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Abstract: To study the effects of intercropping walnut in karst area on rhizosphere soil nutrients and microecological
environment, four different planting modes of walnut in the northwest Guangxi karst area were selected as experimental
subjects. The modes included intercropping walnut with mulberry (H-SS), walnut with Mahonia fortunei ( H-SD)
walnut with corn ( H-YM ), and monoculture walnuts ( H-D ). The physicochemical properties and microbial
characteristics of the walnut rhizosphere and non-rhizosphere soils under different planting modes were analyzed using
laboratory chemical experiments and Illumina Miseq PE300 high-throughput sequencing technology. The results were as
follows: (1) The walnut rhizosphere soils of different modes exhibited different degrees of enrichment in total nitrogen
(TN), total phosphorus (TP), total potassium (TK) , available phosphorus (AP), soil organic carbon (SOC), and
exchangeable calcium, while available nitrogen ( AN) showed a deficiency. Among them, H-SS showed significant
enrichment effects on TN, TP, and SOC, while H-YM demonstrated the best enrichment effects on AP, AK, and
exchangeable calcium. (2) Sucrase activity, microbial biomass carbon and nitrogen, and bacteria all exhibited
significant rhizosphere effects, with H-YM showing the highest sucrase activity, phosphatase activity, and microbial
biomass carbon. However, intercropping modes reduced the rhizosphere effects of microbial biomass nitrogen and
bacteria. (3) Under the three intercropping modes, the Shannon index of rhizosphere soil bacteria was higher than that
of monoculture walnuts. (4) Intercropping could enhance the diversity of rhizosphere soil bacteria. Moreover, the
diversity of rhizosphere soil microorganisms was mainly influenced by nutrients, while non-rhizosphere soil was primarily
affected by enzyme activities. In conclusion, intercropping can increase the enrichment ratio of rhizosphere nutrients,
enhance soil enzyme activities, and promote microbial proliferation. Among the four different planting modes, H-SS
shows significant enrichment effects on TN, TP, and SOC in rhizosphere soil, and it also has the highest soil bacterial
content. H-YM exhibits better enrichment effects on AP, AK, and exchangeable calcium in rhizosphere soil. Therefore,
in practical production, intercropping with mulberry or corn can be chosen based on local farming practices to optimize
land use and improve ecological benefits. This study is of great significance for the development of sustainable agriculture
in the northwest Guangxi karst area and provides a scientific basis for agricultural production and ecological conservation
in similar ecological environments. Additionally, this research offers new ideas and methods for promoting agricultural
modernization and facilitating the rational utilization of land resources and improvements in the ecological environment in
karst area.

Key words; karst area, walnut, intercropping, soil nutrients, microbial characteristics, rhizosphere effect
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Table 1 Basic condition of forest land (x+s)

iR 2K (2N [F1] fF 4R B Wiz e g B e g4z

Plantin ti Walnut forest Intercropping Slope Slope Tree height DBH

arhng ype age (a) years (a) position (°) (m) (em)
itk - A H-SS 9.5+1.41 6 N3 Medium downhill 12.5+3.54 5.15+0.07 11.30+0.71
Bitk—+ K37 H-SD 9.0=1.15 6 "3 Medium downhill 20.0+8.66 4.77£0.74 10.83+1.05
Mk-E Kk H-YM 10.1+1.10 6 H1 R 3 Medium downhill 10.7+3.64 5.43+£0.78 11.03+2.40
Mk FD H-D 9.8+0.71 — H1 N 3 Medium downhill 20.0+£7.07 5.55+1.06 12.30+0.71
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Different uppercase and lowercase letters indicate significant differences in rhizosphere or non-rhizosphere soil nutrients between different

planting patterns ( P<0.05). The same below.
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Fig. 1

Rhizosphere and non-rhizosphere nutrient characteristics of walnut under different planting patterns

x2 FEAMEEAZRREFIEER

Table 2 Rhizosphere nutrient enrichment ratios of walnut under different planting patterns

R
T A 2t Rhizosphere nutrient enrichment ratio ( %)
Planting pattern

TN TP TK AN AP AK SOC Ca
H-SS 14.01 14.92 1.04 -2.58 18.11 -0.20 23.15 12.90
H-SD 4.55 2.52 4.18 -5.91 8.05 14.54 11.08 19.42
H-YM 7.30 10.88 4.67 -1.07 34.79 13.68 16.01 17.19
H-D 3.69 11.60 -2.14 2.04 17.68 12.50 20.72 -9.48
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Fig. 2 Enzyme activities in rhizosphere and non-rhizosphere soils of walnut under different planting patterns
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Fig. 3 Abundance of rhizosphere and non-rhizosphere soils culturable microorganisms of walnut under different planting patterns
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3 ik &b

30 AEFHEEX N ZR T EFR D RIRERFESE
=F A0

SRy 2 S e - HEAE U 1 B AR AR, DT 5T
T BEFR A FEAS R = AP A R B AR AR AR AR AT DA S
e+ 398 5% 43 52 o RELAE 0 1 5% Wi 9 O (AT G - B
W2, 1994 ; T AF Mg AR 75 35, 19955 B W) 1 55,
2014) , [HEFVEY) 7E T 1 25 W) L5 08 By
2 et R R DA R 25 AT AR L XU 4 13k
AT ok R B 25 0 A 5 350 % SR AR R e
B ] 4 9D K R R KRR b AR A
N (B 2R 55 ,2011) o [AEAR[FIAEY) X 48 N P
K AR 200 (281 2R 55, 2016) o AHFFERIT BR
2 pH A HA 7 53 75 A [ R 485 =X 2 ] 281 77
HES AFFSRIA -G WPr TR S5
AR5 AR AR B - 48 75 A [] Ao A58 = =2 [R) 3R 3 —
0, H H-YM 28 AK TP AP 38 #1445 1 75 5
e T LA b R R X, AT R R (RIS A EOK S AT A
FFA EH R . ASWF5E &30, Bk H-SS A), Hgx 2 F
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Table 3  Rhizosphere effects of soil enzyme activities and microbial characteristics under different planting patterns

e WEED) WEEY) TEEY)
= = o = . X
FUABSU e mws s qeams DA B BB e g
Planting ) Microbial Microbial Microbial . .
Sucrase Urease  Phosphatase Hydrogen . R . Bacterium Fungus  Actinomyces
pattern roxidase biomass biomass biomass
pe “7 nitrogen carbon phosphorus
H-SS 1.06 0.83 1.01 1.00 1.39 1.75 0.92 1.28 0.98 0.96
H-SD 1.29 0.98 0.89 1.01 1.13 1.31 0.83 1.48 4.44 2.18
H-YM 1.94 0.88 1.11 0.98 1.71 2.55 0.41 1.17 0.82 1.88
H-D 1.14 0.82 0.97 1.00 2.09 1.55 1.25 1.71 2.56 0.77
x4 AEMERAZRRFEFERFTBEAFNER S HFE
Table 4  Variation of bacterial and fungal diversities in rhizosphere and
non-rhizosphere soils of walnut under different planting patterns
ik Shannon Simpson WER
WA Plantin HBAL HRER iR Ace T8%K Chao 551 Cuvf:r;a »
Strain 8 Position Shannon Simpson Ace index Chao index 8
pattern index index rate
il H-SS #FR Rhizosphere 5.878 0.006 964.400 957.150 0.907
Bacterium B
JE ML B Non-thizosphere 5.830 0.005 1 022.825 1013.477 0.909
H-SD HLFR Rhizosphere 5.821 0.007 1161.421 1 066.831 0.911
JEH PR Non-rhizosphere 5.824 0.006 1 002.989 1 001.829 0.911
H-YM HBR Rhizosphere 5.918 0.005 1172.178 1185.115 0.899
JE R BR Non-rhizosphere 5.789 0.007 1 182.869 1017.078 0.909
H-D PR Rhizosphere 5.768 0.007 1 003.686 1 008.411 0.918
JEAR PR Non-rhizosphere 5.600 0.008 896.052 891.665 0.926
HE H-SS MR Rhizosphere 2.655 0.125 109.921 109.617 0.996
Fungus B
¢ JEHRBR Non-rhizosphere 3.072 0.079 116.658 113.741 0.996
H-SD PR Rhizosphere 3.143 0.075 112.235 113.744 0.997
AEMR PR Non-rhizosphere 3.056 0.082 106.428 106.385 0.997
H-YM HRPR Rhizosphere 2.903 0.095 102.324 103.465 0.997
JE R BR Non-rhizosphere 2.560 0.157 106.926 105.597 0.996
H-D PR Rhizosphere 2.970 0.100 110.612 112.459 0.997
HEARBR Non-rhizosphere 2.852 0.113 91.197 91.847 0.998

(] A A8 2 A LAk & B 2 0 A T A Bk B
i, 1X 5 Rodney %5 (2006 ) B BIF 5% 25 5 A — 2, 1
A e RN ) i T AR AR (R BRI AE, 2021 ) UG
B K Ty 57 R K A K 358 B T - S i A W A et
R, 3 A HLR s Xt AT EE Y
A HUEK AR,

R % 2850 107 418 A0 38 o A 2R AN T DA - 38 v g
KRRy, oA ) AE ) 1) T A o3 — B, AR e
TN A M E SR Z IR (A

#,2021) , AHFZE &I, H-SS /) TN TP . TK . AP |
SOC FIAZ#PEESG DL K H-YM (9 TN . TK AP AK . %
ek, B AR PR IR 7 | AR IR T H-D, ik W ] 22
Fies o Ak + 8 5% 01, P m AR AR R ISR R Y
AE T (SR BEDESE 2009 ; #iE 51 55 ,2021) , AR, K
A s T (1984) AF 5T W, 24 5 IR R
()4 7 27 B BRI, AN 7 4= 38 Hp 5 5 DX ZE i R 1
AP FlAK, MiASAIE 58 K BT A (6] 2 AR AR B AN
AR A H /N T H-D, X 5 A & A g X
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a B £ E 7] Actinobacteriota
FHYRE ] Myxococcota
W ZE 7] Proteobacteria

W FS &I Chloroflexi
FY 4L B2 HEE 7] Nitrospirota
EA B &) Methylomirabilota

B £ pE ] Gemmatimonadota [l $8{4F 17 Bacteroidota
W %4717 Acidobacteriota W &5 Firmicutes

B E Atk Others
fl o E
el I
2 LN
fe o
P
= o I am
g3 m Em
o mE-
g4 EEm
0 20 w0 6 0 100

A% /% Relative abundance (%)

B SAR _k__ norank

b B FEHEI] Ascomycota
W $8F &7 Basidiomycota [l Norank k__fungi
B £ Mucoromycota
B F & (7] Chytridiomycota
R E|] Zoopagomycota
W EAfts Others

Unclassified k__ fingi
M Norank d _ eukaryota
Unclassified_d__eukaryota

Fifh Sample

I T T T T |
0 20 40 60 80 100
HIXf £/ Relative abundance (%)

f1. H-D dEMR PR+ 3, gl. H-D RPr13E; £2. H-SS MR -2, g2. H-SS MFn -4, £3. H-SD FEARFR -3, g3. H-SD M Fx 13 ;

f4. H-YM JEHRBR 12 gd4. H-YM #RPR 14,

f1. H-D non-rhizosphere soil; gl. H-D rhizosphere soil; f2. H-SS non-rhizosphere soil; g2. H-SS rhizosphere soil; £3. H-SD non-rhizosphere
soil; g3. H-SD rhizosphere soil; f4. H-YM non-rhizosphere soil; g4. H-YM rhizosphere soil.

B4 AREMHEEXZRREMIERFRIBEFNEREEABEITENEE

Fig. 4 Relative abundance of dominant bacteria and fungi in rhizosphere and

non-rhizosphere soils of walnut under different planting patterns

X4 AN TH R AN A O, Al e i AU
KL .
32 AEMEER Tk L EEENE R EWISE
B AR BRI ML

TS S L IERE D U E Y R
5EFY TGN A VLR o RE R A BT
R UM e (R M Ak #E, 20115 B OF AE,
2011) , HREMEEE R B A AT ST SR S T = 1] Y G
DL AR PR X TE AR A IR T K B AR LA
HEFE T X (Jing et al., 2017), AKX EE B
7N BT Ak AR Ak S T P AR A A B R G B 2 R
b AT ] 22 AR 2 - T AR o I A s % 1
it R PR G I A AE — 2 1) 22 5%, Uk B TR 2 0 LR
T g B R S A R NS
(2021) BFFE AL MO FhoRE AR AR P X AR T 1 358 il
EHEARA BRI NS SFAEES, TS
HRURE s TR]AS— 35 A SO [l it Ay =X 55 ¢

THMAEYS S LR AL R e R
PEIRAE £ ot B2, IF H MR 32 + R 7 58t
JIEL V5 Y A5 DR 2 M 5 A 2 i o R Y - B T

H W) 48 b5 (Giller, 1996; Anderson, 2003), 7&K
W5 e BT A Pl A AR AR B 1 S Gl 2k 4 2 R Tk
20 TR LA K% [1) 2 Ao 5 ) ik e A 1 v T AR AR B, R
BAEAR B HIERUE Y A 5 Z B RS2 A
[ i) 2 A A =, A2 1) 22 i oK A8 =X 1 AR B
AR Bk T ARRRBR 2 R KR PR g % 52 & Ik
il % 1 R T AR R AR B A4 (2013)
AR, TR A W i ol 2 R I AR B
AINTEHER PR, X 3222 i T 7E T A B ] F A
Z AR B AN TE , ETTAY AE R 38 (AR R AL Y B AT
VAT, T 25 S WA ) W s S A R AR B
Bl S T A e 22 O B ( R JE AR 252000 5 X /NESE
2001) . 7 H-SD B AR PR A 358 Jo] Fl 40 A 3 &
() EL T, FE AR BT A% Bk RE 6% T 4 b W ST R
MY S E SR, H-SD I H-YM AR Fr 14
THBZWINA A, X 5 /N e 4 (2012) BYBFSE
SER— B, 2 O TR SRR e AR LA AR T,
T A 3 A LR ) TR AR R 25 08 O [ 43
SEAMAEY A, W AT REJE fh T3X 2 Al &£ Fp
B AR Br 4 A 4 228 D LT, T 2 TR X 22 A
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CERIEMSE; ER AL, w R MR (P<0.05); % FRMEEREHE (P<0.01), TN. 2%K; TP. &8;
TK. £47; AN. B ; AP. HHWE; AK. HH4; SOC. AHLik; Ca. CHthes; ZTM. *;#”%ﬁéi NM. JIff; LSM. B ;
GYM. it b5 ; MBN. fl/EY it A; MBC. UEY) & fk; MBP. SR YRk X, M5; Z. B1E; F. R H; Z.sh. A1
Shannon 841 ; Z.si. EH Simpson $§%(; Z.ac. E B Ace $§%(; Z.ch. B Chao $5%4; Z.co. E@E%K, X.sh. 4l & Shannon 1§
B, X.si 4l Simpson 840 ; X.ac. 4IE Ace 5%0; X.ch. 4l Chao $8%1; X.co. IR %,

[ indicates positive correlation; [l indicates negative correlation; ¥r indicates significant correlation (P<0.05); ¥r ¢ indicates extremely
significant correlation (P<0.01). TN. Total nitrogen; TP. Total phosphorus; TK. Total potassium; AN. Available nitrogen; AP. Available
phosphorus; AK. Available potassium; SOC. Soil organic carbon; Ca. Exchange calcium; ZTM. Sucrase; NM. Urease; LSM. Phosphatase ;
GYM. Catalase; MBN. Microbial biomass nitrogen; MBC. Microbial biomass carbon; MBP. Microbial biomass phosphorus; X. Bacteria;
Z. Fungi; F. Actinomyces; Z.sh. Fungal Shannon index; Z.si. Fungal Simpson index; Z.ac. Fungal Ace index; Z.ch. Fungal Chao index;

¥

Z.co. Fungal coverage rate; X.sh. Bacterial Shannon index; X.si. Bacterial Simpson index; X.ac. Bacterial Ace index; X.ch. Bacterial Chao

index; X.co. Bacterial coverage rate.
B 5 ARMERXZHRRESIEREEBEELER, TREETE MEDBESHREMSHEEEX ST
Fig. 5 Correlation analysis of physicochemical properties, soil enzyme activities, microbial quantities and

microbial diversities in walnut rhizosphere and non-rhizosphere soils under different planting patterns

Yy J5 L B A SR P S DUAE T R S BOR PR B ERARBR AN R 1 H-SD WS AIK T H-D Ab, HA 2 Fb

ZE T Y $2 5 (Basil et al., 2004) . AHF5EE & 3L, B = A 348 T H-D, 0 B ] = b B A A1) 4

WA R AU LR IR RRS PR,

N KRR PR 2 5 AN R R AP R A5 O 3.3 ARMEERR T LIER S SREMEHERMEXE
BT ORI Y ( B A, 2017) . AW T B A M B Y% Shannon 35 %8 . Chao 18 %t F1l
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Ace T8 BB I, Bl D0 AR 5 BE VR 2 RE R RS
Simpson TE@(@I_%, 2% W A= W) 22 RE P B AIG (9K U,
2018) . 7 BF 5% ', H B Shannon 1§ ¥ 75 Ml 7F
2.560~3.143 Z [a] {4 B A9 43 2 —, Ace 38
. Chao 850 R A 4 ) 143 Z —, Simpson 5 %X
WU A0 B B A, 26 B A0 B A R R W 2 R
SRR e Ol o R VA v k1| N B2 ol = N S NG R
B AR o 1 A R B A A [ oo A =X ) 5 A AN (]
B Aq 8] & Fh AR AR B A1 R HR F5 40 B Shannon $5 %%
#ove TAZAk A T Simpson F8 44 & T H-SD AR B
5 H-D $pP4h, AR T A Bk S Ui B ] = 5
B & T RN S Y R 2 AR, TR EL A H-
SD b, gy 2 i) & A B Ui A W) 2 A 1 24 1 B
TART H-D B3R5, 232 2R Z 20 s ) 90 ) 7
A5 T (R TR T 45,2022 )

TR AR AL 20T AR AR 15 5 1
AR AR B 500, AT LA Ay T AR e DX A A o A 1)
Tt AE R e A L KA AR i A A8 R
FAKE . AWEGEH AR PR 13 B E Shannon F8 805
TN . SOC B E A (P<0.05) , 41 Ace 5 % F
Chao 85534 5 AP M 2 & IEAHOC (P<0.01) ,JEAR
B 1= 498 ELBA Shannon 5 £5 5 5 198 il b 5 32 97 AH 5C
(P<0.01) , Simpson $5 %5 | 5 84 /5 Bl 1%t 35 £ 4 &
(P<0.01) , KU PR eG4 2 B £ 82 5%
Sy sE M AEAR B T2 B 37 il P s ) TR PR AR B 4
BBIREE R EAIRE 2, AUE R4 T 2
TR B (BRIE ,2008) , [RIES, T4 W) BE 8 K
BRI T o, A AR PR+ 5% 50 T , T i —
ANIEMEIE L, s oh, B P R i A BILIR Y
o AR A B A B TR SE R, AE AR BR A HEAH
FU MR B o fie o B 2255, P AR AR PR 3R 88 T
ZIHE, TR, )2 FpOR R R 9 2 B0 A e 5% 4
AR AR ) 22 B 33X 5 O [R) [B) 22 o0 £
B35 K LA B 1) 2 b A 2R A% Bk 22 18] ) AH B A
A X,

25 LN Ry AR TR AN [ R 9 60 A B
e K W Z B AR R R T ARARBR . A
BT AZA SRR (8] 2 B 7E HE R I BB % 3 o £ HER
TPE PRI G W I R AR R IR R R
e A A P B . b H-SS AR Br 4 58 X
TN, TP F1 SOC & 4 1 F B &, HLv] 355 5% + 98 4 1
T H-YM AR PR £ 585 4 AP AK R 38 41
BEI LR A RO B A, T A 8] 22 P A AR B + 1

AN B SR A Yy i JARBR AL EI K T H-D, "]
T 3N UIE EL AR NS 2o e RS i S AR ok 22
fiff o AESEBR AR R AR S B b IR B0 DL 24 M
RS e HF R B E R EAT R E R, SR,
AW TR B 45 Fof 1] 45 Fof 52 5 ) A7 7 25 5, R BB
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