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Function in Potato Fields under Continuous Cropping on Sandy Land
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Abstract: [Objective] This study aimed to explore the effects of Scutellaria organic fertilizer on the basic
characteristics and microbial community diversity and function of soil under continuous cropping of potato can
provide theoretical references for the resource utilization of Scutellaria residue and the improvement of continuous
potato cropping soils. [ Methods ] Using the residue of the medicinal herb Scutellaria baicalensis and sheep manure
(with a mass ratio of 1: 3) as the base materials, three organic fertilizer systems (labeled as T1, T2, and T3 in
sequence) were prepared by fermentation after adding 3%, 5%, and 10% functional microbial agents

respectively. The corresponding treatments after the organic fertilizer was applied to the soil were labeled as F1,
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F2, and F3, respectively. The effects of the three Scuzellaria residue organic fertilizer systems on soil chemical
properties, bacterial diversity and function of continuous potato cropping fields were analyzed with the in-situ
control trial. [Results] 1) Compared with the control group, all three Scutellaria residue organic fertilizer systems
significantly increased the available phosphorus and available potassium contents of the soil at the maturity stage,
with increases of 8.12~12.00 mg/kg and 65.63~88.36 mg/kg, respectively. 2) The total population of bacterial
flora in potato surface soil was increased by 60.96% and 23.19% in F1 and F2 treatments, and enriched with
beneficial genera such as Sphingomonas, Pseudoxanthomonas, and Flavobacterium. 3) LEfSe analysis showed
that the application of Scutellaria residue organic fertilizers suppressed the absolute abundance of pathogenic
bacteria such as Pectobacterium in the soil, and enriched more beneficial bacterial communities with significantly
high absolute abundance that promote soil element cycling. 4) The three kinds of Scuzellaria residue organic
fertilizer systems altered the function of soil bacterial mediated carbon and nitrogen cycling, and increased the
organic matter decomposition potential of soil flora and soil nitrogen availability. [ Conelusion] The application of
Scutellaria residue organic fertilizer can improve soil available phosphorus and potassium nutrient content, the
abundance of beneficial bacterial genera, and bacterial functional activity. The system T1 is the best Scutellaria
residue organic fertilizer system.
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Table 1 The composition and basic physicochemical properties of Scutellaria residue organic fertilizer
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Table 2 Alpha diversity of potato surface soil bacterial communities in each treatment at the maturity stage
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Fig. 2 PCoA analysis of potato surface soil in each treatment
at the maturity stage
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Fig. 4 LEfSe analysis of soil bacterial communities in each treatment at the maturity stage
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maturity stage

3 it i
30 ESEEVEIN DS EEE T IEESERD
A

A AR R R T S S B Y - B AR TR R
45 4 A b B AR B B B TR A HLE R S
BOF R L £ HE pH M H S R S B - 8 SR AR
LAY AR A . ASF Y B S A LR A9 e X
e pH Ay I R B3, 2 SR AR U IA) pH B AR s AL
T, BHEECHEKRE FREBE, 5 CKAHLL, B#A
HWFIMF3AM -4 EC B3 T, 14 pH LIt
AR A AR K IR B T £
7] B A5 B AE 4 e A R e 3+ HE AT R S5 4, 3 B pH
FrE . ECAREREHE L P R Pk E, DR EE
TX 4 EC H SFHURAEY) , LI ECZ 2 R H N
1.7 Ds/m"" | A 58 4% Ab B - HE EC K T % 4
B, 22 W 45 A B G 8 S AR K TEBR AR T . 356

Hh AT ) B A LR T A R i AL 3
S5 F2 hb 3 4 EC & F CK, 5 XTAO B 58
SERARL . S5 A R R
R AR A £ TR M s - 9 v 8 36 L EC R

AT 5% 45 AR W i A B 5 i A MLIE AT 4R
HE AP AK 1 SOM Jii & 43 85, 5 32 F i 2 F 5% 285
F—8 SR EAKSRP I NO, -N B F 5
F NH, " -N, [A] B 76 5k P + 58 of NH,"-N 5 9§ + 5 vh
R, fir R RE AT 98 % i A G4 A A B K R AR
BT+ HE NO, -N K g B AR NH, N 28 {6 R Ky
FEFEH, 5 YANG FE2 W0 45 8 — 8. 45 Em
F A, AP R R R R A F1~F3
Ab B AP ¥ T CK,F1 AR B 4 38 AP %5 45 5 1)
AP BT iz s R AT AR R T B S i A LR Y
il 2 6L FT TR b A 2 6L T B BE A BILST Y 40 5 o
Jiti FH B 5 s A LI S 3 e A - AK T B
B, HoB R T A H0E T A E W vl R R T O it

http. // stbexb.alljournal.com.cn



408 KRR

%039 %

A HUIE KO 73 i ali R 19 AK 2 T 5 88 R K P s
AR X A AK AT R
32 BEXEANMENEABHERLEAEHRED

A
TR Y 2 R AR S R G R T E AR ),

SR A W P RE A5 A R A v S R MR T A
WA, ARBEFE A B A ALUIE S AR A
i) Chaol ,ACE FI Shannon £ £ . 4K i 26 4b L 41 7
TE & 2 5 B2 B, H G 0 T A 9 266 % BE AT R AR AR B
K o B G0 BT BB T R b AR R
AT B T) R T T A BE B ) O 7 SR A R
T 8 25 35 A HLIE 2 A K ) o3 i ik s, 175 3 3K S A
S DA RE VA A, DN (b 4030 0 240 TR JE 7 1 A A

BREREPIIAKEEEME LB N ZILE
(NS A I N = - N R U A A
(Nitrospirota) 5§ , 5 T 50 45 A R e 45 SR A L. ik
LWL H 25 LA VL5 % 6 2 LA
6 I FUBEOG 35 . R 1T AE Y2 2 5 [ E CO,
MEESH5HZ — BIRE T RAED A L+
HER R WA o FRAT B TTAE Bk 14 A ) Ak S 106 A o
RAEFEAE WA & T RE 05 12 2 A HLY) 53 1 0T 5%
R CO,, 3 2 B FE 1T fi 50 1 Ak 58 5T it 43 450 1m0 9
IRBE 5 15 A0 3k b VR 00 % A 2 AT R A 2
R 1 75 2R Yy B 36 v k85 A AR AT, ) A i
L By TEAR PR - R ARAE W) B TR 45 0 O G v B Y B AR
B ik, AR AU D 4% St ol s R 0, T R e - e R RE
W40 R RS G BE . ARWFSE b FLANE2 b B
AR PR T AR T 1] 5 B g ] A T3 e T 1] 110 448 %)
F= A B A I F 3 A 3 i R TD RR A B TT 4
XFFBEA BT B AT RESE RO TR T R AT T 1)
BB g 3w A, B AT 1] 02 2 S AE 8 pH 3 58
Hh A K R TR R 4N BT T F 3 AR B SOM i R 4 4K
FIpH dR 5, (R ] R 3 AP AKCA BT & 4y, AT
PR T e 2 TR T AR AT 0 1) ) AR K B

FE J& 7KV b S B A i A ALIE S 4 % 3 R
I A Allorhizobium-Neorhizobium-Pararhizobium-
Rhizobium B 28 T 5 M TR A 2 5 50 7 s AN B AT
TR o Hov B 2T B R T Rl B 6 B T R R
A R R AR R A K T AR AT
WEES 5mEHa iR, XS54 4 R 7 i fLE TR
AR R A . LEISe /30 Mr &4 1 o, CK Ak B #F
PR BRI AT B A A5 e A B A e 0 3 R e T
Hifth 340 PR X AT B F1~F 3 it FH 19 ¥ %5 A L
JIE e 5 A7 B 6% 400 i) - 3 IR T Y R e S

F 14k 3 ) 25 5 45 19 1 38 04 @ RN AS 2h FF 18 ) 22 02 5 ik
FHOC R DI RE T, B 8T i 2 K i A2 78 TR By 13
(4 % 5 IR MR AN B ) AS Sh AT B JE A S8 I A T R B A
M HEE S REE T BA E AR, 225k 0E 5
() Fsf -, 36 5 = e Ak B 7Y I BR RN AR T TR R
HLA RO AL B A T B 3 43w Bk R AL B 2 B R SR
A J5 AR A IV TR 3 D G, DA R 2 A Ak ik AR
FEF2 R0 B rp 2 FE A IR A A . UEH K i
A HLAE 7 R 6 42 U - A 25 40 B T R A 3,
P TF A W R ST R ARG T .

BRI R AN B IR TN 25 R R, 2
- FERRAE PR A AN PR 2 B AL S F A YRR A 4
RO 5 E IR AOGRE A IR, B 5 AMEA
BRI B AR SR A LT A A TR R A D A A
R vp i AL, 5 S E S R R sT A R A . JLT R
O3 1 TR RE S K LT 0 43 it SR TE AL, TR 2k 348 )L 11
B K A 4 b B R R R JEON B AR A . AR BE R SR
T A B S A ARG , 2 5 LT 54 i A0S R
B ROME LR EE S TS 508 TFRAER
SR ST A RS T P R A R 0 AT 10 4 L 4R
TARAMN S EAER M T HEHRILEY %
ff AL T BT o il R R 4 B 4a X% B 5 L AK AP
2 [A) 5t 5 3 TR AR G, 7 — i R B 1R SE R
TR A R 2 AR LB R . AR R
B FE 285 AR W, 0 b S Ak 20 VT L Ak 2 TR L TR
VLT 4 22 53 fifk DA 1) 50 o B 2 32 7 A B 1% B T 500
LA 20 TR A RSB3RO B ARG A
BB WL IS, 25 A 23R 20 30 22 3 + 20 T8 B v 2F
Y 2 o fifk T R A X T 38 B 3 BT LT R 4 i L 4
TR 24 6T = J3 YA O [ A B 1 4 s
4 4 it

DB 5 A HUAE AR 6% 0 5 8 B AR K Ir il 9
A3 i G X A AP AK B9 R M R THRE A
W, H O SOM &8 /0 5.

2) it FH B 25 i A HLAE AT DA fn 25 4% 2 % £ il
FETE T JREBERE ] HOFT B JE RS B M o S A B
A 4 2 TR R VR 4 46 % T B

3 HEA A HLAL RE BACAE - 3 40 1 A - A R 3
TRE 48 o Ih 8% S5 ) - AN s B VE AR 4 R i 5
T SRR A AL T Lo s 0 4 3R 3 A Ak .

AOF 1 b FXT B 57 A 1 5 43 0 Ak 43 4040 DA R VR
= B Ty Al T M A AU SR i, BB R i A 3 %0
(T HESBEA VAL RAERR .

http. // stbexb.alljournal.com.cn



AT T AR T L LA B 2 AR S T A

K15 ) 409

%5 FERB A - B A HLAE X v
2% 30k
(1] ARl [, 5028 50 WIBNIT , 45 . AN T 326 A1 45 R 2D 2% AR B

[2]

[4]

[7]

[8]

[9]

b S R R R AE D S (). T R M AR M B 5T, 2024,
42(3):197-205.

XUPG, XIEK Z, HU X Y, et al. Effects of different
continuous cropping years on diversity of bacterial com-
munities in the rhizosphere soil of potatoes [J]. Agricul-
tural Research in the Arid Areas,2024,42(3):197-205.
AR TR B, A5 v 2 T | S0 K AR K B
TR ERSE IR LT ] R A A5 2A4R, 2013, 24(9) : 2651-2657 .
L1JJ, ZHOU B, ZHANG C
vermicompost on maize growth and soil fertility [J]. Chi-
nese Journal of Applied Ecology,2013,24(9):2651-2657.
GUO BB, WUJP, CHENJ W, et al. Effects of Chinese

, etal. Effects of herb residue

medicine herbal residues on antibiotic resistance genes and
the bacterial community in chicken manure composting[ J].
The Journal of Antibiotics,2022,75(3):164-171.

ZHOU Y, SELVAM A, WONG J W C. Effect of Chi-
nese medicinal herbal residues on microbial community
succession and anti-pathogenic properties during co-com-
posting with food waste [J]. Bioresource Technology,
2016,217:190-199.

B REETY AR S P2 A LA X R A A2
HPIE R R F R T]. H 254 ,2020,43(5):1266-1270.
HUANG H, MA XY, SHIJL, etal. Effects of Chinese
medicine residue organic fertilizer on soil ecology and
growth and development of medicinal plants[J].Journal of
Chinese Medicinal Materials, 2020,43(5):1266-1270.
PRTEIR , SE6HE SRV AR , 45 . R0t FH A= W0 A HILAE XS AE A= 7
RARPRAT R A R )], £39,2021,53(3):537-544.
CHEN D L, WANG X X, ZHANG Y N, et al. Effect
of persistent application of bioorganic fertilizer on peanut
yield and rhizosphere bacterial community [J]. Soils,
2021,53(3):537-544.

A PR A WA HLAE 5 A W B T TS
UﬁXﬁ&YﬁﬁHI&ik&ié&%ﬁﬂiﬂ@?ﬂﬁ[JJ. 9 i
2024,55(5):1386-1394.

LIQ, LIQS, XIECY, etal. Effects of combined applica-
tion of bio-organic fertilizer and biomass ash on the growth
of continuous cropping muskmelon and soil properties[J].
Chinese Journal of Soil Science,2024,55(5):1386-1394.
I AR BREISF L S AR A LIS S R AR B
AT T R R OR IR R SZ o [J]. R e AR,
2023,54(1):126-137.

WANG H T, PENG P Q, CHEN J P, et al. Influence
on the tobacco microbial community and the relative abun-
dance of Ralstonia solanacearum in rhizosphere soil after
the application of bio-organic fertilizer [J]. Chinese Jour-
nal of Soil Science,2023,54(1):126-137.

CATM Y, DONG G H, ZHOU Y T, et al. Product

[10]

[12]

[13]

[14]

[17]

[18]

[19]

[20]

maturation and antibiotic resistance genes enrichment in
food waste digestate and Chinese medicinal herbal resi-
dues co-composting [ J]. Bioresource Technology, 2023,
388:e129765.

DING C Y, SHEN Q R, ZHANG R F, et al. Evalua-
tion of rhizosphere bacteria and derived bio-organic fertil-
izers as potential biocontrol agents against bacterial wilt
(Ralstonia solanacearum) of potato[J].Plant and Soil,
2013,366(1):453-466.

ZEHRAVI M, KARTHIKA C, AZAD A K, etal. A
background search on the potential role of Scutellaria and
its essential oils [J]. BioMed Research International,
2022,2022:e7265445.

SUNZH, MAOZ A, YANG L Y, et al. Impacts of cli-
mate change and afforestation on vegetation dynamic in
the Mu Us Desert, Chinal J].Ecological Indicators, 2021,
129:e108020.

LORIA R, BIGNELL D R D, MOLL S, et al. Thaxto-
min biosynthesis: The path to plant pathogenicity in the
genus Streptomyces [J]. Antonie Van Leeuwenhoek,
2008,94(1):3-10.

BERGRE R, R, 5 A5 A R D A KA H
AN BB T ] A A4, 2016, 3 1G# T 1) : 289-295.
XU X F, SHENB Y, HUI Z L, et al. Effect of calcium
treatment on the growth and development of continuous
cropping potato and its mechanism [J]. Acta Agriculturae
Boreali-Sinica, 2016,31(S1):289-295.

HU W, ZHANG Y P, RONG X M, et al. Biochar and
organic fertilizer applications enhance soil functional micro-
bial abundance and agroecosystem multifunctionality [ J].
Biochar, 2024 ,6(1) :e3.

KATERJI N, VAN HOORN J W, HAMDY A, et al.
Salinity effect on crop development and yield, analysis of
salt tolerance according to several classification methods[J].
Agricultural Water Management, 2003,62(1) : 37-66.
XIAO M, LIU G M, JIANG S G, et al. Bio-organic fer-
tilizer combined with different amendments improves
nutrient enhancement and salt leaching in saline soil: A
soil column experiment[ J |. Water, 2022, 14(24) : e4084.
SN , £ R 508,55 h 2l A UIEXHED A & ek
SAPEIR ST E R Meta 2387 [ T]. AL 7 e 22, 2024(4) :57-65.
JIY L, WANG Y X, GUO L, et al. Meta-analysis of
crop growth, soil chemical properties and enzyme activi-
ties induced by Chinese herb residue manure[J].Northern
Horticulture,2024(4) :57-65.

DAIXJ, XTAO X, DATW T, et al. Comparison of nitrate
and ammonium leaching of soils collected from different
regions of China: A soil column experiment[J]. Journal of
Soil Science and Plant Nutrition,2023,23(4):6059-6070.
YANG J J, JIANG L H, GUO Z W, et al. The Cd

immobilization mechanisms in paddy soil through ureoly-

http. // stbexb.alljournal.com.cn



410 KRR AR %39 %
sis-based microbial induced carbonate precipitation: carbon inputs such as biochar and organic fertilizer and
Emphasis on the coexisting cations and metatranscrip- their relationship[ J |.Environmental Science, 2024 ,45(7) :
tome analysis [ J].Journal of Hazardous Materials, 2024, 4218-4227.
465:¢133174. (301 Eaipk, sRU, ANk, 45 . it B A AR PR 4 S84 v e /R 7

(211 T3, sk, AR 9t , 45 . T 8% 2 3 1 R B % 1 e A= W e PR TE V8 S50 e e Z R TE LT ], R4, 2020, 57(4)

B [T]. K AR R, 2010, 24(4) : 229-233. 975-985.
MA K, ZHANG L, DU Q, et al. Effects of continuous HUANG R L., ZHANG N, SUN B, et al. Community
cropping on soil microorganism community structure and structure of burkholderiales and its diversity in typical
function [J]. Journal of Soil and Water Conservation, maize rhizosphere soil[J]. Acta Pedologica Sinica, 2020,
2010,24(4):229-233. 57(4):975-985.

[22] LIU HY, HUANG X, TAN W F, et al. High manure [31] & FL, 9%, BRAR M, 2% IR 15 AN S A 17 X R b 3a T
load reduces bacterial diversity and network complexity in Ik Ly AR AR AR S I 5 LT ] BoAR s 4, 2023,
a paddy soil under crop rotations [J]. Soil Ecology Let- 63(8):3264-3278.
ters,2020,2(2):104-119. HUANG C, JIANG L, LIANG Y P, et al. Acineto-

(23] FE£u, X095, M0, 55 . ds B 2% 5 DN 28 6 R iF 5 it o bacter calcoaceticus promotes the seedling growth of Les-
%{ﬁﬁm}]ﬁﬁﬂ%ﬁilﬁ%ﬂi%ﬁigﬁ S [T]. A E pedeza daurica under saline-alkaline stress [J]. Acta

dizh ik, 2024,49(5):1206-1216. Microbiologica Sinica,2023,63(8) :3264-3278.
WANG Z H, LIU S, YANG G, et al. Effects of organic [32] NTOUGIAS S, MELIDIS P, NAVROZIDOU E, et al.
fertilizer from traditional Chinese medicine residues on Diversity and efficiency of anthracene-degrading bacteria
growth and soil microbial community of Salvia miltior- isolated from a denitrifying activated sludge system treat-
rhiza by metagenomic technique[ J].China Journal of Chi- ing municipal wastewater [J]. International Biodeteriora-
nese Materia Medica, 2024,49(5):1206-1216. tion and Biodegradation,2015,97:151-158.

[24] LIUX Y, SHI'Y, KONG L Y, et al. Long-term appli- [33] X8 b M, W0, 4 i A FF 0 IO 2F JR T
cation of bio-compost increased soil microbial community TR X U0 A A 3 Al TR A v I D0 s [T] IR B R A
diversity and altered its composition and network [J]. 2023,44(9):5176-5185.

Microorganisms, 2022,10(2) : e462. NIE Y M, BUL Y, CHEN W F, et al. Effect of high-

[25] WOLINSKA A, KUZNIAR A, ZIELENKIEWICZ U, volume straw returning and applying Bacillus on bacterial
et al. Bacteroidetes as a sensitive biological indicator of community and fertility of desertification soil[J].Environ-
agricultural soil usage revealed by a culture-independent mental Science, 2023,44(9):5176-5185.
approach[ J].Applied Soil Ecology,2017,119:128-137. [34] ?ﬁ"ﬁ"ﬂz': MR X 3, A5 LR 2R AT 1 -7 A A6 X 4

[26] EOVE, w22 B, 56 R W IR X 2 e f AR 9 4 5 Y - IR W R I R SR SR T LT b B R
K [J]. 4k T8, 2024,14(9):68-72. 2,2025,45(2):1036-1044.

WANG Y K, GAO F, LI C W, et al. Effect of micro- LAIC X, LIN H, LIU Z H, et al. The driving effect of
bial fertilizer on soil and crop growth [J]. Agricultural Bacillus megaterium-Celosia argentea 1.. combination on
Engineering,2024,14(9) :68-72. the succession of microbial communities in cadmium-con-

[27] BBk, XUEERS BRI, A5 . i S AR o xo) 2 vl SR el 1 2 taminated soil[ J].China Environmental Science, 2025, 45
B pH A2 4R BB Y S [T K R AR 2022, (2):1036-1044.
36(3):244-251. (35) 2 2hfg, £ o, fF AU, A5 W S AN BREARL R R B 2K
ZHAO L, LIU G Z, QIAN X J, et al. Effects of bio- RO B AR B X 8 B B0 AT 5 R (7). M A
char-based fertilizer on pH and exchange capacity of 2022,59(4):924-934.
acidic soil in pomelo orchard [J]. Journal of Soil and LITH M, WANG R, ZHONG Y M, et al. Rhizosphere
Water Conservation, 2022, 36(3) :244-251. communication and its effects on improving phosphorus

[28] ZHANG W M, LIS Q, ZHANG P L, et al. The coloni- utilization in high-input vegetable production system: A
zation of synthetic microbial communities carried by bio- review[J].Acta Pedologica Sinica, 2022,59(4) : 924-934.
organic fertilizers in continuous cropping soil for potato [36] EhA5i, P4 R, 55 . B8 B EMEX R PR 1R
plants[ J].Microorganisms, 2024,12(11) :e2371. AW FR R A 2w [T]. O Ak K2z 4, 2016,

[29] fedfh  IMA7 05 #0552 ok 5 A LA 45 g ik 45 51(2):35-39.

AL IRNE T 5 A R v G A 22 5 SO R [T ] IR R
2024,45(7):4218-4227.
HOU J W, XING C

in soil fertility and bacterial community structure between

, YANG L L, et al. Differences

MA D Z, GUO X D, TAN X L, et al. Effect of potato
continuous cropping on rhizosphere soil microbial physi-
ological colony[J].Journal of Gansu Agricultural Univer-
sity, 2016,51(2):35-39.

http. // stbexb.alljournal.com.cn



