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YANG Jlan qlang ,,.-DIAO Hua-jie>>* | HU Shu )a , CHEN Xiao-] pgpg , WANG Chang-hui****

(L. College of! Life Sciencesy, Shanxi Agricultural University, Taigu 030801, Chlna, 2. College of Grassland Science, Shanxi Agricultural University, Taigu 030801, China;
3. State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China; 4. Youyu Loess Plateau
Grassland Ecosystem Research Station, Youyu 037200, China; 5. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Soil microbial composition and community structure in salinization grassland are substantially different from those of non-saline-alkaline natural grassland due to the
lower soil nutrients, inferior natural conditions, and higher soil salinization stress. Nitrogen (N) and phosphorus (P) are main factors that limit the productivity in semi-arid
grassland, and whether soil microorganisms are affected by the addition of N and P in nutrient limitation and salinization grassland is still unclear. This experiment was
conducted in Youyu Loess Plateau Grassland Ecosystem Research Station, Shanxi Province. Four treatments were set in 2017, which included the control (CK), N addition
(N), P addition (P), and N and P addition (NP). The ammonia-oxidizing microorganisms [ i. e., ammonia-oxidizing bacteria (AOB) and ammonia-oxidizing archaea
(AOA) ], soil bacteria (B) and fungi (F) composition, and soil microhial hiomass carhon and nitrogen ( MBC and MBN, respectively) , as well as soil pH and base cations,
were measured during the growing season in 2020. Our results showed that; (D) the sampling month had the main effect on soil ammonia-oxidizing microorganisms , soil bacterial
and fungal composition, and microbial biomass, which were regulated by precipitation distribution, soil water content, and plant factors. @) Compared with that under the
control, the ratio of AOA/AOB was significantly decreased by 51% under N addition, whereas P addition had no significant effect on soil microbial characteristics ( ammonia-
oxidizing microorganisms, bacterial and fungal composition, and microbial biomass). However, the NP treatment significantly increased AOB by 64. 1% and decreased the
ratio of AOA/AOB by 59. 6% . (3 Single addition of N and P had no significant effect on soil pH, whereas the simultaneous addition of N and P significantly reduced soil pH.
Though N and P additions had no significant effect on soil base cations, structural equation models (SEM) showed that soil base cations had a direct regulatory effect on soil
microorganisms ( bacterial and fungal composition). @ Soil water content had the highest explanatory power for the variation in soil microorganisms hased on the results of the
SEM. In conclusion, our study shows that soil AOB is more sensitive to nutrient addition, and short-term nutrient addition could increase the abundance of AOB, thus
promoting nutrient transformation.

Key words: saline-alkaline grassland; nitrogen and phosphorus addition; ammonia-oxidizing microorganisms; bacteria; fungi
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Fig. 1 Seasonal dynamics of atmospheric temperature, precipitation, and soil moisture in 2020
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s %iﬁglﬂ %i%éﬂ)ﬂ@ AOA/AOB '(HHBE; ;i‘f' B/F Mﬁfﬁiw Mﬁfﬁiﬁ MBC/MBN
) (D) 6.85 " 4.52* 8. 73 6.30 12,5 19. 5" 3.89 ™ 11,4 14,0
R (N) 0.01 2.40 17.1* 0.29 0.29 0.06 0.27 0.01 0.28
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NxP 0.18 0. 06 0. 00 0.12 0.27 0.11 0. 64 1.83 0. 00
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1) BRI ZR 5 250 A N 2 5 Hea ke BRAS [) Ak 3L 2 i)
XTARTA | EL B A B R I TE R e (P >
0.05) NAEAEKRIESZN S ALMEEXLR(P<
0.05,F 4(c)F1d(e)].
2.4 A BRSSO ERE L 1% MBC FT MBN (1)
A

SRAFEIN E] 5 3 52 ) 1+ 3 MBC, MBN 2 H U (E
(P<0.01,% 1). ZMBERET A MALEET 8 J £13
1) MBC & TR (P <0.05, K 5). =& 2

TR A BRI A B AR R X MBC Fll MBN



6062 A 0%
4E+08 IE+08
(a) —e— CK (b) l
_ 3E+08 _ 2EH0B L
o A
£ 2E+08 & B8 |
3 3
< 1E+08 < sEs07 |
4E+07 2E+07
(d) b
— 3E+07 ~ 2E407 | l
0 0 ab
5 ; ab
g 2E407 g 107 |
= o
: - :
1E+H07 SE+H06 |
80
(f)
a
60 a
m ox]
g ¢
< = 40 |
Q =} b
< - b
20 ﬁ
0
CK N P NP
AEFE
4 o [
x‘f ﬁﬁ%‘@(P<O 05 %upg‘g Bi) P o { PSR a:gl
i MEMEROEBHE iE ' . &
'_F,,.! | Hll{ﬁ L'_Flg 3 Seasonal an& i e?é ual rzfa ! alues of soil AOA andAOBZin saline- aﬂ{‘lsne gl}assland Y ﬁ“
- 4 I = | i [ Vs A
P 1E+10
IE+HO | () —®— CK ™7 (b)
B SE+09
ey BE+09 T
B 8 GE+09
§ 6E109 g
] = AEH09 |
4E+09 2E+09 |
2.5E+08
6E+08 d
: (c)
g N _ 20E+08 |
7 AE+08 »
Ié‘" IE408 5‘-?,5}54'08 -
P 2E+08 &
e 1E+08 |
1E+08 T I
160 t : 120
140 100 - ®
120
w100 " 80 |-
= 80 < 60 |-
60 40
40
0 L L 0
8 9 CK N P NP

At

i

s L s 43 I IR AHDCHE 2 (P <0. 05 A1 P <0.001)
E T IEARMETEENSZT TSR ERNE

Fig. 4 Seasonal and interannual mean abundance of the bacteria and fungi in saline-alkaline grassland



12 s A . BB AN ER T L - SR WPRR AR B 5 6063

140 100
120 (b)
80 |
T 100 T
=1 =]
E £
g 0} 2 40|
= 40t &
20 or
0 0
(d)
40 |-
- 60 | - )
2 2 T
=) g 30 [
E £
= s 20 |
20 10 -
0 1 ' 1 1 0
@ T
_*_ -
6 r
z z 3r
) )
s Ll s
& 2 2r
= =
2 F 1
0 0
CK N P NP
H l'ﬂ‘ Ak B
- *ﬁl s ﬁ%lliéfﬁﬁ‘ FEE(P <0.05 HJP<0 01, i ¥ y. ') |
1 J Es 1&.‘?-5;&‘:!: UF G eIl T wm*ziﬂa BREES . B~ 4
= ';"’- ..” Pla 5 Seasonal arid irife annual mea,n Va.k:les of soil MBC and MB'N ;} sahne-—alka}me grassland &
%ﬁ%?ﬁ"ﬁ(F > 0705 K1), .y /%%%Hmrﬁifﬁ%émlilﬂﬁﬂirIE*ﬁ?@(P <0. Of%@

2.5 iﬂﬁ;ﬂ@%’%ﬂ CR: 787 l%‘ﬁﬁaéf% J2). I 6T, R T -V A G/ NER: {7 G/
‘ 'ii;ga 7KE%AOA\2HEIE5| B/F,\,,MBC’*D MBM Yy T 240 T L T A ) 72 S R AR DG IR - ) e e T
Iiﬁﬁﬁa@é?w <0.05,%2). FHESEE LR 50%. 39% M 75% ; A BRI EHES A TR AL
B F 5 AOA A1 . B/F B 5310 1F AH 3 6 & WA 5 R AR LB B A L, 358 pH (B A:
(P<0.05,%2). -4 pH 5 +HRUEYRIERAT  WIITRREAE FARXT R DN s 88 S /K o B 4 52 A )
WEERACH: (P >0.05,% 2). #h BRI ™ 71 AR K A ek R BH B 4 .

®2 TIEFEYHESEXEFREREBEXME

Table 2 Pearson correlation between soil microorganisms and related factors

AOA  IE HH MBC HEfKE L , #l
AOA  AOB W08 () (F? B/F MBC ~ MBN BN (s) it Ca*  K* MZ* Nat JREW e
AOB 0.18
AOA/AOB 0.2 -0.37
i (B) 0.76 0.38 0.13
HEF(F) 0.38 0.3 -0.09 0.33
B/F 0.53* 0.06 0.21 0.5 -0.37
MBC 0.42%  0.49%-0.10  0.65* 0.27 0.25
MBN 0.37  0.43* 023 056 034 022 0&*
MBC/MBN -0.06 -0.03 -0.30 -0.08 -0.03 -0.02 030  -0.38
THAKE(SM) 058 0.05 036 0.75% 0.14 0.68* 0.42* 047" -0.14
+3 pH -0.23 -0.34 018 -0.19 -0.31 0.08 -0.08 -0.19 0.19  0.02
Ca2* 0.55* -0.02 0.18 0.45* -0.23 0.56™ 0.3 0.18 0.06 0.4  0.02
K* -0.27 027 -0.01 -0.06 -0.07 -0.26 -0.12 0.08 -0.21 -0.28 -0.26 -0.01
Mg? -0.03 -0.25 0.49* 028 -0.29 0.3 012 0.2 -0.11  0.51* 0.5* 019 -0.20
Na* 0.41* -0.17 0.34 0.46* -0.08 0.51* 0.17 0.22 -0.11 075" 026  0.51* -0.34 0.56*
% 0.5 0.12 0.07 0.5 -0.16 0.75° 0.19 0.13 -0.16  0.59™ -0.20  0.45* -0.15-0.03  0.30
A 0.28 023 -0.31  0.42* 008 022 006 -0.07 -0.04 010 -0.36 012 0.25-0.03 -0.06 0.32
W 0.30  0.04 000 0.60** 023 030 035 0.26 -0.16 0.62™ -0.12 008 -0.06 0.28  0.26 0.47* 0.38

1) * H = SR A et (P <0. 05 1 P <0.01)
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