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Research progress about the effect of sod—culture on the growth and de-

velopment of fruit and orchard environment

JIAO Run’an'?, ZHANG Shuhan'?, LI Yi*, LI Chaozhou'?, WANG Jianping'?, JIAO Jian™
('College of Life Sciences and Technology, Gansu Agricultural University, Lanzhou 730070, Gansu, China;*Gansu Key Laboratory of Crop Ge-
netics and Germplasm Enhancement, Lanzhou 730070, Gansu, China; *College of Forestry, Gansu Agricultural University, Lanzhou 730070,

Gansu, China)

Abstract: Sod—culture is a modernized orchard management pattern which is being popularized domestic
and overseas, and as an orchard cultivation measure sod—culture may promote the fruit growth and devel-
opment. In this paper, the effects of sod—culture on the growth and development of fruit were summarized
from the perspectives of root development, fruit development and arbuscular mycorrhiza formation of fruit.
Research progress about the orchard environment of sod—culture was also analyzed from the viewpoints of
soil biotic factors, abiotic factors and arbuscular mycorrhizal fungi colonization. The effects of sod—culture
on the growth and development of fruit are as follows: promote arbuscular mycorrhiza formation, growth
and development, and increase the infection rate, which is beneficial to enhance the root absorption abili-
ty of fruit; improve the stress resistance of fruit, in general, to improve fruit quality, is conducive to plant
protection of orchard and fruit green production. The effect of sod—culture on the orchard environment is
as follows: improve soil organic matter content, meanwhile, improve the physicochemical properties of
soil. Sod—culture could also promote the activities of the soil microbial and enzymatic, thus improve the
soil fertility. The grass roots played an important part to improve the soil structure, include soil-reinforce-
ment and moisture conservation. Sod-culture promotes arbuscular mycorrhizal fungi colonization that is

more beneficial for improving the arbuscular mycorrhizal fungi diversity in the rhizosphere soil of fruiter.
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Compared with clean cultivation, the vesicles, arbuscules and total colonization rate and spore density are
higher in sod—culture soil, and the populations of rhizospheric microbes are higher. Sod—culture promote
the growth of the soil arbuscular mycorrhizal fungi, at the same time enhance the arbuscular mycorrhizal
fungi’ s ability to infect the root, arbuscular mycorrhizal fungi hyphae stretch in the soil inside, when con-
tact with the root, tend to infect the root, and through the bridge between the hypha, promotes the transfer
of nutrients to the fruit. Grass of high infection rate promote the growth of arbuscular mycorrhizal fungi in
the soil and arbuscular mycorrhiza, and promote root system to absorb moisture and phosphorus nutrition
utilization, improve the fruit physiological metabolism, improve fruit quality. Grass can stimulate arbuscu-
lar mycorrhizal fungi colonization, increase the activity of soil phosphatase significantly, and stimulate the
development of mycorrhiza, arbuscular mycorrhiza promote by the fruiter to grow. Secreted by the arbuscu-
lar mycorrhizal fungi hypha and spore wall of specific glycoprotein Glomalin can prevent loss of the water
and nutrient in the soil aggregate. Glomalin related soil protein can stabilize soil aggregate. Grass can
stimulate soil hypha growth, significantly increase Glomalin related soil protein and soil organic carbon
concentration. The seasonal and circadian rhythm fluctuation of soil temperature is minimized; and im-
prove the orchard temperature and humidity. However, in insufficient water supplying orchard and particu-
larly in the seedlings of fruit, and the water competition between the grass and the fruit could cause
drought stress, thus restrained the vegetative growth and reduced the growth vigor. The prospect of this
sod—culture was also looked forward, and the main purpose of this paper is to offer some references for the
application and promotion of sod—culture in orchard. According to the research achievements that prede-
cessors have obtained, we proposed some emphasis as follows: (1) According to the specific conditions of
fruiter and orchard, choose the appropriate sod—culture model and grass species. The ideal herbaceous
grass species should provide enough ground cover, shallow root, less water and fertilizer competitiveness,
higher mycorrhizal infection rate and can promote fruiter root absorption function; (2) Selection of suitable
sowing time, sowing depth and planting density: suitable sowing time can make the critical period of water
for grass and fruiters stagger, so that the peak time of water and fertilizer demand to reduce the time; sow-
ing depth of research significance and the selection of shallow grass species consistent, in the space stag-
gered the overlap for water and fertilizer demand between grass and fruiter; the planting density will affect
the strength of grass and fruit competition; (3) determine the age of grass: through the timely updating of
grass to solve the grass after years of grass aging problem; (4) determine the clipping cycle and cutting the
way: cutting can inhibit grass root function, reduce its absorption of water and fertilizer, and through the
fruiter disk cover mowing to improve soil fertility. Unreasonable way of clipping may damage the soil struc-
ture, so different grass species should take different and appropriate management measures.

Key words: Orchard; Sod—culture; Growth; Arbuscular mycorrhiza; Soil properties
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Table 1 Effects of sod—culture on soil abiotic factors in orchard

SRR L AR b X i AN 275 3k
Fruiter types Forage variety Planting area Tree age /a The effect of sod—culture References
R H = Trifoiium repens JbmtiTE M X 0GR T BRI T S em A1 15 em )2 ik 969% [9]
Malus domestica %< =W Trifolium hybridum Tongzhou, Beijing 10(Apple) Z=17 15 em 12 IR ATF$ET 0.8 °C,

W52 Dactylis giomerata The 5 em and 15 ¢m underground soil temperature
3 EZCREE X At S X 5(F) reduced obviously in the high temperature season,the
Pyrus pyrifolia Lolium perenne Shunyi , 5(Pear) 15 em soil temperature enhanced equally 0.8 °C in the

i 16 Medicago sativa Beijing cold season.
R S VRS e= 9 I COREMOGE AR A1 SIS = [10]
Malus domestica  Trifoiium repens Changwu, Shaanxi The soil CO, release rate higher than straw mulch,

gravel mulch and plastic film mulch.
[EE] ZREE Weeds IR AR B FERHFIRE . Increased land humidity. [11]
Phoebe bournei Taoyuan, Hunan
GG FRIEHE KA 7 Xof LBt - S B S A MUK, R e A T [12]
Olea europaea Spontancous grass Southern Ttaly Able to better store water , received during the
autumn—winter period, especially in the steep area .

ikl F =M Trifolium repens EL PG R S P B BN T IR RIR AR EE [18]
Vitis vinifera 21 = Trifolium pretense  Southern Brazil Improve the soil structure and increased the soil

AR AR aggregates stability.

Lolium multiflorum
SRR = Trifoiium repens [ e v )1 B 10~12 P E 0-20 cm TEHVLE S A, [28]
Malus domestica 24/ BAFE I Luochuan, The content of organic matter in the 0-20 cm soil

Lolium perenne Shaanxi layer significantly increased.
AR Glechoma hederacea, i YT 8 B2 )11 e A SR 0T o v N E S e [31]
Malus domestica  Thymus magnus, Ixeris Gangwon Provin Increase the effectiveness of mineral elements in the soil.

stolonifera cial, Korea
A SR R WALRR I £ o LAY T RN P K i b2 [34]
Citrus reticulata  Lolium perenne Zigui, Hubei Soil organic matter and available N,P,K significantly

increased, decreased bulk density.

HERR KSR A S0 6 SR8 IR AR . 3
T S AR T A A T D S R AR A R
pH i, #f (8] - 458 pHAELFE A T 1.2%~3.4% , 17[0) - 458
pH (AR T 0.6%~4.08% , FLIiti A AR BR A1) 38 i1 1%
AEREAR . A4 BEOOORT R 7 B el A A 5 45 SR R TR
bl A XA 1 pH A 2 T RS, R R R FEAS
[7i) b, DX R R AS ] o 5@ T 3% pH (B FEAIR I IR 4,
o B DX R T - S 3, X R Rk S
AFI o ZEAE LIS K A A A 4 el R A 3
T T 4398 pH Th i o SR P AR AN 55 T K
YRR B A BER , W EXTE T2 —
SE RN o PRIMTHR 9% A 0 - 4088 w1 1) 52 i
Xof 6 el SR el -3 R AR B L, WAL,
FEER B LAY [l , [ AR B RE A AL e 55 3 A Eh A
PERT ANARET a5, SIE A L, 0~20 F120~40
em )2 19 £ K AL BRI R T 21.8% il
29.7% 5 Ut B A= HE 4 3 ) AR B LA — S T AL
JO7, 33X A Ay A R ER B Ak - ST T T AR A A D
1.3 A ERE T EMAE YRR AR XENF
B LR AN G T A 1 i 2 A - 4

NEJHE e bR . R B A BRI AR £
FEEFAE 77 AH DG BTG 14 B 5113 B TR g R
- 39 (9 B R S G T R, R B A AL
bl 18] VF B (Vulpia myuros) B 5% 70 2 B, o B
FaEE T ARAR R &, B m
RRIGIN, hxt B 545

Shishido % "N g S fel + M 19 A W] R FH 5
3, T ok AR SR AR W B TR 45 R, Laurent
SN AIF 5T AR IR B SR T AR R A B R i 4 4
YR ECEE . Yao SFWISE IR fE N kI, AR BT AL B
A BR Y AT By % B R, AR PR R e L TK
() 285 5 S s 2 T it I R ) Ak 3 RN SR B A Ak 3
EEIERUEY R e 2R (F2), R
bel A= o3 o oA A SR A W REVR R R TR A
e NTE A e K o o S s = R 1
GEAR BT, A B A PR Y BT A R AL B 34
M ZFEVEFR A B & T B I PR R
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Table 2 Effects of sod—culture on soil microorganisms fertility—related enzymes in orchard
SRR L il X opits SO, 275 30k
Fruiter types Forage variety Planting area Tree age/a  The effect of sod—culture References
ES HARAETT AR AR T 17 WA B IR W PR TRERBE M Y [38]
Pyrus pyrifolia  Herbiferous Dongying, WEEERR TR S
naturally Shandong Microbial activity and respiration, active microbes and total
phospholipid fatty acids significantly improved.
HI% EL(ALR ] Btz X 4 i BN G IR DRI 2T A K S [40]
Vitis vinifera Medicago sativa Yangling, Shaanxi Improved the activities of SaA, UrA, Phosphatase, Cellulose.
B H =t Btz X 6 B o 1RO A | MR 4T S [41]
Pyrus pyrifolia  Trifolium repens Yangling, Shaanxi Soil alkaline phosphatase, invertase, and catalase activities
significantly improved.
B BF TLI AR Wl 3 b R R, R S R R R [42)
Pyrus pyrifolia ~ Vulpia myuros Changshu, Jiangsu PRSP
Increase the quantity of actinomyces, UrA and acid
phosphatase activities significantly increased.
SR £ Red festuca rubra ZEEZHZY PEE NSRS NEFi e [45]
Malus IR A New York, Had the largest population of culturable fungi.

domestica Mixture of grass United States

MRAEACE W 3 K IR R i B, A
H T A 4 el SRR U RE IS A A A . B
JEAF I 2 AF [ AR A AL b S A W R
P TG BRI W T ) R I TR S A
ARCR R

A AR B B (Arbuscular Mycorrhizal Fungi,
AMF ) j&—2S o 5 1 - ERCAT, RS -S it 80% LA
AR R A R L UAETE R (Arbus-
cular Mycorrhiza, AM) X Ff B B AR R 454 . AMF
TEFIEr P ATz, 2 ERA IS R E R
A LSO b A AR . AMF X 25 A8 4
WK AR SR bt v e R KRB AR
FH M AT DL 2 AL 1) 7 2 R0 BT, AMF 2B 28558
REPESRS 155 28 ST R BT, AMF REASAE 15
AR TUE 7 B ; B SERAERR XS 2K 7 (Fh 0
G JE AR A Y EEE R BTIE . i AMF TR 22 F19E
- BE S WA R IR BE B 1 BR 9% 8 R (glomalin) 1T B 11
e PR A K S SRR o Zou S HRGE 78
Zo4F A el P ER A B 3R A OC 3 1 (glomalin re-
lated soil protein, gRSP) Ji ik J& 5115 1 mg-¢ ™', Al A
E T HEHIRAR 10 2247 A SR B v - AT HL
Iy —o MHERESESIT S K B = R A B A
e AR PR R GE il 3 AMF B8 22 57 B H2 , e adF T B
RERHFUE TR HK S BGE e , e dERL A A 1
KH o Zow FTEME FE [AIVF F1 = a6 vh & A=
F ] IR 22 AR, EE RS N GRSP A I

PLER AU BE RS PE R G | - SR (L MR AR
Tit P45 P SR R AR R s A i A5t R el - B
.

AMF 52 58 S A AR 28 Bl A TR AR L TR
It G PR BL , 1 DS R AR L T E B R " R Ak
IS TR LA 2 BEAR DG , AMF 2 B 58 4% JR R P i 41
FURR PR & W i AR e e BRI R e
RBELEE AM H I AN RS54 1935 AR OUR T

HEA
FEFH % =AM E. 1 B Y M BB A SR B
Frx100

I AT L2 SR P S L 0 SR 3 PASE TR R L 7R o

Wang 25 ™76 M A bel 8] 1 H w5, &5 2R 5% B
AMF B3 7R R GRSP # % 4 7 A= 75 28 bl v L A
T ARRE RN . R A AM LR IR TT RE A 1
TR A b A R ) 2 A AR R . Wang
A5 04 72 3L ) A A0 T ARG el 4 8 i AMIF 95 11 5L
S FH AR T 22 A B RORE FE A 56 5 ) A ORI A
Hrol o AR HORE W 1 i SR B AMF ¥ b F 5 2
I ZFEVEFE B, PTHR R AMF 2325 o Cruz S5 7E A
( Prunus mume ) el FAH B B9 3056 b & B0 Ak w4
oy e R AMF B AR B B A 2K 5 AMF
AR G 8 40 TR AT AR B v R e R AR R
TR R T A 2 v SR T AR A TR AP KT 1Y
AR Z—(R3).
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Table 3 Effects of sod—culture on arbuscular mycorrhizal fungi growth in orchard
SRR RO PRI A SN E= PN
Fruiter types Forage variety Planting area Tree age/a  The effect of sod—culture References

Fithes F = WLEMNT 10
Citrus Trifolium Taizhou,

reticulata repens Zhejiang

it [ER== LRI 15~17
Citrus Paspalum Wuhan, Hubei
reticulata notatum

Lis3 Eea Tanabe city,

Prunus Vulpia Wakayama,

mume myuros Japan

AMF BB GRSP [yt 7E SRR B R Bl o LUV TR B T (52
AM colonization, AM fungal propagules, and GRSP were significantly higher in

both clean cultivation and grass—planted orchards than in clean tillage orchards.
R R AMF )R F g R RV AL [54]

Significantly increased species richness and Shannon—Wiener index of AMF

T e AMF ZOEIR S, L 55 AMF A OG0B n] RFERES AR [55]
Increased the number of AMF propagules in soil, some bacteria associated
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Table 4 Effects of sod—culture on arbuscular mycorrhiza formation in orchard

e Sup s Fifp A Hb X Ly AR SR
Fruiter types  Forage variety Planting area Tree age/a The effect of sod—culture References
JiE A H AR A B HERFETE 15~20 P AM AR YL Fo i AM A T2 [48]
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B HE5 Paspalum notatum T PETEHE X 5 TETE 2 3 1 AMF JEFRORIBAUR R FRIZ YLK [65]

Pyrus pyrifolia 11 =" Trifolium repens Fuling, Chongging

Significantly increased the AMF spore number and the infec-

tion rates.
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