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Effect of Different Cultivation Planting Patterns on
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Efficiency under Drought Stress in Grapes
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Abstract: The study aimed to explore the effect of deep-furrow planting pattern on photosynthetic efficien-
cy of grape in the northwest arid region. The effects of deep-furrow planting pattern on the rhizosphere
soil moisture and photosynthetic efficiency were studied with flat-furrow planting pattern as control using
the table grape types of ‘Jingya’ and ‘Red globe’ as testing materials. The results showed: (1) under
drought stress, the rhizosphere soil relative water content, net photosynthetic rate (P,), stomatal con-
ductance (G,),Intercellular CO, concentratio (C;), transpiration rate (T,) and water utilization efficiency
(WUE) of grapevine in both deep-furrow planting and flat-furrow planting continued to drop; However,
the rhizosphere soil relative water content and WUE under deep-furrow planting dropped at a slower rate

than those under flat-furrow planting. In addition, during severe drought (towards the later part of
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drought stress), the rhizosphere soil relative water content and WUE under deep-furrow planting were sig-
nificantly higher than those under flat-furrow planting. (2) Based on a logistic model, curve fitting was
performed for the correlation between the soil relative water content to P,, Cond, C;, and T,, and the fol-
lowing was revealed: relative water contents of 30% —50% and 40% —60% were the two ranges that sig-
nificantly affected the photosynthetic efficiency in grapevines under deep-furrow planting and flat-furrow
planting, respectively. (3) The inflection point of the logistic equation was defined as the soil moisture
threshold. The rhizosphere soil moisture threshold was the point of highest efficiency in water utilization
and photosynthesis for grapevine. Test results showed that the threshold of rhizosphere soil moisture in
deep-furrow planting and flat-furrow planting were 41. 76 % and 52. 60% , respectively. The above results
apparently showed that under drought stress when compared with flat-furrow planting, water loss in rhizo-
sphere soil could be effectively reduced in grapevines planted in deep furrow so that the WUE was higher in
photosynthesis taking place in grapevines and higher photosynthesis efficiency could be achieved even when
soil moisture was lower. Thus, deep-furrow planting is an ideal drought-resistant planting pattern for cul-
tivating grapes in arid areas. In deep-furrow planting, the test results suggested that the rhizosphere soil
relative water content of 43. 43% and 40. 19% were the most effective soil moisture that generated the
highest WUE during photosynthesis in the leaves of ‘Jingya’ and ‘Red Globe’, respectively; the appropri-
ate soil moisture range for ‘Jingya’ and ‘Red Globe’ were 43.32% —50% and 40. 19%—50% , respectively.

Key words: northwest arid region; grape; deep-furrow planting; soil moisture; water utilization; photo-

synthetic efficiency
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Table 1 The change of rhizosphere soil relative water content at different cultivation patterns under drought stress

F B A A Drought stress days/d

Bt
Cultivation pattern 0 5 15 20 25 30

R Deep-furrow 83.79aA 70. 79aA 55. 63aA 45.57aA 39.53aA 35. 87aA 32.59aA
SEmE Flat-furrow 83.59aA 60. 29bA 40. 16bB 30. 81bB 23.52Bb 18.72bB 15.61bB

T A EV/NG FURS 5788 43 50 AR 3% [ 09 3R SR 7 0. 05 #0 0. 01 /K A7 7 ik 25 P 22 57 5 F I

Note: The different normal and capital letters within same stage indicate significant difference among patterns at 0. 05 and 0. 01 levels, re-

spectively. The same as below
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Table 2 The photosynthetic parameters of grape with different cultivation patterns under drought stress
e A S o T e W
Ph(j)lfozyé:t%itic Vi{iﬁty Cultiﬁfﬁfﬁgﬁttcrn BRI Drought stress davs/d

parameter 0 5 10 15 20 25 30
a2 % Deep-furrow 14.08aA 12.33aA 10. 24aA 8.17aA 6.87aA 5.82aA 5.09aA
P Jingya - Flat-furrow  13.95aA 10.62aA  5.81bB  3.52bB  2.20bB  1.73bB  1.53bB
Pu T Hi Bk R HE Deep-furrow 14. 35aA 13.38aA 11.72aA 8. 10aA 7. 64aA 6.91aA 6. 18aA
Redglobe  wp Flat-furrow  13.93aA  11.40aA  5.31bB 3.41bB  2.09bB  1.73bB  1.43bB
A I Deep-furrow 0. 24aA 0. 22aA 0.19aA 0. 16aA 0. 14aA 0. 11aA 0. 10aA
L Jingya Fuf Flat-furrow  0.22aA 0.17bA 0.11bB  0.09bB  0.08bB  0.07bB  0.06bB
Gs o7 Wk I Deep-furrow 0.21aA 0.19aA 0.17aA 0.17aA 0. 15aA 0.13aA 0.13aA
Redglobe sy Flatfurrow  0.21aA 0.16aA  0.13aA  0.11bB  0.10bB  0.10bB  0.08bB
=0 W E Deep-furrow 7.08aA 6.70aA 5.50aA 4. 39aA 3. 30aA 2.69aA 2.51aA
P Jingya - Flat-furrow 6.88aA  4.67bB  2.87bB  1.93bB  1.17bB  1.03bB  1.02bB
T T Hi Bk W IE Deep-furrow 6.79aA 6.55aA 5.50aA 4. 41aA 3. 84aA 3.25aA 3.03aA
Red globe gt Plat-furrow 6.60aA  4.79bB  3.14bB  2.66bB  1.93bB  1.31bB  1.29bB
BT g Deep-furrow 57.83aA  56.67aA  52.77aA  52.54aA  48.09aA  53.56aA  50.66aA
- Jingya Euf Flat-furrow  62.25aA  62.18aA  52.30aA  38.32bB  26.47bB  26.54bB  28.02bB
WUE o7 W Bk i Deep-furrow 67.75aA  69.50aA  68.0laA  48.92aA  49.69aA  52.18Aa  48.45aA
Red globe  w e plofurrow  66.29aA  69.33aA  40.32bB  30.55bB  20.31bB  17.76bB  17.25bB
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Table 3 The correlation between rhizosphere soil moisture and photosynthetic efficiency of grapes at different
cultivation patterns under drought stress

= a8 s - PG I MK FRE R? P x
V””?Hl Photosynthetic . .ﬁfﬁﬁﬁ Logistic fitting equation Correlation Inflection
ariety Cultivation pattern e . 9
parameter coefficient point x/ %

P R Deep-furrow y=15.384/(1+11.692e 0 0%5) 0.998" * 44,29

" SEmE: Flat-furrow y=15.370/(1+26. 744e 0-0672x) 0.999" * 48. 90

G W HE Deep-furrow y=0.2954/(1+6.0693¢ 0 0398x) 0.962** 45.33

2 s SF-mE Flat-furrow y=0.3135/(1+7.2694e0-0356x) 0.992** 55.68

Jingya c M Deep-furrow y=416.53/(1+0. 5415€" 0149 0.981" " 41. 20

B S Flat-furrow y=402.38/(1+0. 3621e"0178x) 0.994 " * 57.06

T B Deep-furrow y=7.4232/(1419. 5527¢ 0-0704x) 0.992%* 42,47

’ SEmE Flat-furrow y=8.0311/(1+18.4233e 0-055) 0.994 " * 52.50

P I Deep-furrow y=15.491/(1+9.527¢ 0 0566x) 0.983" * 39. 85

n SEmE: Flat-furrow y=15.258/(1-+29. 845¢ - 0704x) 0.995* * 48.51

G B Deep-furrow y=0.2908/(1-+2. 3255¢ 0-0212x) 0.952** 39. 81

o7 i Bk s SEmE Flat-furrow vy=0.3064/(1+3.6536e 0 0213c) 0.993** 53.40

Red globe c W E Deep-furrow y=411.15/(1+0. 3865 0227+) 0.909" * 41. 88

! Fm: Flat-furrow y=403.06/(1+0. 2015 02%6=) 0.993** 54.19

T R Deep-furrow y=7.6026/(1+7.1084e 0-0502x) 0.972** 39.23

r SEmE Flat-furrow y=38.0000/(1+10. 232¢ 0 0160x) 0.989** 50. 55

T BRI SR By RO A 2R AR MICHERE] 0. 01 R F MK

Note: x refers for the soil relative water content, y refers for photosynthetic parameters; *
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represent the correlation significance at 0. 01 level



6 4] SR+ A T T 0T AR AR 0 A 4 A R e R 45 2 B R 1151

TR FFEE T W (0 R Ik AR M 1 - A X & K
R 58 Y- ek AR A 2 e L o 22 R e AR AL 119 9 A X
TR AR T T mE AR AT . W38 2 PR A R e AR A
AR PR - M X K B R 30. 59 %6, H A A A K
IEH 5 7 ME A A X 5 K AR 15, 61 %0, A 4
MR IZES P, LR TR ok
KAE AR RV, T 25T, 5% 7w AE
AH L 8 %8 >R FH % e A A 7R ek 2D AR B 4 358 K 43 15
J7 T H A B P A e AT 0k 2% AR B - 8 K 4
o YRR AT B AR B R L ON A A A AR
FI K 53 2 F

5 a6 AR 4 ' AV 6 BR 4 5 AL A
AL ER S AALBR 45 T 5 W38 <AL BT R,
CO, A R 57 B {6 0% A 58 1 F [ 5 T 5 il 4
IR GE#E A=A Ak G 8 R B I IR 40 DG & 1
BEAR 512 [k T3 A AL, DT 5 350 & BE 1 F R JE
FARALBR I,V 2B 5% A R B RN P R T
BT KA R E 2 AL Z R
TR T FEZEIALEERSE . G P, T,
2 WAL G A BE T T EE BE AR LG A
RS AT AR 3 H 1) G 3 BR W [ 5, P, T, ¥ 52 %]
AR LG 5 P T, 2 FEM X, REZHF5E
P T S a8 R 3 E AL B ER R AL IR X
36 UG EHES KB R R B e R R A S AL
XM L.G, TR NG P, AT, FEY . WUE
PAP, F1 T, B9 AR R s . ol DR I e 4y vt
A 1R F a2 b X K 43 R AT 2 T Bl X Rk A
7 H T R R A ) e 2 AR i AR ) — 0 R B
FRUT, — il WUE #8 K 26 WA ) i 258 s34 452 5
(14 7K 43 1) R 5 56 g L 1 K g

ARG I 5 L s T 52 W aE T U AR A A A 0 R
() G, .P,.T. .WUE ¥£ %A~ W 161 390 7] 359 5 F 5 Ak
A D0 A J5 307 T 52 0 e B s T b A A
AL U R T TP e R R T AR T SR FH TR e R AT
i REA WOR A BR K 73 5K S 4 F5 5547 19 AR B
RV A A AT O AV PR AR AR A i £ K
A AR TF R R B P, AR T, . i 5
SO e A A 0T R R AR R WUE . Rk, T
BB W e R A R A H A R R K A R AR
PNITE SN Pl (=
3.2 REHFEEXTRETEEESHEMHHAL
BHENXER

T B WB 5 300 35 v A 28 R P TR I AR A 1T LA 4

FRRUF 1) A S 1 R R HAT 5 e 1 K 0 R 80 ) R
fith L A I — 25 PRV T B 2 R A e A VE
) - S0 DX [) RN A R R . A DG I T Y S
BRATF G 2D . 2 3% [ AT 2 i o U o T AR B
T 5 A K e AR Y 06 &R GRUBR A R < I
KRG R O AR A AR 2D L T T AR BR A R
5 K3 SALY BB Ty (25 8 3 32 1Y Logistic Jf
T AR 0 5 e SO AR o - S I (R
52. 150 5 JF48 ] FH - Rk A8 A 4 267 Bof b 49000 85 A i
T 52.15%,

AR TR HEREYS PG G T,
i) Logistic J5 B, M4 Logistic #5181 JF 17 ) %49 - 1%
XS KES 4 BOCE S Bt 28 & 2os.
P, G, .C\ T, ¥+ A5 K & a9 28 A S 57 K Y
SR LR GG R S B G S R A T R T A
I AR AR S TEBRBE T, 2 - N B R B — RS
JEAMRZEE TRE . M, A5 5 2] IR AR
L 8 3 5 R A 2 O 5O 0 - AR X 5 7K X[
k30 % ~50 %, T F- BE A N 40 %6 ~ 6000, I i —
A5 HE TR B SRR R AT e SR AR 194 AR B A 49 B 1R KL
BIR 41,76 %0 R 52.60% . ZiA 2 R AR AL T B
R O A ROR B R B X R R - 9
(BT LAFE H o 5 57 e B AR AH B TR e R A A 45 O A AR
FHXT A T B 00 75 SR A TR R A R X A Y
- N BV AT K B R R A v Y O A RO 5 TR I R A
AT LA I A 2 0 6 1R R R K 43 #E 2 TR O
L HA KBRS A HBCEEADCEROR 2T R 1
DX AT 4 A BT K A R I AR

FEAZS 2 by 0 IR A A AT O A E
FH K 53 I Foe A 38500 8 000 B (B . - M P
FETE M S DL b W), i PR UE i 2 AT = AR O A
Y 5 4= 200 B2 AT I s o 0 S0 e i o 4 7 1F
TP ATE R B BRI R 2 . BF 0T 52 b X k47 4 45 4
72 VAR IR - 0 RGBSR 1 K K & 8
A AT B 5 T L T (B Y 1 30 B R 1O &
BRI AR S 2 IR KRB . BRI, TR
by X SR T e ARk A A 2 A7 ) 4 A 7 I, AR PR -
AEXT B 7K B 30 %6 ~50 %0 2 i 35 5 ) 4 45 % A 1F K
A3 R RCR ) S0 DX [] 5 AR B 3 X 3 7K i
S 43, 32% ~50. 00 % il 40. 19% ~50. 00 %6 42 * &
P T 1R 7 A Y L 5 AR PR A SRR
TR 43,3226 40. 19 Y0 4350k W 5 B EA T O AR
FHEE 7K 43 1) 280238 38 1) B o ) B il 1 S BE



1152

[N A N 7/ B S

38 &

S % Uk :

[1]

(2]

(3]

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

VE O SR M SR FR DY K RO B BB B R AL R
[T]. gl TAR 24, 2003, 19(3) + 5-9.
XU D,WUP T, MEI X R. Innovation and progress of agricul-
tural water-saving science and technology in China[ J]. Trans-
actions of the CSAE,2003,19(3): 5-9.
AW, 25 ML 4R L A R [R]I VE K X T O B X R
i A K= m i L], B AR SO 4, 2011,19(6) -
1 324-1 329.
LIZN, L1IW, LIUJ L, etal. Effect of drip irrigation pattern
on wine grape growth, yield, photosynthesis and water use ef-
ficiency in arid desert regions[ J]. Chinese Journal of Eco-Ag-
riculture , 2011,19(6): 1 324-1 329.
AW 2 MELZEA RS TEAL T 5 X KORE A A I T U R
AR A BE I EELT ). K AR FEF 4, 2011,25(5) : 247-251.
LIZN, L1 W, JIANG Y H, et al. Water demand and irriga-
tion schdule of drip irrigation for gobi grape under plastic
mulch in northwest arid region of Chinal[ J]. Journal of Soil
and Water Conservation, 2011,25(5) . 247-251.
25 AL P v TR R A A G UL R ML A B[ D], 0
AR - 5 ARl K27, 2013,
XK 5K 3R 3C, BT S T 5 28 X R AT A R E RO S
Pk B [T, T 5 3 K A F 8, 2008,26(5) : 169-172.
LIU S Q, ZHANG Z W, HUI Z M, et al. Effects of drought
stress on photosynthetic properties of grapevinel J]. Agricul-
tural Research in the Arid Areas, 2008,26(5). 169-172.
SEBASTIAN ANITA, VIOREL ARNAUTU, RAZVAN
STEFANESCU. Numerical optimal harvesting for a periodic age-
structured population dynamics with logistic term[ J]. Numerical
Functional Analysis and Optimization s 2009,30:3-4,183-198.
YUKO ARAKI, SADANORI KONISHI, SHUICHI KAWA-
NO, ez al.
basis expansions| ] ]. Communications in Statistics-Theory and
Methods . 2009,38,16-17,2 944-2 957.
TR ICHRE, P10, ZERUH . Logistic J7 2 48 1 A A K X 21 44 2K
AR LT RAuMolk K225 4, 2011,39(6) : 114-115.
XU W K, SUNG S, LIF R. Statistical modeling of logistic e-
quation and fitting of individual tree growth of Pinus koraiensis
[J]. Journal of Northeast for Forestry University,2011,39
(6): 114-115.
Z T BRLINEUE. BT Logistic A5EHL () N IR VLAR VE S T
7 A R W AR A3 L) ). K AR BIEST . 2010,17(2)  174-177.
JIANG N, FU Q, SUN Y N. Analysis on effective irrigated
land area in western heilongjiang province based on logistic
mode[ ] . Research of Soil and Water Conservation, 2010,17
(2): 174-177.
. S R BHE Y 50 KON B (D], 0 R0 R
P 5l ROl K2 2010.
MA Q L, FANG C, YOU ] L. Spatial heterogeneity of soil
water content in the reversion process of desertification in arid
areas[ ] ]. Journal of Arid Land ,2011, 3(4) . 268-277.
LAWLOR D. Limitation to photosynthesis in water-stresse

Functional logistic discrimination via regularized

leaves: stomatavs. metabolism and the role of ATP[J]. An-
nals of Botany ., 2002,189(7) . 871-880.

RN MR B AE S WK KRS R IR CO, e
FAALEAEILRRBILT]. Al T2 24 ,2010,26(7) : 76-80.
XU J Z, PENG S Z, WEI Z, etal. Intercellular CO, concen-
tration and stomatal or non-stomatal limitation of rice under

water saving irrigation[ J]. Transactions of the CSAE, 2010,

[14]

[15]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

26(7): 76-80.
BiESE. ok SRLOR/NR. AARKG TR TEWAENEZET
Jr e A B AL AR AL BRI L b A S el 2 4T
2015, 23(2): 174-182.

YANG Z S, ZHANG Q, HAO X C, et al. Stomatal or non-
stomatal limitation of photosynthesis of spring wheat flag leaf
at late growth stages under natural conditions in semiarid
rainfed regions [ J |. Chinese Jowrnal of FEco-Agriculture,
2015, 23(2) . 174-182.

FHEI I B IRARIE. K S 8 B A —
e 7R P A R e [T ). b AR S AR 2= 4k, 2008, 16 (6) ¢
1413-1 418.

GUO CF, SUN Y, ZHANG M Q. Effect of soil water stress
on photosynthetic light response curve of tea plant (Camellia
sinensis) [J]. Chinese Journal of Eco-Agrciulture, 2008,16
(6): 1413-1 418.

SANTESTEBAN L G, MIRANDA C, ROYO J B. Effect of
water deficit and rewatering on leaf gas exchange and Tran-
spiration decline of excised leaves of four grapevine (Vitis-
vinifera 1.) cultivars [ J]. Sci. Horti., 2009, (121);
434-439.

FOBLCRE D SRR R L A 7 R GE AR R O A S8 K 4 R
BRI BFFELI ] LAl K 2 4, 2006, 29(6) : 44-48.
WANG Y, WEI G Y, ZHANG Z Q. et al. Water use effi-
ciency of seven afforestation tree species in different apportio-
ning environment[ J]. Journal of Agricultural University of
Hebei, 2006,29(6) ; 44-48.

% P AT, BHOA L. RO G K o B AT 5] E
A A R LT, AU AR A . 2011, 26 (B TD ¢ 80-84.
PENG Y, XUE D Y, WANG Y J, et al. Using photosyn-
thetic water use efficiency as an indicator for selection of in-
troduced grape(Vitis vinifera) variaties[ J]. Acta Agricultu-
rae Boreali-Sinica , 2011,26(Suppiement) ; 80-84.
AVOLA G, CAVALLARO G, PATAN C, et al.

change and photosynthetic water use efficiency in response to

Gas ex-

light,CO; concentration and temperature in Vicia faba[]].
Plant Physio. , 2008,(165): 796-804.

KITAHASHI Y. ICHIE T, MARUYAMA Y, et al. Photo-
synthetic water use efficiency in tree crowns of Shorea beccar-
iana and Dryobalanops aromatica in a tropical rain forest in
Sarawak, East Malaysia[ J]. Photosynthetica, 2008, (46)
151-155.

TANAKA-ODA A, KENZO T, et al. Ontogenetic changes
in water-use efficiency (§'3C) and leaf traits differ among tree
species growing in a semiarid region of the Loess Plateau[ J].
China Forest Ecol. Manag. , 2010,(259): 953-957.

XA R B AE BT R B B KO A AR G G R B OK 4
FIRBCR A Z W L], o E AL FL 2% ,2011,44(3) : 469-476.
LIU J L, ZHAO C X,et al. Effects of drought and rewater-
ing at seedling stage on photosynthetic characteristics and wa-
ter use efficiency of peanut[ J]. Scientia Agricultura Sinica ,
2011,44(3) . 469-476.

2R3 [ 22 /N HE R AR AL AR R A 9 S R R I R A X A A
it R 7K 3 AR R A A 8L 43 BT [T . SR RL 22,1996, 13(3) :
171-174.

LILG, LIXY, LIU Z H. Simulated analysis of effects of soil
moisture and canopy microclimate on leaf water metabolism in
grape[ J]. Journal of Fruit Science ,1996,13(3); 171-174.

(%% 3T 1)



