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Effects of different soil management modes on rhizospheric temperature,

soil properties and grape growth in the greenhouse
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Abstract: [Objective]To study the effects of different soil management modes in the greenhouse on the
improvement of rhizospheric temperature and the growth and development of grapes in the spring, aim-
ing to provide theoretical and technical support for viticulture in greenhouse. [Methods] The grafted
seedlings of 2 years old wine grape ‘ Cabernet Sauvigon’ (Vitis vinifera L.)/3309M were used as test ma-
terials. The planting space was 1.5 mx0.7 m. The test was set to 4 treatments, namely “tent” cover, ridg-
ing cultivation, plastic film mulching and the ground cultivation control. [Results] The root zone tem-
perature obviously delayed behind the air temperature in the greenhouse. Whether it was sunny or
cloudy, the root zone temperature delayed behind air temperature for about 2 hours, and the root zone
temperature of “tent” cover treatment only delayed for about 1 hour. The root zone temperature of the

“tent” cover was higher than that of the ground cultivation about 1.2 °C to 1.5 °C, and the root zone tem-
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perature of the ridging cultivation increased by 1.1 “C to 2.4 °C, the effects of plastic film cover was the
same as “tent” cover. Different effects of different management modes on improving the soil structures
were found. The soil bulk of the “tent” cover and the ridging cultivation were decreased obviously, com-
pared with that of the flat cultivation control. The plastic film cover had no significant difference, while
the change trend of the soil porosity and the bulk density was opposite, after measured the soil porosity
of “tent” cover and ridging cultivation, they significantly increased by 19.8% and 20.9% compared with
the flat cultivation, the soil porosity of the plastic film cover was only 5.2% greater than that of the flat
cultivation control. Mulching was also helpful for retaining soil moisture. On the 45 days after treat-
ment, compared with that of the flat cultivation, the relative water content of soil under “tent” and the
plastic film cover significantly increased by 23.9% and 23.5%, but there was no significant difference
between them. The ridging cultivation was not conducive to water retention, and the soil water content
was 16.9% lower than that of the “tent” cover. Soil oxygen diffusion rate and soil respiration intensity
increased rapidly after the “tent” was covered. Especially, when sharp cooling occurred (the 30th days),
a higher root zone microenvironment temperature was maintained after the “tent” was covered, the soil
respiration intensity decreased by only 20% compared with the previous peak, while that of the flat con-
trol decreased by 77.8%. With the extension of treatment the ground temperature gradually increased,
and the soil enzyme activity also showed an increasing trend, and the effects of “tent” was particularly
significant. When the root zone temperature reached the temperature of root germination, the activity of
the underground part was accelerated, the ability of root to absorb water increased, the water content of
upward transportation increased, and the relative water content of branches increased. Compared with
the control, on the 45th days, in the ‘Cabernet Sauvignon’ roots and buds covered by the “tent”, both
the expressions of auxin synthesis-related genes (YUC1, YUC2, YUCO6) and transporter genes (PIN1,
PIN2, PIN3) were significantly up-regulated. The “tent” cover effectively increased the ground tempera-
ture and promoted the growth of grape root system, and the auxin content in grape root system signifi-
cantly increased. The germination period was 7-10 d earlier than that of the flat cultivation control, and
the leaf development period was 5 d to 7 d earlier than that of the flat cultivation control. The grapes
grew neatly, and the root growth significantly increased by 32.9% compared with the control, and the
root activity increased by 13.8%. For germination effects (time and uniformity), the effecs of the “tent”
were the best, followed by the plastic film cover and the cultivation.[Conclusion]“Tent” cover could
significantly improve the root zone temperature in the greenhouse, effectively improved soil compact-
ness and aeration, and help to maintain soil moisture content, advance the germination process of
grapes, and promote the growth and development of grapes in the spring.
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activity of grape in the greenhouse

234 MEHRZIAA S S AL RAMXAR LK
#ot WE 9B, e A K R A O K3 A
(YUCI.YUC2.YUCS) , ik & #6 i8 FE [K (PIN1 . PIN2 .
PIN3) R IE &, “HE 7 7 5 (SF) M IR 7 35 (MF) L ii2
BB (RGP 5 X FE (CKO M LL , 7E AL HE 45 d 7Y
ZE(E9-A AR (B 9-B) A K 3 A ik A 18 2k
A] f 2k B0 BA S L1, B P R BN SF>MF>
RG>CK. [ Hld i 8 &, i E iR R A K
REERET E, 5RO, 38 5778 56 b B 7
TRAE 15 d 5 i) S 2 4R T 40% 4 15.5% , 8 28 8 S 0T
FE X HE PRI 3.3% (AN 3, AT RE T ilc 28 5, 148
FLBRRE R, 390 1 L3 <A 5 KA S el 2, F 5L
Hi B R 72 K, RE MR AR K R A B 7E 30 B, “4R
JIEE” ik 28 T R JIEE 43 ) BE X I 3 1 1 58.9% 1 8.6%
16.9% 5 7E 45 d i, 43 5l . 3% 38 0 83.7%  12.6% -
17.6%, Horr, “HR 7 a5 A B R L R B3, 5 0d
AHEE 1530445 d 43 ) S 35 4 0 44.2%  57.6%
93.7% , Ut B “ 45 557 7 55 A R =y H I 1 R B4 gk
THIER R EK,

310w

R J3E SRR A R R R i AT A
HAEM WA YR — V) AP AL, R Y s
B iR BEA ) BRI, AR AR AR B2
B JE SR A B TT a2 0 R R R A2 B IR AN A
L BARRE T H & A BARIRG A,
PEBE A I B2 0 T A RO AR R IA B — E R
Ja A HENEAZEB B AhE AR SR I, L
A R 2 OB AR S R A B 2 R I AR AE R
I IEAR OO AR 5 1T 4 6] 1 25 300 18] %o -+ S A OB R



55118

EOME A Vil A AN R 35 A AR U R, | g P R AR A A AR KR IR R 1513

40 - OCK a A

SEIR ik

Gene expression

PIN1 PIN2 PIN3 YUC1 YUC2 YUC6

[ 1A Time/d
50 - OCK ERG EIMF @mSF
45 | a 2 g
40 - R Root

Gene expression

PIN3 YUC1 YUC2 YUC6
fi} 18] Time/d

PIN1  PIN2

1 000
900
800
700
600
500
400
300
200
100

w(EKZFD

IAA content/(ng- g")

0 15 30 45
B IE] Time/d
9 BHEATERIZFEXNEEIRER IAA S
B& X EEREHFIT
Fig. 9 Effects of different cultivation patterns on IAA
related genes and IAA content in grape root

system in the greenhouse

(1 75 SR B 5, S 0 AR ORI TR SR &= 1 2~3 £
Al 308 o B A B IR DL 28 1 3 RORR I AR R
JEE, HESR A 2 5 2T [R] 0 28 3 SR T A R I R A
it 368 e T A S5 7 R A R AR ) T v R
PR AR X =) 30 - 3 i I, AT 1 T AR s - 38 A
T ) AR R B T A AR
BN B E KN, EOR B R 18~
22 °C, &t 10~15 °C, e, i 2R [ R A & (>

25 °CH, KM N Ae R itk it — D Rk B M5
s T I b B A A i T B S R AR R 1R
AR b TR A I 5 L XA AR 2 L)
S A B AR AR N RO A6 S T AR RS
I AR A5 5 DR L ] ) A A 2 ) P 1o BT AR AT g B2 AR
FUR PR AR ZR BT A Y IR 85 AR AT R 2 R i
Mo i RS . R A N SRR R R
T 2 I ORI A A AR, SR S [, 1 3
T3 S 6 24 55 I e e TR B 1, B T8 9R AN 2 Gk
FELRD , AR TAEFP 19K B A T AEAL R
A NAIT T8 5 L ey 1) 3800 R 6 35 v 17
Frot 22 gt 11X e I (0 2 T E 0™, 3 U AR A 3 R
AR IR L RAR F 0 5 2 2 5 A 0 5 T 85 )
B FEARHRZE AT, TR 2 Zm iR T
{10 325 ML s L i B8 R o TR P58 8 K e ) 3 o 1k
SN PR AR FBE 5 A LI 1) R A A PR U R AR A i R
R UL AR AR 8 2 (A KT AN S # R TR E
5 D VA 1 7 N P P 12 o K = U NP i
A 70 M 2 I R TR R A i A S P e A
Yolsi s 2 AT VERE R & B, AFFRERE
I 3, A0 300 A2 9 2B L G R 30, b B T R
R B AR R RGE A [ 73 i RLEEAR R B AR KR
5 R] E = R R R IR BE /™. Huang 25™7HF
FEUE B, 32 ey AR Sl i 58 A U A ] V& T IR TS 7K AR
P obE B IR o Suzuki S5 PITE KRG b A 5T
FH 5 AN [ R R S8 T 2 52 M0 50 4 5 A ) R
P o A URIE I8 I AN 7] 398 B OR SR = MR B A
B, BEI R F R A R KA AR

4 4 ik

CRR T 5 ] S AR A A P bR 5
TR S K &, FRAR IR, B IR LR,
TREBEAR R K WS S AR RAEK R G R L Is R A 1)
TR BERIK, R FHASEAT 7~10 d, R HAER AT 5~7 d.
2 E @k References:

(1] HE,BRass, 555, B, X1, 2250 . R A =k ok

JEILR[I]. #is Aol k42,2018, 38(6):96-101.

TIAN Ye, CHEN Guanming, LI Jiafen, XIANG Xiongying, LIU

Yang, LI Hongyang. Present development of grape industry in
the world[J]. Chinese Journal of Tropical Agriculture, 2018, 38

(6):96-101.
(2] KAz o R A A LIRS R R 5 0], YA SR, 2017,
49(1):1-4.



1514 R® )

ira
=5

id 364

(4]

[10]

(1]

[12]

[13]

[14]

LIU Fengzhi. Current situation and development trend of viticul-
ture in China[J]. Deciduous Fruits,2017,49(1):1-4.

FSBS v L 7 5 R A R 0], AR 5241, 2018, 8 (1D
135-139.

TIAN Shufen. The development of grape industry and technolo-
gy in China[J]. Journal of Agriculture,2018,8(1):135-139.
AT, 2l v [ RO A A A L[], TR, 2019, 51
(1:1-5.

WANG Shiping, LI Bo. Development of protected grape cultiva-
tion in China[J]. Deciduous Fruit,2019,51(1):1-5.
ALBURQUERQUE N, GARCIA-MONTIEL F, CARRILLO A,
BURGOS L. Chilling and heat requirements of sweet cherry cul-
tivars and the relationship between altitude and the probability
of satisfying the chill requirements[J]. Environmental and Exper-
imental Botany,2008,64(2): 162-170.

EVR B, BB, RAR R, PR | T 0 5 1 4%
T TG VA BN S M LG R D). L A B4R, 2014, 50
(3):309-314.

WANG Xicheng, QIAN Yaming, ZHAO Mizhen, WU Weimin,
WANG Qinglian. Chilling and heat requirements and their rela-
tionship in budburst regulation of Vitis vinifera L. for protected
cultivation[J]. Plant Physiology Journal,2014,50(3): 309-314.
GIANFAGNA T J, MEHLENBACHER S A. Importance of heat
requirement for bud break and time of flowering in apple[J].
Hort Science, 1985,20(5): 909-911.

SPARKS D. Chilling and heating model for pecan budbreak[J].
Journal of the American Society for Horticultural Science, 1993,
118 (1):29-35.

FIB B0, R BKAE, X A MR %
A% PR TR YRR G L 2 FOR R ATD]. R
#2,2011,28(1): 37-41.

WANG Haibo , WANG Xiaodi ,» WANG Baoliang , WEI Chang-
cun, LIU Wanchun, HE Jinxing, LIU Fengzhi. Chilling and heat
requirements and relationship between them for major grape cul-
tivars under protected culture[J]. Journal of Fruit Science, 2011,
28(1):37-41.

INE T, VTN, AL BT | A RO S e A R G
FR[I). M AE LA, 2016,66(8):1263-1270.

SUN Lulong, XU Lili, DU Yuanpeng, ZHAI Heng. The relation-
ship of effective accumulated temperature and bud burst in
grapevine[J]. Plant Physiology Journal,2016,66(8):1263-1270.
B . A E M. e R T E A R 1999.

HE Puchao. Grape science[M].
Press, 1999.

PR . rh R R S - & M. P 22 BRPU R BOR
JZ4t,2015: 38-48.

ZHAI Heng. Fruit tree science and practice in China - grape[M].
Xi’an: Shanxi Science and Technology Press,2015: 38-48.
R, S 2, AL )R B SRR 4R T (M. B Rt
B ol R A, 2015: 55-57.

ZHAO Shijie, SHI Guo”’an, DONG Xinchun. Experimental guid-
ance of plant physiology[M]. Beijing: China Agriculture Press,
2015: 55-57.

JACKSON D. I, LOMBARD P B. Environmental and manage-
ment practices affecting grape composition and wine quality-a

Beijing: China Agricultural

review[J]. American Journal of Enology and Viticulture, 1993,
44(4): 409-430.

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

JONES G V,DAVIS R E. Climate influences on grapevine phe-
nology , grape composition, and wine production and quality for
Bordeaux , France[J]. American Journal of Enology and Viticul-
ture,2000,51(3):249-261.

SNE T AR A LG , AT 1R S 78 T 2R 2 M DX IR T 2 bl
A L HERIR AR A D], h AN & S A, 2015, 40(4):
12-16.

SUN Lulong, SONG Wei, DU Yuanpeng, ZHAI Heng. Effects
of easily operated cover pattern on temperature and humidity of
vineyard soil in winter in the region of Tai’an[J]. Sino-Overseas
Grapevine & Wine,2015,40(4):12 -16.

M Fi 2 AR AT, M A, A, P A . AN IR R B Uy X
b K b 2 A A 1 5 0 (). VR HE K 4R, 2010,29(3):
102-104.

FENG Ruiyun, CUI Fuzhu, YANG Wude, HAO Jianping, NAN
Jianfu. Effects of different local irrigation methods on physiolog-
ical indexes of maize leaves[J]. Journal of Irrigation and Drain-
age,2010,29(3): 102-104.

T AR, T L BRAR AR X o I s Pk 2 ot e ik A
KA R B2 [)]. PE AL Ak 24, 2014,23(7): 131-137.
WANG Min, LI Jianshe, GAO Yanming. Effects of root-restric-
tion cultivation in greenhouse on the growth and quality of cher-
ry tomato[J]. Acta Agriculturac Boreali- Occidentalis Sinica,
2014,23(7): 131-137.

WA= 2 AN R HLBR A VO 4 AR ORI B
SO [D]. AR )11 7 K5, 2015.

HU Shengchun. Effects of different organic ferment materials on
protected grape growth and soil environment[D]. Yinchuan:
Ningxia University,2015.

KT R L, R, AV A e, R L (KR
A VR 2 3k A v B TRy PS TLVE PR B H AL 3 X PS T
MRISEIR D). B A2 25274, 2012,23(4): 1049-1054.

ZHANG Zishan, YANG Cheng, GAO Huiyuan, WANG Weiwei,
SUN Xuejuan, MENG Xianglong, MENG Qingwei. Effects of
cucumber leaf’s PS II activity and electron transfer on its PS |
activity in recovery process after chilling-induced photoinhibi-
tion[J]. Chinese Journal of Applied Ecology,2012,23(4):1049-
1054.

MUILU- MAKELA R, VUOSKU J, SAARINEN M, HAM-
BERG L, RUOTSALAINEN S, HAGGMAN H, & SARJALA
T. Coping with spring frost-effects on polyamine metabolism of
Scots pine seedlings[J]. Forest Biogeosciences & Forestry,
2017,10C1): 227

ZHOU Y, HUANG L, ZHANG Y, SHI K, YU J, NOGUES S.
Chill- induced decrease in capacity of RuBP carboxylation and
associated H,O, accumulation in cucumber leaves are alleviated
by grafting onto figleaf gourd[J]. Annals of Botany, 2007, 100
(4):839-848.

HUANG L K, WONG S C, TERASHIMA I, ZHAND X. Chill-
ing injury in mature leaves of rice. i. varietal differences in the
effects of chilling on canopy photosynthesis under simulated
‘dry cold dew wind’ conditions experienced in south-east china
[J]. Functional Plant Biology, 1989,16: 1-10.

SUZUKI K, NAGASUGA K, OKADA M. The chilling injury in-
duced by high root temperature in the leaves of rice seedlings[J].
Plant and Cell Physiology,2008,49(3): 433-442.



