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Impact of Reclaimed Water Irrigation on Soil Chemical Properties and

Culturable Microorganisms

GONG Xue, WANG Ji-hua, GUAN Jian-fei, YANG Xue-chen, CHEN Dai-ci
( Microbiology Laboratory, College of Life Science and Technology, Harbin Normal University, Harbin 150025, China)

Abstract: This research used batch soil column experiment to study the effects of irrigating with reclaimed water and tap water on the
soil chemical properties and culturable microorganisms. The results indicated that reclaimed water could markedly increase the soil
organic material (OM) and total nitrogen (TN) content, but it had no obvious effect on total phosphorus (TP) , available phosphorus
(AP) and pH value. Reclaimed water irrigation could significantly enhance the amounts of surface soil bacteria and actinomycetes at a
depth of 0-20 cm, but it had little effect on the biomass of 20-40 c¢cm and 40-60 cm soil layers. The dominant bacteria in tap water
irrigation area was the genus Bacillus whereas that of reclaimed water irrigation area was the genus Acinetobacter. Tap water irrigation
area had four endemic genera and reclaimed water irrigation area had six endemic genera. Reclaimed water had no obvious effect on the
microbial community Shannon diversity of 0-20 c¢m soil layer, while it decreased Pielou evenness index, and improved Margalef
richness index. Through SPSS 17.0 correlation analysis between soil microbes quantity and soil chemical properties, it was shown that
the soil microbes quantity was positively correlated with OM, TN, TP and AP, but negatively correlated with soil water content (SWC)
and pH value. Based on CANOCO 4.5 detrended correspondence analysis ( DCA) and redundancy analysis ( RDA) between soil
microbes species and soil chemical properties, it was shown that AP had the strongest correlation with the microbial community (P =
0.002). TN and TP had larger impact on Streptococcus, Aeromonas and Neisseria. OM and AP had larger impact on Aerococcus,
Planococcus and Halobacterium.

Key words :reclaimed water; chemical properties; culturable microorganism; DCA; RDA
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Table 1  Quality index of reclaimed water and tap water
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IKREWERT 138 AR S PR B I 5200, A W58 R ] % A i S0 T A ek T AR
W ALY J7 3, TR P AR AKX 1 B Ak 1 pH fii 7.2 7.6
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1+ 37y ATV 7 T 3R
LA, O KR T
PR S WA (NTU) 5 !
=g A /mg- L ! 500 320
1 #RSTR BRI A/ mg-L ! 5 2
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S /K H A e R T R TS K AR 7K o R mge L 2 78
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Table 2 Culturable bacteria species in reclaimed water
AN 4 IIERE/ % AN I 44 B %
ZETEHT R I8 ( Bacillus sp. ) 58.21 ABFFH & (Acinetobacter sp. ) 17.16
THERTEE ( Micrococcus sp. ) 20. 15 ZhPEERTE & ( Planococcus sp. ) 2.99
ﬁ@/\%f*%)ﬁ(&wmsawina sp. ) 1. 49
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6850 IR I I AR ) HEMESL B0, H 1A ZHn ), DA
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em A AEREIEAT, WA 2 2B M BT e A i
% F R MUE Y BCE FUE T 0 ~20 em H R A
YIBETE S5 R N 23 112 IRAE. FE00Rs B 0 50l FH P A
JKFN A A 7K PEFT HE TR A B A Yk B R 500 mL,
10 d VEBE—WK FERERE S 5 L AT 10 L 43 ild%
T+ JZBURE (BRI )7 — R Z 1), 7 Hr 4% 1
AT T A 2 R W B N A
Hr 0 ~20 em + 24 WrE & 4544
1.3 ek

AHLTT(OM ) 75 5 >R H T 8% B2 B -4 Jin #42: ml
FE , pH (ECR FH H A DU 00 5, 4 07 f ok R

PG RN, 4l AR Ol o B R AR B Bt
ez 20 s o s B o SR S AR A
B T A R 5 R o T e B R U E W 1% G b
TRk GRS B aliAl P ARSI EE A AR 3 A AR S
By, A S IROCHR[ 21 AT 8 S
1.4 HdEswr
WA YR EERY Shannon ZHEPEFEEL(H') (Pielou
KR H(J) Al Margalef & FEFEEC(R) 1AL
KUWTF .
H =- Zpilnpi (i =1,2,-,n)
J = H'/InS
R =(S-1)/InN
o p, A AR W 0 AR A AR
B, FTLA N/N SR N, RS @ F R A R%, N R
SAMEREL, S SRR S R R SR
J% Fl EXCEL 2003 #1 SPSS 17. 0 #4754 i 7
FE TR A 43 B, {8 NTSYS-PC #4745 H 4
NTE A B30T, 381 CANOCO 4. 5 ghfT 25 #axt
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R E BRI R RS 51 ZEER

W3 (P <0.05) ; FRAEKHE X 45 )2 TN 75 1 bl R
BB TS ,0 ~20 em +)2 4 F15 B9 TN & &
BEET 1(P<0.05),20 ~40 cm 140 ~60 cm +
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20 cm F120 ~40 cm 2 4l RN 508 7 2 Bl AR
KE R M 2B 51 ZRER
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Table 3 Comparison of chemical properties of different soil samples

REL/ om RHERA /gf)klvgl_l /g-[kl\;_] /g-lkl;_] /mgjfig_] pH fi S/\‘X;oC
1 7.949 0. 13a 0.728 0. 04a 0.402 £0.04ab  4.786 £0. 29ab 7.33 £0.03a 15.52 +0. 46a
2 8.447 +0. 48a 0.756 £0.05ab  0.414 +0.02ab  4.638 +0.37a 7.32 £0.03a 17.94 +£1.07b
0~20 3 7.949 £0. 42a 0.672 £0.07a 0.369 £0.04a 4.737 £0. 38ab 7.36 £0. 02a 15.31 £1.49a
4 10.931 +0.98b 0.840 £0.05bc  0.418 £0.03ab  5.225 +0. 35ab 7.36 £0.03a 16.83 =1.59ab
5 11.925 £0. 61b 0.896 +0.05¢ 0.445 £0. 02b 5.39 £0.29b 7.38 £0. 02a 14.78 = 1. 14a
1 6.459 £0. 56b 0.700 £0.07ab  0.332 +0.02a 4.191 +0. 30a 7.35 £0.02a 17.35 +0. 78ab
2 6. 956 £0. 65b 0.644 +£0.07a 0.376 0. 04ab 4. 122 £0. 18ab 7.37 £0.03a 20.54 £0.73¢
20 ~40 3 5.466 £0. 19a 0. 644 +0. 06a 0.363 +£0.02ab  3.867 +0.37a 7.40 £0. 02a 16.43 +1.36a
4 6.956 £0.33b 0.756 +0. 04b 0.353 £0.03ab 4. 628 £0. 40ab 7.38 £0. 02a 18.54 £ 1. 16b
5 8.944 £0.51c¢ 0.868 +0. 04¢ 0.388 +0. 03b 5.045 £0. 25b 7.41 £0. 04a 16.35 1. 03a
1 5.466 £0. 53b 0. 644 +0.05a 0.258 £0.04a 2.155 +£0.33a 7.51 £0. 02a 19.98 +1.03ab
2 4.969 0. 46b 0. 646 =0. 06a 0.247 £0.02a 2.452 £0.23a 7.48 £0.03a 21.32 £ 1.40b
40 ~60 3 3.975 £0.48a 0.616 0. 08a 0.211 £0. 02a 2.297 £0. 24a 7.50 £0. 04a 19.35 1. 47ab
4 6.459 £0. 60c 0.672 £0.04ab  0.274 £0. 05a 2.306 £0.24a 7.49 £0. 02a 20.62 +1.42ab
5 7.453 £0.53d 0.756 +0.03b 0.277 £0.03a 2.559 £0.27a 7.53 £0.02a 18.47 £1.71a

1) RIFFHE 2 B B Z BIFFAE 22 5 P <0.05; H3E2A0 . 1 4,2, ASR/KIERER R 5 L 4,3, ARKH#EB R R 10 L +-4% 4.
AR KHEME N 5 L K5, FAEKHEERN 10 L 14E; OM. AHLEE, TN, B, TP. Bk, AP. Hisk#k, SWC. &k, R

2.2 FEAK RN e M BCR AR IR

LT FIE 2 B2 B8R T, 3 oRK
FIVF AR ZKHE DX A DA i A Bt )2 R B T 34 o i 32
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BrEZEERTBE(P <0.05). NHEX KL 12
KFE , AR KFEIX 0 ~20 em + 2 40HFCR
PR s 2 mkaR Hrh s 51 Z a2
S (P <0.05) ; A RKFFAKHEEX 20 ~40 cm
140 ~60 em 1 J2 41 P BCE Bl TG £ 1 35 hn e 9 18
AL H (P >0.05).

&l 3 FE 4 B2 B0 - 5 v A, ok
KRIF AR 7K DX 2k R B Y B 2 2 R B B4
Mi%98,0 ~20 em H)JZ 5HMM)ZEF B E (P <
0.05),20 ~40 em + 2L EEE KT 40 ~60 cm
TEERAFBEEZEF(P>0.05). NHEXAL L
ERTFE, FHLEKREX 0 ~20 em )2 WL BHBUR 21
S IFEH S 51 25 BE(P<0.05) ; FEKEE
X 20 ~40 cm 202 P A i BEVE B 0 15 A
EEFAE R IR B K (P >0.05) 5 40 ~60 cm

YN < 107!

T

Pel ) T3 R 3 3, T I
E1 BdkERTHERARNBETL
Fig. 1

- J2 S PR A K T I 4 o e B R A A
fEita# (P >0.05).
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Number of bacteria under tap water irrigation
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Fig. 5 Number of fungi under tap water irrigation
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Fig. 6 Number of fungi under reclaimed water irrigation

J&. FRKFEX T FRANGEIE 15 4w, Hob 11 s
R RIS, KA 4 AR R B ORKRE X 1
YA W R, B0 45 Branhamella . Staphylococcus .
Moraxella , Sporolactobacillus , H: % & ¥ 18 0.37% ~
1. 34% 2 [a] ; A=K 9 X Al 15 SR AR 3L 16 AV Jm , HE
10 MR AR R A 6 AR A
IKFEX B A # R, A0385 Methylococcus . Aerococcus |
Halobacterium | Aeromonas , Planococcus . Streptococcus ,
HAERAYIE0. 62% ~3.73% Z . 5 4~ HFE A
BB N 9 A, HH Acinetobacter J& P A 7K HE X L3 B
&, BEE L i A I AT T R, A 4(25.55% )
L 5(28.4% ) A 4F 1 (18.68% ) 43 5l 3 Jn
36. 78% A1 52. 03% ; Bacillus J2: A A /K HE X A 34 7T
Jii e TR 1) 39 AT T A, kR 2(26.39% )
FIEHE 3 (31.1% ) He B 1(24.18% ) 73 53l 34 Jn
9.14% #1 28.62%
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Pseudomonas ., Micrococcus .
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Fig. 7 Change of soil bacterial species under tap water and reclaimed water irrigation

i# 3R 4 7 Shannon ZEEMEFEEC(H') | Pielou
ﬁ]’ﬂfﬁ?'&(]) yill Margalef 35%;@?5%[(]3) Y I
BT 18 SR KR AR 7K R -+ SR WV 2R
SO, Z RS ST AR B s i 1,
FeRR RN 5. i SPSS 24 53 W EH A KW 5
D FERI A RS SRR BCE B 2 = (P >
0.05) ; F R AKFIF- Az K X I 5] FEFR B R LR
Fetadh s 51 Z 2257 0% (P <0.05) ; FFA4 K
XEFEHREEA B S BERmT 4,4 BES
T 1(P<0.05).

%4 REI RSB METE S R

Table 4  Bacterial population diversity index of different soil types

- DRI BRI PR
T () 0 (R)
1 2.1253a 0. 855 3a 1.961 0a
2 2.093 5a 0.8162b 2.144 9b
3 2.061 6a 0. 829 7ab 1.929 7a
4 2.101 7a 0. 819 4ab 2.137 8b
5 2.113 7a 0. 800 9b 2.251 3¢

1) AR 2 ] R Bl 2 A7 e M5 & P <0.05

m & 8 TJ T, H Sk K AR R - AR TR Y
FOEEAEIME R B0 R, 2.3 5 1 4w A FPRE AR (L1
2By 0. 863 6, 0.818 2,1 4 .5 5 1 4# ) Fh

FEAIALLE: 25000 71 J20. 681 8, 0. 636 4, [ /K %
5 A K TR R A B A R A R R AT
0.500 0 ~0. 636 4 [1]. #4E Jaccard FHITE R R
R RES B RIKHE X R A AR R A AR,
JE A 5 P A K DX A 1 4 T R A R S A .
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Fig. 8 Clustering analysis result of different soil types
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Table 5  Correlation matrix between soil chemical properties and soil microbial quantity
OM TN TP AP pH SwWC Bac Act Fun

oM 1. 000
TN 0. 896 ™ 1. 000
TP 0. 828 ** 0.678 ™ 1. 000
AP 0.783 ™ 0.691 ™ 0.948 ™ 1. 000
pH -0.522 = -0.348 -0.856 ™ -0.881™ 1. 000
SWC -0.651™ —-0.590 = -0.726™ -0.775™ 0.601 * 1. 000
Bac 0.801 ™ 0. 602 ™ 0.925 " 0.920 ™ -0.826™ -0.809 ™ 1. 000
Act 0.816 ™ 0.638 ™ 0.829 ™ 0.813™ -0.653™ -0.800 ™ 0.939 ** 1. 000
Fun 0.745 ™ 0. 475 = 0.760 ™" 0.739 ** -0.694 ™ -0.745™ 0.872™ 0.878 ™" 1. 000
1) * F/R P<0.05, * * FR P <0.01;Bac AR EEL, Act FJi R I EEL, Fun S B0 EEL
2.5 UEMIREK S LA AP TR G R BT 3 ~4 ) R R G . DR A K

DCA HEFERIE 6 T, 4 A-HE 7 i K @Eﬁ%mﬁiﬁﬁiﬁﬁi@ﬁgﬂm@%%
1661, 1.297 . 0.000, 0.000. 5 — UK R TE9 I & RMITASHHR(RDA) .

RIPIFP AR N 32. 5% H 4 AHEFF 3R AR/
T 2. Leps % 2 48, Andf 4 ANt roBs B R K (H
i 4, Vef BT ORI s /N T 3 ARV A

F6 WEMEENDCA HHER

Table 6 DCA analysis result of microbial communities

HiFE 7 F13% 8 W1, RDA 4347 i 190 il RRAF 8 43
A 0. 322 A1 0. 145, 4Bl 0I5 [R5 15 Al 4 A1
KAREIGN 1.000. PG HEF BT RE % B e - 3% 41 18
TS BRI IR 1 Z Y O &R, B30 R 2 B R 5
( Monte Carlo permutation test) .78 Fh 3% K1 4] AP

Wi H w1 W2 E3 W4 iR S B o B (P =0.002, F = 1. 400, permutation
A 0.325 0.173 0.000 0.000 0.709 number =499 ) . {4l i BE T - RN B VR AL SRR
BhEER 1.661  1.297 0.000 0.000 FEFY 46. 7% 5l 1 5 OM TN TP AP pH {H % B3
YR 2ty el 45.9 0 70.3 0.0 0.0 EAHE, 5 SWC B2 A%, mHh 2 5 OM, TP, TP,
A 0.709 SWC 2IEAME, 5 AP pH ER fAHC.

*£7 RDA HHHIFHIFEE. UM EREEFHXRE

Table 7 Eigenvalues for RDA axis and species-environment correlation

i H %1 il 2 % 3 4 4 B
FRAE(E 0.322 0. 145 0.108 0.061
Yyh 5 PR AR G 1. 000 1. 000 1.000 1. 000
YRR ST T 4R 32.2 46.7 57.6 63.6
%ﬁn*ﬁ%fﬁlﬂﬁﬁé&#’%& AR A 50.7 73.5 90.5 100.0

FEAFAEL BN 1. 000
AV B 0. 636

*8 BWERTFESHFHBEXRY

Table 8 Correlation coefficients of environment

RN 5 8 S FEL A HEFF Bl e A 19 R/ N R LAl oy
MRS HEF AR SR A /DN, e A1 /INBE I 5 2R
B 5 7 Sk T AL 0 5 BR 27 1 34l 2 1 o 5 HE e i

factors with the first two axes of RDA

SNl il 1 2 L R L o
= R i 2 I E SR X 02 [ 0 2 B 5 K
N 0.945 1 0.299°8 TR B O R, B9 AIALL Streptococcus Fl
TP 0.802 4 0.576 5 Aerococcus 73 i 22 5 887N, Aeromonas . Planococcus Fl

pg% 8 3?3431 :g ;;2 2 Halobacterium 53 i % 5t 87N, Sporolactobacillus 1

SWC ~0.3110 0.344 8 Moraxella 731 22 /N, Clostridium F1 Xanthomonas

A 25 BN, Branhamella F Staphylococcus 73 i 2%
5 B /N, Bacillus

Sporosarcina . Micrococcas .

Pseudomona .

Azomonas Tl

Acinetobacter

RDA HEFF &1 9, #i Sk R 3R85E X 1 i % 38
NN SR N /L7 EL i TR BN PSR R EP S eHL)

Azatobacter |
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