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Effects of canopy shapes of grape on canopy microenvironment, leaf and fruit quality in
greenhouse. SHI Xiang-bin'?*, LIU Feng-zhi'*, CHENG Cun-gang"*, WANG Xiao-di'*, WANG
Bao-liang'*, ZHENG Xiao-cui'*, WANG Hai-bo"* (' Fruit Research Institute, Chinese Academy of
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Abstract; The effects of three canopy shapes, i.e., vertical canopy, V-shaped canopy and horizon-
tal canopy, on canopy microenvironment, quality of leaves and fruits were studied in the 3-year-old
grape ‘ Jingmi’ grafted on ‘Beta’ in greenhouse. The results showed that gap fraction and openness
of vertical canopy were significantly higher than that of V-shaped canopy and horizontal canopy, and
leaf area index, light interception rate and canopy temperature difference between day and night
were significantly lower than those of V-shaped canopy and horizontal canopy. There was no signifi-
cant difference between the latter two treatments. The palisade thickness of V-shaped canopy was
significantly greater than that of vertical canopy, and horizontal canopy was in the middle. The chlo-
rophyll and carotenoid contents of V-shaped canopy were significantly higher than those of vertical
canopy and horizontal canopy, and those in the latter two treatments had no significant difference.
The fruit quality of V-shaped canopy was the best, and that of horizontal canopy was the worst. The
results of GC-MS analysis showed that 29 types of volatile aroma compounds were detected in V-
shaped canopy, but just 17 and 16 in vertical canopy and horizontal canopy, respectively. In V-
shaped canopy, the characteristic aroma in grape °Jingmi’ was higher, except ethanol, trans-2-
hexene-1-alcohol, 2-octyl ketone and formic acid ester. The linalool content in vertical canopy and
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V-shaped canopy was higher than that in horizontal canopy. The nerol content in V-shaped canopy

was higher than that in vertical canopy and horizontal canopy, and the leaf alcohol content in V-

shaped canopy and horizontal canopy was higher than that in vertical canopy. The citronellol was de-

tected only in V-shaped canopy. In greenhouse, the fruit aroma of V-shaped canopy grape was

stronger, and well reflected the variety characteristics.

Key words: grape; greenhouse cultivation; high photosynthetic efficiency; canopy type; GC-MS.
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%% Horizontal canopy. F[f] The same below.
SE B AL R 2012 F1 2013 4F 19T 2.
1.2 MEmH Sk

I TR P P00 o e B e A I R S b &2
A (2012 455 H 26 H—6 H 1 H 12013 4E 6
A 1—=7 B) ,FIHE)Z /34 53T R 58 (Scanopy
analysis with fish-eye imaging) %€ 3 FiHHEIE 19 &L
FUBREE JFRE T AR TS BRSO G BRI R ()2
SRS PPFD A48T B4R PPFD 256 5 5 )2
SRR L AR ), R 25 AR A4S S 4% Ak PR AR S
B 2 A UL H A8 4, 8:00—18:00, 45 2 h 1l &
— WA, X6 3 AR DO RE T A BRURE | 1000 HRES
5 TR RE M A, FE AL B 30 . B IR A gy 22 L)
(R 7 0 A 2 2 SRR b R JEE R R A 2 4R
JE | HI R R AR R e R S R I S R
IR Wk

ARG (2012 4E 6 H 21 H 12013 4 6 H
26 H ) SRAE, B A0 BB ALR S 52 30 Fll, Sk A SRl
TR 3 AN EAL A S EURE R AL BB LI 50 KL, R
AR T, 3 IREE R R A S-CALPRO A% i
bR RO RS AR ; T i DR 0 R TG
O, BRGS0 TR A R
(AP AR ) B dp i i 2 Bk 11 i 07 ikl
TE 7 2 AR S P A S SR T A Al A BT B
(SPME-GC-MS) ()75 E AL a5 A FE [H Supelco 2%
A T3 SPME #E#F 4% 2 Bk 50/30 pm DVB/
CAR/PDMS ., H /& Shimadzu 72 &) i) GC-2010/QP
2010Plus “THH (33550 1% 6 A, & 1 J&W 28 Al 1
Stabilwax-DA %éﬁ]%*ﬂ?(?ﬁo mx0.32 mmx0.25 pwm).



3732 NOR A & % o .

L3 Mk 26
SR H Excel 2003 il DPS 4 Xt B8 17 4 1 e
ST, oK L & (one-way ANOVA) Jy 22 43 Hr Fll %230-
LSD ¥ b A7 22 5 . & VERR 35 (= 0.05)  FI ] Excel 5!
2003 B A L I 2 B S Y (A 22 § 264
O %t

2 HBREHW o0 1000 1200 1400 1600 1800

B 21 O'clock

2.1 IR X A 2 I A5 1 5 T

SAFLBR B SRS BRI R T R s X R
REHOE AR R B ], 55T AR ) BT
JE, LB BE TR BE A KN 4 R e ' BE AR AR
R R TR W )2 A B LR RN R
LI GRS E VAL SR T E 3= A Ay |
I35, BT MR 5 2 LB 4y 12 Vit
BORACE 3209 2.7 F00 3.2 4%, FFRE 4y 92 2.7 0
3.4 4%,V I M RIK T 25 (8] 24 T Wl 35 22 S 1D
FUR B CRE B R 2 A S AR b ka $, 7
W EART VIR MR RT3 ) L7 i i i T AR
SRy B R VI I K SE I Y 56. 6% il
59. 4% ,YEREBAR BN 68.7% 1 69.8% ,V JE It
FE RN 1) G 3 25 52

HE 2 AT RAE H,8.:00 AT 1800 3 Fh i3 A IR
JEJE I 2 25 5.10.:00—14 .00, 4R K/l VB
I > 7K > ST 5, 16.: 00 48 R/
IR >V I 5 > L7 . L7 I 1 i o T
B TE 14,00, 4 30.2 °C, T V B i35 Fl K SF- i
BN B e TR A 1200, 43 91K 33.7 i 33.4
C, 03 R T LT . 0 S ) 3 o 1) S AIGHR

2 RIS H A2 L
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Table 1 Gap fraction, openness, LAI and light interception rate of different canopy shapes

EIE SALBREE THEE NRAC R JEREBAR R
Canopy shape Gap fraction (%) Openness (%) LAI Light interception rate (%)
HEALM%E Vertical canopy 54.02+4.80a 58.12+5.10a 1.77+0.13b 58.31+6.00b

V JEI%E V-shaped canopy 20.24+0.80b 21.89+3.30b 3.130.11a 84.83+1.30a
IKAF-%% Horizontal canopy 16.61+4.94h 17.16+4.98b 2.98+0.11a 83.58+4.65a

ﬁﬁ‘]xlﬂ?i‘%i\‘ﬁ%ﬂ%(lj<0.05) Different letters in the same column meant significant difference at 0.05 level. F[A] The same below.

®2 AEMEREENHHEEN RS

Table 2 Thickness and specific leaf mass of grape with different canopy shapes

- EIE IR A 20 2 [ EIENEY: S i L i 5T AR
Canopy shape Leaf Palisade Spongy mesophyll Fresh specific Dry specific
thickness thickness thickness leaf mass leaf mass
(pm) (pm) (pm) (mg FM + em™2) (mg DM - em™2)
LM Vertical canopy 167.50+6.89a 58.33+6.83b 81.67+6.83a 19.74+0.92a 4.91+0.23b
V JE %5 V-shaped canopy 172.50+7.58a 70.00+6.32a 73.33+6.83a 18.51+0.87a 5.15+0.15ab
IKAF-1%% Horizontal canopy 165.00+12.25a 63.33+8.16ab 73.33+8.16a 19.13+0.58a 5.44+0.21a
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Table 3 Chlorophyll and carotenoid contents of grape with different canopy shapes (mg - g™ FM)

Y MR a HERER b SR EE MR

Canopy shape Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid

EALM%E Vertical canopy 1.76+0.07b 0.59+0.03b 2.35+0.10b 0.32+0.02b

V JEI%E V-shaped canopy 2.21+0.03a 0.72+0.01a 2.93+0.04a 0.38+0.01a

7K Horizontal canopy 1.88+0.09b 0.63+0.07b 2.52+0.10b 0.33+0.01b

x4 AEMEBEFRAFNRIMAR

Table 4 Fruit quality of grape with different canopy shapes

RS2 e Ytz WL A ERDEY S AT SE R BEIR L PR ML AR

Canopy shape Berry width Berry length Berry mass  Soluble solids ~ Total sugar  Titratable acid TSS/TA Ve
(mm) (mm) (g) (%) (%) (%) (mg - 100 g™")

IERALE-* 19.96+1.16a 21.04+1.22a  4.79+0.13a  14.68+0.05¢ 10.60+0.98b  0.66+0.04a 22.3+1.9b 5.18+0.64b

Vertical canopy

VB 19.29£0.99a  21.56+1.04a  4.84+0.10a  16.72+0.17a 12.88+0.24a  0.56+0.01b 29.9+0.3a 8.89+0.56a

V-shaped canopy

IR 5 19.25+£0.87a  21.32+0.79a  4.95+0.07a  15.46+0.14b 12.28+0.26a  0.49+0.00c 31.6+0.4a 8.89+0.00a

Horizontal canopy

R5 FAEAMBEAERLELZMEESHS

Table 5 Component of volatile aroma compounds in fruit of grape with different canopy shapes

&Y A7 Vertical canopy V B %% V-shaped canopy JK3F-1%% Horizontal canopy
Compound & Amount % & Amount % B Amount %

fiE Alcohol 4 25.7+1.5a 7 20.9+1.5b 4 26.1x1.4a
f% Aldehyde 2 7.2+0.5b 4 10.2+0.3a 3 10.7+1.5a
fili] Ketone 1 5.4+0.4¢ 3 14.6+1.3b 3 33.9+3.7a
g Acid 1 1.5+0.1a 1 1.8+0.2a - -

fig Ester 3 26.9+1.4a 3 20.1+1.4b 3 26.7+2.8a
i Alkene 6 33.4+2.8a 7 30.8+3.0a 2 1.8+0.1b
RINATH W) Benzene derivative - - 1 0.7+0.1 - -
HAlh Others - - 3 1.0£0.2a 1 0.80.0a
3T Total 17 100 29 100 16 100

[Fl AT AN R bl e rn 22 57 1 3 ( P<0.05) Different letters in the same row meant significant difference at 0.05 level. “FIA] The same below.
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Table 6 Component analysis of characteristic aroma in o AR R
e e FLSEIFRSA VB RS s AT SO 0K ) 5

M B 3 TR 0 D K R 18.4

Q.%% # ¥ Concentration (g - kg™") . :
Compound HUME VMR kP F17.2 45V B35 R 50 b B W A AR ik 1%
Vertical ~ V-shaped  Horizontal it e e N ,
Yerid - haped Nl gy g S O RERKT IR, VIR
ch;l . 34.74:1.68b 32.88+0.88b 40.131.92a FAKOE - S s g o i 2 s T o M 5y
thyl alcoho! - e o B A B
- 205:0.01b  2.90£0.02a  3.6240.42a TE 3 R S 7 RER Y s -2- O M- 1B i e A1
Cis-3-hexen-1-ol ! o +H il A é‘ [H- v 2 i f
RR-2-T0-1-RE 16.55+1.68a  9.28+0.13b 14.66=1.23a AT A 2 . S T A R R A I
Trans-2-hexen-1-ol E%/ﬂ\ﬁiﬂ v %ﬂf%>ﬁjﬂ‘l‘%>]ﬁ5f@ﬂ‘l‘% ,E-%j%
O 8.12+0.18b 12.42+0.67a  5.410.30¢ KT VG B o 2o O A A i i
Hexanal y H 14 > Sy \ G}
i-rii@fexena] 7.28+1.98b 13.88:0.72a  9.36+1.17) T 2 AR KF i3 5 T R ) G 3 2
i 11.5541.26c 30.57+1.73b 73.63+4.17a S LG SRR ) P B 5 LA K S S i g, a0
2-Octanone SRS Y L L - o
FARELLTE 8.68+0.64h 15.48+0.70a 14.88+0.86a SR VORI RS REAY 2.4 R 6.4 A EL LT
2-amin--clylpopananide BESRL P I 6 B IE SR A R I TS E I
VAN 5.34x1.12a  4.28+0.17a  2.010.55h b Aty e . A
Acetic acid, hexyl ester @El === UELI}"%W{E\E , i %'f&ﬂ: AY ﬂ:j nf%‘ﬂsu 7J(—T|Z‘
PR ik 43.65+3.22a 22.88+1.56b 44.53+1.86a uf%,Z@EEEQEU\ﬂ(SFHT—%%{&,ﬁ%ff&?ﬁj

Formic acid, hexyl ester

Lﬁﬁ,ﬁlﬁf . 5548:3.99 SLSE19Ta 500 o0 MM VIEMR, FME LR EES HRAHRS
ina. y alcono. [= Y A =) = . N3

s rem 1.46:0.00h  1.94£0.07a  1.2320.16b LV IE M3 AL, B AR T B M A K

Neryl alcohol %,EW%%E%%E

R7T TRMEREHEXENRIESHSH GC-MS Siff

Table 7 GC-MS analysis of components of non-common aroma in fruit of grape

RER7LL BN sty #e B Concentration (g « kg™) FAFIE
Compound Compound T <7 I Ve KO3 Characteristics
Vertical V-shaped Horizontal of aroma
canopy canopy canopy
[ JIji-2- 2 45-1-B% 2-hexen-1-ol, (Z)- - 0.48 - H IR
Alcohol W 2-octen-1-0l, 3 ,7-dimethyl- - 0.57 - T E AR
[S-(R*\R* ) J-a-d-— 1 B’ (4 B30 ) 358 1.66b 3.55a -k
4~ 1-F 2. alpha. -methyl-. alpha. -[ 4-methyl-3-pentenyl ] ox-
iranemethanol
1F g 1-Heptanol - 2.08a 1.62a T
i3 VN3 Acetaldehyde - - 5.41 LRI 7 IR T
Aldehyde T- Nonanal - 1.19 - LRI A R
&M Decanal - 2.26 - S IEE MR E
il FA L BT 5-hepten-2-one, 6-methyl- - 1.95a 1.95a SRR
Ketone FMIEER 5,9-undecadien-2-one, 6,10-dimethyl-, (E)- - 3.75a 2.29b SR
iz 2-CH5-1-B% | £ R 2-hexen-1-ol, acetate, (E)- 3.12 - R AUR
Acid 3-CH-1-F%, Z R 3-hexen-1-0l, acetate, (Z)- - 4.35 - EEAUS
e A 4% beta.-myrcene 2.61a 1.87a - RN
Alkenes WU M D-limonene 5.03a 3.62b - FHRA K
ZKIFR T H Bicyclo[ 4.2.0] octa-1,3, 5-triene 5.51a 7.11a - FHE R R
-1 WM. alpha. -farnesene 1.38a 1.05a - FHRA K
BN Biphenylene - 9.03 - EIEaN
AR Z. 37K Ethylbenzene - 1.62 - bonin
Benzene derivative
HiAly 1,2-5 A %E 1,2-epoxyundecane - - 1.73 T Sk
Others 1 ,4-:%(-1 ,4-544'?%% 1,4-methanonaphthalene , 1,4-dihydro- - 1.14 - TS R
A A A Phenol, 2-methoxy- - 0.54 - Y EE R R 2

2-1F 3 Furan, 2-pentyl- - 0.82 - BE
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