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Abstract:  Objective Low phosphorus (P) availability limits the increase in the productive capacity of acidic soils. The bacteria
phoC and phoD genes encode acid and alkaline phosphatase (ACP and ALP), respectively, which mineralize organic phosphorus
(P) to inorganic P, are affected differently under different fertilization regimes. However, the combined responses of
phosphorus-solubilizing microorganisms (PSM) to fertilization strategies and the rhizosphere effect are still unclear. Method In
this study, it was evaluated the response of maize to the interaction of different nitrogen forms (ammonium nitrogen and nitrate
nitrogen) and phosphate fertilizer levels. The phoC and phoD genes, separately coding for acid and alkaline phosphatase
productions, were used as molecular markers to investigate the effects of fertilization strategies and rhizosphere effect on soil
phosphatase activities and associated functional microbial communities in acidic soil. ~ Result The rhizosphere effect
significantly increased soil phosphatase activities in the rhizosphere. ALP activities in the rhizosphere under nitrate-nitrogen
treatment were lower than in the corresponding ammonium nitrogen treatment. Also, the strength of the rhizosphere effect was
greater than that of nitrogen forms and phosphate fertilizer levels. Nitrogen forms, phosphate fertilizer levels and rhizosphere
effect all significantly affected the operational taxonomic units (OTU) number and Shannon index of phoD-harboring bacteria,
but only nitrogen forms and rhizosphere effect affected the OTU number of phoC-harboring bacteria. Principal coordinate
analysis (PCoA) and PERMANOVA analysis showed that the rhizosphere effect exhibited more influence on the phoC-and
phoD-harboring bacterial community composition than nitrogen forms and phosphate fertilizer levels, with more effects on the
phoD-harboring bacterial community. The stimulation of soil phosphatase activities in the rhizosphere was closely related to the
increase in soil organic matter. Additionally, changes in the composition and structure of phoC-harboring bacterial community
were mainly related to the changes in rhizosphere nutrients, while the changes of phoD-harboring bacterial community structure
may be attributed to combined effects of root exudates and nutrient changes.  Conclusion The rhizosphere showed more
influence on soil phosphatase activities and associated functional bacterial communities than nitrogen forms and phosphate

fertilizer levels in acidic soil. However, the strength of the effect strongly relied on the fertilization strategies.

Key words: Acidic red soil; Fertilization strategies; Rhizosphere effect; Phosphorus-solubilizing bacteria; Phosphatase activity
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Table 1 Maize biomass and the content of N, P, K in maize shoots under nitrogen forms and phosphorus fertilizer levels

- i A R A Y A= Ty B f
B
Shoot biomass Root biomass N content P content K content
Treatment
/ (gpot™") / (gpot!) / (mg-g") / (mg-g") / (mg-g")
NH,4-PO 6.27+0.57¢ 2.68 £ 0.16¢ 7.18 £ 0.92ab 1.70 £ 0.15b 17.17+3.01a
NH,4-P100 7.37+0.16¢ 3.87 £ 0.2ab 792+ 147a 2.87 +£0.54a 16.43 + 0.82a
NOs-PO 10.45 £0.97b 3.61+0.37b 6.62 + 1.05ab 1.34 + 0.09b 19.52 + 1.25a
NO;-P100 14.05 + 1.68a 434 +0.63a 547+ 1.48b 1.55+0.44b 18.51 +£2.96a

W NHe-PO: S EAMBE; NH-P100: #SAEHAL; NO;-PO: WAAANMME; NO;-P100: THSEM., FHE A FEY
i = FrUEZ(n =4). FFIA R /NG F0EF R Uit 0 AL PR E] 22 73k P<0.05 i 2 7KF . T [\ . Note : NH4-P0 : ammonium nitrogen without

phosphorus fertilizer; NH4-P100: ammonium nitrogen with phosphorus fertilizer; NO;-PO: nitrate nitrogen without phosphorus fertilizer;

NO;-P100: nitrate nitrogen with phosphorus fertilizer. The values are the mean = SD (n =4 ) . Different letters followed by values within each

column indicate a significant difference among different treatments ( P < 0.05) . The same below.
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Table 2 Soil physicochemical characteristics in the bulk and rhizosphere soils of maize under different nitrogen forms and phosphorus
fertilizer levels

fb B BURE AL A

pH TN/ (gkg!) TP/ (gkg') TK/ (gkg!') SOM/ (gkg™!)
Treatment  Sampling site
JEAR R 4.23 +0.05b 0.77 +0.02a 0.38 +0.03¢c 10.79 £ 0.17a 8.93 + 1.92b
NH,-P0
LiE]oN 423 +0.02b 0.72+0.01a 0.36 +0.02¢ 10.84 +0.19a 10.68 + 0.41b
JEAR PR 4.23 +0.05b 0.74 + 0.02a 0.48 +0.01b* 10.84 = 0.19a 9.87 + 0.66a
NH,-P100 B
LiELN 4.22 +0.04b 0.76 + 0.08a 0.42 +0.02b 10.64 + 0.30a 11.33 + 0.33a*
JEMR PR 4.46 + 0.05a 0.70 + 0.04b 0.36 +0.02¢ 10.99 + 0.23a* 9.52+0.21ab
NO;-PO -
LiE]N 4.64+0.23a 0.74 £ 0.02a 0.36 +0.02¢ 10.59 + 0.00a 10.86 + 0.39ab*
JEMR PR 439+ 0.04a 0.70 + 0.03b 0.53 +0.05a 10.84 +0.19a 10.98 + 0.38a
NO;-P100 -
LiELN 4.52+0.16a 0.73 £ 0.05a 0.51 +0.06a 10.64 +0.10a 11.71 + 1.82a
N: P=0.000, P: P= N: P=0.034, P: P= N: P=0.010, P: P= N: P=0.853, P. P= N: P=0.385, P: P=
0.205, R: P=0.052, 0.925, R: P=0.489, 0.000, R: P=0.031, 0.359, R: P=0.010, 0.050, R: P=0.000,
EUSEwiE=3 i

N xP: P=0.255, NxP: P=0.690, Nx P: P=0.001, N xP: P=0.836, N xP: P=0.847,
Three-way analysis of
N xR: P=0.039, N xR: P=0.061, N xR: P=0.291, N xR: P=0.105, N xR: P=0.933,
variance statistic
PxR: P=0.726, P xR: P=0.340, PxR: P=0.180, PxR: P=0.839, PxR: P=0.951,

NxPxR: P=0.776 N xPxR: P=0.212 NxPxR: P=0.724 N xPxR: P=0.109 N xP xR: P=0.635

b3 B

NH,-N/ (mgkg') NO,-N/ (mgkg') AP/ (mg'kg") Ak/ (mgkg™')
Treatment  Sampling site
JER R 60.39 £ 12.07a* 16.26 + 5.37b 2.54+0.26¢ 228.40 + 7.54a*
NH,-P0
it 13.68 £ 5.41a 20.29 +9.29b 1.96 £ 0.19¢ 118.08 + 13.27a
JER B 23.47 £ 2.35bc* 13.95+2.38b 18.82 + 1.96b 226.80 + 7.65a*
NH,-P100 -
it 8.78 + 1.42bc 14.58 + 0.44b 16.26 +2.62b 109.69 + 8.36ab
JER B 13.17 £ 5.53cd 28.44 + 19.86b 3.13+£0.57¢c 204.02 + 7.94b*
NO;-PO -
it 556+ 1.51¢ 40.51 + 19.80a 2.43 +0.22¢ 109.29 + 12.82ab
JER B 11.53 +5.51d 62.04 + 13.05a* 28.08 + 4.48a* 217.61 + 6.19a*
NOs-P100 )
LisdiN 9.86 + 3.23bc 17.93 + 12.96b 20.28 + 2.86a 95.30 + 10.36¢
N: P=0.000, P: P= N: P=0.000, P: P= N: P=0.000, P: P= N: P=0.000, P: P=
0.000, R: P=0.000, 0.867, R: P=0.134, 0.000, R: P=0.001, 0.451, R: P=0.000,
=HE 200
N x P: P=0.000, N xP: P=0.291, NxP: P=0.001, N x P: P=0.486,
Three-way analysis of
NxR: P=0.000, NxR:; P=0.048, N xR: P=0.100, N xR: P=0.451,

variance statistic
PxR: P=0.000, PxR: P=0.002, PxR: P=0.008, PxR: P=0.018,

N xPxR: P=0.003 N xPxR:P=0.006, NxPxR: P=0.116 NxPxR: P=0.138

E: TN: 2% ; TP: &#f; TK: 28 SOM: AHLB; NH,-N: &% ; NO:-N: WA ; AP: AABE; AK: HAH. [
HNANE) /NG B3R 7R AR MR BR SO BRRE il A8 DO AN AL B R] 25 Rk P<0.05 1 KOF o 3R [A]— > Ab B AR AR BR AR BRst i ] 22 535
P<0.05 . E K. N: BIEL; P BEAEKF; R: #RBRZV . F Al Note: TN: total nitrogen; TP: total phosphorus; TK: total potassium;
SOM: soil organic matter; NH,'-N: ammonium nitrogen; NO,-N: nitrate nitrogen; AP: available phosphorus; AK: available potassium.

Different letters followed by values within each column indicate significant a difference among different treatments for bulk or rhizosphere
soil samples ( P<0.05) . * indicates a significant difference between bulk and rhizosphere soil samples under the same treatment. N: nitrogen

form; P: phosphorus fertilizer levels; R: rhizosphere effect. The same below.
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The same below.

K1 AFREEE SR BT AEARER AR PR LSRR IR NS (a) FIBPERERRAE (b) &1
Activities of acid phosphatase (a) and alkaline phosphatase (b ) of bulk and rhizosphere soils under different nitrogen forms and

phosphorus fertilizer levels

Fig. 1
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AW (P<0.05) W 7w EAKEE (Klebsiella)
PRI ERE . ARBRVER &M T A phoD 4HBATE
PR ARXS B, TR L X BT E ( Collimonas ),
AR BRAY 7.84%~ 10.92%4 1 ZE AR BREY 48.76% ~
86.78%. #Rifi, HAth phoD P H R AEAR PRI
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(&l 2a FIEl 2¢ ); ZUEA L BEALIKSF FIAR BrRAE 35
# (P<0.05) ST phoD 4T OTU %t H A4 $5
(& 2b A 2d ). BEAEAL BE R PR phoC 4HH OTU
BH BERTIARPR, MR phoD 4 OTU #(H
FERTA LB P 8 2 m THEMRPR . BRT NHe-PO 4t
AL, HEREARPR phoD 41 TR A AR 48 5034 WE LT
HRPR
2.4 phoC 1 phoD HE B X AR

K H PCoA AIHAL T phoC Fl phoD T ETS
AR 25 (] 2e FIE 2f), phoC F phoD 41 BETE
TE AR AR bR A1 AR BRAE i b B2 4391 . PERMANOVA
SR, WERER W T phoC Fl phoD 4
BREVE AL, Hoh X phoD A EREVE ( F=17.358,
P=0.001) BIVEHSREE ™ T phoC MBI (F=
1.906, P=0.003; £ 4), RILERZE (P<0.05) ¥
e T phoD M HFELARL, HIEARFEW phoC HH
BEVE s BERE KSR T phoC Fl phoD 4N FEVE

AR o A A IE &b 3 NH,-PO I NO3-PO R BR phoC
YT BETE AR % ( P<0.05) AR TIAEMRER ; phoD
I TR B V& 2 B AE T A Ak B AR AR PR 5 R B AR A () 1
ZREE (P<0.05). AIEERFE (P<0.05) N
TARBR phoD 4 B HETE ALY
2.5 WEEAEEIEE. phoC F0 phoD WHEBEE S 1M
AR S T IEBHEROHERE
FHCHE BT 7, Wl R 05 2 A G T e 4 A
fvg OTU #H 5 A ML W% (P<0.05) IEAH
K, 5 SR B (P<0.05) fAHX
(£ 5). IAbh, phoC 4l OTU %t H 5 435 pH 3%
IEAHXG . phoD MR B AAEE S I | BAR
M B EA DG, 514 pH A HL W A
Ko BRI, phoC AR B AAGE S HIEIALIA 7T
EVEME . phoC F1 phoD YN HETR 4 LS5 5 AL
HREARDE, T H phoD HMEBEESE M 54 LM
B R EAOG

®3 FRAMSSHLKTLE T IERIRFIRR R IALE phoC 70 phoD MEE (I FEE>1%) HHENFEE

Table 3 The relative abundances of dominant psoC- and phoD-genera (> 1%) in bulk and rhizosphere soils under different nitrogen forms and
phosphorus fertilizer levels/%

Lb HUREAL A3 B T IR SR R R B R
Treatment Sampling site Cupriavidus Stenotrophomonas Klebsiella Xanthomonas
phoC 4T NH,-PO JEHL PR 54.73 +38.18a 8.47 £ 13.14a 2.09 + 4.06a 0.73+ 1.41a
phoC-harboring HBR 35.83+21.23a 1532 £ 19.84a 0.04+0.01a 2.34+4.16a
bacteria 1y proo e AER 70.70 + 32.83a 728+ 11.16a 0.03+0.01a 0.01=0.0la
il 54.18 + 36.38a 1.89£2.02a 0.69 + 1.28a 0.08 + 0.02a
NO;-P0O e PR 45.78 +39.04a 4.17+7.63a 1.88 + 3.69a 3.30 + 6.45a
R 48.90 + 4.49a 3.00+2.73a 10.17 + 11.41a 2.07+3.58a
NO;-P100  dEMRER 21.12+25.81a 578 +11.01a 1.08+2.10a 0.06 + 0.03a
9N 42.60 +29.92a 1.33+1.75a 10.54 £ 9.60a 7.36 + 14.28a
=ER I 255 N: P=0.259, N: P=0.221, N: P=0.016, N: P=0.198,
Three-way analysis of P: P=0912, P: P=0.334, P. P=0.821, P: P=0.939,
variance statistic R: P=0.361, R: P=0.782, R: P=0.053, R: P=0.804,
N x P: P=0.552, N xP: P=0.337, N xP: P=0.904, Nx P: P=0.143,
N xR: P=0.604, N xR: P=0.638, NxR: P=0.026, N xR: P=0.176,
P xR: P=0.410, PxR: P=0.307, P xR: P=0.635, PxR: P=0.634,

N xPxR: P=0.238

N xPxR: P=0.552

N xPxR: P=0.851

NxPxR: P=0.714
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fib HUREAL AR L IX] B i B ) BT R 12N R i B B )
Treatment Sampling site Collimonas Streptomyces Bradyrhizobium Pseudomonas
phoD # NH,-PO e PR 8.30 + 4.60a 29.07 + 4.18a* 11.99 + 1.88b 16.72 + 6.45a
phoD-harboring M BR 48.76 + 10.16b* 14.41 + 4.19a 10.56 + 4.58a 11.46 £ 5.32a
bacteria 1y proo  dEARER 10.92+5.91a 20.82 £ 6.35a 24.30 + 2.30a* 16.65 = 5.14a*
isdiz 55.02 + 7.45 b* 11.28 + 1.92ab 10.72 £3.57a 8.06+1.11a
NO;-P0O e bR 7.84 +3.02a 28.89 + 17.78a 19.35+ 12.51ab 7.09 + 5.55ab
HRBR 86.78 + 6.19a* 5.06 +2.84c 2.72+0.97b 0.92 £ 0.35b
NO;-P100  HEARFR 9.27+3.49a 31.25 + 8.38a* 15.92 + 7.37ab* 5.77 £ 6.92b
PR 78.39 + 4.92a* 8.67 + 2.84bc 4.62+£2.26b 1.62 +0.52b
=ERE T 2507 N: P=0.000, N: P=0.877, N: P=0.076, N: P=0.000,
Three-way analysis of P. P=0.826, P: P=0.627, P: P=0.187, P: P=0.544,
variance statistic R: P=0.000, R: P=0.000, R: P=0.000, R: P=0.001,
N xP: P=0.079, N xP. P=0.127, N x P: P=0.095, N xP: P=0.673,
N xR: P=0.000, N xR: P=0.054, N xR: P=0.122, N xR: P=0.599,
P xR: P=0.483, P xR: P=0.568, P xR: P=0.405, P xR: P=0.846,
NxPxR: P=0.133 NxPxR: P=0.728 NxPxR: P=0.040 NxPxR: P=0.429
fib HUREZ AL TR AEFFREIE Ve N
Pleomorphomonas
Treatment Sampling site Gemmatimonas Rubrobacter Saccharopolyspora
phoD 4T NH,-P0O e bR 7.58 + 3.64a 12.14+ 8.32a 4.45 £ 3.00ab 447 +6.42a
phoD-harboring HRBR 2.64 + 1.35b 2.57 + 1.61ab 410£271a 1.24 +£0.79
bacteria 1y P00 ARAER 9.41 + 6.02a 5.46+5.33a 0.30 + 0.38b 3.85+2.67a
9N 3.90 £ 4.83a 2.81+1.15a 1.67 £ 1.04b 1.31+0.87a
NO;-PO FEAR B 423 +231a* 9.11 £9.70a 8.45 £ 5.34a* 4.66 + 7.46a
PR 0.34 +0.12ab 0.50 +0.55¢ 0.18 £ 0.10b 0.17 + 0.08b
NO;-P100  JEMRBR 9.83 + 1.37a* 4.81+3.93a 9.08 + 6.83a 3.34+3.84a
il 0.82 + 0.26a 1.11 £ 0.53bc 0.28 +0.12b 0.29+0.12b
ZRE I 250 N: P=0.079, N: P=0.316, N: P=0.134, N: P=0.663,
Three-way analysis of P: P=0.054, P: P=0.176, P: P=0.235, P: P=0.753,
variance statistic R: P=0.000, R: P=0.003, R: P=0.003, R: P=0.023,

NxP: P=0.514,
N xR: P=0.592,
PxR: P=0.221,

N xPxR: P=0.326

NxP: P=0.709,
N xR: P=0.988,
PxR: P=0.118,

N xPxR: P=0.784

N xP: P=0.142,
N xR: P=0.001,
PxR: P=0.808,

N xPxR: P=0.645

N xP: P=0.908,
N xR: P=0.752,
PxR: P=0.701,

N xPxR: P=0.893
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a) 1807N: P=0.000 P: P=0.131 R: P=0.000 A b) 300 1 N: P=0.003 P: P=0.024 R: P=0.000 _

NxP: P=0.706 NxR: P=0.397 I (AR Bulk A NxP: P=0.978 NxR: P=0.519 I FARFS Bulk
R 150 P*R: P=0320 NxPxR: P=0.722 [ Hdls Rhizosphere 2 PxR: P=0.432 NxPxR: P=0.067  [__] #}x Rhizosphere
1 a 400 a ex @
LS a * a S wk *% q
5 120 3 )

g a ) ab £ 300 *
= Hk
o g ¥ = a

a
@) o a
m b 7%? 200 a
E e S
= =
° 2 100
Q30 @
S g,
NH,-P0 NH,-P100  NO,-P0 NO,-P100 NH,-P0 NH,-P100 NO,-P0 NO,-P100
AbFH Treatment AbFH Treatment
©) 3.0 N: P=0.107 P: P=0.053 R: P=0.083 - 9 N: P=0.000 P: P=0.024 R: P=0.000 ,

; NxP: P=0.824 NxR: P=0.134 I i Bulk NxP: P=0.012 NxR: P=0.000 I IR Bulk
2 PxR: P=0.584 NxPxR: P=0.814 @[] Hiii Rhizosphere o 4 [PxR: P=0.440 NxPxR: P=0.026  [__] #ilhsi Rhizosphere
i 2.5 a RS ab a a b
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» ab 5 a b sx
2 20 5 st
£ = a g 3
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< . <
17} a = 2r
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v .
0.4 v o A A pho 0o 0% pho
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% 0o ° =
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2 00y =, *BNHP0  £-02| = B-NH,-PO
< 0 ®B-NHPI00 < © B-NH,-P100
S o o oo ABNOPO QO 4 B-NO,-P0
o ¥ BNOP100 o4 L7 BNO-P100
4 © O R-NH,-P0 V7 I gR-NH,-P0
04l ® v 0 R-NH,-P100 o R-NH,-P100
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PCoAl (14.24%)

PCoAl (39.24%)

T SO CRIERBR AP L. B: dEMRER: R: MRPR: NH.: BRI NOs: BARN: Po: AMHEL: P100:
JiiBEAE . R IAl . Note: The solid and hollow dots represent the bulk and rhizosphere soil samples, respectively. B: bulk soil; R: rhizosphere

soil; NH,: ammonium fertilizers; NOs: nitrate fertilizer; PO: without phosphorus fertilizer input; P100: with phosphorus fertilizer input.

The same below.

K’ 2

FEES I phoC (e ) F phoD (f) ZHEHEVE 10 FEALFR 30T (PCoA )
Fig.2 phoC-(a, ¢ )and phoD-(b, d )bacterial a-diversity of bulk and rhizosphere soils under different nitrogen forms and P fertilization treatments;

ARV FIEA GHEIE AL 3R HERR PR MR BRAE S phoC (a, ¢) Fl phoD (b, d) M a ZFEHEFIEET Bray-Curtis

Principal coordinate analysis ( PCoA ) of phoC- (¢ ) and phoD- ( f) bacterial communities under different nitrogen forms and P fertilizer levels
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x4 TEAFESSHEKTZLE TIERIRIRER phoC 51 phoD MEEHSZAB M ERZ THES T (PERMANOVA)

Table 4 PERMANOVA (global test and pairwise comparison) analysis of phoC- and phoD-bacterial community compositions under different
nitrogen forms and phosphorus fertilizer levels

. . FALIIFSEES AR5 HT Global test 43943 Hr Pairwise comparison
PeR/IPS i
. . Influencing
Microbial group F R P 2051 Group F R P
factor
phoC A1 E B 1.906 0.060 0.003 NH,-PO (BvsR) 1.476 0.197 0.045
phoC-harboring  Rhizosphere NH,-P100 (BvsR) 1.260 0.174 0.155
bacteria
NO;-PO (BvsR) 1.698 0.221 0.029
NO;-P100 (BvsR) 1.577 0.208 0.095
A 1.238 0.039 0.153 B-PO ( NH, vs NO; ) 1.226 0.170 0.224
Nitrogen form B-P100 ( NH, vs NO; ) 1.247 0.172 0.156
R-PO ( NH, vs NO; ) 1.133 0.159 0.244
R-P100 ( NH,4 vs NO;) 1.382 0.187 0.135
B KSR 0.607 0.019 0.985 B-NH, (P0 vs P100 ) 0.940 0.135 0.580
Phosphorus B-NO; (P0 vs P100 ) 1.024 0.146 0.396
fertilizer levels
R-NH, (P0 vs P100 ) 0.918 0.133 0.608
R-NO; (PO vs P100) 0.499 0.077 0.912
phoD 4 B 17.358 0.349 0.001 NH,-PO (BvsR) 3.965 0.398 0.034
phoD-harboring  Rhizosphere NH,-P100 (BvsR) 4.949 0.452 0.022
bacteria
NO;-PO (BvsR) 9.016 0.600 0.034
NO;-P100 (BvsR) 6.616 0.524 0.030
AT 2.873 0.058 0.020 B-PO ( NH, vs NO; ) 0.965 0.139 0.549
Nitrogen form B-P100 ( NH, vs NO; ) 1.446 0.194 0.062
R-PO ( NH, vs NO; ) 7.323 0.550 0.022
R-P100 ( NH, vs NO;) 3.047 0.337 0.030
BERE KSR 1.534 0.031 0.118 B-NH, ( PO vs P100) 1.169 0.163 0.229
Phosphorus B-NO; ( PO vs P100) 1.153 0.161 0.365
fertilizer levels
R-NH, (PO vs P100) 1.153 0.161 0.352
R-NO; (PO vs P100) 5.011 0.455 0.028
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F5 TIEBMREMEREETEMY. phoC F phoD HHE % H 14 K B & S5 RYME K 14

Table 5 Correlation analysis between soil physicochemical properties and phosphate activities, phoC- and phoD-gene diversity and bacterial

community structure

phoC 4llT# phoD 4N
TR RRMEERREE B AR phoC-harboring bacteria phoD-harboring bacteria
Soil Acid Alkaline BFRIGE  REELH ARAGHL fiideaat )
OTU % H OTU # H
properties  phosphatase  phosphatase Shannon Community Shannon Community
OTU number OTU number
index structure index structure
pH 0.279 —-0.060 0.622%* 0.321 —-0.142 —-0.002 —0.712%* 0.059
™ 0.134 —-0.088 -0.038 —-0.032 0.078 0.197 —-0.003 -0.056
TP —-0.291 —-0.343 -0.070 —-0.158 —0.047 —-0.109 0.115 0.045
TK —0.435* —-0.088 -0.074 0.094 0.045 —-0.346 0.390* 0.102
SOM 0.590%** 0.451%** 0.375* 0.170 -0.014 0.568%** —0.429* 0.244%*
NH;-N —0.551%* —0.435% —0.394* —-0.065 0.099 —0.418* 0.438* 0.199%**
NO;-N —0.092 —-0.180 0.095 -0.117 0.011 -0.326 -0.139 0.089
AP -0.234 —-0.283 -0.132 —-0.307 —0.043 —-0.035 0.153 0.038
AK —0.927%* —0.720%* —0.580%** -0.302 0.106* —0.881%* 0.607** 0.688%*

e xR EME (P <0.05); **Ra B FH K (P<0.01),

significant correlation at 0.01 level.
3 9

ARG R BN, TRMELIE L KRR BRAE X
- I 10 R il 35 P SR O T 2 A R i 1 S e R R
A T AR (RE S MBEAE A ) (A 1.
2 K 4), MPRZEMEY TR I FE X B,
PR Z X BB TR AT R, 3 BGH IR A TEARPRIE
WX, X IEAS ]G AL B S EORAR PR S A .
A7 OB RN A5 A I AR T HEAR PR (£ 2) BRI
Ui AR B AT IR AR PR X 8 5% 43 25 S 2 5 e SRR )
FEE AR EZRNE., A, REENGERE MY R
AR B 16 BRIX R, AR EEAE I AR R B0 3 W
BT A T AR bR B P RETE AR AR, Ik T
WEEThEE . 25, Lagos ZEUSWESE & AR BRak
I X B T A DT R 1 B i R TR A . B g,
T KA R A FH X T 0 e 1) B o8 % R A F
WREAIYIEA, B D Re i & FE 4t
BRI ARE R . A PL S S B A TS M
FIEAMC (£ 5), RMUEM T LiRfg R, 24
BDRGEP WA T MR+ kIR 0 15 M0 52 &

Note: * indicates significant correlation at 0.05 level; ** indicates

PERUS 200 eah AT FAAURAE 40 ok TR A Al e
R, FIYIAR R AL AT FR P B R, SR AR PRI
A A i 6 P B v 1 ) — AN E E mk e Y. 5 22 M IR
MJE, MPRER W TR E g, 3
HXt phoD AT FIAVE I A (&l 2a Fl 2b ), R
RO N E KSR BRI R Rl e, LA
HE B4y R T A oA D 2R 22 AR B A
T Py AR R 3G T B h FARPRIA BRI E T —
YA =E LY phoC I phoD ME YR . WEoTHGE, 7
AT, B R B E RPN Z ok A TR
W AR BE R Rk, ARPRIE I AT BESS
— SR FE AR, R SEHAR, N DT T
TR TR T T 1 P i 1 o

it T2 W R BB ) AR A R Tk T TR 25 A
WIS , DR B 540 F2 B AR BAE A BB P P 1
PR ARG, AR B 20 R RV R 1 e
BLA T AR PR AR AL, Rl A MU 1% AR
TR E R . AR E ) 2 Y i
AT R IR, phoC A TR ETE 45 ¥4 A8 1) 2 229K Sl A
T AT phoD M (5 3 ). phoC 4 B AR i
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F2or (BB ), T phoD A TS T 2R R 40
Y CANLE) AR R TR0 (ERAS R ) 255
TERMIZESR . Zheng SRS LB, H Mk &
EARRAMESRTEE phoD MEAH ML ZEILRY
I o ARSI T phoC Fl phoD 4
TR A 7% 2H SOV AR PRAE R Y 22 52 1 o A G phoC 40
B . phoD AN TR 7% 51 ) 52 AR PR AE IR ZUE 25 1952 M)
(K 2 ik 4), RINFTA PEHJE A XS 3 52 XA R
PR RE b N TARBRAE o X 6W] phoD AR JE
A B R AR BREREE , RE 0= % 20 I 0 20 0 ] g
AR R . 1 phoC AR LI E XTR R
53 A0 R X AN SRR T B8 5 DL S AR A DG
phoC ME ML JE( Cupriavidus F1 Stenotrophomonas )
BN AR SR E R RN, XSS JR R AN R
FR I B B A A B RN BRI SR Ay TR, SO
BB BAR M BURAERY e, YRR
(TR T B IR Tl AE — o TR b A S B AEAR PR phoC
AN TR RETE S, DT AR AP XoF AR o S 5 11 o i e B
JSAE AR R B0 e B A D R v A ) RE R AT 8K
SROVIEAEAE R, H 2 AR o B2 B 0 A0 T i M 4
Jiti o TEASANCALIET it B AR oo 1R 1 2 1 il 0 P
FIRT A2, 128 ZNE A BEAE RS i T
R B R AR PR B IR IS 1 (I 1), RS R
I 7S 1 AR I T A Tl Rt R ke e 2 R %o S [ it NS
Jit P 255 S 1 o i S RUNE T N E A e P 4 = T AR
PR pH FIA 00 & o T3 pH This AH T IR R
BT M 1 R AR TR, BERR R — 2k
Vs T, AT O S LR R I 1Y i
PRI, ol S ot P 555 17 R o X Gl 2 0 3 Db e T I 1
PRHEVE o it NE [RIAE k22 T AR BRAONE XF phoC il
phoD MR IS ZAEPEVE IR . TBEARFR phoC
P OTU 2 H W & THEMR PR (&l 2a), X nJRER
i TRENEEFEAE YRR (R 1), M- s Z A 1L
W), MORTEZAREEY R A KD, FEENE,
I E S FACAL B, RS EACARFR phoD AR AR
FEBOH R %, K, Liv S5 % B R KRR PR
HABARE) phoD HTEZAEME, 1EH HEMAE A A AL
BR, —SeAR R M P S R RV SR R
FREREGE, Rl S0 70 — e BERY A4, DATTT R
RARPR phoD HHTH B FAAGE . ABFRARL LI,
FRERAER T I X 8 Ah, AR A AR X = B
IR ES, XATReH TARR WY R EY

J AR PRIFEE XS AR phoD 40 B 1 25 £ 1455 S VE
AL B, HRZR S B A A i 2R A G
W) R IR AR R R A KA R R
FLRPUR 0 7 i — 20 . eAh, A, MR
phoD N TARE ¥ 20 BUAZ Ak W i ey 137 - R 28 T AL
K, (HEMRER phoC 4R IF A BN, BE/R T
Jit JES T R I TR 25 e 98 00 T A v 2E A [ 1) 5 o AL
il o phoC AR HJm A1 Dy 555 77 RUAH 11 2 U 1 B AR
B 7537 2K, T AR B V& 200 B 0 AP ARk o
oL B ( Cupriavidus ) 5% 3% 910 & &
( Stenotrophomonas WEK phoC 41 R #f 7% WL H R &
FEIAMAF T BN & phoC AHTR A= I 2% 1 G g
Yidh, JF e EmE MR R ALY, A,
A AT AT 38 A 53 WA DR B AR R AR AR B 4 R B
PERL A BTl I e MR R SR, AR
T AR 2 B T A S A X = B ZE AR B A E AR PR
r [A) B S 2 S o AN LTI, A A3 D T T Tl
PR A BEAD ] 1 AT TARR 32 B2 py 3 i, LA KRSEE TR
AT 18 AR ol H T 0 0 MR I P 5 A 8 A 288 P o o T
WRER phoD P35 T a8 L1 IX] 5P T Jes A KT 2 32 1
Fim TARMRER, mH S AR, SR R
B A G ol AR PRIA BT . SERTAF T a1
IX] A R R 2 B phoD HEZEHRE, #OAKHRE
LB R A L X)L R B A AR 5 [
PR Bras U8 LA A K i e Y, I B s
i JCAILBE A B0 R, o )RR B R R [
WA LI S A TC LR it ey Wl 2 Ak .

4 & ik

TFORARPRAE P R 21 Wi I Il 135 1 S A S o)
AE folc 25 W A 5 1) 52 T R JRE O R T RIS 285 R IE 7K
o R, ARPRAE ISR AE—E R BT AR
BHBENLIKY- o phoC Fl phoD HTH Z A% M FIRE VA 25
o %ot AR B R B Wi 1 3 B L W SR 22501, phoD 4R TR T
DR B i B TR DI A R AR P B T RS AR P
BRRIGACECEE, JuAh, ML 2% e b
58 pH, PRI A B 25 I T i P R
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