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Effect of Gardenia jasminoides Ellis with different intercropping
crops on soil microecology
LI Qiaoling" XIAO Zhong REN Mingbo HAN Feng HU Kaizhi

Chongqing Institute of Medicinal Plant Cultivation, Bio-Resource Research and Utilization Joint Key Laboratory of
Sichuan and Chongqing, Chongqing 408435, China

Abstract: [Background] Gardenia jasminoides Ellis is a perennial evergreen shrub. After years of
continuous planting, it will lead to deterioration of the soil micro-ecological environment, aggravation of
pests and diseases, and reduced quality. It was found that intercropping was an effective cultivation
method in production to improve soil microflora, nutrient and enzyme activity. [Objective] In this study,
the dynamic changes of the rhizosphere soil microflora, enzyme activity and nutrients of gardenia under
different intercropping patterns were studied, in order to provide a theoretical basis for revealing the soil
microecology mechanism of cultivation measures to improve the soil ecological environment and enhance
the yield of gardenia. [Methods] To understand the effects of different intercropping patterns on the
rhizosphere microecology, three-year-old gardenias were selected for field experiment. Random block
design was adopted. Gardenia single cropping and Gardenia/Bletilla striata, Gardenia/Lysimachia
christinae, Gardenia/Belamcanda chinensis three intercropping treatment were set, using Gardenia
rhizosphere soil as the research material, sampling throughout the growth periods. Illumina
high-throughput sequencing technology was used to determine the sequences of bacterial 16S rRNA gene
V3—V4 and fungal rDNA ITS1-ITS2, and the physical and chemical properties of the soil in each period
were determined, so as to clarify the intercropping of different crops on the gardenia rhizosphere microbial
community and soil physical and chemical properties with the growth period. [Results] In the whole
growth process of gardenia, the relative abundance of Proteobacteria and Acidobacteria in the rhizosphere
bacterial community were 39% and 18%, respectively, which were the dominant bacteria. In the fungal
community, the relative abundance of Ascomycota, Basidiomycota and Mortierellomycota accounted for
51%, 22% and 19%, respectively, which were the main fungal groups. In the fruit expansion stage,
compared with single cropping, Gardenia/Belamcanda and Gardenia/Bletilla striata can significantly
increase the Shannon index of soil bacterial communities by 6.55% and 3.45% (P<0.05), respectively, but
there was no significant difference at other stages. In terms of rhizosphere fungi, Gardenia/Belamcanda
does not significantly reduce the diversity during the full blooming period, while intercropping with
Lysimachia or Bletilla will significantly decrease; In the fruit expansion stage, Gardenia/Belamcanda and
Gardenial/Bletilla intercropping can significantly increase the Shannon index of the rhizosphere soil fungal
community by 29.19% and 9.12%, respectively. In terms of soil nutrients, The contents of organic matter,
total N and available P in rhizosphere soil of gardenia monoculture were higher, while the contents of
alkaloid N and available K were lower than the three intercropping treatments. In terms of soil enzymes,
except for the acid protease, the activities of the other soil enzymes of the single-cropped gardenia are at a
lower level. Correlation analysis between soil physical and chemical properties and rhizosphere microbial
diversity showed that the bacterial diversity index Shannon was significantly positive correlated with
rhizosphere soil organic matter, available P, and extremely significantly positive correlated with pH
(P<0.01); The fungal diversity index Shannon was significantly negative correlated with total K, urease
and catalase in rhizosphere soil, and significantly positive correlated with available K, sucrase, acid
phosphatase, and acid protease activities. The comprehensive scores of soil fertility in the blooming
stage and fruit expansion stage showed that the soil fertility scores of Gardenia/Belamcanda was the
highest, and that of Gardenia/Lysimachia was the lowest. [Conclusion] Reasonable intercropping can
improve the microbial community structure in the rhizosphere, and improve the comprehensive soil
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fertility. The soil fertility comprehensive score of Gardenia/Belamcanda is the highest, they may be the

desirable intercropping patterns for Gardenia cultivation.

Keywords: Gardenia jasminoides Ellis, intercropping pattern, rhizosphere microorganisms, soil enzymatic

activity, soil nutrient
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F1 TR FIRFRLIR pH ERFS

Table 1 The pH and nutrition content of rhizosphere soil of G. jasminoides of different treatments

Ab R e pH AL Ky ARSI
Treatments  Periods Organic Full nutrient (g/kg) Effective nutrients (mg/kg)
matter (k) ZH AW Py WA ek
Total Total Total Alkaline  Available Available
nitrogen phosphorus potassium  nitrogen  phosphorus  potassium

Z Al 5.10ab 31.53a 1.80ab  0.77ab 26.79b 89.94bc 18.28a 396.79ab
A2 4.86ab 28.86ab 1.83ab 1.04a 24.84c 92.31bc 16.19ab 364.84b
A3 4.85ab 28.16ab 1.63b 0.89ab 23.33def 81.67ef 13.49ab 273.33¢
A4 4.96ab 28.17ab 1.99a 1.06a 24.52¢ 86.43cde  12.83ab 256.52¢

Z/S Al 5.09ab 26.54b 1.72ab  0.69b 29.41a 89.85bc 16.61ab 428.36a
A2 4.88ab 28.93ab 1.75ab  0.89ab 24.64c 103.74a 15.42ab 394.26ab
A3 4.80ab 28.03ab 1.73ab  0.94ab 24.84c 88.62bc 12.94ab 281.67¢c
A4 5.11ab 26.91b 1.73ab  0.67b 24.17cd 91.53bc 11.77b 269.74c

Z/) Al 4.79ab 28.88ab 1.71ab  0.71ab 27.23b 88.64bc 16.09ab 393.16ab
A2 4.76ab 26.87b 1.74ab  0.68b 23.77cdef  93.29b 15.95ab 375.61b
A3 4.92ab 26.69b 1.72ab 1.06a 23.92cdef  82.33def  12.92ab 279.92¢
A4 4.58b 27.18b 1.84ab  0.73ab 24.15cde 87.75bcd  11.88b 265.37¢c

Z/B Al 5.30a 25.32b 1.70ab  0.78ab 27.13b 90.61bc 17.12ab 415.55ab
A2 5.11ab 26.77b 1.81ab  0.76ab 22.99ef 93.38b 15.03ab 389.32ab
A3 5.08ab 26.39b 1.54b 0.76ab 22.97f 79.96f 12.91ab 286.93¢
A4 4.73ab 25.63b 1.67ab  0.80ab 23.10def 87.56bcd  11.82bab 265.12¢

TE: [RPIARRING FRERIR R [RRE i 2 7] 22 57 2. 35 (P<0.05). T |]
Note: Different lowercase letters in the same column indicated that there was a significant difference among the samples (P<0.05). The
same as below

*2 AEALERFRIRLIREGE M
Table 2 Enzyme activity of rhizosphere soil of G. jasminoides of different treatments
AbPE Treatments  FJ3 Periods S-SC (mg/d/g)  S-UE (pg/d/g)  AcP (nmol/(h-g)) CAT (pmol/(h-g)) AcPr (ng/(h-g))

V4 Al 98.21b 560.49¢g 987.03¢ 106.38ghi 67.51a
A2 90.34d 437.99j 554.71i 145.44ef 58.67¢
A3 70.31fg 1 344.63¢ 601.66hi 210.94d 51.84de
A4 35.12h 1 328.08e 677.791fg 256.92¢c 55.01cd
Z/S Al 93.31cd 474.58i 1 063.71b 89.17i 50.59%¢
A2 85.63e 389.90k 882.52d 130.76fg 41.26fg
A3 73.25¢ 1 160.23f 831.60de 95.54hi 70.38a
A4 37.63h 1 581.08¢c 376.25j 311.00b 38.62g
Z/] Al 94.54bc 390.07k 1 289.54a 58.80j 31.67h
A2 83.34e 406.74jk 816.3%¢ 102.16hi 25.101
A3 66.23g 1 125.81f 689.62fg 166.79¢ 57.04c
A4 35.57h 1 633.31b 544.811 291.96b 26.42i
Z/B Al 105.79a 522.77h 869.14de 83.25ij 44.84f
A2 98.45b 490.90hi 631.49gh 120.62fgh 39.20g
A3 68.25g 1 522.95d 732.41f 145.30ef 62.74b
A4 38.81h 1744.13a 329.31j 356.42a 41.68fg

. S-SC: JENHEG; S-UE: +IARME; AcP: BRMEBNEAME; CAT:. & LAME; AcPr: MRUEEAM. FAIAR/NEGFRFIRA
[RVRE A 20 2 (8] 22 55 48 3 (P<0.05)

Note: S-SC: Sucrase; S-UE: Urease; AcP: Acid phosphatase; CAT: Catalase; AcPr: Acid protease. Different lowercase letters in the same
column indicated that there was a significant difference among the samples (P<0.05)
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Figure 1 Shannon index of bacteria (A) and fungi (B) in
the rhizosphere soil of G. jasminoides
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Figure 2 Bacteria (A) and fungi (B) taxonomic group at phylum level of G. jasminoides
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Proportion of bacteria with significant
difference in relative abundance (%)
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Figure 3 Differences between soil bacteria abundance of different treatments
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Figure 4 Differences between soil fungi abundance of different treatments
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Table 3 Correlation analysis of rhizospheric soil microbe community structure with physico-chemical soil properties of
Gardenia

Item  X; X; X; X, Xs Xs X7 X3 Xy Xio X X2

Y -0.072 0.198 —-0.13 —0.105 0.008 0.483*  0.157 -0.167 —0.206 —0.069 —0.168 0.188
Y, —0.288 0.144 —0.062 -0.134 —0.039 0.18 —0.01 0.181 0.246 —0.155 0.082 0.023
Y; —0.211 0.129 —0.029 0.026 0.079 0.165 0.147 0.266 —0.033 0.107 0.055 —0.097
Y, 0.324 —0.496* —0.02 -0.208 0.294 -0.321 —0.157 -0.171 0.159 0.152 —0.025 —-0.04
Ys -0.420 0.406* -0.279 0.102 0.259 -0.026 0.222 0.537* 0.125 —0.069 0.739** —-0.418
Ys —0.412 0.232 0.553* 0.485* —0.205 0.345 0.017 —0.007 -0.253 —-0.328 —0.057 0.355
Y; -0.217 0.108 0.102 -0.026 —0.168 0.321 0.119 —0.148 0.038 0.045 0.005 0.047
Ys —0.208 0.096 0.557* 0.343 —0.539*  0.406* -0.231 -0.195 -0.185 —0.024 —0.382 0.235
Yy 0.088 —0.183 0.418 0.094 —0.424 0.234 -0.314 -0.431 -0.082 —0.009 —0.673** 0.389
Yo 0.113 0.02 -0.561* —-0.288 0.511%* —0.374 0.245 0.257 0.175 0.118 0.558 —0.465%*
Yu -0.005 0.123 0.239 0.191 -0.521*  0.145 —0.182 -0.007 -0.148 —0.037 —0.342 0.158
Y12 —0.209 0.107 —0.283 —0.004 0.453 —0.191 0.222 0.303 0.16 0.073 0.635**  —0.422
Yis 0.425* -0.368 —0.114 —0.440 0.257 —0.133 —0.146 —-0.436* 0.056 0.137 —0.168 —-0.102

W X AR X BAFETT; X BERETT; Xo: S5 Xs: BIFFETT; Xo: ZEHMETT; X PEMETT; X 35
Wi Xo: JERERIT; Xio: TRRIT; Xi: HTFRITT; Xio: #ET]. Yi: pH; Yo GHUR; Y3 £2F&E; Y 28&E;
Ys: PSS Yo BURE; Yr: ARE; Yoo BUHET; Yo: TEWEEE; Y. WREE; Yy FRUEEBERRNE; Y.. SEMLARE; Vi B
PERE I, **FRZE SR B FE(P<0.01), *FmEES B (P<0.05)

Note: Xi: Proteobacteria; X,: Acidobacteria; X3: Actinobacteria; Xy: Chloroflexi; Xs: Bacteroidetes; Xs: Gemmatimonadetes; X7:
Verrucomicrobia; Xg: Planctomycetes; Xo: Firmicutes; Xio: Ascomycota; Xi\: Basidiomycota; X\,: Mortierellomycota; Y,: pH; Y,: Organic
matter; Y3: Total N; Y4: Total P; Ys: Total K; Ys: Alkaline nitrogen; Y7: Available phosphorus; Ys: Available potassium; Yo: Sucrase; Yo:
Urease; Y1;: Acid phosphatase; Y),: Catalase; Y;3: Acid protease. **Correlation is significant at the 0.01 level, *Correlation is significant
at the 0.05 level
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DRIIR 2% o FEAE F-47 [ AT B AN R B RV E R, BE AT
PAA RO L BT, i m] RUAT R4 FH ] 2
U SRR, DTS B AL R 2 H Y o

S A T R R T A ) 72 A R | R A AR
PRBAEZSIZAL, REDI R KT WA EEE
2 g AN [ ] A AR AR B -3 3 A e R
PRI PR I B, A 5 A [R] T A 0 - S RAE
PRI SRR VA R 255 . HAARE T AL,
3 ]V Ak B T R 2 B v HE A% I AR P - 4
HR B SiPR ZE R SO 5 e S o SRR T, X — 4
RS20 0 A PN AR R 22 B 0 T AR 0 B 5 4%
A A PR &2 AL T BB A
K, AR DR A R R R A EERR AL JT , 8]
VERIHE TARBR 131X 2 AR 24 B AIC, 1d I e £
A DL 5 PR TR P A LB I IR R Y
BERMAE 7, 1 AT B2 1 Tl A rh R R it HE o
THEEFRIATANIE, L R AR KT EA W
M A SRR A Bl IR o, ST RVE I AE T e
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5 HAEHE T A L, (R RIS T HE T MR P 1 2

Table 4 Principal component factor score and comprehensive score of soil fertility level

IS4 Ak 3 B—ERY RS BRI RMERS LAY a4
Periods  Treatments First principal ~ Second principal — Third principal ~ Fourth principal ~ Overall ratings  Total ranking
component component component component
A, Z 0.76 0.12 1.47 —0.95 0.48 2
Z/S 1.76 1.31 0.11 -1.71 0.89 1
Z/] 1.25 1.03 —1.46 -1.32 0.36 4
Z/B 1.31 0.33 —0.63 —0.96 0.45 3
As Z —1.34 -1.72 0.15 0.32 —0.92 3
Z/S 0.15 —1.45 1.21 0.45 0.07 1
Z/] -1.12 —2.43 0.69 —0.41 —0.94 4
Z/B —0.65 —2.25 —0.50 1.70 —0.60 2
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