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Effects of Deep-furrow Planting on Canopy-microclimate

and Photosynthesis in Grape under Drought Stress

GUO Jinli, ZHANG Fang, LI Zhiwei, LI Xiaoyan, WANG Jinyin, LI Lianguo”

(College of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract; The study aimed to explore the effect of interaction between rhizosphere soil humidity and cano-

py-microclimate on photosynthesis in grape under drought stress. The changes of rhizosphere soil humidi-

ty, canopy-microclimate factors, photosynthetic parameters of deep-furrow planting and flat-furrow plant-

ing were studied under drought stress in field with rain shelter, using two-year-old seedlings ‘Jingya’ and

‘Red globe’ as testing materials. The results showed: (1) under drought stress, the rhizosphere soil hu-

midity and canopy-microclimate interacted, and they effected photosynthesis by affecting water condition in

grapes.

The soil moisture threshold was the most effective soil moisture point for water utilization in pho-

tosynthesis of grape, and showed a “threshold drift” phenomenon. There was a significant negative corre-
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lation between the soil moisture and canopy air humidity. Therefore, higher canopy air humidity was bene-
ficial to achieve higher photosynthetic efficiency under lower rhizosphere soil humidity condition. (2) Un-
der drought stress, compared with flat-furrow planting, deep-furrow planting had obvious advantages to
improve rhizosphere soil humidity and canopy-microclimate. Grape had stronger water-retaining capacity
and higher water utilization efficiency under deep-furrow planting, thus had stronger photosynthetic effi-
ciency. (3) Under deep-furrow planting. it was suggested: the rhizosphere soil relative water content of
30% —50% was the scope that significantly affected photosynthesis in grapevines; the appropriate soil
moisture range for ‘Jingya’ and ‘Red Globe’ were 43.32% —50% and 40.19% —50% , respectively. The
rhizosphere soil relative water content of 43. 43% and 40. 19% were the most effective soil moisture that
generated the highest water utilization efficiency during photosynthesis in the leaves of ‘Jingya’ and ‘Red
Globe”, respectively.
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Table 1 The effects of different cultivation patterns on photosynthesis of grape under drought stress
hj‘ﬁ%?ﬁl}’iﬂ( i R + 28 i [A] Drought stress days/d
Photosynthetic . G
parameter Variety Cultivation pattern 0 5 10 15 20 25 30
e W Deep-furrow 14.08aA  12.33aA 10.24aA  8.17aA 6.87aA 5.82aA 5.09aA
Jingya S : 5
PRTE S Flat-furrow 13.95aA  10.62aA  5.81bB 3.52bB 2.20bB 1.73bB 1.53bB
P W _ 4 25, ., . ., ; .
ST HEER BHE Deep-furrow 14.35aA  13.38aA 11.72aA  8.10aA 7. 64aA 6.91aA 6. 18aA
Redglobe e Flacfurrow  13.93aA  11.40aA  5.31bB  3.41bB  2.09bB  1.73bB  1.43bB
B W Deep-furrow 0. 24aA 0.22aA 0. 19aA 0. 16aA 0. 14aA 0.11aA 0. 10aA
Jingya S _ 9,
SIS Fm: Flat-furrow 0.22aA 0. 17bA 0.11bB 0.09bB 0.08bB 0.07bB 0.06bB
Gy W Deon. ., . . p ; . 34
T MR M Deep-furrow 0.21aA 0. 19aA 0.17aA 0.17aA 0.15aA 0. 13aA 0. 13aA
Redglobe  sppe Flat-furrow  0.21aA 0.16aA  0.13aA  0.11bB  0.10bB  0.10bB  0.08bB
e R IE Deep-furrow 7.08aA 6.70aA 5.50aA 4.39aA 3.30aA 2.69aA 2.51aA
21N
S Jingya -k Flat-furrow 6.88aA  4.67bB  2.87bB  1.93bB  1.17bB  1.03bB  1.02bB
T, - - - ) ; o A
o7 MR R Deep-furrow 6. 79aA 6.55aA 5.50aA 4.41aA 3. 84aA 3.25aA 3.03aA
Redglobe  p e Flatfurrow  6.60aA  4.79bB  3.14bB  2.66bB  1.93bB  1.31bB  1.29bB
A R HE Deep-furrow 57.83aA  56.67aA  52.77aA  52.54aA  48.09aA  53.56aA 50. 66aA
Jingya . Nat- 5 59 2Q / Y
KA AR S Flat-furrow 62.25aA  62.18aA  52.30aA  38.32bB  26.47bB  26.54bB 28.02bB
WUE o1k R Deep-furrow 67.75aA  69.50aA  68.01aA  48.92aA  49.69aA 52.18Aa 48. 45aA
Red globe 5 e By furrow 66.29aA  69.33aA  40.32bB  30.55bB  20.31bB  17.76bB  17.25bB

T A VNG FUR S 580 3 30 A28 (6] 309 6 3 B 5] 75 0. 05 1 0. 01 K47 A8 W 35 M 22 57t 5 R ]

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 correlation between rhizosphere soil moisture and photosynthetic parameters of grape

at different cultivation patterns under drought stress

A S e
parameter coefficient(R?) point x/ %
¥ Deep-furrow y=15.384/(1+11.692e 0 9%) 0.998* * 44. 29
P SEE Flat-furrow y=15.370/(1+26. 744e 0-0672x) 0.999* * 48.90
. R E Deep-furrow y=0.2954/(1+6.0693e 0-0398x) 0.962** 45,33
=T o S-#E Flat-furrow y=0.3135/(1+7.2694e 0 0356x) 0.992"* 55.68
Jingya ‘ YEIE Deep-furrow y=416. 53/ (140, 54156001492 0.981" 41. 20
“ SEmE Flat-furrow y=402.38/(1+0.3621e%0178«) 0.994 " * 57.06
. R IE Deep-furrow y=7.4232/(1+19.5527e - 0701x) 0.992"* 42. 47
" S Flat-furrow y=8.0311/(1+18. 4233e - 0%57) 0.994 " * 52.50
PRI Deep-furrow y=15.491/(1+9. 527 0-0566x) 0.983"** 39. 85
P SEmE Flat-furrow y=15.258/(1+29. 845e 0-0701x) 0.995" * 48. 51
. W IE Deep-furrow y=0.2908/(1+2. 3255e 0-02127) 0.952"* 39. 81
o7 Wi B “ S Flat-furrow y=0.3064/(1+3.6536e 0-02451) 0.993* * 53.40
Red globe Y Deep-furrow y=411.15/(1+40. 3865¢0 0227« ) 0.909* * 41,88
¢ St Flat-furrow y=403. 06/(140. 2015¢0-02967) 0.993" 54.19
VR Deep-furrow y=7.6026/(147. 1084 0-0502r) 0.972%~ 39. 23
T S Flat-furrow y=8.0000/(1+10, 232e 0-0160x) 0.989" * 50. 55

T o AR B Ky OB S RN SIS E] 0. 01 K

Note: x refers for the soil relative water content, y refers for photosynthetic parameters; *

* represent the significance level at 0. 01 level
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Table 3 Correlation between canopy-microclimate and photosynthetic parameters of grape at different cultivation patterns

under drought stress

4 Z 8 Photosynthetic parameter

I FE A B
Canopy-microclimate i Deep-furrow g Flat-furrow
factor
P, G, C, T, P, G, C, T,
%25 SR Air temperature —0.554 —0.543"" 0.498"" —0.537"" —0.345 —0.311"" 0.263"" —0.340" "
IH %6 23 S A XTI B Air relative humidity 0.625 0.623"" —0.486"" 0.581" " 0.336" 0.305"" —0.231"" 0.277""
JeE A B ST Photosynthetically active radiation  —0. 725 —0.679" " 0.614" " —0.680" " —0.542 —0.487" " 0.396" " —0.486" "
%2 XL #E Wind speed —0. 329 —0.311"" 0.257"" —0.350" " —0.482 —0.497" " 0.253"" —0.562°
e RN A O IRF] 0. 01 K
Note: " represent the significance level at 0. 01 level
F4 THEEAWNEKESHBEMSERFHEXSH
Table 4 Correlation between soil relative water content and canopy-microclimate factors
ek AR S KR MR AR A R I XL 3 GG BRI
IEIlT Soil relative Leaf curtain air Blade air Blade curtain  Photosynthetically
ndex water content relative humidity temperature wind speed active radiation
T HEARXT F K B Soil relative water content 1. 000 0.250* * —0.182* —0.027 —0.011
I 25 25 A XTI B Air relative humidity 1. 000 —0.928* * —0.442* * —0.863**
323 S IR Air temperature 1. 000 0.420* * 0.848* *
% X 3#E Wind speed 1. 000 0.463" *
St A A 5 1.000
Photosynthetically active radiation .
e FoR A MR F] 0,01 B IKOF
Note: * * represent the significance level at 0. 01 level
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Fig.3 The drifting rule of the soil moisture threshold

at different cultivation patterns
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