 H 17—20 H I
HELE, ARFERX (FEFERE97.00 MR EHPFAME MR RS, HRERY
BUTSAEE P28, X DR D 6 i s [X A R A0IRAIC, TR 88 L 43 1) S L o) R RL, S5 L
BiAs, EKERD, FTHSEEDR, #EE/DN, BRIEEARK, HCRIUESOE B2 5
2T 4l 1) 2% J T O F A AR 1 RS B 3 R A (R B FE AR R T R At W B AR 7 i it 5 7
A AH 2 A 177 LT 1 S AR R
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B OFEERE83%) o fHE+E %, FREECE T BB LU H U X =
B SRR R . WA L R KRR A bR B2, s T OK B AR S, W T
BEANL R, BACT L E T AR RO B H s R R, R T AR
(AR R e P, TREAS BT BRAA 2 FLISE M), FEFF P2 R, FEAT 1] IR Bt 780 2 <,
BB, SRARPUN, FILRH ORI R, TERH LR RO
PEFE T AR AR H SRR AN H PR, FRAR T HR AR, ELRa SR, ¥k
FHRBOIVR T 2 T, (AN EE R A, TER T — N T N RLR S R, TR
A 2 A AR R RNV k. BTRARRIB S S, (EREmNERIEAE, n]LAERRE K
LRI BRI FER RS, SRRECD, DRRSCRA KT, BEE N LR
WA 2 JE 71 AU G i F s - 3 BE ORRFAE — AR PARI X (R N UST, (B5 51 SFA
MRS RS, WMRMAAR T &, BRI IS T35, (EHSCREAR KT [ s AR i,
PR R AR EEA, AR AT DASE R B o e BORF A AR & A A 0L, RIS i BT
B SRS AR T AR BRI S e R R L R, OO T SR Bk e
BT 4R S RETR, mHIEREF N LR EKEN T &, FITHRRRBUKS 5707,



WA FMRZ T, WIS 7 244 XS S5 B AR AR R A, 38 T RS 1 4 52 9 55
R, 5 58 MR A L P R R, 42 S RS SR, 4R IR, AT R VR
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R ST IO HUIE R  TEV M P %o 28 & T SORF A R T AT 3 R AR BB A P B LR
B, T 20 5% R W O A M 13 25 1A (0 B NS, R BIE KGR i HiE . 45kt
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