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Effects of Cotton Stalk Returmng 051 Sonl Enzyme Actf(rlty and Bacterial Commumty

Structure Diversity in Cotton‘Fleld with Long-term Saline”Water Irrigation

ZHOU Yong xue, GHEN Jing, LT Yuan, HOU Zhen=an, MIN Wei=" :___.f !
(Key Ldbordtpry of Oasis Eco-Agriculture of Xinjiang Production and Construction Corps, College of Agriculture, Shihezi University, Shihezi 832003, China)

Abstract ;/ Long-term saline water irrigation will increase soil salinity, adversely affect soil physical and chemical properties, and change the diversity of soil bacteria. Straw
returning can improve the soil microenvironment and subsequently affect soil enzyme activity and bacterial community structure diversity. This experiment used two types of
irrigation water salinity; fresh water (FW, 0.35 dS+m™") and saline water (SW, 8.04 dS+m™"). Under each imigation water salinity, the amount of cotton straw applied
was 0 and 6 000 kg-hm =2 (represented by FWST and SWST, respectively). The results showed that: compared with those under fresh water irrigation, saline water irrigation
significantly increased the soil salt, hulk density, total carbon, and available phosphorus but significantly decreased available potassium content. Under saline water irrigation,
straw returning significantly increased the soil total carbon, total nitrogen, available potassium, and available phosphorus but reduced soil bulk density. Compared with those
under fresh water irrigation, soil sucrase, alkaline phosphatase, and catalase activities under saline water irrigation decreased by 57.24%, 35.15%, and 3.91%,
respectively, whereas urease activity increased by 26.73%. However, straw returning significantly increased sucrase, alkaline phosphatase, and catalase activities but
decreased urease activity. Saline water irrigation decreased the relative abundance of Acidobacteriota, Actinobacteriota, Bacteroidota, Verrucomicrobiota, and Firmicutes and
increased the abundance of Gemmatimonadota and Myxococcota. Under saline water irrigation, siraw returning significantly increased the relative abundance of
Actinobacteriota, Bacteroidetes, Firmicutes, Crenarchaeota, Sphingomonas, Dongia, and Steroidobacter. NMDS results also showed that saline water irrigation and straw
returning changed the bacterial community structure. In conclusion, straw returning can improve soil nutrient content, reduce soil bulk density and salinity, and then change
soil enzyme activity and bacterial community structure diversity. The change in soil bacterial community composition was mainly affected by soil salinity and bulk density.
Therefore, straw returning can improve soil fertility and help maintain the health of soil ecosystem. This study revealed a relationship between soil enzyme activities and
bacterial communities, which provides a theoretical basis and mechanism for applying cotton stalk to regulate the soil enzyme and micro-ecological environment.

Key words ; saline water; cotton; straw returning; soil enzyme activity; bacterial community structure diversity
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Table 2 Effects of returning straw on the a diversity of soil bacterial communities of cotton field under saline water irrigation

Kb ER OTUs ¥t H e Simpson $§%% Shannon 5 %4 Chaol ¥5%k ACE 5%

FW 3736ab 0.9817 0.9947 £0.0006a 9.2600 +0.1153b 2985. 14 £224.67a 3024.61 +215.25a
FWST 3911a 0.9790 0.9960 £0.000 1a 9.4193 +0.050 5ab 3 268. 87 +165.77a 3282.23 +128.99a
SW 3964a 0.9790 0.9960 £0.001 0a 9.5000 +0.091 4a 3 300. 73 +259.25a 3288.93 £198. 67a
SWST 3678b 0.9847 0.9963 £0.0006a 9.4757 +£0.1052a 2 847.30 £422.13a 2 853.78 +414.96a
v
IKERE(S) ns ns ns * ns ns
FEFF (ST) ns ns ns ns ns ns
ZEHAEH (S xST) # ns ns ns ns ns
1) A —FA ) B R AN R A 22 5 3K g K (P <0.05) 5 ns RARAEE; * FIR P <0.05
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f%ﬁ Al 'ﬁ: ~J ES j%: ‘@ﬁ/ Bl | —J ( Proteo ad%l% P——— ——| @ Bacteroidota
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:V«]{alji 79 ) E&FF[E [] ( Amdobacterlota) S -] Vcrrucomxicrabiola
. NE An — —— B Gemmatimonadota
fE713.27% ) . JZ T '] ( Actinobacteriota ) ( -3 = Crensrchacola
. 1 | J L n n n B Firmicutes
{EM11.77% ) HAEN EEI KT 10%, F34 4 B F 0 005 010 0 025 050 075 100 O others
N I uni frac i 2§ IR FHIRS
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. [/\ e . N o AR 2 -
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( Verrucomicrobiota ), % fl A W T[] Fig. 4 Analysis of NMDS and UPGMA cluster
( Gemmatimonadota ) ., 4 EK B '] Myxococcota . J5 B¥ in bacteria community
£3 FEALETIEFTEMAR TEMNBEEED /%
Table 3 Relative abundance of dominant bacterial phyla in soil under different treatments/%
, JGBL
CES FW FWST SW SWST
I 1] ( Proteobacteria) 19. 80¢ 26.38a 19. 60c 22.07b
BRAT 1] ( Acidobacteriota) 16.07a 14.02b 12. 77bc 10. 22¢
JULTH ] ( Actinobacteriota) 14. 54a 11.49b 9. 88¢ 11. 17b
425 17] ( Chloroflexi ) 4. 06b 3.53¢ 5.13a 5.16a
HFFIET] (Bacteroidota) 4.00b 4.29b 3.40c 5.36a
PEA ] ( Verrucomicrobiota ) 3.96a 3.18¢ 3. 17¢ 3.51b
ZESAFT ] ( Gemmatimonadota ) 1. 19¢ 1.62¢ 4.67a 3.68b
AEEREE ] ( Myxococcota) 2.42¢ 2. 66b 3.05a 2.96a
JEBER ] ( Firmicutes ) 2.61b 2.84a 2.24¢ 2. 60b
fiF =48] ( Nitrospirota) 2.16a 1.81b 1.3lc 1. 10¢
ZFH ] ( Gemmatimonadetes ) 0. 76b 0. 62b 1.36a 1. 12a
PFUFEE ] ( Planctomycetota ) 0.70b 0.63¢c 0. 84a 0. 60c
HoAth (others) 14.45 14. 88 18.94 15.99
ABAHIAN B ] (unidentified_Bacteria) 17.91a 16. 98a 18.89a 17.97a

1) A=A AR /NG TR 2 7m Ab B R) 22 5 38 5 2K F- (P < 0. 05)
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Fig. 5 Heatmap of dominant bacterial phyla in soil under different treatments

2.5 FEATI G A0 AR T 7K R R
T P X i 7 A P - 98 200 T i 7K AR

FRE AR ULIEL 6. T i A1) HE R AR AT A% Ak B A 4
ity R 2R B AR AR S BE R R BT 10 DR R e



2198 2N ¥ 43 %

6 T JE I F A X BE > 1%, o5 FE S ST 51 100

14. 08% (12.38% ~ 15. 69% ) . V- H5 AR T 2 BE 5 15 14 f A“”‘”W

6 I8 43 1 g RBAI (6.01%) . 5 1% # I 14 Jk 0 e p—

( Sphingomonas ) (1.80% ). . fif fk ¥ Ji€ i J& [ Subgroup 10

( Nitrosospira ) ( 1.74% ). Hr 5% /R = K FH & % 60 8 MNDI

( Skermanella) (1.63% ) . Dongia J& (1.54% ) Fll12& g ::;T:iﬂbamr

BSR4 J8 ( Steroidobacter) (1. 31% ) . Ho¥k Sy MNDI & a S e

(0.92%) . Subgroup _ 10 ( 0.87%). UTCFXI . O Mirosopia

(0.59% ) FIA BN )& ( Acinetobacter) (0.29% ) . ﬂﬂ ::;:4;2
TEWE K B ARG FFA0 H R 58 3 E A0 & AR .

XEEAHEZER (K 7). 5 FW 43 K, SW 4b o ek S SeRT
}EE%B&{E& RB41 . Skermanella . MNDI . %‘ﬁ*?% E6 AEIETEMAREBEEBKENENEE
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Fig. 7 Cluster heat map of soil bacterial community at genus level
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Table 4  Correlation between bacterial dominant phyla and soil enzyme activity

AN R 2R INV URE CAT ALP

RBA41 0.639* -0.471 0.519 0.075

NG A TR S ( Sphingomonas) -0.270 0.028 0.051 0.637"
YA F S ( Nitrosospira) 0. 344 0.687 " 0.048 -0. 587—
Wi s IR 2 [C T ( Skermanella) 0.352 -0.932 -0, 488 %
Dongia -0.410 -0.566 | ' 0. 049 o,-si'é e
2 [E AT T J& ( Steroidobacter) 0. 747 ** 0. 354 ' —0.466 0. 185
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Fig. 8 RDA analysis of soil bacterial communities and soil environmental factors
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