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W OE: DAITE IR RS R A, AR (0 - ORI R, BT SRR T e Y R O - RS R Y 5
Wi, FEEERERAEYE DNA, FIFHT—1X illumina HiSeq il il FE AR A TAIIC AT, X F A ROB A5 A 4 Bl A 70
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FREWRAEAETG 8h . R H3ERE R E Y R T, ARIMARAA BT AR B KR RURERE )Y FT AR o £ h i
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Effects of Cottonseed on Soil Microbial Diversity and Soil Structure Under Saline-alkali

Environment
MENG Chunmei, WANG Kaiyong®, FAN Hua, ZHANG Kaixiang, MA Hongxiu
(College of Agronomy, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract: Cottonseed meal was taken as the improver of saline-alkali soil with different salinity degrees to study the effects of
cottonseed on soil microbial diversity and soil structure. Total DNA of soil samples were extracted and analyzed by a new
generation of illumina HiSeq high-throughput sequencing technology, and soil micromorphology was observed by SEM. The
results showed that with the increase of salinity and alkalinity, NaCl increased the proportion of micro aggregates gradually and
made soil surface looser and more porous, but NaCO3 had the contrary effects, both such soil structures are not conducive to
microbial activity. Cottonseed addition could increase the number of microbial communities in saline-alkali soil compared with
conventional fertilization, the highest Shannon's index and the lowest Simpson's index for saline-alkali soil were obtained under
medium saline-alkali concentration, which indicated that microbial richness was the highest with cottonseed addition. The
microbial community under Saline treatment includes 10 phylums, of which the dominant is Proteobacteria, followed by
Actinomyces, Acid Bacillus, Bacillus monilia, Green Bending bacteria, Bacteroidetes, Nitrosospiro, Wartericobacter, Firmicutes.
In general, cottonseed addition to saline-alkali soil can improve the soil structure and increase the number of microbial
communities to a certain extent. Adding cottonseed under moderate saline-alkali condition results in the highest microbial
abundance in the soil, but there is no obvious difference in the predominant microbial phylum in saline-alkali soil.

Key words: Saline-alkali soil; Microbial diversity; Soil structure
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FITFAAEMER, HA R E YA SR AN R s
WA BT 25, FrLAEEhos ek R A h, 3
il - SREEHY LA 2RO T ARSI (o
CETE o ARURLE T SR A9 )™ Y RE R A6 7™ B 08 i i 49
AN, i TR R RE SRR A B, (B
N—RFT AR B, HSR e, AT ER
Bl AR A ML SRR ZE R AN E R, ok
LAt Tk L rh E M A A IR

PR L SR A AT Ry, R
Bk Pk, TR SR 47 1 L S AR R E Y
DAY, A SR A 8 75 fol A W 2B 5 A A AR
FEAT G B2 B W0, TGRS 1% 1 EER 85 R i il Ak
YiRh2e | BoE | AR B RE AR AL R E AN TR T AR IE
WIS R B MR DL o oA W i o3 A AR
Iy o AR T 220 R AT R AR B
HE S8 AT 52 ) - 98 AT 2R 45 A0 I R JROR ARG 2, it
T, S DA SR 45 K 1) s 2572 A SR R W T St
A WS SR, T LA R A LR 4 R AT R
AR ) A A AR LBl g7 5ok B Bl A ) A
BPE T HE AR R S B RS E PR BT LAt
— AR TE 53 A A KA B L et e P AR W i )
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AR WS SRR, I A A A R 2 A
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BB A WAL . JrfEifl, A SCR AR
FAERTEER I A P A WUV S5 I 2 BRI SR BES
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1 HREH%

1.1 HREEER

2016 AR T A o] F KR e B i s N A 7
(86°08' 20.72"E, 44°18' 42.37"'N), i#4K =5 )& 450.8 m,
R 6.5~7.2 C, 24 H BRI 2721 ~
2818 h, JoFGH] 147 ~ 191 d, 4FRERRHE 125.0 ~207.7 mm,
FEZE R 1000 ~ 1500 mm, J& IR R RES R, i
5 - AW B L, T EE I T A el A
BRI E SR w02 T 900 g/kg. #
£14E 105 g/kg TCEIR 9 289 g/kg KLY 6.0 g/kg,

Wl AR 0. BESr o 10,4, 2,06, 11.6., 4.0 g/kg.
1.2 Rt

HEAEY AR AL, FEIES R ET—4EH NaCl #1
NayCO; FhXHAR X St Ehfbab 2, i s
7 AREBRGER 1), ARAERERET— T R ARRG Y AU
T IR T B, B AT R E /N X T A 5 m?,
ANX TN 1.5 m, BRAMEBEEEE 3 Uk, 321 AKX,
IR R, — P AT, B
40+20+40, FEFE 40 cm, 17HE 20 em. &L BE. FPAE
eI 20:9:18 THREFIRTESIE — X MEEA . 4 H 30

H#&Fh, 10 A 2 B,

Fz1 RWEE
szl BRI
CK Rt N
LN NaCl4 g/kg + Hih1 1 500 kg/km?
MN NaCl 8 g/kg + A1 3 000 kg/km?
HN NaCl 12 g/kg + H 41 6 000 kg/km?
LA Na,CO; 4 g/kg + ik 1 500 kg/km?
MA Na,CO; 8 g/kg + HiAfi 3 000 kg/km?
HA Na,CO; 12 g/kg + #4116 000 kg/km?

1.3 HmRE

THRAER I 3 5RE 0 ~ 20 cm BHZ AR L
R, BAVNXCR 3 SRA, srbisy, —hE T AH
IR TIKGE S, Kbl RIS E TE T 80 C
TR VKA o T AR ) Z RE A — 0y i T2k
&b, A RIE N AR, T AR 2 R S A
FEL BRI A o 7 B i i e e rh R kot AN
LR, DImih T AR, U A SRS AT
BN, BRRF AR RS R AR S A RT3,
RIG KT BM s ~2 mm, 2 ~ 0.25 mm, <
0.25 mm 3 3 G Rk,
14 NEIBHREFE

TR 2Rt . 22T Tllumina HiSeq il -
£, FIFBCKR 50 77 (Paired-End) 19 /7%, MM R
B SCE AT Y o il ad X} Reads $f 4213 €,
OTUs(operational taxonomic units)%3s, FFHEITHF
TR S A BE 3 o

TIEHURES AR SIE S WSS . Tk,
S ER

2 HERESH

2.1 R ARRE T EE BT
R P ERAATE U A5 70 B P2, DR P SR A7)
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KA (>250 pm) FI A RAK (<250 pm)!'8), i fE +
S R B B o, N [RDRLER 1) T SR AATE B R R
WA AR, AR Z2 0N R AR HH AR AR 2 3 0 ) sk
- A W T Bl B AR W 04 e 45 38 A0 T 1 K A
Bk, Hk, AR RN =258 i LAY 45 Y
I, TR SR AR 2 1ok R AR T 2% FIABL AR 2R (1) G 5%
YEFTE BT,

2 2 AT HIRE A AL AM v B A 42 5 , R A0 B R /)N
HiAR(<0.25 mm) HIE LGS EA G BHiE 1 5
SEM [E1%(1 000 fi5) 0] LAE HY, IR IIARA A AL FEAH Hb
CK, THEmmZSL . RiEkiMARZMEEY T, it
TR A I 3254, AT R ph A AR R S A=
S I VE T T T Ui N R 25 3k BE/ NG
A HUTREES N A RAA  (A eI T, B B

R A E (4R i, /INVREAE I HL ) S R R, SOk
1£(2.00 ~ 5.00 mm) 3 L 2 T E S RALEAEY)
MRS R 2 ERT, LA 1) K AR Ty 1) e
A5, PN ERRERENE BT R, IR, Efl
TAE P BV P A 55 T B PR AR -3 5, FR AR
FRER AR X R g th 3R 3 ] IR L vk
JERY PR, B 43 pH, EC [HWpEZ 425, HE
FALBRAL Y pH X TR e, EC A M TR
BAL PR, B S A SRR RN R R IR TR
B S AN]SR R AR B 35 BT AN
) A8 PR o T 3 R b PR - SRS A A 5 AR AR £
LS R ) AR TR A K ) HERREE 5 kA T, Bl
FERRRAIX AT HLA 5T B Al A 0 6 50 0 3 D 4 1 e 4%
PR w] {0 - by & AE ey, BRI 25 /R 55 T

Fz2 0~20cm T EZRRHEED (%)

R CK LN MN HN LA MA HA
<0.25 mm 3.26 Ced 11.88 Ca 9.60 Bab 12.80 Ba 5.74 Cc 8.46 Bb 2.15Cd
0.25 ~2 mm 36.79 Bb 51.79 Aa 42.07 Ab 38.94 Aab 35.88 Bb 43.28 Ab 38.71 Bab
2.00 ~ 5.00 mm 59.31 Aa 3531 Be 47.33 Ab 47.89 Ab 57.74 Aa 47.69 Ab 58.34 Aa

T RPKE FREAE LR [ — AL B FIRAR 11 43 122 538 P<0.05 WEE/KF, /NG FREARRIFRIR ] — kA 13 1 43 LZEAS F)

RbFE] 22 53K P<0.05 B E K,

(A. B, C. D, E. F, G/3%I#/R CK, LN, MN, HN, LA, MA, HA 4t3)
E1 HIEFAEBEEEKRA 000 £5)
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*3 TiEpH. ECE

T H CK LN MN HN LA MA HA
PH 8.47d 8.64 cd 8.96 ¢ 8.70 cd 9.65b 9.60b 10.59 a
EC (uS/cm) 220.67 f 499.67 ¢ 1683.33a 1422.00b 555.00d 592.00d 732.50 ¢

T RPRATEGE/NG TR R SR AL B 25 53 1K 3] P<0.05 B3 KF

SALEINT T IR S BV E P S BB AR R 1 S 4Y
XFF MN | MA 4b P 4 585 A e AR B9V R A L
F LN. LA #l HN, HA b3 2 S AT + 345
22 TEEWMERFESH

TR E T I R W 0 A A R KR
FIFH A BRI, 3RS e 25 RA A AR 1 A K St
AR T HEE D AE R ACITST, B DA P il 2k
Faw o aT LR e — A X P SRR A A 3R BT R
FIFH 5 1]
2.2.1  TIEFAYZHEE T OTU R4y 25$i
TERTT, JBTERG R A FI R AR L 2=,
R TAEFHATH, NHAHE DRI R .
Fir, J@ L ordl AR IRE M F—hRa . AR AR AR
BEAKF-, XA RS T OTU Rilgy, —MEROLT,
WP H Z [ A & T 97% sin] IR B oh
—A~ OTU, 4~ OTU X F—FCEF]. hE
4 AT, 7 AAEERER SIS EITECH 2 234 1, B
THAAIT B OTU %, BEHIZER b I T # A A

[F] T HABAL LAY OTU 432, Hrbal LA B Eshn
FOR T BRI FEAR AT T CK AIfd OTU A4 8 ~
14 4>, [FHBMEY) Z R B, SRR IR
AT DA AR SRR ER BT T () - e A A T i A A
FEIG B 7 T 72 | (TR v v JBE T R Bl Ak 3R AR T
HH VR B ERIRAL BR ) OTU 02> 2 ~ 6 1

454 Alpha ZFEPESMHIIFE T YR R £
FEPEM G A fa B i Il . B L | i
KAE . e/ MA . 55 EDRIEAS BEE AR N A IR IS 1)
FEEMERENE2S . & 4 /8, Chaol Ml ACE 1§
BT LIE H, HN AbFEFI MA b3 Chaol #1 ACE #§
PO R, GO R, CK AR REYE F
AR, AR AR VS IR S AT mT e Ak 3
MR £ 5 A g, AN Simpson 1 Shannon &
BOTUE IRl RS Z R AN B
TCI LG IR R RO BT, Z FEVESEAT A 20 BT, 2
2, BE ERTLIE A MN, MA 203 R Pk i 20
PR -

x4 SHEMEHSZHE

Ab ¥ OTU ACE Chaol Simpson Shannon

CK 2200 2203.88 2214.25 0.004 6.59

LN 2214 2215.97 2217.88 0.004 6.62

MN 2212 2213.65 2214.65 0.003 6.67

HN 2210 2217.22 2235.83 0.004 6.61

LA 2210 2212.67 2214.04 0.004 6.60

MA 2214 2220.06 2 228.50 0.003 6.68

HA 2208 2213.05 2222.00 0.004 6.57
2.2.2 TIEANTEHEIE LR mE 2 PR, e 1000 — = — = = = = sUnknown
SCEEEGT 0.1% MMEEIRESHGIRAT s i B | : i | P
BRI, KRGS e AR L S B | Bl mmone
PALFERRFT AT ] (Acidobacteria) . JZEHR [ ](Actinoba- J‘T% ° Nitrospi‘r;]e
cteria) . FUFT R | ] (Bacteroidetes) . £8Z5 #i[ ] (Chloroflexi) | :Fé 40 I I I I I I I .gfﬁig}lgges
L] (Gemmatimonadetes) . A LI 1] 2 " Gemmatimonadetes

(Nitrospirae) . V&£ [ J(Planctomycetes), ZFIE R[]
(Proteobacteria) . PEi#F ] (Verrucomicrobia) . JEBER ]
FIHA— LR BR 3 2 5 T A S AN IRl e 2 rh
MBERHFLERBILET. RATHEIT . FRME

= Actinobacteria
, “ Proteobacteria

0 .
CK HA HN LA LN MA MN
Jb

2 FREANIETKF LR E R E AR
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Fz5 AEETIBEWEMRE LI (%)
i CK LN MN HN LA MA HA

FRATFEA ] 15 14 14 17 17 15 16

e 21 17 19 17 21 17 18
ZERMIETT 12 15 12 14 13 13 13
L] 33 34 36 33 30 35 34

PR AT ], 2 5 TPl B T 17 CK ke
HABALFRES R, Fon vl 3%, UERHERTRALBE TR O
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LB TV i 36 2 T CK, MIN Fll MA 2R3
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o i TR BRANAL BE R, AR AT 1 AR I
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PEBAAR BT A -3 X - 3932 B0 A A A B
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