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Research progress on the influence of orchard green manure on fruit tree-
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Abstract: Fruit tree planting area and total output in our country are at top rank in the world. By 2019,
orchard area in China had reached 122.766 8 million hm’. In order to maintain high yield of fruit trees,
large quantities of chemical fertilizers are applied. Long-term use of chemical fertilizers causes soil
compaction, soil quality loss, tree growth suppression, fruit quality reduction, and serious pests and dis-
eases. Green manure coverage is an important measure to improve soil quality, reduce soil erosion, in-
crease soil nutrient content, and improve soil microbial community in orchard. China has begun to im-
plement organic fertilizers in orchards and tea gardens to partly replace chemical fertilizers. Intercrop-
ping with green manure affects the soil properties, photosynthesis of fruit trees, and root growth and dis-
tribution, and increases the activities of stress resistance related enzymes in fruit trees, which results in
promotion of fruit tree growth with increased tree height, crown size, water use efficiency and leaf nutri-
ent content. However, green manure has both positive and negative effects on the yield and quality of
fruit trees. In actual production, the characteristics of fruit tree at different stages, green manure, and re-

gional climate should be taken into consideration for application of green manure. In order to prevent
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green manure plants from competing with fruit trees for water and nutrients in the soil, the overlap of
the growth period of green manure with the period of flowering and fruit setting of fruit trees and other
periods of high nutrient and water demand should be avoided. Intercropping with green manure changes
the content of antagonistic bacteria against pathogens in the soil, increases the diversity and abundance
of other beneficial microorganisms in the soil, and competes with pathogens for resources such as space
and nutrients. The compounds produced by the decomposition of green manure inhibit the growth of
pathogens in the soil, and thereby promote the growth of fruit trees, improve the overall health and resis-
tance of fruit trees, and reduce the occurrence of fruit tree diseases. However, the use of green manure
is mostly for covering and overwintering. Plant residues provide nutrients and a living environment for
pathogens to survive and overwinter, and thus increase the accumulation of pathogens in the orchard
and the risk of diseases. Green manure improves soil aggregate structure, mechanical stability, porosity
and erosion resistance, reduces soil bulk density, and changes soil water content, pH, and nutrient con-
tent. The growth conditions of fruit trees are improved through these effects. The current research on
the influence of green manure on the composition of the microbial community in orchard soil mainly fo-
cuses on the effect on growth-promoting bacteria or symbiotic bacteria, bacteria related to nutrient de-
composition and cycling, and soil- borne pathogens. Intercropping with green manure increases the
abundance of growth-promoting bacteria or symbiotic microbe, and bacteria related to nutrient decom-
position and cycling in orchard soil, which is beneficial to increase the ability of plants to absorb nutri-
ents, promote plant growth, improve plant resistance, and accelerate the decomposition of green manure
crop residue. Soil microbe promotes nutrient circulation in the orchard and improves the productivity of
the orchard. The content of pathogen in the soil is closely related to the health of plants. Intercropping
with green manure in orchards usually reduces the infection of plant by soil-born pathogens. So far,
scholars at home and abroad have carried out series of studies of the effect of green manure on fruit tree
growth and fruit products, fruit tree diseases, soil nutrients and physical and chemical properties. Some
new technologies, such as high-throughput technologies, have been used in the study of soil microbial
community structure, soil beneficial microorganisms and soil pathogen. Intercropping with green ma-
nure reduces diurnal temperature differences, increases air humidity, improves the growth environment
of fruit trees, which helps to form a microclimate with the characteristics of the fruit tree-green manure
intercropping system and directly affects the growth and yield of fruit trees. These studies have effec-
tively promoted scientific research and application of green manure in orchards. At present, application
of green manure in orchards in China is still at a small scale. There are differences in suitable green ma-
nure varieties and planting patterns in different regions, and there is still a lack of supporting production
and utilization technologies. It is important to clarify the effects of green manure intercropping in or-
chards on fruit tree and to explore the interaction mechanism between fruit trees and green manure. This
is of great significance for making full use of green manure to increase orchard soil nutrients and organ-
ic matter, optimize the structure of soil microbial community, reduce diseases, promote fruit tree growth
and improve the quality of fruit products. It is also conducive to the development and promotion of
planting technologies for different regions, and provide reference for promoting the green ecological de-
velopment of high-quality orchards in the future.
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Table 1 The effect of orchard green manure on fruit growth and fruit
R ZRJIe ke U5 X AL Sk
Orchard Green manure Planting method Effect Reference
i TRARLE A7 w) i KR RS RN 5, 58 AR, Jer— AR B RIG30% L [12]
Vitis vinifera ~ Mixed planting Inter-row planting  No significant effect on soil water content, shoot length, yield. In the sec-
green manures ond year, the output of one of the orchards was reduced by more than 30%
Hi JE 1 AT IR R L P RS 5.4% BN A NGPLK SR 5 i [13]
Citrus Cicer arietinum Inter-row planting  Increased fruit yield by 5.4% and leaf N, P and K contents
reticulata K. Glycine max
I B =nt AT ) b BT K 15.43% 81 31.25% B AH BLAE 10.64%F117.02% LR i & [14]
Malus Trifolium repens Inter-row planting  7.17%1113.69% Btk & 14.33%4120.18%
domestica S5 Decreased the shoots length by 15.43% and 31.25%, the shoots diameter
Dactylis glomerata by 10.64% and 17.02%, the weight per fruit by 7.17% and 13.69%, and the
yields by 14.33% and 20.18%
TRk Bie AT [ Fh i 0 SR AR AR | B R R R R R B R R R 14.08% 4 10.77%  [15]
Actinidia Houttuynia cordata  Inter-row planting ~ 31.63%.7.69%-.7.69%
chinensis Increased fruit tree longitudinal diameter, lateral diameter, single fruit vol-
ume, single fruit quality and yield by 14.08%, 10.77%, 31.63%, 7.69%,
7.69%, respectively
R EpaeE AT IR e IRk I 23 2R I A 45 17.58%~60.39% » 32 5 FU/FW (PS THECK G425, [16]
M. domestica  Natural grasses Inter-row planting  #HE3/1% R G0 i) FE 14568 , 2 35 15 i ke 8 Ak 4 s A iR 3o S 2 il
W PRI S &R 21.2%
Reduced chlorophyll degradation rate by 17.58%-60.39%. Increased F./
F, (PS II maximum photochemical efficiency) and promoted electron
transfer between optical systems. Significantly increased leaf superoxide
dismutase and peroxidase activities, reduced hydrogen peroxide content by
21.2%
e H AR AT IR R i G RN 4.21%6~8.74% , FEARZE NS 7K 2R 0.94%~9.38%, 1 [17]
Pyrus Natural grasses Inter-row planting 442 E C & 1.70%~18.73%
sinkiangensis ~ SRACETE Increased the net photosynthetic rate of leaves by 4.21%-8.74%. Reduced
Medicago sativa transpiration rate by 0.94%-9.38%, and increased vitamin C content by
A= T. repens 1.70%-18.73%
MY Lolium perenn
LK Poa pratensis
B AL 7R SRR AR SRR 4 3 C AR (18]
A. persica M. sativa Inter-row planting ~ Improved leaf photosynthetic efficiency. Increased fruit weight and vita-
H AR R min C content
Natural grasses
k oy = = A7 1) R HEIRT I R £ B 17.81%~30.98% ATV R B 5 B 25.6% AEAE R C - [19]
Amygdalus Orychophragmus Inter-row planting % 7.56%
persica violaeeus Increased soluble sugar content by 17.81%-30.98%, soluble solid content-
by 25.6%, and vitamin C content by 7.56%
Gk WG A7 )i T E MR ST, BT N RS B AR SR R VE T [20]
V. vinifera Vigna unguiculata  Inter-row planting 4 Wi 4EE 2 C & &, AR & &, IS PR L
Wi 52 Pisum sativum Significantly increased the longitudinal diameter of the fruit, and peas sig-
LA H T nificantly reduced the longitudinal diameter of the fruit. Increased the solu-
M. sativa ble solids, sugar and Vc content of the fruit. Reduced the total acid content,
and increased the sugar-acid ratio
Wit H AR A7 IR R P A 14.29%~23.81% SN AT PR [ A AR 3R CO . [21]
Myrica rubra  Natural grasses Inter-row planting &
Regs Increased the yield of bayberry by 14.29%-23.81%. Increased the content
Phaseolus radiatus of soluble solids, vitamin C, reducing sugar and total sugar
ik FRESF KAL) B4, PR PR 52.94% [22]
V. vinifera Festuca arundinacea Permanent intercrop Production decreased by 52.94% in the first year

A

Left on the surface

of the interrow

FoE T REREER

No significant difference in production in the second year
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Fig.1 The mechanism of the influence of orchard green manure on fruit trees
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Table 2 Effects of orchard green manure on soil physical and chemical properties and nutrients

A e i 5 X A 7 R
Orchard ~ Green manure Planting method Effect Reference
kS B = AT TA1FpAE = D R R VD R4 55.3% 7]
Ziziphus  T. repens Inter-row planting White clover significantly reduces runoff vol-

Jujuba ume and sediment yield by about 55.3%

75 MEF Avene sativa A7 )b BanEEA PR SR S E AL [27]
Armeniaca HEFE T EHIT Inter-row planting Increased soil TOC, total nitrogen content, and

vulgaris  A. sativa and V. sativa C/N

SR B EERES A7 ) e RGN LA VLT SR A R SR R [28]

M. M. sativa and F. arundinacea Inter-row planting PERE R

domestica 41 =W T. fragiferum
HIEWIE V. sativa

Az KN E] 34 0 H
Mowed three or four times in the nitrogen, available phosphorus, exchangeable

Increased the contents of organic matter, total

growing season and spread out be- potassium, Fe and Zn

low the tree rows
AT IA1FpAE

Inter-row planting

b3 s
Prunus Arachis hypogaea
persica

B S - KRG HAE AT AR
M. Brassica napus- G. max rotation Inter-row planting
domestica M- FANFIRA R

B. napus - M. officinalis mixed

SR H =R 559 A7 )

M. T. repens and living mulch Inter-row planting

pumila INTEAE RIS 554 RIFN 3 P45, A fE i H
Coronilla varia and living mulch
LA BE R ) spread out below the tree rows

Lolium perenne and living mulch

Replay after rotary tillage

HEn 9 e A WL i [29]
Increased soil organic carbon storage.

34 in SOC 1 SOCD % & 4.75% ~27.0% Al
0.42%~4.13%, FFIE AN SOC 1A e 2

Increased SOC and SOCD contents by 4.75%-
27.0% and 0.42%-4.13%, and increased SOC
turnover rate

PRI A KR, I LIRS KR [49]
Reduced soil water content during the dry sea-

son and increase soil water content during the

rainy season

H = N AR B RS A LR S & [50]
33.8%.43.8%7%1116.3%
White clover, C. varia and perennial ryegrass

Mowed three times a year and treatments increased total organic carbon by

33.8%, 43.8%, and 16.3%, respectively

— SRR SEERFMAKTINE |5
HHK S BRI, BN 358K 43 28 B, £E N ZRHS N
KR WD RAT TR, A R T IR R K L, 38 0 1338
K. TEREZKE L X 38N T A K 2 S el 25
AR, B, 5 X Bl T = A AR o I 2 3 n 4 38
IK G ZEHICE: , IITTIR/D L35 5 /K &, RERE G 7E T 52 3
X 5 [ EFE K EROR ISR AEAEY) . n, X4 -4
YEYD R G 58 R B, 1 32 (B. napus)— K25 AF 5
K- HRME (Melilotus officinalis) & 7E W Z= 44 in -+
o KE, BEREUD HIEEIKES,

B szl 1388 7K 7y 2 Ab, SR AR AT 2 25 e 1 0%
pH., 25 A7 1 S5 B A L, S SR el i v 1 I N 35
K3 pH, JUH R S EAR RAEK X AR IERE S
TIEpH A T B . AFEZRIEAEYI R 135 pH 52
W) AN ], WS AETE 1 = LA ORHERIE vT 2 R A I
33 ER BT, T R 5 DE (Astragalus sinicus) B
H 1 (V. villosa) VA6 E 18 S5 ¢ IR A G IR R R
2 e 4 pHSY. SR IEAEY) 3 R R
Ve AE 3% pH, JC H R A HLER R 5™ AR
Wit 35 pH B2 AFE 22 5 22 tH T AN FE )
WAV H AR ZE 5. HIEERES

o i b, P AR B2 (RN TR LR, Bt
BpHAE , AT M AEK K E,

E VIR ueE! £ ey = QK (i vi w5 1= ]
IR, U 7E 0 Bl S S (Avena sativa) A6
AR RERNEIG N L3 F A LT 5%~27%, B E 4
IS R S R B VB S R, B =
/N5 A€ (Coronilla varia) F1 % 4 1 3 32 ¥ (Lolium
perenn) YG 10 1 SA UK & & 16%~44%"" . RJE
S e R A S B ML, S EEAAAE LU R LR AT e
1) HE 45 72 5 20 W K R AT 92 1 438 55 23 T
%o T Wang S5 I AR ARG R I, AR AT (R FhAE
= A] 9 B K il DA AR Z BH 1E - 382 5, Jik
D RAR R E AN TY 7 ' 2D TR R 2 W HE n
IR A NI, R AR AR 30%~50% 00 &
VEFH = 05 7% IR, Forb 29 30% 18 i 1) 2R 73 W)
AR ES CO, Fe A8 2] L rp ™ [ = milid 3 & A
A AN T N IR R A WA, B R -3 =
HHIELE 2R 40 3 LB B A S i & 3) A
it SRE YA R 3RSy . IS RHE
W] 55 R R B 3 AR L, AME T S RVE Y AR K K
B TR (5, AT DLGE BRI (1) At A 47 4 AL 2R
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SRR A S I I, H ST AN, AR
MRAEAE 22 7 SRIEAEY 838 3 A= M A48
B, W] RE S (e R AR A R ) B LI, (H 2R
NEAEA) B 7 B I SRR R 97 0y, 5 2 LAE
Yoxt LK I BIFEMA SR AL, R SR LA A% 1 4 5%
oy BRI T IR SR IR B, 4 ke
BREREH Sy A R R E T . PRI, AR SR PR e

FER A R B 22 HER T AR AL b 9 I 30 e e
ZERAE KIS R IR FORERKNN RS,
G L G IR MUK 3 B

4 SR e X SR ] S AR AR M ) i

LIRS B AR S R G N )
it R el s BRA AR 7V RE I B AR AR
SR el TR AR 2 v 52 3 oy 2 1 11 22 R S
25 F D R - 2 1B 28 Gt Bt 7T X sk S (R 3) o AF
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Table 3 Effect of green manure in orchard on soil microbes

A e e 75 A Al 275 R
Orchard Green manure Planting method Effect Reference
B S AR BT L perenne A KM W5 BN ARG 2 R R 25 O R [9]
M. pumila T LR P pratensis Periodic mowing during the FEVR 450
BY % FUE Agrostis spp. growing season Increased soil microbial diversity, vegetation type signifi-
£ )@ Festuca spp. cantly changes soil microbial community structure
% LB A7 ) A B0 H B AR MR R AT 4 R o R T L A E TR [10]
V. vinifera D. glomerate Inter-row planting S B A BRI 2T 4 36 00 il A L PR A K IS 77
= YT RN S TR AT & B 267%265% 181%-106%86%
T. subterraneum F183%
Increased copiotrophic pseudomonads, fast growing cellu-
lolytic bacteria, copiotrophic bacteria, slow growing cellu-
lolytic bacteria, fast growing low nutrient bacteria and oli-
gotrophic bacteria contents by 267% , 265% , 181% ,
106%,86% and 83%, respectively
R e A7 ) A B0 - AN A T T OV W T 4 Sodariales  Po- [30]
M. domestica B. juncea Inter-row planting dospora W7 &, H4 N3 J5 B 15 470 B Actinomycesbovis
JEHE b Y =N Ferruginibacter~Monographella ) - %
Raphanus sativus Chopped and subsequently Increased the species richness of soil bacterial communi-
Ti755%5 incorporated into the soil ties, the abundance of Sodariales and Podospora, and in-
Tagetes patula creased the abundance of pathogens antagonistic bacteria
Actinomycesbovis, Ferruginibacter, Monographella
il [ - e ] AT IR b WA ZH T 2 o 2 R 1 S [39]
Diospyros Chamaecrista rotundifolia  Inter-row planting Reduced bacterial diversity and the number of bacteria
kaki ZEERE B AR S BE T 1) AT BRI AN 2 ST B R 1 2 52
A. pintoi Reduced the abundance of the phylum Firmicutes, the
class Bacilli,and the genus Bacillus
FR B =M 55 A7 W) Rt G - SN B A R A R B 2 R [50]
M. pumila T repens and living mulch  Inter-row planting Increased the diversity of soil bacterial community struc-
NEAERIEE 554 BREAEAIE 3 10, N1 i 34 ture
Coronilla varia and The mulch plants were mowed
living mulch three times a year, the mowed
B B A ) plants were spread out below the
L. perenne tree rows
R M5 D. glomerate AT 48 Inter-row planting Hhn e An B 2 R [66]
M. domestica A=W T. repens 579 HOAE| Increased soil bacteria diversity
SALE TS M. sativa Cutting in May, July and September
HigE Y Astragalus sinicus 1T R FIAE BN AR A A T AR e e [67]
V. vinifera KZWBiT V. villosa Inter-row planting Increased the amount of arbuscular mycorrhizal spores
[ =1 T, repens and infection rate
2L = T pratense
EM BT V. angustifolia
1% FI=0F T repens AL SN+ SV (RIRERTAS) 1 = IRV AE TR [68]
V. vinifera = F arundincea Inter-row planting N E R AR

HALE TS M. sativa

Increased the number of soil microbes (except actinomy-
cetes), white clover and alfalfa increase the number of ni-
trogen-fixing bacteria
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spp. )T LA Ry — R[] 0 Ak 2R o O B AR A
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SIS SRS NS IR BN ) TR S T o R 2
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550.0%"" . B IFAE I8 I B S A 0 A 2 [l - 3 A
A oy A B b 5 il v M P R e A B, e ) [l T4
S CERAEERE s S ] 4 v R 0~60 cm 1
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N3 0 5 e s b 5 R ARAE YA S B BE B 1] AR
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