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Correlation between soil nutrient status and the bacterial community composition in

alfalfa stands of different ages in the Yellow River irrigation area
ZHANG Wen-wen, LIU Bing-ru” , NIU Song-fang
Breeding Base of State Key Laboratory for Preventing Land Degradation and Ecological Restoration s Key Laboratory for Resto-

ration and Reconstruction of Degraded Ecosystem in Northwest China of Ministry of Education, Ningxia University, Yinchuan

750021, China

Abstract: The soil bacterial community composition, abundance and diversity were studied in alfalfa stands be-
tween 1—6 years of age (i. e. established 2012—2017), in the Ningxia Yellow River irrigation area. The deter-
mination of the soil bacterial community characteristics was achieved by DNA extraction followed by PCR am-
plification, and sequencing using the HiSeq platform. The 16S rRNA amplifier sequencing technique was used
in the study. The correlation between soil nutrients and bacterial population diversity was analyzed. The re-
sults indicate that there are about 40 phyla, 78 classes, 151 orders, 275 families and 416 genera of bacteria in
the soils of the various alfalfa stands of different ages. At the phylum level, the dominant genera of bacteria de-
tected were Proteobacteria, Acidobacteria and Bacteroidetes, accounting for 68 % of the total bacterial popula-
tion. The ranking of bacterial abundance and diversity with stand age was: 1 yr=>5 yr=>3 yr=>4 yr>2 yr=>6 yr.

Soil pH, organic carbon, total nitrogen and alkali-hydrolysable nitrogen all decreased initially, and then in-
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creased with stand age, reaching their maxima at year 5. The result is basically consistent with findings of oth-
er studies of factors affecting bacterial community composition. Analysis using Spearman’s correlation showed
that organic carbon, total nitrogen and alkaline nitrogen were significantly (P<C0. 05) correlated with bacterial
community composition. In general, the dominant taxa of soil bacterial communities present in the Yellow Riv-
er irrigation area did not change with stand age, but population numbers and bacterial community diversity did
vary from year to year, though not with any consistent trend over time. Soil organic carbon, soil alkali-hydro-
lysable nitrogen and soil total nitrogen were the main factors associated with changes in bacterial taxa present
across years.

Key words: alfalfa; bacterial community; bacterial abundance; diversity; soil nutrients
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PG RO MAMER P AR Y8 PCR 7= Wy vk B2 #4755 B IR AR, FE 70 1R 21 J5 (6 1 2 V0 19 350 A W 8 I vl Uk A PCR 7= 97
Z JaiE it HiSeq 2500 PE 250 #E47T FALIT . N HLEHE R A prinseq 23 BRAK T & (9 505 (reads) - SR 5 AR 4 F LA
B EE Z [ 1Y) overlap J¢ R4 X 1Y reads PFHE I — 250751, A5 B/ B i 19 reads, 2 FR tags Wi 1Y barcode
SIYIFA R BR i AR B P 81 %5 5 #5 3) clean tags'™ ), PREITIEIG AY clean tags 55 W0 e BB 47 1L
Xt A It B PR P 91 s I e 28 L R P i ik A AT 81 A5 B B A RBUT B Ceffective tags) .
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1 1 unique tags & RIEPR LS| OTUs 1Y tags FOH 331 24477, SRR G SR IR 2 fras . SR BE ML A
07 A BCECE L BE AL ECE AT TR RS AR E (RF OTUs ZCH ) o LAl BRI e B8 155 56 1 60 9 R 550Kk #
ez . 6 MAEARYR R Zan 8] 1 Frs AR FORAE BRE A8 b T S A i g BRI 1 yr>5 yr>4 yr>3
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Table 1  Soil physical and chemical properties of alfalfa with different cultivation years (meanxSD, n=3)

Tl A £F R pH SR A BLR LA A% 4L 0 K
Cultivation year Electrical conductivity ~Soluble organic carbon Total N Alkalyzable N Total P Available P
(yr) (pSeem 1) (g kg » (g kg H) (mg * kg 1) (gekg 1) (mg * kg 1)
1 8.67+0.04a 163.90=+4. 39a 18.33+0.03a 0.13+0.02b 34.36+3.21a 0.33+0.13a 11.30+1.34a
2 8.56+0.04b 168. 93423, 72a 18.73+0. 74a 0.15+0.03b  21.4644.49b 0.26+0.03a 11.58+2.11a
3 8.5840.01ab 159.37+5.11a 17.43+1.16b 0.08+0.03¢c 25.01%5.02b 0.24+0.04a 14.15+4.81a
4 8.58+0. 04ab 167.40+11. 95a 16.65+0.37b 0.08%+0.03c 26.08+4.93b 0.24+0.03a 10.91+1.13a
5 8.63+0.02a 161.5342. 23a 18.00+0. 64a 0.22+0.02a 34.4141.34a 0.28+0.01a 7.89+6.76a
6 8.56+0.02b 173.67+17.81a 18.34+0. 29a 0.1140.02bc 28.64+5.06ab 0.2640.02a 11.187+0.95a

1« R FUAS [R] 7B R w25 5% B 35 (P<<0. 05) .,

Note: Different lowercase letters in the same column represent significant difference at the P<C0. 05 level.
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®2 AEMEFEREEHTE OTU BEMERBREIT

Table 2 Statistics of soil OTU clustering and annotation in alfalfa fields with different cultivation years

FE it 44 PR B Tag % B FER Tag % KERE Tag £ KEI Tag $ OTU %t
Sample name Total tags Taxon tags Unclassified tags Unique tags OTU numbers
1yr 85864 80848 3 5012 5163
2 yr 86238 83146 9 3083 4637
3 yr 86975 82826 7 4142 4758
4 yr 87132 82233 6 4893 4901
5 yr 88783 84507 10 4267 4999
6 yr 83464 80420 13 3032 4425
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B 6 AR R L e s |
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cota) (0.2%0) 3k i M TH A HCI91. 2% . FEh AT T Fie. 1 Analysis of bacterial dilution curve
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gomonadales) (3%) . (48 Mfi 5 H (Xanthomonadales) (3%), 3 5 405 2%t 56 % ., Unidentified Gammapro-
teobacteria i H K- EAOREGE 5 7 A BERT AR 27 00 HAR & 1 BT 5 LB 50 (8T 3)
2.4 RREAAMHFMREFIIEMABEL SHFEIH
2.4.1  ZHEMEIE B BT A ] Aol AR A BT A M - S 20 TR 22 RE PR A K0 A 45 2R SR W, Shannon 224 14 48 %KL
Chaol FE#CH ACE 8 8U7EFAE 1 4F 1 5 Mg K, 73] 4 10. 06,5157, 33 Fll 5261. 06, H: 1 Shannon Z 45 £4
5 H A A AR R Z M3 0 8 M 22 5, Chaol #8805 ACE 488K 1 yr 5 2 F1 6 yr M FE/E B EMZF K
FNMEIR K 1 yr=>5 yr>4 yr>3 yr>2 yr>6 yr (£ 3),
2.5 LB T L L e AR AR K AT

X A IR T 5 AN T 1K T EEUEFT Spearman AR50 BT 45 5 26 B Bl A0 2 BB HLAR 5 —
AT A ) AT AR I E A AR e, B LIk S Candidatus_Magasanikbacteria, Candidatus_ Yanofskybacte-
ria AW B FH M AKX R, 5 Hydrogenedentes,Candidatus_Peregrinibacteria,Melainabacteria H. A & 3 i #H 5%
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cubacteria ELAF i 3 71 A0 56 3¢ & ; 4 Al 5 1 5E ] L[] (Spirochaetes) | fiFf 14 12 i€ & ] ( Nitrospirae) . JC BE 40 [ |
(Tenericutes) L ZE i | ] (Actinobacteria) . JEBEF [ ] (Firmicutes) B A B F IEAH XX R, 5% % & ] (Planctomy-
cetes) \JRFF I I] (Acidobacteria) LA B F AAI LR, &0l TR pH 54 B4 E 11287776 I 35 H 5% (A

4,
100 B H fh Others
& B % & & ] Thaumarchaeota
= 80 B 22 ] Chloroflexi
=2 B FFH ] Planctomycetes
K2 60 B 4 74 '] Verrucomicrobia
B é W B ] Gemmatimonadetes
%Z 40 B i 28 T ] Actinobacteria
- g JE BETH ] Firmicutes
7 20 B A 1] Bacteroidetes
= W i3 AT ] Acidobacteria
0 B ] Proteobacteria
1yr 2yr 3yr 4yr Syr 6yr
¥ i % FK Sample name
B2 ARMEFREEM T EAHIEANFEETNHHNARD]
Fig.2 The first ten phylum of soil bacterial community in alfalfa field with different cultivation years
100 r B A Others
= m 3 U H Xanthomonadales
£ 80 B 5 ZF 41 H Cytophagales
S B H BT H Gemmatimonadales
&KE 60 | W #5115 %00 1 B Sphingomonadales
B ® {5 % M3 H Rhizobiales
1:?1 2 40 B R ER T B Myxococcales
2 # % H Clostridiales
8 20 m F# % B H Chitinophagales
B Unidentified Acidobacteria
0 B Unidentified Gammaproteobacteria
1yr 2yr 3yr 4yr Syr 6 yr
¥ b % FK Sample name
E3 AEMEEREEM T EARHEANFENTHAREE
Fig. 3 The first ten order of soil bacterial community in alfalfa field with different cultivation years
x3 HESHEREBFE
Table 3 characteristics of bacterial diversity index (mean®+SD, n=3)
B Index 1yr 2 yr 3 yr 4 yr 5 yr 6 yr
Shannon 10.06+0. 12a 9.80+0.17a 9.90=£0. 23a 10.01£0. 04a 9.96=+0. 04a 9.81+£0. 24a
Chaol 5157.334310.31a 4467.96+4230.03b 4703.16-+329.02ab 4806.304196.09ab 5087. 914+150.72a 4395. 994457, 96b
ACE 5261.06+312.91a 4538.104255.48b 4792.38+372.63ab 4885.52+194. 63ab 5168. 96+136.93a 4466, 54+457.52b

T« AT AR /NG 5 B 7R 28 53 i 35 (P<<0.05)

Note: Different lowercase letters in the same line indicate significant difference (P<Z0. 05).

2.6 EIEmBAALN G E RS

F BT 53 AT R — R0 22 Yl R AT R A AT AR R B h B R T R MM J5 ik . W PCA ST g
% B2 JCH e R R i AR A [ 2 S5 19 T A A6 A il o DT K 22 A 5080 1) 22 55 R B AE M Ak bR IRl B REARAE B Y
HE S L B T AR VR A SO AE L. 5T OTU /KF 9 PCA 2 25 R R W1, PC1 Al PC2 1 5T Bk 26 43 51 hy
10.63% M 9.32% ., 1 A5 yr BEEGEL, 2 F1 6 yr PREHGT .3 4 yr PR ESACUT , BV 3 2H 8] 20 1 1 7% 2H A B 1
B 5),
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Fig. 4 Correlation between soil environmental factors and bacterial level
* Fn K (P<0.05), * * KRN EEMI(P<0.01), * represents significant correlation at P<(0. 05 level, and * * represents significant

correlation at P<Z0. 01 level.
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