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Improving water use efficiency and rhizosphere microbial diversity of purple
leaf lettuce using negative pressure irrigation

GAO Xiang, ZHANG Shu-xiang”, LONG Huai-yu
( Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract: [ Objectives ] In view of the problems of water evaporation and loss of water and fertilizer on soil
layer in the current irrigation system in the facilities agriculture, and do not supply water and fertilizer according
to the crop requirements ally, this study aimed to compare different irrigation methods, and discuss the mechanism
of the increase of the yield and quality on purple leaf lettuce (Lactuca sativa L.), water use efficiency and
rhizosphere microbial diversity on purple leaf lettuce by negative pressure irrigation (NPI). [ Methods ] The pot
experiments were conducted in greenhouse and employed purple leaf lettuce as test material, 3 irrigation
treatments were set up: flooding irrigation (FI), drip irrigation (DI) and NPI. After harvest, the yield and quality

(vitamin C, soluble sugar, anthocyanin and nitrate content) of the purple leaf lettuce, the nutrient concentration
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and uptake of the plant, the dynamic soil water content, water consumption and use efficiency were analyzed, and
the diversity index of rhizosphere soil microbes and the structure composition of bacteria in the phylum
classification were calculated. [ Results ] The yield and quality of purple leaf lettuce under NPI could
significantly increase by 68.1% and 29.0% compared to the FI and DI, respectively. NPI also increased the content
of vitamin C, soluble sugar and anthocyanin, and reduced the nitrate content on purple leaf lettuce. The water
consumption of the purple leaf lettuce under NPI was the least, being 23.8% and 23.8% lower than that of FI and
DI, respectively. Under NPI, the concentration and uptake of nitrogen, phosphorus and potassium of purple leaf
lettuce were significantly increased, which were remarkably increased by 13.0%, 14.4%, 38.4% and 90.2%,
92.6%, 135.5% compared with FI treatment, respectively. The water use efficiency was the highest with NPI
treatment, which was noteworthy increased by 122.2% and 70.5% compared with FI and DI, respectively.
Meanwhile, the dynamic soil water content variation from 10.3% to 11.3% for NPI, lower than that from 9.2% to
11.6% for FI and DI. Through high throughput sequencing of soil rhizosphere microbial communities, it was
found that NPI has the highest microbial diversity index with the highest value of OTU, Chaol and Shannon
indices, which were 1808, 2437 and 8.48, respectively, or 15.2%, 15.7% and 3.16% higher than those of FI
treatment. The relative abundance of bacteria at the phylum classification was also changed by different irrigation
treatments, and the abundances of Actinobacteria, Chloroflexi, Verrucomicrobia and Planctomycetes on the
bacterial phylum were increased under the NPI treatment than these of FI and DI. [ Conclusions ] Planting purple
leaf lettuce by NPI system could achieve the goal of high yield and quality and water utilization efficiency through
the steady supply mechanism of soil water and fertilizer. Therefore, the NPI system significantly improved the
yield and quality, water use efficiency and diversity of the rhizosphere microbial communities on purple leaf
lettuce, and provided a reliable scientific basis for the sustainable development of facilities agriculture.

Key words: purple leaf lettuce; negative pressure irrigation; yield and quality; water use efficiency;
rhizosphere microbial community
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Table 1 Effect of different irrigation treatments on yield and quality of purple leaf lettuce

HEWEAL 3 7=t (g/pot) 42 C (mg/100 g) A HERE (mg/g) T E (mg/g) B ER (mg/g)
Irrigation treatment Yield Vitamin C Soluble sugar Anthocyanin Nitrate
R FI 943+53¢ 6.34£0.16b 520+12b 1.75+£0.06 ¢ 446.0+11.5a
{iEE DI 122.9+5.7b 6.74+0.17b 53.7+13b 225+023b 391.3+202b
& NPI 158.5+9.5a 7.68 +0.09 a 59.5+0.8a 3.05+0.29a 3473+11.6¢

7 (Note ) : FI—Flooding irrigation; DI—Drip irrigation; NPI—Negative pressure irrigation. ({8~ 3 ~H & FH(H + FrfEiR#: All data
are the mean of three replicates + SE; [RFIE#HR 5 A [F] 2 F: 3R Ab # ) 25 55 8 3 (P < 0.05) Values followed by different letters in the same

column indicate significant differences among treatments at the P < 0.05 level.
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Table 2 Effect of different irrigation treatments on nutrient concentration and uptake of purple leaf lettuce

TEWEAL I HIE Wik iz Pz eV Tlen AR Wi B
Trrigation treatment N concentration P concentration K concentration N uptake P uptake K uptake

WAL FL 30.8+24b 423£0.18 b 6.43+0.98 ¢ 256.0+£16.5 ¢ 353+20¢ 532+62¢

T4 DI 34.1+14a 476+031a 8.13+£0.28b 364.7+14.6b 51.0+3.8b 87.1£4.5b

i NPI 348+15a 4.84+0.09 a 8.90+0.48 a 487.0+14.0 a 68.0+4.6a 1253+122a

i (Note) : FI—Flooding irrigation; DI—Drip irrigation; NPI—Negative pressure irrigation. U{H % 3 A& W FMH + FriEiR 2 All

data are the mean of three replicates + SE; [RIFIEHE )5 AR £ n b H R A B 1225 (P < 0.05) Values followed by different letters in the
same column indicate significant differences among treatments at the P < 0.05 level.
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Table 3 Effect of different irrigation treatments on water
consumption and use efficiency

TEEAL B Foki (em®)  KFIHHR (keg/m?)
Irrigation treatment Water consumption ~ Water use efficiency
AL FL 13000+ 0.0 b 725+041 ¢
{47 DI 13000+ 0.0 b 9.45+0.44 b
#1JE NPI 9900 + 300 a 1611+1.17a
## (Note ) : FI—Flooding irrigation; DI—Drip irrigation;

NPI—Negative pressure irrigation. ({4 3 NEE FFE £ bRl
%2 All data are the mean of three replicates = SE; [W) %1454 J5 A~
FHRFERAHEE G BFEEZSR (P < 0.05) Values followed by
different letters in the same column indicate significant differences
among treatments at the P < 0.05 level.
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Fig. 1 Effects of different irrigation methods
on soil water content
[# (Note) : FI—Flooding irrigation; DI—Drip irrigation;
NPI—Negative pressure irrigation. Z0{H A 3 ~FH & HFH1{E All
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Table 4 Diversity of microbial communities in the
rhizosphere soil of purple leaf lettuce under different
irrigation treatments

WAL TR

o FREUYZEMAIE Chaol EFE FRZEEMETEH
Irrigation
OTU Chaol Shannon
treatment
B FI 1569 +52 b 2107 +48b 822+0.03b
7 DI 1666 + 58 b 2201+46b 831+0.05b
U NPI 1808 +33 a 2437+ 64 a 8.48+0.07 a

¥ (Note) : FI—Flooding irrigation; DI—Drip irrigation;
NPI—Negative pressure irrigation; OTU—Operational taxonomic
units. BE-N 3 DNEEBFERME + FrdkiR2s All data are the mean of
three replicates + SE; [l IF R [ 5 R b BRI AT 6 354
5 (P <0.05) Values followed by different letters in the same column
indicate significant differences among treatments at the P < 0.05 level.
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Table 5 Relative percentage of the bacteria in total sequence under different irrigation treatments at the phylum level

#1245 Phylum HHLFI T DI % NPI
I 1] Proteobacteria 41.33+4.25a 35.67+2.53a 29.44+3.53b
FRAT 1] Acidobacteria 1831+2.32a 16.17+2.11 ab 1435+1.62b
AT Actinobacteria 1125+132b 1261 £133b 1542+127a
47514 1] Chloroflexi 4.46+0.61D 924+1.15a 11.74+1.38a
ZFHIRT] Gemmatimonadetes 5.11+0.63 a 5.98+0.72a 6.51+0.48a
W T™M7 783+1.18a 636043 a 6.11+0.63 a
B WPS—2 5.66+0.52 a 4.81+0.42 ab 3.88+029b
AT 1] Bacteroidetes 3.18+024b 473+0.51a 5.62+057a
eI Verrucomicrobia 0.52+0.05¢ 1.13£0.18b 262+0.17a
JEEEERA ] Firmicutes 127+032b 2.66+028a 2.16+022a
T %] Planctomycetes 0.51+0.04b 0.67+0.11b 1.07+0.13 a
FUERT Other 0.57 1.97 1.08

¥ (Note) : FI—Flooding irrigation; DI—Drip irrigation; NPI—Negative pressure irrigation. Il 5UE 4 3 A~ EE K TFEME + brifiRz:
All data are the mean of three replicates = SE; [RIFEHE 5 A [H) F-HE F R AL PR A B E M2 5 (P < 0.05) Values followed by different letters in
the same column indicate significant differences among treatments at P < 0.05 level.



8 44 A, A SURHERRR e S AR SR B K R FTSCR AR BRI A W) A 1439

AR ER A & 1, SRS AR N AT PR RN e R
C &, I, AEFFRIER T R T #h
RS AR, T ARE T 78 2 AR E 1Y K 43 FN R S
HERE, DL T KA IS AR R 2K, L
Rt BT A0 R TR PRI R AL P

3.2 GEERRESEMEIETKSEFIA

TR VE B BE S 35 1 ZME R OK K o)
FHZ, PRF IS KPR AR (R 3 FE 1),
FEOEH T AR RGOS IA 5, 8
HEP I ZE AR AR R KRR, DL 38
TR KA, FHPARTE A 57 2K 5 i RE
SELT XK A3 SR F BRI B R ORI
WA E W EHOK > B AL TR R e R (A 1),
TSGR B 3K 3 A58, kb T 357 53 D 12
TR TR 3 18 7K 4 3k 22T 77 A TR 208 T N JC A8,
RKFEK, LIRS SEEIENE I AR T
EI AR, I3 T N 2 S BUR R BUKBASFH] T
FEP IR AT 0 R T 25 ) 1 K o0 1 i
XK, UKALBRREW TR . AHFFRUEN, Eid
TR E AR AR S8 A5, FEOK AR LR BRI HE T 2
T 23.8%, KAFFHBCR SN T 122.2% M
70.5%, HTEES/KEMEFELT 10.3%~11.3%
B Z P, B3] T K SRR (R 3).

3.3 fEERIEE R SRPRME Y 2 A
eIy i)

PR TP AETE R R UEY, HBFRS
WU A RBRFR A K S SR
U OCRS e, EE T e T A OK R 2
5, KAy Rt 2 u i Z B RE R R WS
PR Z RN, BREEY R ER LT, AR A
B, TR AL B A Y AR A T
TR R VE AL B, e R A B A T A ) 2 R
T OE AL (G 4), X EEEH TR AE
s M VR RIS B K o 55, FITFAEIAR R AE 3
PERE R AT Bl , I BT R A Ak T i = i g
K AMIRZS Z v, 24 7 40 B TE AR BT g )

o 38 DU A D AEAS [R5 b A R S
SERTTAL, ORIE By ek T AN AR Ak
MIAIXT & i (R 5). Horr, S0mp AR SR by 13 h
Proteobacteria (AL R [ ]) R FEE AN IEHE, %
FRER RIS 22 b i E A AR B
TR REEAL IR T ARG BT ) 2 B AT RN
b3 (R 5), XATRERE R TR R R4 =K A

PR, AR R RE O K — 2, T I
R A, X FEOLE R T2, Acidobacteria
(FRACA ] 78 HIER PR A Y h b g TR, H
HE AR T E SRR B =2 0 L, 1 SR AR
LA BHE L IU A e AR R L, TR
WEAL PR FRASA T T ] S5 T MEREE ) R B (3R 5),
FW B WA PR S VR AR PR B (K 43 FFR 7
AR B A0 7 Ab TR TR, W RRALAT I 1]
FEBMK, Actinobacteria (FUZE ) 7K FINIFL
JR A N R A AR TR AR BT, e RE A )
X8 TR T W R R A R AR W iaE B A TR
77 AR BT AR 2R S AR A A g A e 2
fRVEBR AL HE T 2N T Actinobacteria [ ] A AHXT
FPE (G 5), XU AT BEAEIG NG i A 577 R i B Y
WEREZ—. B, WREEREREE KW, %
Z (A A TR R SR U E D R e s AR AR, B
PR B AR 1) 25 0 T RE 70 b7, (AR — D5
M, AWFIEN] T FUERE B T S AR SR PR
YR ZRENE, B T IR MR A, EEYAR
ot e AR bR A, AT & 1T AR 9 9 A R RN
[io TEA TR A St irh, A DB S ME YR E
HIWFSY, TCGE B A K R AL BB, (= BT
e R A A S PR T, I B Bt ARl 1) AT
Rtk &R
4 Zh5ig

SEEREEAR L, R R T
AR A BT, J T REKE, REESKEAR
FRTEE B B N B2 S 800, S 1K 70 s
BRI R ORI . B TARPRGUE M £
FEME, WU TR ST 5028 B FEE

2 % X #:

(1] A, BXAh, XUEE, 4. IR i S AL 30T 3% & i DU
BSVEIBTI]. AR BEsA 4, 2014, 29(2): 25-28
Hao J, Zhao M, Liu H, ef al. The anthocyanin content and antioxidant
analysis of different varieties of purple lettuce[J]. Journal of Beijing
University of Agriculture, 2014, 29(2): 25-28.

(2] BRMSE, BARR, S8, 5 LB AR A3k Kot H R
HISZIRT]. WAl Rl2%, 2017, 58(11): 1910-1912.
Chen P, Xia F, Shen B, et al. Effects of light quality on growth and
photosynthetic pigments of different purple lettuce[J]. Journal of
Zhejiang Agricultural Sciences, 2017, 58(11): 1910-1912.

[3] JMeede, sk, KA, 2. RGN AICRE & X b % =i .
BAK R AR IR]. ROV, 2015, 48(4): 713-726.
Xing Y, Zhang F, Zhang Y, et al. Effect of irrigation and fertilizer


http://dx.doi.org/10.3864/j.issn.0578-1752.2015.04.09
http://dx.doi.org/10.3864/j.issn.0578-1752.2015.04.09

1440

W) E SR 50 R

25 4

[10]

[11]

[12]

[13]

[14]

coupling on greenhouse tomato yield, quality, water and nitrogen
utilization under fertigation[J]. Scientia Agricultura Sinica, 2015,
48(4): 713-726.

Li Y K, Wang L C, Xue X Z, et al. Comparison of drip fertigation
and negative pressure fertigation on soil water dynamics and water
use efficiency of greenhouse tomato grown in the North China
Plain[J]. Agricultural Water Management, 2017, 184: 1-8.

BT, RMEHE, HIE, 5. FUEREM N AR AP Ml A K
AR [I]. AL RRE, 2017, 50(4): 59-65.

Zhao X, Song Y, Yue X, et al. Effect of different potassium levels on

the growth of bok choy under negative pressure[J]. Scientia
Agricultura Sinica, 2017, 50(4): 59-65.

JEWE, sk, EIE, 4. GURMEM E R 5UE R 5
[J]. £l T R4, 2018, 34(1): 85-92.

Long H, Zhang H, Yue X, et al. Design and experiment of heavy
liquid-type negative pressure valve used for negative pressure
irrigation[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2018, 34(1): 85-92.

A, IRE M, E, . GRS — R LRI X 8 I 4 0
K EURIIBCRE RS [I]. A E IR S ICREER, 2017, 23(2):
416-426.

Li S, Wu X, Long H, et al. Water and nitrogen use efficiencies of
cucumber under negatively pressurized fertigation[J]. Journal of Plant
Nutrition and Fertilizer, 2017, 23(2): 416-426.

Wu K, Yuan S F, Wang L L, et al. Effects of bioorganic fertilizer
plus soil amendment on the control of tobacco bacterial wilt and
composition of soil bacterial communities[J]. Biology and Fertility of
Soils, 2014, 50: 961-971.

Berendsen R, Pieterse C, Bakker P. The rhizosphere microbiome and
plant health[J]. Trends Plant Science, 2012, 17: 478-486.

AT, ARMEHE, SKIE, 55 3 E B Y 57U RE LR R 5 97 4 C 1L
L), Hh E LS LR 2017, (4): 689-697.

Zhao X, Song Y, Zhang S, et al. Effect of different nutrient ratios on
cucumber under negative pressure irrigation[J]. Soils and Fertilizers
Sciences in China, 2017, (4): 689—697.

AT, R, FEEA, 45, URRHEERS 2T ik i 0T B K URI
HCRIFEAT]. T LS AL 2017, (2): 55-62.

Li S, Wu X, Dang J, et al. Effects of negative pressure irrigation on
yield, quality and water and nitrogen use efficiency of cucumber([J].
Soils and Fertilizers Sciences in China, 2017, (2): 55-62.

Gao X, Wu M, Xu R, et al. Root interactions in maize/soybean
intercropping system control soybean soil-borne disease, red crown
rot[J]. PLoS One, 2014, 9: €95031.

Schloss P D, Westcott S L, Ryabin T, et al. Introducing methur:
open-ource, platform-independent, community-supported software
for describing and comparing microbial communities[J]. Applied and
Environmental Microbiology, 2009, 75: 7537-7541.

Wang J, Huang Y, Long H. Water and salt movement in different soil

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

textures under various negative irrigation pressures[J]. Journal of
Integrative Agriculture, 2016, 15: 1874—1882.

Wang C X, GuF, Chen J L, et al. Assessing the response of yield and
comprehensive fruit quality of tomato grown in greenhouse to deficit
irrigation and nitrogen application strategies[J]. Agricultural Water
Management, 2015, 161: 9-19.

........ BATFIR, SRR, 4. AKHE— A E A il /R 00 1 5 52
RS0 A ST T]. AE 3 SRR, 2017, 23(3):
632-640.

Song Y, Zhao X, Zhang S, et al. Reducing nitrogen input and
improving yield and quality of rape through combination of
fertigation and nitrification/urease inhibitor addition[J]. Journal of
Plant Nutrition and Fertilizer, 2017, 23(3): 632—640.

Chaparro J M, Sheflin A M, Manter D K, et a/. Manipulating the soil
microbiome to increase soil health and plant fertility[J]. Biology and
Fertility of Soils, 2010, 48: 489-499.

Qiu M, Zhang R, Xue C, et al. Application of bio-organic fertilizer
can control Fusarium wilt of cucumber plants by regulating microbial
community of rhizosphere soil[J]. Biology and Fertility of Soils,
2012, 48: 807-816.

BRRLL, PMIL B, A5 ISR EMAR BRI AE ) s )], VES)
247, 2004, 30(5): 491-495.

Jia Z, Sun M, Yang Z, et al. Influence of different fertilizers to crop
rhizosphere microorganisms[J]. Acta Agronomica Sinica, 2004,
30(5): 491-495.

Li X, Rui J, Mao Y, et al. Dynamics of the bacterial community
structure in the rhizosphere of a maize cultivar[J]. Soil Biology and
Biochemistry, 2014, 68: 392-401.

Smit E, Leeflang P, Gommans S, et al. Diversity and seasonal
fluctuations of the dominant members of the bacterial soil community
in a wheat field as determined by cultivation and molecular
methods[J]. Applied Environmental Microbiology, 2001, 67:
2284-2291.

FRARE, TRLASR, 0 S0, 2. MRS AR T SRR AR R G 0
AR RIS, RIS, 2009, 20(4): 863-871.

Chen X B, SuY R, He X Y, et al. Soil bacterial community structure
in primeval forest and degranded ecosystem in Karst region[J].
Chinese Journal of Applied Ecology, 2009, 20(4): 863-871.

Huang M Y. Identification and fermentation of antagonistic
bacterium against Ralstonia solanacearum[J]. Microbiology, 2011,
38:214-220.

Wei Z, Yang X, Yin S, et al. Efficacy of bacillus-fortified organic
fertilizer in controlling bacterial wilt of tomato in the field[J]. Applied
Soil Ecology, 2011, 48: 152—159.

Hu W, Samac D, Liu X, et al. Microbial communities in the cysts of
soybean cyst nematode affected by tillage and biocide in a

suppressive soil[J]. Applied Soil Ecology, 2017, 119: 396-406.


http://dx.doi.org/10.3864/j.issn.0578-1752.2015.04.09
http://dx.doi.org/10.1016/j.agwat.2016.12.018
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.12
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.12
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.12
http://dx.doi.org/10.11674/zwyf.16196
http://dx.doi.org/10.11674/zwyf.16196
http://dx.doi.org/10.11674/zwyf.16196
http://dx.doi.org/10.1007/s00374-014-0916-9
http://dx.doi.org/10.1007/s00374-014-0916-9
http://dx.doi.org/10.1016/j.tplants.2012.04.001
http://dx.doi.org/10.11838/sfsc.20170209
http://dx.doi.org/10.11838/sfsc.20170209
http://dx.doi.org/10.1371/journal.pone.0095031
http://dx.doi.org/10.1128/AEM.01541-09
http://dx.doi.org/10.1128/AEM.01541-09
http://dx.doi.org/10.1016/S2095-3119(15)61209-6
http://dx.doi.org/10.1016/S2095-3119(15)61209-6
http://dx.doi.org/10.1016/j.agwat.2015.07.010
http://dx.doi.org/10.1016/j.agwat.2015.07.010
http://dx.doi.org/10.11674/zwyf.16162
http://dx.doi.org/10.11674/zwyf.16162
http://dx.doi.org/10.11674/zwyf.16162
http://dx.doi.org/10.1007/s00374-012-0675-4
http://dx.doi.org/10.3321/j.issn:0496-3490.2004.05.016
http://dx.doi.org/10.3321/j.issn:0496-3490.2004.05.016
http://dx.doi.org/10.3321/j.issn:0496-3490.2004.05.016
http://dx.doi.org/10.1016/j.soilbio.2013.10.017
http://dx.doi.org/10.1016/j.soilbio.2013.10.017
http://dx.doi.org/10.1128/AEM.67.5.2284-2291.2001
http://dx.doi.org/10.1016/j.apsoil.2011.03.013
http://dx.doi.org/10.1016/j.apsoil.2011.03.013
http://dx.doi.org/10.1016/j.apsoil.2017.07.018
http://dx.doi.org/10.3864/j.issn.0578-1752.2015.04.09
http://dx.doi.org/10.1016/j.agwat.2016.12.018
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.12
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.12
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.12
http://dx.doi.org/10.11674/zwyf.16196
http://dx.doi.org/10.11674/zwyf.16196
http://dx.doi.org/10.11674/zwyf.16196
http://dx.doi.org/10.1007/s00374-014-0916-9
http://dx.doi.org/10.1007/s00374-014-0916-9
http://dx.doi.org/10.1016/j.tplants.2012.04.001
http://dx.doi.org/10.11838/sfsc.20170209
http://dx.doi.org/10.11838/sfsc.20170209
http://dx.doi.org/10.1371/journal.pone.0095031
http://dx.doi.org/10.1128/AEM.01541-09
http://dx.doi.org/10.1128/AEM.01541-09
http://dx.doi.org/10.3864/j.issn.0578-1752.2015.04.09
http://dx.doi.org/10.1016/j.agwat.2016.12.018
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.12
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.12
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.01.12
http://dx.doi.org/10.11674/zwyf.16196
http://dx.doi.org/10.11674/zwyf.16196
http://dx.doi.org/10.11674/zwyf.16196
http://dx.doi.org/10.1007/s00374-014-0916-9
http://dx.doi.org/10.1007/s00374-014-0916-9
http://dx.doi.org/10.1016/j.tplants.2012.04.001
http://dx.doi.org/10.11838/sfsc.20170209
http://dx.doi.org/10.11838/sfsc.20170209
http://dx.doi.org/10.1371/journal.pone.0095031
http://dx.doi.org/10.1128/AEM.01541-09
http://dx.doi.org/10.1128/AEM.01541-09
http://dx.doi.org/10.1016/S2095-3119(15)61209-6
http://dx.doi.org/10.1016/S2095-3119(15)61209-6
http://dx.doi.org/10.1016/j.agwat.2015.07.010
http://dx.doi.org/10.1016/j.agwat.2015.07.010
http://dx.doi.org/10.11674/zwyf.16162
http://dx.doi.org/10.11674/zwyf.16162
http://dx.doi.org/10.11674/zwyf.16162
http://dx.doi.org/10.1007/s00374-012-0675-4
http://dx.doi.org/10.3321/j.issn:0496-3490.2004.05.016
http://dx.doi.org/10.3321/j.issn:0496-3490.2004.05.016
http://dx.doi.org/10.3321/j.issn:0496-3490.2004.05.016
http://dx.doi.org/10.1016/j.soilbio.2013.10.017
http://dx.doi.org/10.1016/j.soilbio.2013.10.017
http://dx.doi.org/10.1128/AEM.67.5.2284-2291.2001
http://dx.doi.org/10.1016/j.apsoil.2011.03.013
http://dx.doi.org/10.1016/j.apsoil.2011.03.013
http://dx.doi.org/10.1016/j.apsoil.2017.07.018
http://dx.doi.org/10.1016/S2095-3119(15)61209-6
http://dx.doi.org/10.1016/S2095-3119(15)61209-6
http://dx.doi.org/10.1016/j.agwat.2015.07.010
http://dx.doi.org/10.1016/j.agwat.2015.07.010
http://dx.doi.org/10.11674/zwyf.16162
http://dx.doi.org/10.11674/zwyf.16162
http://dx.doi.org/10.11674/zwyf.16162
http://dx.doi.org/10.1007/s00374-012-0675-4
http://dx.doi.org/10.3321/j.issn:0496-3490.2004.05.016
http://dx.doi.org/10.3321/j.issn:0496-3490.2004.05.016
http://dx.doi.org/10.3321/j.issn:0496-3490.2004.05.016
http://dx.doi.org/10.1016/j.soilbio.2013.10.017
http://dx.doi.org/10.1016/j.soilbio.2013.10.017
http://dx.doi.org/10.1128/AEM.67.5.2284-2291.2001
http://dx.doi.org/10.1016/j.apsoil.2011.03.013
http://dx.doi.org/10.1016/j.apsoil.2011.03.013
http://dx.doi.org/10.1016/j.apsoil.2017.07.018

