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Variation and Influencing Factors of Water/Ice Storage within
Tea Plant during Frost Protection Sprinkling

PAN Qingmin LU Yongzong ZHANG Zhi JIN Kuang SONG Jiawei HU Yongguang
(School of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; Frost damage often occurs in early spring night, causing huge economic losses to the famous
tea industry. Sprinkler irrigation is an effective method of frost protection, which works by maintaining
leaf and bud temperatures above the critical temperature through spraying water onto the tea plant and
releasing latent heat as it freezes. This method has lower economic input and labor intensity compared
with other methods, and sprinkler systems can also be used for irrigation, and fertilization. However,
research is still lacking on the storage of water and ice on the surface of tea trees during irrigation to
prevent freezing. A tea tree was planted in pot and placed on a high-precision electronic scale to enable
weighing of water mass on tea plant surface during sprinkler irrigation. An umbrella cloth was used to
keep out sprinkler water from falling into the pot or onto the electronic scale. The patterns of water and
ice storage on the tea tree surface under non-freezing (4.0 ~8.0°C ) and freezing conditions ( —5.0 ~
0°C ) were explored and the effects of sprinkler irrigation duration and nozzle type were analyzed. The
results showed that the water storage in tea plants under non-freezing conditions went through three stages
of accumulation, dynamic equilibrium and drying respectively; while ice storage under freezing conditions
went through four stages of accumulation, retention, melting loss and drying. The tea tree surface was
constantly renewed through icing, allowing the sprinkler water to be retained. Under the same irrigation
pressure and duration, the water storage and ice storage capacity of micro-sprinkler were 1.2 times and

2.0 times of that of impact sprinkler, respectively. The maximum water storage capacity was about
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0.22 kg, but the maximum ice storage was increased significantly with the increase of irrigation duration.

The ice storage of sprinkling 1.5 h was 2.9 times of that of 0. 5 h. The stem water volume of the micro-

sprinkler was higher under non-freezing and freezing conditions, which was 3. 0 times and 2. 7 times that

of the impact sprinkler, respectively. The water and ice storage on the tea tree surface under different

conditions was investigated, a method for measurement of shrub canopy interception was proposed, which

laid the foundation for further determining the water required for sprinkler irrigation to prevent frost and

optimizing the sprinkler irrigation method.

Key words: tea tree; frost protection; sprinkler irrigation; canopy interception; water storage; ice

storage
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(a) TP (b) — AR
B3 R SRR

Fig.3 Stalk and leaves of tea tree

ST RS, B AR L e 2, D9 B AL 4k B
30 AR, ol IR A R RO B AR S HCF SRR O B A
R EAE

RAN LR BT A R 1S R —41, 192
JBCE S EALAA R, W 3b B o R G AL 3 5 1
T B ) Tmaged PR I 1Y
TR, B e UG e 40y 8 bin A% xR AT M Ak



%2 I 5+ AR A6 BB K/ i 31 25 2 f 55 8 W 22 5 183
B A5 B 00 0 G B, DN TR ARU SR P 0 L A5 A ZEM M R T RE R AR N
69 15K /em, B 09 B 7 i R T RRCR R R i Q,+Q, =R, +H, +H, (5)

4/45 b A /E{ o N e e =1
ﬁ**ﬁfﬁ “*__%Ef () S QK G A R i S B )
b4 R RLRA 0, UL A A )

21 PR U B TR DK ORI B 22 1 T KA W R —— I 3 o G 5 1) SN2k 9 Bl )
W 30 3] 255 R T, 245 R 3 T it A K R AR A X H—— I 5 ok 3051 2 i g )
dMuzo iy “u (1) H,—t 38 o i Pk i e )
de e R K [ 485 UK A Q

Xf My — 2R R AT 1K kg Q=dM,,. (6)

Mo 5 —HRIB 2R R 10T 1 P AT K 3, kg
M0, AT T U 2K 0K i kg
HUAECR SR, BRIV B 3 i 4 2 8 A — )2 K IR
20 R I TR A 1 TS K B

Muzo,t =S4p, (2)
ds .
Tk -f (3)
K My, —— 2 i R SRR A IS K B
kg

S— KR, mm
A—ZF W £ @A, mm’
p,— KR , g/mm’
W5 5 i, mm/h
S—7K AES B 22 18 3 2K 9 3L %8, mm/h

M HE K AE I B g5 vk, H, O 9 B i 0 A

J2 FR OK RN D o A B A VRS K AL, R
Mo =My, + My,

AP My, ,— KRR Bk ke

i

(4)

X d——iKIyREE R, T/ kg
SR AL i 2 A 2 T A 2K/ DK T A IS B
S B I B R

2 HREHH

B30 F 0 SUR -
AR P PR B A 1204 7 i R, 3R AR (LT )
H90.682 0 m* AR 2K FF A 55 DI 448 Bt F
Bk 0.2384 m*, 1 HIFE 2 435 o fiff K it LA
UK 25 SR T B )38 A A 5 25 1 o P, K A Y
B A 2 W, RS H 1) 15:00—18:00 Z
) AT o A vk A9 150 O B O AR PR B AR AL, £ %
R TEAILE 3 d 19 05:30—08:00 A AT, HT 0.5 h
AL ML AT DLAR BB . DA WSk B 1.5 h
(2022 4 12 A 29 H ), 2B 3% 1 g 7K 2t A oK 19
AR RN E 4 FTR

AEAE 0°C LA LI, 2 B 3% T it /K B2t 7 158 9
I L L BT DR e I R RIS AT ST 2 O

2.1

x1 FRRERAEKE

Tab.1 Maximum water storage on tea tree surface

5 HE B A 5 VEE 1o B TR/ C 55 9 1 </ h g Sk A 7 T KA K i kg brifE 2/ kg
2022 - 12 -21 15:30—17.00 6.1 1.5 Ttk £ g sk 0.2177
2022 -12-29 15:33—17.03 6.9 1.5 T g sk 0.2337 0- 0080
2022 -12-23 15.05—15.35 3.5 0.5 Tl Sk 0.2226
2022 - 12 -27 16:07—16:37 6.0 0.5 e L 0.2146 0-0040
2022 -12-30 16:00—16:30 5.6 0.5 L g sk 0.1906
2022 - 12 31 17.05—17.35 5.1 0.5 L g sk 0.200 6 0-0050
2023 -01-03 16:11—17 .11 5.2 1.0 T A Sk 0.2212
2023 -01 —04 16.21—17.21 6.5 1.0 Ttk 5 g sk 0.2336 0-006 1

2 FREREEKE
Tab.2 Ice storage on tea tree surface

5 H 9 I IR P % PR/ C W5 9 4 /b Mg Sk s 7Y 0.5 h fif kit /kg  RARAKIKE/ke
2022 -12-29 06:07—07 .37 -4.09 1.5 T A Sk 0.986 3 2.4290
2022 -12-30 05:30—06:30 -5.68 1.0 T e Sk 0.956 2 1.8177
2022 -12 -31 05:30—06:00 -4.96 0.5 T A Sk 0.9393 0.9393
2023 -01-03 06:01—06:31 -4.21 0.5 6 Sk 0.4102 0.4102

T« PR Sk WO AN [ K A9 3 g0 ,0. 5 h i i KB AR HE 22 0. 019 5 kg,
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temperature on tea tree surface
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of tea tree
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Fig. 6 Water and ice storage on surface of tea tree

under two different sprinkler nozzles
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Tab.3 Stem flow mass under non-freezing conditions
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