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VIR ARS8, UURAR RIS R A7 T, i
LEAR AL TC B 2 5 MR B L 3 RO S AN A 0 4 S
Bk, 3R R 00 B R M R R L
O R Y G BUa KR R, iREATEAR B
3% 52 5 R A RUE YR B 5 A ) iR R R
FRARNWETE o LA oR (R B 1P L ] ik DAL i AL,

AHEFCR GRS L T A8 U BE A 2 B BN 22 AR 3IR
b5 AR bR IR LS 5 R AN AR A

ZE 5, W MR TR TIEPAL T REYI R,
W TR 5 AR B SRR T LU S B A 7

1 R5RE

1.1 MR X &R iR

RIS AE AT K AR P f A TR s = e
(Am & FIFE, DAXTHBN 1.5X1.5 m. W55
ARS8 T AT R RGBIE X, G50
16.5 C, S V-HIpE/KZ179 1100 mm, o 4—8 %
T2 AR PRI R 70%. SZHB ISR & 1F . AR X
TR G AR SO DA R XS A0l 285G 3 1 E H 1
SEOZX B KA B R E R, Py R g AR
R 1 Fs

&1 XE A KR

Table 1 Basic physicochemical properties of soils

HHLF /(g kg™ LRI (g k™) 2R (g kg™)

LB (g kg™

TR /% Bk E/% Fki /%

pH {4

14.7 1.09 0.70 22.3

8.36 12.52 74.84 12.64

1.2 It

TE/NFZFFAEIEAT AN [FIF2 B 1 Bt i ik 56 . 78
5 I E 2 S KR FE DN 5 om, 5 e DT B 4 152
B 3. 5d; FRmbEn g 2 d, FHAERE IR
[F1) AR TR KA 2 60 em LR o kI 58 4Bl ML
wit, AR E 3KER, FIR3EXH (CK)
AMBIK TP AL R o DY PRAERAE IR 8] ) — 350k, 7K 5 d
AFRELHEK 3 d ALFRIRET 2 d JTUAHE K. BEARIG
6], FEMST Y 107 6 7 B B5 W9 A7 1k 4 sz,
TE | [ T SRS B R /N 22 (3 A RO A 22 9023,
AN H ARG AEE N 240 kg/hm?. 4EfEH 120
kg/hm?, 4li#ky 120 kg/hm?, HABEE . AL 60%
BHEAENZEAE, 40%ZNEAE JyHk 15 22 FHAE .
1.3 #H#MmRESNE

FEB B S5 S 0 d(0), B 45 )5 0 d(2),
PLEFEWSE 2.d (4), R4 0~20 cm /MR BREHE
MRBR A o AT F IR TSI, RAEFER bR
FRFR LA AR BR AR BHE I, JEMRPR LR
HLERE . 73RBS IR R ARG 55, 2
B 338 o RT WBAE R A, SR G FR IR I AR — R 45
S AR S, RAFTE-80 CUkF, HT
AOA-amoA Fll AOB-amoA %:[X 5 & PCR 43 . —#F
IR R TN E K . SR AR R,
Pl A BT 00 5 A S B AL AR AR . R A Fast
DNA®SPIN &7 (Qbiogene Inc., USA) $EHL 11
&L DNA, DNA #kEFn4iifEF A NanoDrop2 000 4T
F I, FIUFH 1955 IR UE AR L bk RS0 DNA $R R 22,
AT RE L K 52 52 | PCR ¥ 85|13k 2 k.

itk 24575 20 pL, 16.5 pL 2xChamQ SYBR Color
gPCR Master Mix, 0.8 uL 5[4 F (5 pmol/L), 0.8 uL
%R (5 pmol/L); 2 puL DNA ##i. Hr AOA.
AOB [f] amoA & [K[ 4 # 25 f1: 7y : 95 ‘C il AL E 3 min,
95 CA&M:5s, 55 CiBK30s, 72 CHEfH 1 min,
40 MEH (ABI 7300 B 7% € & PCR 130
k2 e LR 5%
Table 2  Functional gene primers

ek A 519 5°—3
AOA Arch-amoAF STAATGGTCTGGCTTAGACG
Arch-amoAR GCGGCCATCCATCTGTATGT
amoA-1F GGGGTTTCTACTGGTGGT
AOB amoA-2R CCCCTCKGSAAAGCCTTCTTC

T HIEAR T ER, FREUHTEE LR, 508
KAEH S D1, A 2 mol/L KCIiZHE, #ES:RzhaHr
1% (Tecator FIA Star 5 000 Analyzer, Foss Tecator,
Sweden) M E HABRMAHAEE . A XK KR
PR IR-ARER P (g AR SR FH IS TR B iR 42 - K M
JRETHE . B3RS KF KA 105 CHEF-RR BT
SE. T3 pH (%KL 25 1 1 VRAJEE 30 min
J& Metro-pH320 112 s . 133 T ik &
tb 511 &% 3 min, FERIEEN LIER, HE
DDSJ-308A A Hi G X I & -

1.4 BRESH

¥R S {E Excel 2007 H15E/%. 3T SPSS 16.0
FAPR 25 ZE o A S BERT T RS 9 Ak 3 ) 3R] — Ak
AR B 5 AR AR B 18] L e BRALPE BT . R AL T AEY)
amoA JEE#5 DI SF (1) 22 5% . B& T Canoco 4.5 H 17T
RO FEAR B B AR AR Br L e AL 14 5 5 2 A T
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e AER Z A1) &Ry 3T SPSS 16.0 22 [A1H 4347
W TN A S MBS H T M A A AT e e Y 3= L
KZ, T Origin 8.5 1EA.

2 RS DM

2.1 FmimpmB st HIEIR I ARAY ST

K] 1 BN S & A B e A e A, 1R 1
CK, 3 A1 5 43 ARFE X HE L 37 il 3 d A1 5d Ab#E; 0.
2. 4 5 ARERAEB MHE L5 5 0 d. BiMA L k)5 0d
MFJEME 2 ds LN FRAREER [F — B (A [F b
PRIA) 22 e, BRAO - RRARER [F]— AR BRAS [ B [H] 1 22 5
TA. HE LA, 5 CKAL, BinEERasR
br5 AR BR B35 K E (P<0.05). AL HE,
Jolp 3 Ab 3 /NS AR o 28 B 7K R R 25 T CK(P<0.05) 6

[ BRI
R

bap q

pHII

10°0k0 CK2 Cked 30 32 34 50 52 54
ik
() JFEGKE

I [ARER 240 [ ERH
[ g

[ EC

)
oW @
% 8 &

AL (g kg™

il
8

o o

CK-0 CK-2CK-4 3-0 32 34 50 52 54
pisid Kba

CK-0 CK-2 CK-4 3-0 32 34 50 52 54

(d) T (e) A

4
CK-0 CK-2 CK-4 3-0 3-2 34 50 52 54
Ak

(b) pH 1E

BT IE Kk SIS RN N AR R AEAR B - 4% pH {
TR, SARMRER R, BB R KRR
FZIEEbr g S % (P<0.05). 5 CK ML, ¥
Foip 3 2 B R AR B A R (P<0.05), HIFEAIK
TR AR . 5 CK ML, ERERE 2 d
Je, ARRRPR I A R PRI (P<0.05).

557 FoIy AL B[] P 2 KA T /N 22 AR B 5 AR AR B
WEERNME, HEWE 5 d B EERT CK
(P<0.05). [FmisiaE, APHEAI/NEZR S LS
RETLER, PasE AR P - 5 S A = 2K
T CK (P<0.05). 5 CKAHLL, #iria i3 PR br
HAER B LA R E (P<0.05), {HEEERRLE R
RS, 55 a0 AR bR 5 IEAR s IR A AR
B IAS [FIFE B T v o

| EREHA 200
B RER

| ERS
|

180
= 160
g
& 140
&
120
iy
# 100

80

60
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(c) HSE

| ERi
| Rl

)

FEAS L/ (g kg™
A AU (mg kg™

o N & o o

o N & o o

CK-0 CK-2 CK-4 3-0 32 34 50 52 54 CK-0 CK-2 CK-4 3-0 3-2 34 50 52 54

L QbR
(GREESFS (9) #HER

B 1 2 AIEAR TAAFLE

Fig.1 Change of soil physicochemical properties

2.2 TIESFWINEEMEYTEHE

W 2 fios, 5 CK AL, B a2 FFR R
bR 1138 AOA-amoA JE[A#5 1%L (P<0.05). EI/GE K
5 2d 5, /NERFR 113 AOA-amoA HE[K# N # 5 2%
T AR PR 3 (P<0.05); B3 5d kbEd, N

. 2.0x107 I FR PR
+ [ R
- i
? 1.6x107 | »
ﬂ *
= .
¥ 12x107 [Aa
i)
= Aa
T 8.0x106 B 1AL
< A
S Ac Ca
N b
S 4.0x10° Bl abbp
S BbBe
< o0

CK-0CK-2CK-4 3-0 3-2 3-4 50 52 54

hb
(a) AOA-amoA & [A]

MR SRR bR I I3 AOA-amoA Jit [R 4% N1 &
FRT HARALFE (P<0.05). it B 355 iy 38 ) [A] ) 2 K
AFIF 13 AOB-amoA E:RYNEAEVEMKE . B
CK-0, H AR EHE L, Hbr11%E AOB-amoA
DR DUEO) B2 TR bR 8 (P<0.05).

2.0x107 _ - I FiRER

_ﬁ Aa . [l RkR
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B 2 A AABAEMES amoA & H N X

Fig.2 Copy number of amoA genes of ammonia oxidizing microorganisms
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2.3 TR, SEEUMEDEIFERFHXR
TR (B 3), HESEA pH N2
5 AR AR B - 358 S Al A ) AL RS ) Ok B A 85 A 1

(P<0.05), 5732 SAMRER IR A RED)
[RIfERE 30N 57.3%; fEMRPrt3gEd, Pk HHOASE T
AR A E ™ A 5 R, R H 27.9%.

=] -
b AOB AEHRBR ] pHI# P i
el N Y Al - NG
H &% A F=7.246 p=0.014 58 Sk
o pHfE F=5.211 p=0.032
akE SR
_lmam -
S X
3 AOA o B
= I €| A0B.____ \y
o o
i <
5 e 8
o~ R~
pH/E
A
- AR - AOA 3
< = TR
0.8 RDA 1 (50.0%) 0.8 -0.8 RDA 1 (21.3%) 0.8

() A-ARPr At

(b) ARt

B 3 FIEEF AR T HART R A L4 09 %k

Fig.3 Effects of environmental factors on ammonia oxidizing microorganisms in rhizosphere and non-rhizosphere

BT BB AR (£ 3), EARRPR R
SHAELS AOA-amoA It [K £ V1% & B 2% 7 M ==
(P<0.01); MHAERBELEHESKE (P<0.01) K
AOB-amoA FE[K#2 1% (P<0.05) ZFHMtHx, 5

H SR EZ IS (P<0.05), 7EHE bt I8 s 28 %
BHEES/KE (P<0.01) MAXEE (P<0.05)
BEIEMK. MERES T8 /KR D E MK
(P<0.01).

% 3 RIFHARRIF LEAA RS RS E T A e £ o @ a4 Al

Table 3 Regression models for the effects of environmental variables and

functional microbes on inorganic nitrogen in rhizospheric and non-rhizospheric soi

b3 ks df R AR 3 bR ZE tfE P {H
FAA 23 0.305 AOA-amoA H: K% % -5.280>10°® 0.000 -2.073 0.049
- BIKE -0.408 0.086 -4.724 <0.000
AR BR

AR 21 0.755 H3ER 0.082 0.031 2.644 0.015
AOB-amoA 3 [X ¥ I % -6.252x107 0.000 -2.241 0.036
BKER 0.127 0.031 4.100 <0.000

BAR 23 0.617
R A Rk 0.074 0.032 2333 0.029
AR 22 0.332 BKER -0.351 0.092 -3.813 0.001

3 it @ B5dRFBERE 2d, XFZESERNHE (B D,
AY
¥

3.1 FHiEEsTIERFR SRR IR AL R A

5 ol 3B T P S ) TN 22 AR B 5 R AR Br 1
B SRR, Hyhia 5d WEEERT CK
(P<0.05). PETZEHG, AbFEE/NZMRER L
BETCZE S, Whia b HERR br b3 A S 0 K
T CK(P<0.05) 7 it 1A AE K 2 Ik 1= 43 58 SV 48
HEMTHISSRALIE R, SRR RAE&4P, [
I 1) 58 e 2 o0 2 0 R A S (e A R R i
MM BEERIRE J5, LSS ERm, Kt
FEIHHT, FEARRE FRESEER., 5 CcK M
b, FEEEANEBME K5t IR R A, AR - 4
AR RS TIERER %, JRHRTEE A 3 d FIE

VIR B 5 AR B - 33 23S U P 32 IR P R 147
FEZE St IR 22 5] fig st th T R 3K o i A 51 kS
B AL IR A A R T 0 AR B R R S SR
WA . ST Z P RIHaHr (R 3), EARRErL
b AOA-amoA R #5 DUE ) T e i #2 S UK AR R
TR, ARGl T 2 S EREAN S SR,
MM e SRR PR TAEAR PR 3% oA Rk
AR BT e R T R S R BB E N A K
IR LI ER, HEREMERTRSELEmSE
FHLED o SR AE P ThREBAE D I R, ki
SO A 0 T IR A R A 5 b i RS K
HRFG MR 2R 0 7 AR X Bl 2 3% P 32 BR SR 3 ) A
JZ, TSR A0 R AR A S A P £ - 1
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SRR R 5TEREe 2,

5 CKAHLL, 5 Wi 52 FRARAR PR 5 R AR Br 1%
AR, FEEHTHES KR EInNEMESETN
SRR . Bl U A AR RS RE A R, RHK
Iy RARSE R T R Eam A, e T " A R
AR, AR THSEMAR R, AR bR SR
MRPBR TR A B E B IR E 2 CK K. 7ok, 25
Pk St fE A, ISR AR IREAX,
b Ak B o] BB AR E R AR N LT 32
PRSI L (ARt , (i adk IR A A A S g R
T I e 24 R r A A U e AR, 3D [ e A Y
RIL (R 3), ERPFSIEMRbr LA EES
KR R E A, EER T RIS KK
e AR A ) T 2 33 A PRI SR A U R
W, AR TRSRNM AR, 58wt
SEOUAEL, EAER PR LI R R SIS R E R R,
ARG T 3 R T = R R AR R
FHES T IR0, AR AR B 1R AL T8 2 (R PR A7 A,
MRS A B AR 2 . AOB-amoA i K132 T 5 1
AEERE R, AR T2 S A B B 13 hnay
et o S A RS R, SEER AT RN
) 55 AR 2 U ek, AT B s A S R T A
3.2 immimB R E L ME IR

AWFFERIL, 5 CK AL, #3782 K 2
FBRAAR bR 13 AOA-amoA JE[KI# %L (P<0.05),
TR SRR L3 =S (E 2), Ui he
A K AR T AOA-amoA 4K, Z45RTRes
55 o 1 IS ] ) S 2 I U AE Pt LIRSS B TR
W 5 R RE A S B L I Al R K A R g
AOB-amoA J:[A#% NI m % 5, {HFR CK-0, HAR
BAC PRI [A] 55, ARFR1IE AOB-amoA FE[K#5 I1%L
R E TAEE R L% (P<0.05). i B35 il ie i Ja]
(R I R s AR B - S A gl B 1 R 35, IX AT R
EH T AR B 7 WA 47 T AR I 88 < 12k e 1 66 BF ) P 7 B T
H 357950 5 R () 55 70T 2R A S R o TEIR S LR 1
Wi, AOA Ihfgr e LIm b id FE I IKsh#,
T e AN I B R S, AOB ThRE B RE 2 A Ak
1 P R s 2 T S50 B TR P 38 R B R i
PRI A TR RE . 4h, TAEMTE R FiE
BENENFLY RS, HIEFEM RS KT RIS
RIEAEMRERE, L, BV s S E kB0 v
i R 1) A T A T T 0 2 B SR T, AR T T
RAMTEERKI, RAEAMPR L3S 558 e
VI R AR E A pH B R E . TR H T
B e K Wk S AR HE TR RN AR RO R 5 ik
R MNAERPR L3R bR L3RS, PRIE TR BREL S
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Short-term Effect of Waterlogging on Mineral Nitrogen and
Ammonia-oxidizing Microorganisms in Soil

QIU Husen, LIU Jieyun'", ZHEN Bo? NIU Qinglin?, LI Huizhen?, ZHOU Xinguo®, WANG Yu*

(1. School of Environment and Surveying Engineering, Suzhou University, Suzhou 234100, China;

2. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

[ Objective] Waterlogging is a common abiotic stress affecting crop growth and soil functions. The

purpose of this paper is to experimentally investigate short-term effect of waterlogging on mineral nitrogen and
ammonia-oxidizing microorganisms in the rhizosphere and bulk soil of winter wheat. [Method] Waterlogging was
imposed at the anthesis stage, and lasted 0 days, 3 days and 5 days, respectively. In each treatment, we measured the
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mineral nitrogen and the copy numbers of ammonia oxidizing microorganisms in the soil at the end of surface
waterlogging, the end of subsurface waterlogging, as well as two days after the waterlogging completely eased.
[ Result] Compared with the control (without waterlogging), prolonged surface waterlogging promoted ammonium
nitrogen and reduced nitrate nitrogen in both the rhizosphere and the bulk soil (P<0.05). Surface waterlogging
lasting for 5 days significantly reduced the copy numbers of ammonia-oxidizing archaea (AOA-amoA) gene in the
rhizosphere but reduced the ammonia-oxidizing bacteria biomass after the waterlogging eased. Redundancy analysis
showed that the ammonium nitrogen and pH significantly affected the community of the ammonia oxidizing
microorganisms in the bulk soil. Stepwise regression analysis showed that the contents of ammonium and nitrate
nitrogen were both regulated by the ammonia-oxidizing archaea in the bulk soil during and after the waterlogging. In
contrast, a decrease in water content in the rhizosphere did not show significant influence on ammonium nitrogen,
but increased nitrate nitrogen. The increase in available phosphorus may accelerate the accumulation of ammonium
nitrogen. [ Conclusion] Mineral nitrogen content in soil recovered quickly after short-term waterlogging, and
applying phosphate fertilizer can improve mineral nitrogen in the rhizosphere of winter wheat.
Key words: waterlogging stress; ammonium nitrogen; nitrate nitrogen; ammonium oxidation
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The Effect of Soil Moisture on Water Consumption and Growth of Rice

YANG Cheng', CHEN Yizhou', MA Shihao', WANG Guibing', ZHANG Geng®, LI Xiaokun?"

(1. College of Resources and Environment, Huazhong Agricultural University/Key Laboratory of Arable Land Conservation
(Middle and Lower Reaches of Yangtze River), Ministry of Agriculture and Rural Affairs/Microelement Research Center,
Huazhong Agricultural University, Wuhan 430070, China; 2. Shuangshui Shuanglu Institute, Huazhong Agricultural University,
Wuhan 430070, China; 3. Ministry of Agriculture National Agricultural Technology Extension Service Center, Beijing 100125, China)

Abstract: [Objective] Maintaining soil moisture at a rational level not only improves water use efficiency but also
benefits crop growth and grain quality. Taking rice as an example, this paper presents an experimental study of the
effect of soil moisture on growth and water consumption of the crop. [ Method] The experiment was conducted in
pots, with the variety “Yangliangyou 6 used as the model plant. The soil moisture was kept at >90% (CK), 75%~90%
(W2), 60%~75% (W3) and 45%~60% (W4) of the field capacity, respectively. In each treatment, we measured the
total water consumption and water consumption intensity, biomass, yield, water use efficiency, and water potential in
the leaves of the rice. [Result] A decrease in soil water content reduced water consumption of the rice. Compared
with CK, W2, W3 and W4 reduced total water consumption by 32.4%, 58.7% and 69.9%, respectively, and water
consumption intensity by 32.4%, 61.5% and 73.5%, respectively. The water use efficiency of W2 was significantly
higher than that in other treatments. Compared with W1, W2 increased water use efficiency by 24.5% but reduced
grain yield and biomass by 13.2% and 12.4%, respectively. In contrast, W3 and W4 reduced water use efficiency by
36.0% and 74.7%, respectively, compared to W1. [Conclusion] Considering water use efficiency and crop growth,
maintaining soil water content at 75%~90% of the field capacity is optimal for improving water use efficiency,
reducing water consumption without scarifying rice yield. It can be used as an improved irrigation method for rice
production in the studied area.

Key words: water deficit; rice; water consumption characteristics; water use efficiency
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