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Evaluation of photosynthetic efficiency and labor cost in cultivation of

grape with an “oblique single cordon along ditch” trellis type in northern
China
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Abstract: [Objective ]Grape cultivation is concentrated in the northern regions in China. Grape vine must
be buried under the soil to cross the winter, which takes large amount of labor. However, the rising labor
cost has turned out to be an important burden in grape production. The key to sustainable development of
grape industry is to develop a simplified management with mechanized operations, which have become the
urgent demand in modern grape production. There are many disadvantages in the traditional single cordon
grape training system in northern China, such as high labor demanding and difficulty in machine opera-
tions. In this study, a modified single cordon trellis type, the “oblique single cordon along ditch” was eval-
uated in northern China, with focus on reducing labor demand in vine management so as to put forward a
simplified management system and to promote the use of machinery in grape cultivation. [Methods] ‘Red
globe’ ‘Flame Seedless’ and ‘Crimson Seedless’ were used as the experimental materials in this study
carried out from 2011—2015. The “oblique single cordon along ditch” trellis system was compared with

the traditional single cordon system in terms of management efficiency and potential of machinery opera-
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tion as well as photosynthetic efficiency. Leaf area index was measured and the summer pruning efficiency
was evaluated. The characteristics of tree light interception in the two trellis systems were analyzed using
geometric dynamics, and the actual light interception area and length of the canopy in the two trellis syse-
ms were compared. Canopy characteristics were analyzed with a CI 110 digital canopy structure analyzer
of CID Bio—Science, Inc. and measurements of photosynthesis were carried out using a TPS—2 plant photo-
synthesis system. The Gauss model, right angle hyperbolic correction model and the Freundlich model
were used to analyze and calculate the correlation parameters. The number of yellow leaves was recorded
weekly from July 10 to September 4, to observe the changes in leaf senescence. Time cost for each pruning
was also recorded. Before fruit matured, the distances from the ground to the trellis surface and the fruit
were measured in order to analyze trellis surface sinking level during berry hanging time in the 2 trellis
types. [Results] The area covered by leaves and light interception coefficient in two types of trellis were
the same, but because the distribution of leaf surface was different from sunrise to sunset, the angle of sun-
light intercepted was different, and the actual light interception area in the “oblique single cordon along
the ditch” was greater than the traditional single cordon trellis system. The minimum net photosynthetic
rate and the diurnal peak value of net photosynthetic rate in the “oblique single cordon along the ditch”
trellis system were greater than traditional single cordon system. The integral area of the curve represent-
ing the accumulation of photosynthetic products in the “oblique single cordon along the ditch” trellis sys-
tem was greater than the traditional control. The range of light intensity for net photosynthesis in the for-

mer was 1 942 and 1 795 pwmol -m™+s™,while in the traditional single cordon trellis system was 1 830 and
1730 pmol*m™+s™" in ‘Red Globle’ and ‘Flame Seedless’, respectively. Leaf area index in the “oblique
single cordon along the ditch” trellis system was lower than the traditional control. On August 15, leaf area
index of ‘Red Globe’ in the former was 3.1, while it was 4.0 in the latter. In case of ‘Flame Seedless’, leaf
index was 3.1 and 4.0 in the “oblique single cordon along the ditch” and the traditional trellis systems, re-
spectively. The process of leaf yellowing in the “oblique single cordon along the ditch” trellis system was
50% slower than in the traditional system. The time cost for pruning in the “oblique single cordon along
the ditch” trellis system was 4.35 h per 666.7 m* and 16.39 h per 666.7 m” in the traditional control. Before
fruit matured, trellis frame sinking was serious with the lowest place being 1.44 m above the group in the
traditional single cordon system, while in the “oblique single cordon along the ditch” trellis system, the
trellis frame sink was not obvious with the lowest point being 1.62 m above the ground. [Conclusion]Com-
pared with the traditional single cordon trellis system, the “oblique single cordon along the ditch” trellis
system has the advantages of high photosynthetic capacity and light utilization efficiency. It also reduces
the labor intensity for summer pruning. In addition, the sinking of the trellis frame is not obvious. The fruit
clusters are in lines, which is convenient for management and has potential for mechanization.
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Fig. 1 Schematic diagrams of the traditional single cordon(left) and the oblique single cordon along the ditch (right)
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58 BT e TRECa ARG RERAR TR Si=A+B; WA & HHE( b BIEERERAIE T S,=C+D; &l a ' EF=CH=B Mii1{=2 m, FG=4If
A 9H=1.5 m, GK=A L K=1 m, 1] RIS 51, h Sy K& EE A, GI=FGleot hy
Ideal light interception area of traditional single cordon( a ) S;=A+Bj; Ideal light interception area of single cordon along the ditch obliquely(b ) S,=C+

D; In the figure a, EF=GH= Length of B=2 m, FG= The width of plane surface without branches covering=1.5 m, GK= Length of A=1 m, 1] as the direc-

tion of the sun,h as the Angle of the sun, GJ=FG/cot h.
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Fig. 2 Ideal light interception area in the traditional single cordon (a) and the oblique single cordon

along the ditch (b) trellis systems
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Table 1 Mean leaf inclination angle, transmission coefficient for diffuse penetration and leaf distribution
‘Red Globe’ with different trellis systems

B R LUnlivE] RS AR 7S I F 5315 BB Leaf distribution
T ﬁ \ Mean leaf inclination Transmission coefficient , . i . . , . -
refis ype angle/(°) for diffuse penetration/% 0°~90°  90°~180° 180°~270° 270°~360° X 12 Range
B4+ TSC 9.55a 0.03 b 097a 0.89a 0.90 a 097 a 0.93a 0.08
IBGA )~ 0SC - 9.55a 0.11a 0.84bh 086a  0.84b 0.82b 0.84b  0.04
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Table 2 Transmission coefficient of radiation penetration and extinction coefficient ‘Red globe’

vines with different treills

i H

Project

e

I'rellis type

KB LA i (4 Je 1 TSC
Transmission coefficient for radiation penetration I “.}"J\'w'x'J' 0SC
LR B {4t Je 1 TSC
Extinction coefficient s 0SC

R IGUf XY Zenith angle area — 2 -
75 22.5 375° 525 67.5 . Range
0.00 b 0.03 b l),()\lvr 0.02LH 0.05h 0.026 b 0.05
0.05 a 0.15a 0.14 a 0.13a 0.09 a 0.112 a 0.10
0.95 a 0.96 a 0.94 a 0.93 a 0.94 a 0.944 a 0.04
0.97 a 0.97 a 0.96 a 0.98 a 0.98 a 0972 a 0.04
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pmol +m™ s (F3),

x3 HASERETUSHRESH
Table 3 Multi—peak fitting parameters of diurnal variations of photosynthesis
BH SR N ZIHbER Red Globe T Flame Seedless
Parameter Parameter meaning AT 0SC AEG T TSC WA )" 0SC AE5 T TSC
Yo /NGO AR The minimum net photosynthetic rate, 1.700 0.807 1.300 0.530
P, (umol s m™+s™")
X AR L BRI The peak time/O” clock 11.966 12.017 9.930 10.260
wi Y615 N B HL Parameter of light adaptation 6.222 5.184 3.841 3.401
A WEFR3 1 Integral area of peak 78.260 66.200 62.950 58.953
Sigma,  fiITFRIEZE Capability Sigma 3.111 2.592 1.921 1.700
FWHM,  2PI545E Full Width Half Maximum 7.326 6.104 4.523 4.004
Yo HOEA HARIEH Net photosynthetic rate peak , P, o/ (wmol-m?-s™)  11.735 10.995 14.376 14.362
X2 WEEAE 1 BLRHA] The peak time/O clock 18.077 18.074 16.093 15.907
w2 HE3E )3 B EL Parameter of light adaptation 1.508 1.507 5.225 4797
As WA AT Integral area of peak 8.778 9.948 69.906 69.816
Sigma, il [#5E2E Capability Sigma 0.754 0.754 2.613 2.398
FWHM, >PI§45E Full Width Half Maximum 1.776 1.775 6.152 5.647
Ve A FRIE(H Net photosynthetic rate peak, P,../(umol-m?+s™) 6344 6.073 11.974 12.144
222 FrAEFtram 2NMAE NS B2E)LIR A 1 942811 795 pmol-m”-s™, TIESE H AL

BT 25 T ik B 6 A A5 L ok 1970 1823
pmol-m2+s™!, Mif&ESE BT Jo TRHEA N 1 857 F11 760
wmol +m2+s™; “Miya &= )BT I e G REF FHVE FE (O

Jo FHIEAL A 1 830 F1 1 730 pmol -m 257", “ i ¥ 155
JURIE B R i R A R P R TR S BT
HTRIE(F4),

F4 EHAWHKEERIYUSH FtmESE

Table 4 Parameter of photosynthetic response to light obtained with rectangular hyperbolic correction model

PRIV ZIH1ER Red Globe I & TCH Flame Seedless
Parameter of photosynthetic JAES T 0SC &Gl T TSC AT~ 0SC 56T TSC
SGH T Light saturation point, L/(pumol -m™+s™) 1970 1857 1823 1760
JEAME 5 Light compensation point, I/(pmol -m?+s™) 28 27 28 30

62 Range of light intensity of photosynthesis, LIR/(wmol-m?-s™) 1942 1830 1795 1730
KV 34 % Maximum net photosynthetic, Py o/ (pumol -m™+s™) 12.6 12.3 14.6 14.4

N BT FRCK Intrinsic quantum efficiency , IQE 0.043 7 0.034 0 0.046 6 0.037 4
FEMET55 Apparent quantum yield, AQY 0.039 5 0.0311 0.041 8 0.0336
IG5 I 13 3% Dark respiration rate , Ri/(umol +m™2+s™) 0.878 7 09115 1.160 6 1.198 0
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Table 5 Parameters of light energy utilization ratio in response to light intensity based on the Freundlich model

o WP HRIOCHEFI A RO ,L‘UEEIW 14&5’1?41 vy
n Trellis The largest light energy Efficient light intensity, The slopes of LUE at light intensity of the L, L.
Varieties ilization , LUE PAR e/ (pumol em2s7) 2 ’
type utilization , i eticient ( pomol e m™+ s y’ (L.) y’ (1)
21 HhBR A ) 0SC 0.024 5 256 -3.199x10°° 1.167x10™
Red Globe B4 T TSC 0.0212 262 -4.199%10° 1.664x10™
Gk o A ) 0SC 0.024 1 274 -3.589x10™ 0.944x10™
Flame Seedless L5 6T TSC 0.019 8 273 -4.709%10° 1.340%10™
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Table 6 Grape leaf area index in different trellis types

7HI15H Jul. 15 8 15H Aug. 15

ki Bk WK LmER IRE
Trellis type Red Flame Red Flame
Globe Seedless Globe Seedless
&4 8T TSC 38a  40a 40a  40a
Mtz OSC 2.1b  24b 31b  3.4b

TE SRR B AN 28 R AT 26 S A AR 0, BU(ELIS A T)
NG FRR AR 25 505 B K (P <0.05) 0 RIS
Note: Different small letters following numbers indicate significant dif-

ference at P < 0.05 (Duncan). The same below.

M 2R R R DL A R A — 1
H AR AOFTERY, moaE A T AR
A RESRA M T2 Z G A XISCE
ST A B, BEAE I R L AR, R It )
B NRE R ETE, e R o TR, MEHE MR
THAI- 25 32 5 B A fe ELAER B M T Altak . i

J R e R REE ARk L, BT R A 1
(il R 2B WG IS i T i A4 T SRR ER R, B
J AR PR A A B, PRI A R sk R B A
7TH B NRIZERIAK, T ARG, A T RIE
HRERI B Mg N, 1A% SEM A e T A 4
I e S N TG, RS BGART , IA e | T
CLTHUERRC o TR IO ARER I F O 9 MO AT 8 4K
W, AR ST BLAL eI 2350 20 MO 7R 17 4L
R SR TR TR (1813)

—5— 2L BRI 5] Red Globe-0SC
—0— 21 # 3R % 55 & T Red Globe-TSC
25

e

Numbers of leaves

07-10 07-24 08-21
07-17 07-31 08-14

HH# Date

08-07 09-04

08-28

—— 3 55 78 Flame Seedless—0SC

—0— #FF (£ 45 B T Flame Seedless—TSC
25

e

Numbers of leaves

0 ‘ 1F
07-10 07-24 08-07
07-17 07-31 08-14

HH# Date

B3 MAEREELER
Fig. 3 Changes in leaf yellowing

08-21
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THIF- OB T AR 2% J8T 57 FF 50 em 247 938 XGZ '
7, [ X 2R AR P X e B A T R RS 8y . &
ZE T AR 153.7 m*-h', B 666.7 m* S FEN 4.35
h, ARG B e TRTIE 1 26.5% (R 7) .
2.5 ZEETER
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Table 7 The efficiency of summer vine management in ‘Crimson Seedless’

73y 3% a7l 322 i 2 0
BOE PO T AR5 iy aiiser o Reee.Tm i
Trellis t Period The content of th . Efficiency/ Overall efficiency/ Take the time
rellis type Perioc e content of the pruning (666.7 m'-h") (66,7 m*-h™) per 666.7 m¥ b
5 (1)6-81] 6-8 leaf stage {ffi:(> Pinching 1.89 1.89 0.53
e (2)7 H DRI ST Prune axillary shoot 0.52 0.12 8.33
TsC In the middle of July QR4 Clean up the waste shoot 1.89
(3)8 A ) OREIAYEBT Prune axillary shoot 0.79 0.17 5.88
In the middle of July QWE B4 Clean up the waste shoot 2.36
B B0 BRCEEAERT Overall efficiency and mean time of summer pruning 0.061 16.39
i (D)7 O KU kB 5 0.94 0.63 1.59
J- In the middle of July Prune a gap which can be pervious to light and wind ~ 1.89
0sC QiE B Clean up the waste shoot
(2)8 J ) O Mg 57 1.57 031 3.23
In the middle of July Prune a gap which can be pervious to light and wind ~ 0.63
QEIFYIEET Prune axillary shoot 1.89
QU A Z Clean up the waste shoot
G BT EARRCR AN EFERT Overall efficiency and mean time of summer pruning 0.23 4.35

1R B 2.0 m, [ PR ok o A R A AR R R =
(S 1RAE D) —MRAE 1.7~1.8 m, [l 25 A5 7 K S5 LR
SEAE KR SR B E g T TN, SRS R AT
O TR Ok MR AL S B e TR BB R
UC, 57 2~4 TE R 22 0™ 5, SRR I A B 2 1 1
1.64 m, MY e 7 AR5 2~5 38 Bk 22 B 2 b T
FEHITE1.90 m DL F (E14) 40 HbBR* #4514 58 BT
T A4 T R Tl o AP Ak BB M T 1.54 m, YA
T~ B S 2~5 J8 Bk 24 B M T 5 Y 1.85 m L
F(E4),

3 3

31 “lAE R T LR e AR E R
TEASPRAR SRR TS 0T, 18 e R B 5 it 4 n o

REI I AR R SR F B ez —1 Bk A

SRR M2 55 T AR CREAR SR F T 100% , REFRAEIR

AT ORI, 2800 (A TH) XHERE R
AT RN s ARGRER (B I A 1a A R2 A : (1) 447
1A ZR PG 7 1w, B T[] T, HERR SRR amE 4 R 25, A T
FE AR KR53 BF 8] AT 422 57 BHOG ELEE BRSSP (&1 2 7T
ST, A T2 37 BH O R 1 R i K FH =7 B A 9 AR AR T
KA 2P T CI=HRTH B3 25 % BE FG/eot h=1.5/
cot h, GJ FfiZE h 28 /NI , 24 G /N LI, U] A g
ZEAHERAT B IR, 2 C I BVN T A A K 2
PR RERR AR TH AR Si<S) 5 (2) 447 8] N 2R P4 7 14
B 1 () FsF, D) A T PR T B T AR ABEY , 7E R G4
i 5] R 42252 BH G ELIE RS, 0 Si<S, 5 (3) 47 1) A
ALy ), BT [ AR B A RN T A2 B O,
W S,<Sy5 (4) 447 [ A pg by 1], BT ) PG A, ) A Tii
AUAE B4 52 B, ) Si<Syo K2R T AS 52504
Si=S,, I, Si<S,, UhBH “ Wit ya a5 | I BRI RE
RAFR T8 EHor e TRIE



5 93]

WEHUR 55 A KRR A & | IR B R & AP 1141

w3 24
o2 2.1

R INET

Distance from the ground/m
&

HHH Date Wy

£
=
=
wm 5 24
I B,
oI
£ L
ﬁ g 12 Sy
=y =1 - /V .
g 0.9 5“~6 1//‘7’5
P 0,
_\0 3
06~ Y50 N . /@"’-2
08" o0 Yy
I Date ey

i

v A T

Distance from the ground/m

12 By
0.9

£
3
=
=32
aE S 24
mE g
i
E g 18
= =)
=L 1.5
4
a

Q .3

o .

0 \{ /\g%/\Q 0 /vo. 10'2
00 Ak P’Y/ar

HH Date S

)3

P AT

Distance from the ground/m

[0S

P T A

Distance from the ground/m

R

RN E =)

Distance from the ground/m

(=13

b i A T

Distance from the ground/m

E
2.4
2.1
1.8
1.5
1.2 .
0.9 5y
1 J
0 °.3
\§ 0,],\0 0 /V/VO'
[\ 00 i ﬁf’-l
HY Date ) ;Pfllars
F
G
H

ALE. SRR LLHERAL S Er e TATE AR AR 2255 5 B F. 9B TOA% LUK WA e | RIB AR IR BR 22 5 C LG, il o (LR 1L 5E

EOL e TATE R BRI s D . R TOA% LUK WA T BT AR

A, E. Tron wire of traditional single cordon of Flame Seedless, Red Globe; B, F. Iron wire of “oblique single cordon along the ditch” of Flame Seedless,

Red Globe; C, G. Clusters of traditional single cordon of Flame Seedless,Red Globe; D, H. Clusters of “oblique single cordon along the ditch” of Flame

Seedless, Red globe.

B4 ‘HELZ LMK AEARR/MEER T ITERL
Fig. 4 The degree of treills frame sinking in different trellis types in ‘Flame Seedless’ grape and ‘Red Globe’
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