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Effect of anti-hail nets on the Growth indexes and leaf diseases

of Donghong Kiwifruit During Growth Period

WANG Zhiwei!, SONG Fubing', ZhOU Yuping', LI Xiuya', HU Qiuling"", ZHONG Caihong®"

(’Liupanshui Academy of Agricultural Sciences, Liupanshui 553000, Guizhou, China; 2. Wuhan Botanical Garden,
Chinese Academy of Sciences, Wuhan 430074, Hubei, China)

Abstract: [ Objective] China is the largest planting area and output in the world for kiwifruit
which is vulnerable to extreme climate. It is considered one of the most serious natural disasters,
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which is characterized by the rapidly and suddenly onset, strong unpredictability, and significantly
destructive power of hail. In recent years, frequently hail disasters have seriously threatened the
safe production of kiwifruit. Anti-hail nets have become one of the effective measures for disaster
prevention and reduction in production. Therefore, analyzing the effect of anti-hail nets in
kiwifruit orchard is of great significance to prevent hail disasters, develop new materials and
optimize structural design, guide the fine management and elevate the quality and efficiency of
kiwifruit industry. [Methods] 6-year-old Donghong kiwifruit trees were used as test materials at
Shapo Village, Panlong Town, Shuicheng District, Liupanshui City in 2020 to 2021. On the same
plot, white anti-hail nets were covered and open-air culture was used as the control. GSP-6
automatic temperature recorder was used to measure the orchard temperature, and so as AS823
illuminance meter to determine the orchard light intensity. The bud burst period, flowering period,
maturity period, and leaf fall period of kiwifruit were analysised. Additionally,the bud spacing,bud
germination rate on mother branches and the main flower number,single flower rate,orchard
yield,fruit quality and leaf disease on bearing branches were measured on different length of
bearing branches for 40-80cm, 80-120cm and above 120cm.The temperature, bud burst period,
flowering period, maturity period,leaf fall period,bud spacing,bud germination rate,main flower
number,single flower rate and leaf disease were compared inside and outside of anti-hail nets.

[ Results ] Compared with the control, the temperature of kiwifruit orchard in the anti-hail nets
was always higher than the control from February to April, up to 0.8 °C, and was lower than the
control from June to September, up to 2.1 °C. The germination stage was delayed 3-5 days, the
flowering stage was delayed 4-5 days, the maturity stage was delayed 7-8 days, and the defoliation
stage was delayed 18-23 days. In 2020, the number of main flowers on bearing branches
significantly decreased by 23.96%, 26.98% and 31.24%, and the single flower rate on bearing
branches significantly increased by 95.39%, 103.31% and 105.76%. In 2021, the number of main
flowers on bearing branches on different length of bearing branches significantly decreased by
24.52%, 22.43% and 28.37%, and the single flower rate on bearing branches significantly
increased by 99.49%, 92.64% and 95.16%. Brown leaf spot disease rate, diseased leaf rate and
disease index were 17.55%, 21.95%, 4.13% and 17.33%, 21.15%, 7.04% respectively lower than
control for two years. The rate diseased plant, diseased leaf rate and disease index of gray spot
were 6.73%, 20.73%, 6.02% and 9.04%, 25.66%, 8.63% respectively lower than the control. The
rate of diseased plant, diseased leaf and disease index of black spot were 6.11%, 7.96% and 2.24%
respectively lower than that of control. There were no significant effects on bud spacing and
germination rate. [ Conclusion] Anti-hail nets can reduce the number of main flowers, promote
the centralized opening of flowers and improve the single flower rate, reduce the incidence of leaf
disease,but not affect the yield and quality of kiwifruit, and has a promoting effect on kiwifruit
production. Anti-Hail nets is one of the effective measures to solve the contradiction between
hailstorm disaster and airspace control, and it is expected to be popularized and applied in the
production of high efficiency cash crops such as high-quality fruits and vegetables.
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2020—2021 4F, FELE 2 AEAE SN ALK T K0 DXk 0 AR D 3 b 22 AR R AR 7 kAt
FEHEAT RS . SRR IR N 1218 m, HIERAUCN TR, I pHSS, 2SR
1470 mg-kg!, HHUAE & 2954 mg-kg!, AEE S & 1012 mg-keg!, AAHES & 4.79 mg-ke,
AR 3.64 mgkgo fliARNy 2 FAFRBBERRSEAE W, GEBREBk MO IR AL, R
HNea (), FEZEEEN 2 mx3 m, WHRBNEF—IL.

1.2 BHEMALIE

DL 2018 4FF4 7 B T 9 R BR A B J2 dth A Se B A B, D] — SRl o 4 S 917 2 ) 11 356 1y

MR SO HONBEREINE, EE S 6m (N 0.7m, HiES3m) , HRE75em: 4 Sm

(#F 0.7m, HF 43 m) &4 60 cm, DUANZMBLRAETHGE, LUBRME R, ML ER:
0.8 cmx0.8 cm, A .

1.3 MEIRE

1.3.1 BERNMBEAARBEN T BELE 2 2—9 7, EALE A FBREHESEE 0.5
m A H gsp-6 (ARIMECE BT RHA IR A7 477D 3 3l 10 s AG0 E R iR JZ, % 30 min
HZhIes 1 B & 3 RE S, A4 F) H P2 R 1P B A Dy 24 H 2R Bl 2 (Mean
monthly temperature) ; F HIAERFF 2—9 H L. d. FAIFIER 1 AMER, T 24K 14:00
e FH R A B AS823 R L T 7E Ab FRRDG REBRBERR 2 T E 07 0.5 m AbillsE RIS, Ab
BEAIRT R 5 RE R, ARJE LU A I E 1 15 YOBURE 1T S 1E 924 H 196 B (Mean

monthly light intensity) -

1.3.2 &M WM ARV S%RIZEEE )T ZRIT R R, RPN (Bud Burst
Stage) : ZHAEM: B 5%HI T E LT ECNIEAE (Early Flowering Stage) #AEHH: 1 50%
(K1 EAETT IO BEAEW) (Full Blossom Stage) ; FEAEM]: 85%[EAECL 4T HON BAEH] (Tail
Flower Stage) ; Al : FILTFW0 & E>17.5%- Al TEETEYI>T A (Maturity stage);
IR BN K B 50% (1 v i % v i (Abscission Stage) .

1.3.3 e, HFFE, L4 FLF EOIEAXRMBEN G, ST 9 K
AR SRR, RHATPREE . FTTS b3, JRE AT 5 HEM, B3 oA 1 A E
82, HIANET . FEREMN G, HEbs R RIEB SRS 0 5 mm &b, IFESALBET 12
B, FH B RO & & 2 A R T S mm AR EE, FRREEL S B B HEAT 40 3 26 (40~80
cm. 80~120 cm. >120cm) . fEHIZFHET, D EBERLIEERRMESE 3 Mk, St
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Table 1 Standard for classification of kiwifruit leaf disease

Ji§ 4 455 Discase grade (SN TR BE AR & L
Representative value ~ The proportion of diseased spots
0 0 JCBE No diseased spots
| | T D ok TR LA 1%~5%
The proportion of diseased spots to leaf area is 1%-5%
5 ; TR BE ok i TR A 6%~25%
The proportion of diseased spots to leaf area is 6%-25%
3 5 PR B ok I TR LB 26%~50%
The proportion of diseased spots to leaf area is 26%-50%
4 ; PR B o TR LB 51%~75%
The proportion of diseased spots to leaf area is 51%-75%
s 9 B o A AR LB R T 75%

The proportion of diseased spots to leaf area is 75%

R Y%=TR AR B A SRR 100,
IR H 33 /%= M5 A %0 100,

i1 4E %L Disease index/%=Y, (Z5-Zp M < B AR / ORI B 2 M o i AR
x100.
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P53 HT o

2 BERE5SH
2.1 BiEMXBRRHRE ST L RIRE &R ERF

® 2 WoR, TERIE MR BV T N SR 2 SRR R S, IR IR
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IR BR R R, B R IR B AMIK 0.8~2.1 °C. PIAETR],  BRAAk L Fel i1 Bt e 4 A
8 H, FHHI A AME 2L IR /KT (2020 434 2.1 °C, 2021 F345 1.9°C) , B MK T
BRGEAR IR S, 08D TR SR R E R, TR Rk ) A AR K B
R MM T, FAEE, W2 A2 9 A4, MAGIRE—BIK T, HEERAR
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Table 2 Effect of Hail net on the upper layer temperature and light intensity of kiwifruit orchard

S R ER S b AT
Year Month Mean monthly temperature/°C Mean monthly light intensity/Ix
AbER Xof gt % SbER paitd Tl %
TR Control Temperatur TR Control Light intensity
eDifference Difference
2020 2 11.4+0.11 10.6+0.08 0.8 61200+116 63000+121 -1800
3 12.6+0.13 12.1£0.11 0.5 67600+121 69500+128 -1900
4 18.7+0.18 18.4+0.13 0.3 70100+135 72000+137 -1900
5 21.3+0.22 21.1£0.19 0.2 74000+142 76500+155 -2500
6  23.9+0.28 25.3+0.33 -1.4 74600+144 77500+168 -2900
7 24.8+0.31 26.3+0.39 -1.5 76400+152 79500+173 -3100
8  25.1+0.35 27.2+40.41%* -2.1 75700+149 78100+166 -2400
9  23.840.29 24.7+0.31 -1.2 74200+143 76200+149 -2000
2021 2 15.2+0.18 14.6+0.15 0.6 64200+119 65700+121 -1500
3 18.3+£0.21 17.940.18 0.4 68500+123 70200+127 -1700
4 19.3+£0.22 19.240.19 0.1 71300+139 73300+143 -2000
5 21.6+0.25 22.4+0.27 -0.8 76400+151 78600+169 -2200

6 23.2+0.27 24.6+0.30 -1.4 76900+164 79700+176 -2800



7 24.5+0.32 26.4+0.38* -1.9
8 24.740.35 26.3+0.37 1.6
9 22.140.28 23.8+0.31 -1.7

78800172

77800168

76800163

81500+181

80100+179

78500+167

-2700

-2300

-1700

W TR FRAFE: CK FoRstil; o RREREE (p<0.05) , ©

HOLORERWEE (p<0.0D) . FH.

Note : TR means treatment; CK means control; “*” means significant difference (p < 005), “**” means extremely significant

difference (p<<001). The same below.
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Table3  Effect of Hail net on growth stage of kiwifruit
FAEH] Flowering Stage N
Ffy AbE 2 4 A T34
s AE) HEAEI) Fe1E3]
Early Full Tail
Bud Burst Maturiy Abscission
Year Treatment Flowering Blossom Flower
Stage stage Stage
Stage Stage Stage
R 3A8H 3H22H 3H25H 3H29H 8 23 H 11 H28H
200 Mar. 8 Mar. 22 Mar. 25 Mar. 29 Aug. 23 Nov. 28
K 3A5H 3H17H 3H25H 472H 8 H 15 H 11Hs5H
Mar. 5 Mar. 17 Mar. 25 Apr. 2 Aug. 15 Nov. 5
R 3A7H 3H25H 3H28H 3H30H 8 H21H 12H5H
021 Mar. 7 Mar. 25 Mar. 28 Mar. 30 Aug. 21 Dec. 5
K 3A3H 3H21H 3H29H 47 1H 8 H 13 H 1HH17H
Mar. 3 Mar. 21 Mar. 29 Apr. 1 Aug. 13 Nov. 17

2.3 BiEMXIERIRMEFEIRE . PASF R, R ERBR BIERNEM

B3 4 WAL, BRI BRI ZE A1 RE L A 28 s T (B AN, HRIAE) &
FKs GERE B EARBOR R AR T, R R e TR Bk B 5 A EE A
HA 2 26 5 5 2K JE ARIE LG, AR TR AR R A, 24K JEE 0T 45 SRR B 1 R A BOR B A 0 0 2 S
MAETEECE KRG : 2020 4F, B M A BRIEERE 40~80 cmy >80~120 cm 120 cm BA R4 R
B ERIPF3EAC R A 5.87 ML 5.52 M. S5 #, BHHR 7.72 ML, 7.56 M. 7.49 #4y
BE (R PEK 23.96%- 26.98%- 31.24%; 2021 [ E M A BRI 40~80 cm. >80~120



em. 120 cm PLERIEERAE B RSF 65000 7 09 5.91 M. 5.95 . 5.53 ML, BOHE 7.83
Kes 7.67 Mt 7.72 #00 ) BE BRAR 24.52% 22.43%. 28.37%. MFEIEFRKE . B8 M Bk
Rk 40~80 cm . >80~120 cm. 120 em  PL_ bS5 AL B RSF3 FRAEER 53 1A 73.35%+74.27%
74.34%, BIATHR 37.54%. 36.53%- 36.13%73 KR T+ 95.39% 103.31%. 105.76%:;
2021 558 M A B RE 40~80 cm. >80~120 cm. 120 cm  PA_E 45 kL BT 25 B8 R 4y
A 74.15%- 75.38%. 75.04%, BT 37.17%. 39.13%. 38.45%73 % & T+ 51 99.49%.
92.64%- 95.16%. 2 HIFEL P AT A 2 2 BRI ES A EAEEL, IREE R & A R BRIe %,
K4 HFEMMBBERIFEE. BFE. SREFHETHRRETERNZ0

Table 4  Effects of Hail on bud spacing, germination rate, average main flower number and single flower

rate of Kiwifruit

A4y W mH AbFE K%K Branch length/cm

Year Determination indicators Treatment 40~80 ~80~120 ~120
AL TR 8.38+0.042 11.284+0.19 11.3140.55
Bud spacing/cm XfHE Control 8.13+0.27 10.27+0.24 10.31+0.28
i 24 % TR 85.13+4.35 87.21+4.21 89.21+7.77

2000 Germination rate/% XTHE Control 84.97+3.24 87.53+6.11 88.78+5.58
FIEHL TR 5.87+0.32 5.52+0.78 5.15+0.41
Main flowers number XtHE Control 7.72+0.67* 7.56+£0.59* 7.4940.68**
L VIS TR 73.35+1.78 74.27+2.16 74.34+2.07
Single flower rate/% X8 Control — 37.54+2.45%% 36.53+].58%* 36.13£1.67**
AL TR 8.23+0.11 13.12+0.23 13.34+0.47
Bud spacing/cm X Control 7.83+0.16 12.07+0.42 12.19+0.11
[ TR 86.36+4.47 88.13+2.42 88.91+1.98
Germination rate/% XTHE Control 86.31+3.05 87.57+3.33 88.39+2.19

2021 F16H TR 5.91=0.05 5.95+0.23 5.53+0.11
Main flowers number Y& Control 7.83+0.161* 7.67+0.18* 7.72+0.24*
Vi TR 74.15+3.45 75.38+2.32 75.04+2.26
Single flower rate/% XM Control  37.1742.52%%* 39.1342.05%* 38.45+1.59%*

2.4 BHEMXFREHE 8RR D RAIF T

B8 5 LA, BRAEIRD, B2 9 A R B 1) S 240 7 i o SR B — R 26 ik 2 124.93
kg666.7 m2. 97%- 82.94%, KX (2 026.51 kg-666.7 m2., 95.56%- 80.01%) 43 1 4.86%-
1.51%- 3.66%; TR AN 11.65%, BT 12.5%(1K 6.8%. 2020 7 25 P BRERE —
PN 3.31%, BT 4.13%52 3 FRK 19.85%5 2021 £ E W PRI BE R F AN 1.51%,
BN R 1.97%0 2 2 PR A% 23.35% . REABT BT BRERR = 2. B R, RRURE R —
R RELW, (A REFRGRE,

£S5 BHEMMEURMTER RIS RNFM



Table 5 Effect of Hail net on yield and grading of kiwifruit

s
[ETLE = FRPUR = —IRIRE TRE
Fy b Yield/ . . . . . .
Commodity fruit Super fruit Primary fruit Secondary fruit
Years Treatment (kg 666.7
rate/% rate/% rate/% rate/%
m?)
TR 2182.13 a 96.98+15.25 a 11.14+1.34 a 82.53+10.25 a 3.31+£0.32 a
2020
CK 205434 a 95.33£16.67 a 12.45+1.52 a 78.75+12.67 a 4.13£0.19b
TR 2067.73 a 97.02+14.34 a 12.16+1.67 a 83.35+13.21 a 1.51£0.11 a
2021
CK 1998.67 a 95.79+£15.17 a 12.55£0.98 a 81.27+11.69 a 1.97£0.16 b

E: FAAFNG FRRREREE (p<0.05) . T,

Note: Different small letters in the same column meant significant difference at 0.05 level. The same below.

2.5 BEEREREH R R E R

MBI IRBLIF e BB 1E AR BRI Bk R T A R A (R 7D, IF HARBE R A1 UL
oA AR . S REAR B, B R P R AR B . KB B BB R R L
B G TR B2 B S PR . PR TR, R R R BRI MR BT « KBNS SR B 1
BEiadly, Hob. WP PRI R TR ECES PR 7)) EEX IR 17,55, 21,95,
413 NF A 17.330 2115, 7.04 NE 3Rl KBDW R . M-3R RIGHRBMNEY)
S LT REAIG 6,734 20.734 6.02 AN 43 s5F 9.04, 25.66+ 8.63 N 4F £ls BBEMR IR
TR RIS TR RN 2 UL RAR 6,110 7.96+ 2.24 NI 20 s W2 R AT LLRA 2 F4
BRI R E B BT . KB S SN 1 R A

Fo6 BIEMERRHE s E IR

Table 6  Effects of Hail net on leaf disease of kivifruit
F o R T EME TR LS IR
Years Treatment Disease type Diseased plant rate/% Diseased leaf rate/% Disease index
2020 TR I 79.73+7.29 47.28+5.29 18.54+0.39
XtHE Control Brown spot disease 97.28+8.09* 69.2346.42%* 22.67+1.34*
TR RPN 12.32+0.27 35.54+1.29 6.35£0.22
XFHE Control Gray spot disease 19.05+0.59** 56.274+2.29%* 12.3740.56**
TR RPN 9.13+0.37 29.39+1.29 5.58£0.12
XFHE - Control Black spot disease 15.24+0.19** 37.35+2.19** 8.91+0.31**
2021 TR I 78.34+1.12 43.2342.31 16.55+0.63
%fHE Control Brown spot disease 95.67+7.32%* 64.38+5.36** 23.59+1.11%**
TR KRB 11.34+0.49 32.17+1.25 5.92+0.19
%fHE Control Gray spot disease 20.38+0.69** 57.834£2.41** 14.554+0.29**
TR RO 7.15+0.14 17.39+0.73 3.97+0.87
X Control Black spot disease 10.24+0.72* 27.86£1.11** 6.21+0.33**
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READCIRR MY RS K SR E N EEREE SR, BWE —RHREZ AR
PR, R I T 2 A R RTVR A 28 A1 S T A IR AR A, R LAY A K R R AT S A )
A 224, R AN B AR AR ) G 52 UK BT O eI R R A A K PR i
I HE P 55 AT S M VR A A A R /NS 9555 B USIE R FU 8 A R B - 917 8 X v 2 el
WA R S, TEIRBEARRT, By IR, AR T RAMIAER: TR m,
1575 2 0 A L FEE ARG, A 0B G 3 v T 0, R e A P P S R B TR R B . T
IR R A BRI AN, R TS, H PSR TN
Gbs W RBIEL NG SREEAR  E T AL, R SIS ERR 2 5. SR, 42
i# R el U 2 B T BB R AR RS, (R BRI Bk I A3 T . ARKIRAERT SR R T, M R
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