201841 f Z?ﬂ[im‘ *jﬂﬁ%iﬂi %549 5 55 L

doi:10.6041/j. issn. 1000-1298.2018.01. 035

F 7 5478 7] B 1 8 X A& 4K A0 am By B9 72 0i

WAk T EF MAHMOOD Ashraf x| i ¢
(VLI KRR B 45 TR Be, FH7L0 212013)
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Bl i 4 AT 60% 3B R +2.0 m BB E B (T1) (40% 6 +2.0 m B (T2) 40% WL +2.5 m il
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Effects of Shading Cultivation on Growth and Quality of Spring Tea
during Final Harvesting Period

HU Yongguang JIANG Feng MAHMOOD Ashraf LIU Pengfei
(School of Agricultural Equipment Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; In order to extend the plucking period of spring tea and improve its yield, the shading
cultivation experiment was carried out. Three treatments with different shading rates and shading heights
were applied as 60% shading rate with shading height of 2.0 m(T1), 40% shading rate with shading
height of 2.0 m(T2), 40% shading rate with shading height of 2. 5 m(T3) and none-shading( CK). The
experiment period was divided into early, middle and late stages from final harvesting period. The
differences of temperature, relative humidity, growth status and tea quality among all treatments were
analyzed. Compared with CK, the results showed that after shading, maximum daily air temperature
around canopy was decreased significantly with the maximum temperature drop of 3.85°C and average
minimum relative humidity around canopy was increased with the maximum increase of 9.01% from
08:00 to 17:00; the new twig length and the stem thickness of Tl were increased by 22.3% and
13.5% , respectively; as shading rate was increased, relative chlorophyll content ( SPAD ) and water
content of leaves and buds were increased ; the average photosynthetic rate of leaves of T1 was increased,
while those of T2 and T3 were decreased; as for T3, water extract, polyphenols and the ratio of
polyphenols to amino acid were increased, but amino acid was decreased, leading to the tea tasted thicker
and bitter; as for T1, its caffeine was increased, while water extract and the ratio of polyphenols to amino
acid were decreased significantly during the early stage. Therefore, shading cultivation with shading rate
of 60% was of significance to maintain the quality of spring tea, extend the plucking period and increase
yield during final harvesting period.

Key words: spring tea; shading cultivation; shading rate; growth; quality
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Fig.1 Shading cultivation structure

1.2 A&
1.2.1 WAL

BRI BLE 4 DMAEF (R 1), 20 508 :60% i
TG + T 2.0 m(T1) (40% HEOGA + T &
J£2.0m(T2) 40% HIEH + B = 2.5 m(T3) |
T B A B4 B (CK) o RS AR BRAD & 3 A1 AR
30 m* /MK,

x1 AWGAE

Tab.1 Experiment treatments

Jb AR LA/ % HERA 5 B/ m
Tl 60 2.0
2 40 2.0
T3 40 2.5
CK TR ¥

KRBEHLRMY N4 H3—26 0, FHXRBA
A4 H20 H—5 H 24 H, 5T 2016 44 H
24 H R I 46 0 0 0 B IR 5 R 4 AT P LS
BB 7 ~10 d, DLEASRA B (2016 44 A
24 H ) Fr il 8 A= RS RS BR AR 2 R
1.2.2 ZSR5E )2 00 B2 i o

ffi FH ZDR — 3WIS 35 I8 5 30 s A (B Mk,
) 52 AR RS E A 0. 1°C) FHAH X B,
R PR E 2 A TR R I AN, IR R A B AR
ST B A2 C BRI E B 0.5 hy UIEH &
ZORAHW (2016 4F 4 H 1 H—24 H) B il B4 1 H

Z
1.2.3 OB AE R e A LS An il

(1) S R B2 P REL B8 1 3000, i i I B2 A O
SR 0 2 T R TS 1 B, R R BE A B i 2 2R AT
MEAR . BB EEHLIE I 30 B , B R S i
Wm 4 424 H—6 2 HAYAEKE,

(2) ZFM B KRy —2F — Y 5 KR . R4k 3
WBELRAM 3 ¢ Ze47, (AR5 5 MI33 B R g K
5 ASCC b e B EA A ) 0 O KR A PR
Z R 0. 15% #£ 5 R 4% B 6] 24 09 :00—10:00,
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(3) TEA&/NX N BEHL R 4 100 4~ FL2E A1 100 4
—ZF 0 R E AR, i BSA623S RN
T K 3 ( Sartorius, 75 [# ) , K B S +0.001 g; Ff i
3 I ECE M

(4) b PRFEHLZE TR 30 > H0 R , Il 0 4 25 1
X, f# g =L SPAD502 %I ( Minolta, H
) KERE N £ 1.0, I H RS 4 B4 Z o AR
X B BRI B AR T .

(5) ¥4 R T 2016 4E 5 A o 1) 3k BB B
RAMATIE o B PEBEHLREE 5 BRASHT , i
PIREES 4 B Bl B Li — 6400 B 45 % A A
(LI-COR, 2% ), 1£ 08.00—17:00 i & i A ¥
HGHE(P,) AL (G,) i CO, ¥k B (C,)
MR (T,) S50 0 i) Rl [ Fg A 1 h,

1.2.4 KM TS bR A I E

PEAFEA Sy — 2 —nf EEnf . HEAR L 90 s W i)
1) 100°C 2875 A T A, 80°C T 5 B 4 5 I 4 1 mm
i, B o B o A P B A i I H
45 K= Y (218 GB/T 8305—2013 22 T 3 il
e M B A LR (S 1R GB/T 8314—2013 #fi =
Wi €3 ) Lo B (2 8 GB/T 8312—2013 4
ANy IEIERE R KL W (28 GB/T 8313—2008
TR I ) R L, B R 2 2
SRR E R,

Ll FiR 56 E R % FH Excel 2013 . SPSS 20. 0 347
gt .

2 HRE5SMW

2.1 FEEMAERERREE RN

T B UG 0 1R) , 3 AT L R AR 2 Y O 2 Y
He e UL (3R 2) 5 D' 30 8y, A W B T Ak B
FATREAR 3.9°C . JAh, Y R E R 1 B3R
il AT S IR R 3 AT 5 D RO Ry R B . LA
FRRMMN S GRS, K H s R
27. 3°C s FEME 1 1 36 0T 18], G JHE Y Ak BE LG HCHE T
LS ~ 3.7°C, Jr LA AR 0 AW 2% el ati 7 v
T A AT LA G PR AR S SR U ) O R
e i

T AT MR 2 A R JE AR R (32 3) , Ho P
YR X E 2 08 :00—17:00 I [a] £ P B (. 3
TG T ), AN [ 2 1 Ak B )P B A O R B 2 1 T CK
Ak B 5 3 D' AR 3 R A B 5 e T AR BE L
XTHESEIN T 5.9% ~ 9.0% o A [ HE 13 4k 2 5 1%
FHX R L, 349 i T 08 HEE G D' R g R K5 T
AbFREEXT I T 5.2% ~ 7.0% o Z5 L, BT A
S Al P P S O R Ry SR

2.2 AREIEHELEMNMAEXSERMNEE

AN TR) 8 T Ak R Ay 5 B R 2k, CK A B Y
HOL AR R W R (B 2) . X S54ThEH
xR YA — B, T Ab BB V't 4 T R A e
B FH AL AL F ;1200 B, T 4B P, 355 A

i, 9.546 pmol/(m*+s) ,

*2 AEEHLEXNTESBHEMN

Tab.2 Effects of different shading treatments on

canopy temperature C
s 2 R AR 2 H AR 2
GIE: i) J& 1 GIE: LRl J& 1B
ZMW 21.9¢  21.9" 21.9" 16.8" 16.8" 16.8"
CK 23.3%  23.2°  23.3°  19.8° 15.8% 16.2°
Tl 22.6%  22.9*°  23.2*  16.3" 14.6" 16.0°
iV 22.6"  22.9"  23.2°  16.5" 14.9"  16.4"
T3 22.8" 23,0 23.3* 16.8" 150" 16.5°
- )2 H e <R 2 H R
GIE: i) Jei 9 GOE:! i J& 8
ZW 27.3"  27.3"  27.3"  10.5*  10.5°  10.5°
CK 31.0°  29.1°  28.8* 11.2% 13.2* 12.7°
Tl 27.1"  27.1"  27.6"™ 10.8* 12.5"™ 11.6"
T2 27.2"  27.2"  27.8"  10.7*  12.3"  11.4"
T3 27.6"  27.4"  28.0" 10.8* 12.4" 11.5"

< [/ 810 J7 28 53 BT U3, A [R) AL B0 ) AN [ 5% 300 22 5 3 p <
0.05, F.

R3 TELEDAERE R B X RE R R 00

Tab.3 Effects of different shading treatments on

canopy humidity

%

e S X I BE H S5 A % B2
I3 i J5 3 GOE: i J& 9
Z MW 55.5°  55.5°  55.5"  44.3"  44.3°  44.3"
CK 51.1"  63.8" 51.1° 38.0° 53.3"  41.0°
T1 57.0°  71.7°  60.1°  44.1°  60.3"  47.6°
iV 52.8"  66.5" 52.4°  41.4> 555>  41.4°
T3 52.8"  65.7"  52.3°  41.1' 554" 41.0°

g

0
08:00 10:00 12:00

i %)
P2 [RGB R I ok A % H AR L

Fig.2  Diurnal variation of P, of tea leaves with

14:00 16:00

different shading treatments

P, 5 Hr (% 4) FH, CK 4b P15 HAlh 38 B4
Ah PR A B 2 S, ol K EI/INITY R . T1 CK T2 |
T3 T1 4k 70 H CK A FE 258. 49% . T1 AN 31 f1 5 4L
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Tab.4 Effects of different shading treatments on photosynthesis of tea

FOLGHE P,/ SILRE G/ ML CO, ¥ C./ EWHRT,/
R (pmol-m~2-s71) (mmol-m~2-s71) (wmol-mol =) (mmol-m~2+s7 ")
CK 6.01 0. 769" 0. 070 0. 0220" 249 +7.89" 2.43 £0. 158"
T1 6.52 +0. 858" 0.097 0. 012" 294 +13. 67° 2.69 +0.179*
T2 5.34 +0.520" 0.071 £0. 009" 282 +17.23° 2.48 0. 171"
T3 5.33 +0.520" 0.068 £0.017" 275 +20. 35" 2.53 £0.217"

FRE(G,) L CK 4hBE I 25 4 &, 39 W 9 38.57% ;T2
T3 4bHE CK AR FHZE 520 A B 3% . T T2 T3 [
JlE) CO, ¥ (C,) S8 HE B (T,) W& T CK, B
PLLTT e ok o R AT 2 L O AT, 6 2 i sk
o LRETEFR AR MORM, TL 4b FRE {2 oL &
e
2.3 AEEHLEXNFHEREBRNFIT

BT I I R], 2R I, 2 S K R A
Thim (£ 5) o Horp T Ak FR 7 8 BT 1056 45 B Be 12
B R 5 JHE T T B0 ZF i BRI T L JHE O R K
OB o AR A 0 2E K R 72.49%
TEAF A SRAM A, 380 Ao 3 1975 40 B, W fof 2 5 SR B
B TR

RS AAEHLEXFHSKEHNZME
Tab.5 Effects of different shading treatments

on moisture content of bud and leaves %
ZEM K R
e _ ZF K
T 8 i 5
CK 71. 46 71.30 71.91
T1 75.31 72.70 73. 86
T2 73.92 72.19 72.96
T3 72.90 72.70 73. 16
BRI —2F — M A 2F i 10. 89 g($£6)
DA 2 B B 20 R AR, A R AL B — 2F — it i

ZF I R T 2 00 BT 8 R A R,
10.09% ~ 21.2% . FZ MM R F2F it
—ZF I 2 B A F A O 0. 328, DLty 2 IS 7
T B i W A [ A B LU R T2 b s
MR T2,

T T a6 0 1R] A [i] A R 25 A T AR K ol A F
NI T1 T2 T3 .CK( & 3a) ; Horfr T1 B CK 1
N 22.3% . A [a] 4 BT i RELE by B/ T
T3 T2 .CK( & 3b) ,HH T1 b CK 341 13.5% ., .
R, JHE T AT 02 2 A BT A A K, EL JHE U R g 5 R
iR

HI A ] GHE B Ak B Ok 28 B i g i g R R 5 R
(Z27) n] 0, A [F) JHE BT A BEAY i 25 AR X 5 AR
Fw T CK Hrp T1 AR PR CK 55 15.62% o LIRS

fb 3 b
(a) (b)

P 3 S [r] a1 Ak B X 2 A A A A 9 5 i

Fig.3 Effects of different shading treatments on tea

twig growing

KAR W R 2R Z AT S AR SRR Hofh 45 A B
BTZSHE, Hdh T1 ML S IRE 23.53%

x6 TEEWHLAENFHBEFREN M
Tab.6 Effects of different shading treatments on
quality of one hundred buds

e an pis:! HiT 5 i Ja
10. 890 = 10. 890 = 10. 890 =
0. 605° 0. 605° 0. 605°
10. 412 + 9.869 + 9.791 +
CK
0.196* 0.196" 0.536"
T 10. 106 + 10. 330 + 9.274 +
T1
it/ g 0.336" 0. 606" 0. 497"
10. 655 + 10. 780 + 9.282 +
T2
0.283% 0. 059° 0.208"
10. 672 = 10. 368 = 8. 690 =
T3
0.417° 0.385% 0.289°¢
0.328 = 0.328 = 0.328 =
Z M
0. 003" 0.003" 0. 003°¢
0.327 = 0.378 = 0.350 =
CK
0.017° 0. 009° 0.016"
M 0.294 = 0.353 = 0.363 =
T1
— I 0.023" 0.015" 0.010"
0.316 + 0.366 + 0.372 =
T2
0' 013“; 0' 0144)» 0. 021 ab
0.299 + 0.338 = 0.391 =
T3
0.021* 0.014 0.011*

2.4 7 [E)iEE B Ab 3B X 2F I am BT HY #2 0

SR A SR AL S ), E A KR B
KW R AR LR . RS, 2
s W K A U (R 8) o
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Tab.7 Effects of different shading treatments on

chlorophyll relative content of leaves

bb B E 3 CK Tl iy T3
MR AR AR 44.28 £ 47.31+ 54.70+ 52.76 = 52.47 =

(SPAD {f) 5.34"  6.44>  6.41°  6.79°  5.29°

WK R Y& BRI RREW G2 E " . &
ARFIA R KIZ Y f 5N 41.53% LIS S IR, i
B 50 10 (R, AN ] A B K IR ) R AR 35.25% ~
40.25% 2 [a] ; B T2 08, W06 4 3. 08% ~15.12%

o HE TR BRI A TR Y B 2 By, R 2RO
@ A R A BRI e, R
[ b P A TR 3 R AE 2. 04% ~2.47% Z JH]. AN[A
R B By 28 kR, DRI B deon, o A R iR
o 7 3 T 6 T B G T Ak B2 o AT 2 I A SR
MR i, fH T A T2, Ik CK &K 0.01% ~
0.02% MZEA K. HERRMYIWAER ST RN
2.52% , LAt 2 B 5 1 0 300 1) A [ Ak B 1Y
R &R T 2 M (A A K BT Y, T1 F T2
H5ZMERARE

x 8 N[EEWEALE X IF I MR I
Tab.8 Effects of different shading treatments on tea quality

S ap Qb H Hi 3 LRl =4

Z 41.53 £1.385° 41.53 £1.385° 41.53 +1.385°

CK 38.41 +0.374" 39.30 +0.051° 37.34 +1.325"

K/ % Tl 35.46 0. 283¢ 36.96 +0.284°¢ 35.67 +0. 483"
™ 35.67 0. 534¢ 38.51 +0.552" 35.25 £0.760°

T3 38.52 +0.719" 40.25 +1.501* 38.16 +0.539"

Z R 2.52 0. 030" 2.52 0. 030" 2.52 0. 030"

CK 2.47 £0.079° 2.25 £0. 049" 2.04 £0.010°

BAIEIR/ P Tl 2.45 +0.024" 2.32 +0.012° 2.07 £0. 016"
iyl 2.46 +0. 038" 2.40 +0. 026" 2.04 £0.034°

T3 2.25 +0.018" 2.26 £0.016¢ 2.10 £0. 022"

% 3.63 +0.049° 3.63 0. 049" 3.63 0. 049"

CK 3.89 +0. 038" 3.91 +0. 048° 3.60 0. 002"

W HE B/ % Tl 3.91 £0.002° 3.92 +£0.047° 3.73 £0. 033"
™ 3.71 £0. 025" 3.65 =0.018" 3.57 0. 031°

T3 3.75 £0. 011" 3.51 0. 049° 3.48 +0.011¢

Z R 17.62 +0. 563" 17.62 0. 563" 17.62 0. 563"

CK 17. 60 =0. 443" 17.10 1. 709" 16. 65 +0.305°
KEZW/ % Tl 16.10 +0.721° 17.35 +0.312° 15.75 0. 246
T2 14.76 £1.315°¢ 16.90 1. 102" 15.65 +0. 846

T3 19. 44 0. 604" 19.50 +0. 547° 19.53 £0. 400"

Z 6.98 0. 191" 6.98 0. 191" 6.98 0. 1911

CK 7.12 £0.389" 7.61 £0. 612" 8.16 +0. 187"

41 e Tl 6.58 £0.337" 7.18 £0.575> 7.61 +0. 144°
iyl 6.01 £0. 594°¢ 7.04 +0. 483" 7.67 £0.395¢

T3 8. 65 0. 322" 8. 61 =0. 300" 9.28 +0. 171"

— M, BE A e e Y, 2 e 4R
e H 2 S T = B 4. 50% A DL b S AR Ak
AR o AR (7 JE 0 Ak B AE 4% B B A uf
B i Ab T 3.48%  ~ 3.92% ZIn], 5 Ab 35 o e
BEH R BN T CK T3 T2, &4 R fil
A MR B R 3. 63% , 5 2 AH H I 1 R 36 T B
T WIMESS, & B340 T 7. 71% 3 A B TR FEA 0
il T

KW EGIRR R M R EAA R . WP
R[], N A A B 25 2 B & A 14.76%  ~
19. 53% Z [a] ; 76 17 100 25 B B, $4 DL T3 4b 3 5 i
e BAKRMIIMZE Z 8 &5 R 17.62% , fEA
[ 305 Ak L v, T A B R 43 T 2 I

T 4 L 55 20 2 A A I SR S .
8 A 3 56 A P, A [ Ak T L R B IR TR R
T3 .CK.T1 T2, FLfETE 6.01 ~ 8.65 Z i) ; 75 i B i
5 J5 40, AN Tl A B |y R B /MR IR Oy T3 LCK T2\ T1
T1 A1 T2 b3 AT R B 24 AR, A R T 4 i 25 i
Jio BRI M A N 6.98, LI S I, 1
MR BRI, T A T2 AbFE A B & LK T2
AR T REFE S5 T

L5 BT3GR BERT LA s oK R Wk 2 W
2 L, B2 S R & a5 Bl A5 it B vk R, B w7
TRBRIE AN Ty T &b 325 7 3 R 10 i 40, 1 e
BB i, BEAROK B W & 6, JF RE FR AR 2 L ; vl fif
RV IR, AR (R IR . B, K
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