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Effects of planting patterns on potato growth and soil
bacterial community structure in root zone

ZHANG Huiju!, TIAN Min!, YANG Mingyu!, LIU Haiyi®, LIN Yuan'23,
LIU Rong*23, QIN Yuzhi*?3, XIONG Xingyao*, HU Xinxit>%"

(1.College of Horticulture, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Hunan Provincial
Engineering Research Center for Potatoes, Changsha, Hunan 410128, China; 3.Key Laboratory of Vegetable Biology of
Hunan Province, Changsha, Hunan 410128, China; 4.Agricultural Genomics Institute at Shenzhen, Chinese Academy of
Agricultural Sciences, Shenzhen, Guangdong 518120, China)

Abstract: Using ‘Huashu No.5’as material, field cultivation experiments were carried out in Zhuzhou City, Hunan
Province in 2022 and 2023 to study the effects of different planting patterns on potato growth, soil chemical properties
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HEEWH . R A BB AR F A VK & (CARS-09-ES16); Mg 2\ A+ T35 H (I 2 15 [2023]98 5)

TEHZ BT kS (1998—), Zo, WEE LA, MEBReE, FEMAE DR UMY, 2338659343@qq.com; *#EfFIEH, WM
B, M4, #87, FENFDAER AT, huxinxil63@163.com
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and bacterial community structure. The results showed that the high yield and high efficiency pattern (planting density of
82 500 plants/hm?, 1 125 kg/hm? potassium sulfate compound fertilizer, 1 500 kg/hm? organic fertilizer, 750 kg/hm?
bioenzyme activated phosphate fertilizer and 40% zinc sulfate 15 kg/hm?) had higher plant height and stem diameter than
the farmer pattern(planting density of 67 500 plants/hm? and 750 kg/hm? potassium sulfate compound fertilizer) and high-
yield pattern(planting density of 75 000 plants/hm? and 1 500 kg/hm? potassium sulfate compound fertilizer). The yield of
high-yield and high-efficiency pattern were 28.78 and 46.83 t/hm?, in 2022 and 2023 respectively, which were
significantly higher than those of the farmer pattern and high-yield pattern. The soil pH, organic matter(SOM) content
and urease activity of high yield and high efficiency pattern were significantly higher than those of the farmer pattern and
high yield pattern, and the contents of hydrolytic nitrogen, available phosphorus and available potassium in soil of the
high yield pattern were significantly increased. High-throughput sequencing was used to analyze soil bacterial
community structure in potato root zone of different patterns, the results showed that the OTUs number, Chaol index of
the high yield pattern were the highest. Principal component analysis showed that the bacterial community composition
of these three patterns was quite different. The relative abundance of Proteobacteria and Deferribacterota at the phylum
level and Mucispirillum and Lactobacillus at the genus level in the high yield and efficiency pattern were the highest.
Redundancy analysis showed that soil pH, N, P, K, SOM contents and soil urease activity were the main environmental
factors affecting the bacterial community structure. SEM analysis showed that soil pH and SOM, N, P, K contents were
the main driving factors to improve potato yield and change soil bacterial diversity. In conclusion, high yield and
efficiency pattern could promote the growth of potato plants, alleviate soil acidification, and increase the SOM content,

202446 H

the relative abundance of main dominant phylum of soil bacteria in the root zone and the tuber yield.

Keywords: potato; planting pattern; density; fertilizer; yield; bacterial community
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3 RSO
3.1 MEAAXNDREERE KRN

kR 1 Frs, FEHEE 60 KEF(HRZER K
), 2022 A1 2023 AR 7 T A S AR
435k 42.70~51.09 cm il 35.47~43.81 cm, ¥ M

PR AT R R . 2022 AR Th AR B ZEH
10.56~13.00 mm, & mAOr s, o 13.00
mm, BEKTREFME 20, 2022 40
H SPAD {H N 47.11~48.78, £ AbFH[0] 22 A
#; 2023 4F SPAD {H 36.97~48.53, )=
K o

#1 TEMEARXTIREJEROEKER

Table 1 Plant growth characteristics of potato under different planting patterns

4 ¥k #ilem 25 Ml/mm SPAD fH
2022 4= 2023 4F 2022 4% 2023 4F 2022 4 2023 4F
FP (42.7042.86)c  (35.4746.09)b  (11.6420.95)b 9.31+.68 47.87+4.57 (36.97+44.15)b
HP (46.8741.44)b  (37.2146.05)b  (10.56+1.37)b 9.79+1.83 48.7842.89 (46.2143.41)a
HH (51.0943.27)a  (43.81572)a  (13.00#2.00)a  10.06:.62 47.11+4.51 (48.53+4.19)a

(RIS AN ] 7 B 7 A B ] ) 22 S A7 e 324 3 X (P<0.05).

32 MEFRANIRECTERHEMRETMNRE
F AR A=

H 2 W1, FEEESE R, 2022 F1 2023 4
ANTRVRRAE 7 AR S 435 18.30~28.78 thhm? Al
29.66~46.83 t/hm?, ¥4 4 i = i s =X = & i
o 2022 AE LS TE R L 0 86.82%0~91.84%, H
R RO 2R 2 TR RO U Oy = i
AR 2028 AR AN 86.66%~89.70%, &Ab

PRI 52 5 2022 AFFRARIZESECH 3.44~5.06,
Ab ) 22 ORI % s 2023 AR PR B ZE BN
4.53~9.33, my RO AR R E m T
A Ry =R 7 U Bk B =Rk 2022 i 2023
AEA AL PR R WA 143 3R 91.34~170.56 |
161.27~277.50 kg/kg, 7= R0y R R L=
TR EE TR R R WA= 11,

*2 FREMEAR TEREN~EREMBRETFMRRFAYE

Table 2 Yield, component factors and nitrogen use efficiency of potato under different planting patterns

s PRt hm2) T R % PRRRHZERL REMAETT1/(kg kg )

2022 4F. 2023 4F 2022 4F 2023 4F 2022 4F 2023 4F 2022 4F 2023 4F
FP (18.3040.77)b  (29.66+1.74)c (87.1340.04)b  86.7230.02  489+1.23 (453#050)b  (162.6946.85)a (263.62+15.47)a
HP (205541.76)b  (36.2943.02)b (86.8240.01)b  89.7020.01 3443042 (453+1.30)b  (91.3427.85)b (161.27+13.42)b
HH (28.7841.13)a (46.83+1.38)a (91.84#0.01)a  86.6620.03  50620.84 (9.33+1.80)a (170.5546.74)a (277.508.19)a

RIS AR T B 7R AR B ] ) 22 57 A B it 3 X (P<0.05).

33 MEAFRMESHRERZRRZM

2022 F1 2023 A48 AL B ZE T i & 143 30
15.34%~17.09%7#1 15.68%~17.40%, &k R0
H 9.56%~11.27%71 9.84%~11.52%, 4&%ALFRI]E FA

B3 2022 fF4EAF C iy 145.23~215.00 pg/g,
Hrpmmam2or Anks, B8 T r
[y, 2023 4443 C & &y 283.54~313.51 pglg,
AL FRI 22 RN B (R 3).

*3 FRMESR TDRBREMNRBEMER

Table 3 Quality traits of potato tubers under different planting methods

e TR 1% TER % LR CEHH/(ug-g?)
2022 & 2023 4 2022 & 2023 4 2022 4 2023 4
FP 16.8840.01 17.4040.01 11.1940.01 11.5240.01 (177.04426.54)ab 297.41#44.11
HP 15.3440.01 15.6840.01 9.5640.01 9.8440.01 (145.23+13.41)b 283.54451.07
HH 17.0940.01 16.3440.01 11.2740.01 10.3840.01 (215.00424.01)a 313.5146.83

IS ) B Ak BRI ) 28 5 e 7 L (P<0.05)
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34 MEAXNWNESHELIEUFMRMEEEN
=AU
2022 AESARINARIX 13 pH Ny 4.34~4.66, 5
P RO A TR RO A O
HHUE SN 28.97~32.43 glkg, & a7 )
femr, AT AR G XA AL &
o KR . AT AR A R A o

200.33~269.00, 170.70~319.90 . 17350~336.50 mg/kg,
B s o I AR SR R R E RO K
() IR G MR, 4 156.04~334.39 pg/(d g),
2 T ARy A E O S IR s 1 3
(IR E BRI TG My 34.72~48.08 umol/(d g), FEHH
fiff 15N 5.71~8.02 mg/(d @), #ALBRK)ZEFAE
F(HE4).

F4 TEMEARXTHROUFERAEEEMS

Table 4 Chemical properties and enzyme activity of soil under different planting methods

A s oH BHURER KMEAESTR  AREESR Bk E JREEREE  FRVERERR RS L RS

(9kg™) (mg %g™) (mg kg™ (mg kg™?) (ngd*g™) (umol-d*g™) (mgd'g?)
FP  (4.3540.09)b (31.0640.29)b (219.3348.02)b (170.7029.80)b (173.5042.50)b (169.42465.71)b 41.0543.50 6.440.98
HP  (4.3420.20)b (28.97#0.55)c  (269.00210.00)a (319.9046.50)a (336.50432.50)a (156.0440.71)b 3472+1339 5714234
HH  (4.6640.08)a (32.43#0.95)a (200.33+2.08)c (175.35217.15)b (210.50+19.50)b (334.39+101.19)a  48.0842.99 8.0240.72

R8I 5 B AR B 022 AT e X (P<0.08).
35 MEHRIRE TIRME RS ERIFIN

3.5.1 MR EEmMENFLER

B 18 3 NAhBE A SR B R RS A5 2 Y
ASVS(H TP HIVAESE), ZRnifs3] 6 734 1~ ASVs,
FP. HP il HH JHA Y ASVs 4351 1 439, 1 301
F112874; FP. HP 1 HH A5 ASVs %k 1457
A, HP HTHH A 1) ASVs B i, 8 19771,
VLI AR AR, FP AL HH FEAT1K ASVs
AL, A 17914, X ASVs TR ERE, It
R 49 1], 124 4, 264 H, 396 F}, 685 4
J&, 282 Fh,

1439

1301

HP HH
1 TRMEAR TIRMAEEE ASVs HFEEE
Fig.1 Venn diagram of soil bacteria communities ASVs numbers

under different planting patterns

3.5.2 MR ‘MEmE afep SAEM

M 5 AJLUEH, &S AbERYRpE a5 88 5
100%, & HHFE fit 44 782 1) 401 1 SCJZE g B S S0t
BRYIFI A, R 7 OTUs #1 Chaol 45
B, s mh Az, R
fiK, mrm e s AR W, W™
7 X HIEAME AR RO N, S0
Shannon. Simpson I Pielou_e f64 2% %A B2

HT ASVs M ERUT s R (B 2)Bon, &%
AR FA L IEAN RIS AR A 22 7, #E PCL
b, Ry GET L mrE SO Sr
Fr, BRI, m oy A S R Ak
R, BRI S5 R
FABEER EFBK, mr LS Erm s X
- SN TR VR S M H R T s (HURAE PC2 JrIn)
b, wmrrae S mscor X, wlE”
I 205 ROy 2 RN B A TR 45 R 8 SR AT
TERR 255+

x5 MERIRMFARE o ZHMIER

Table 5 The a diversity index of soil bacterial community in root zone

Kb B3R % OTUs Chaol Shannon Simpson Pielou_e
FP 100490.00 (1837489.27)b (1 837.90488.88)b 9.5240).24 0.9960.00 0.87840.02
HP 100490.00 (2 056451.18)a (2 057.42451.59)a 9.6640.25 0.99340.00 0.87840.02
HH 10040.00 (1 968495.29)ab (1970.94494.53)ab  9.6340.14 0.99540.00 0.88040.01

RIS AR 7B A B0 ] ) 22 57 A G322 0 X (P<0.05).
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Fig.2 Results of principal component analysis of soil bacteria under
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3.5.3 MREX BIEME 11K A Bk b4t F

& 4k FRAR N FE B HE 24 SERT R T T 1
Proteobacteria(ZZ 141 ]) . Acidobacteriota(FRFT &

I"]). Bacteroidota(#AFF [ 1)F BT, (H2 AL
AN TR] 1) 28 19 AH X =F B2 A 78 B K 22 57
Proteobacteria . Deferribacterota( it 4% A & 17) .
Verrucomicrobiota(PEFEE 1) HH AAE X = 3
e, Rl 42.39% . 1.18%7F1 2.75%, FP HYfx
ik, 239 31.59% ., 0.08%71 2.23%. Actinobacteria
(R # 17) . Chloroflexi(24¢ 2 & 17]) . Gemmati-
monadota( ZF LI FE 1) 8 HP MIfe i, 4350 H
9.80% . 8.82% . 3.21% , H: ' Actinobacteria .
Chloroflexi .3 T FP il HH 1, Bacteroidota /I
Firmicutes (JEREFE 1)K FP AUAHNTF i, 405
o 12.77% F1 11.39% , HP A9 H MK, 4 5k
5.13%. 5.19%. Crenarchaeota (:R 5 1) N FP Y
AR A% 5 (1.64%), HH Y% f(0.63%) ., FrF
APETPHT 6 FHER ] A TR 84.98%, Hih
Proteobacteria(Z=JE 1/ [ 1) A4 5 b dR =i (35 6).

*6 ATEMESNHER 10897 B LRAEEEFOENER

Table 6 Relative abundance of soil bacterial communities under different planting patterns at phylum and genus levels(top10)

AHXT 4 BE %
K B2 S
FP HP HH

] Proteobacteria 31.5940.08 38.1040.06 42.3940.05
Acidobacteriota 16.9320.02 17.530.03 15.4940.00
Bacteroidota 12.7740.06 5.1340.00 6.9340.01
Firmicutes 11.390.07 5.1940.01 6.3540.04
Actinobacteria (6.8010.02)b (9.8040.01)a (6.9940.01b
Chloroflexi (6.5440.01)b (8.8240.02)a (6.2040.01)b
Gemmatimonadota 2.2240.01 3.2140.00 2.8040.00
Deferribacterota 0.08+0.00 0.1940.00 1.1840.02
Verrucomicrobiota 2.2340.00 2.6340.01 2.750.00
Crenarchaeota 1.6440.01 0.6940.00 0.630.00

J& Rhodanobacter 8.2840.02 14.6340.05 13.3740.03
Bacteroides 3.2340.02 1.63+0.00 1.0940.01
Muribaculaceae 2.3340.02 0.4540.00 1.2840.01
Escherichia-Shigella (2.4040.02)a (0.1620.00)b (0.2620.00)b
Mucispirillum 0.0840.00 0.1940.00 1.1040.02
Lactobacillus 1.1140.01 0.8440.00 1.2240.01
Candidatus_Nitrosotalea 1.2440.01 0.4940.00 0.3540.00
Candidatus_Solibacter 1.7040.00 1.8040.00 1.3940.00
Candidatus_Koribacter 1.3840.00 1.5540.00 1.5240.00
Chloroplast 1.0840.01 0.1040.00 0.0740.00

)47 AN ) B Ak IR ) 22 5 e 7 L (P<0.05)
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Fig.3 LEfSe analysis of species differences of soil bacteria under different planting patterns (LDA score 2.5)
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Fig.4 Results of redundancy analysis(RDA) between soil bacterial community composition and soil chemical properties and enzyme activities
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