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Effects of nitrogen forms on rhizosphere microorganisms and soil enzyme activity
under cultivation of contrasting wheat cultivars during booting and grain filling
period
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Abstract; Soil microorganisms and enzymes are main components of soil biochemical properties. They play an important
role in nutrient transformation and decomposition of crop residues. Application of different forms of nitrogen is an important
measure to regulate nitrogen metabolism of wheat ( Triticum aestivum L. ). In order to understand the effects of nitrogen
forms on rhizosphere microbial populations and soil enzyme activity under cultivation of contrasting wheat cultivars with
specialized end-uses from booting stage to grain filling period, pot experiments were carried out on a sandy loam at the
Experimental Farm of Henan Agricultural University during 2004 —2006. The soil contained 9.1 g-kg ™' organic matter,
0.90 g-kg " total N, 22.68 mg-kg ' olsen-P and 0.23 g-kg ' NH,OAc-K. Each pot (30cm in diameter and 40 c¢m in
height) was filled with 20 kg of sieved soil. Cultivars used in the study were: Yumai 34’ ( a strong gluten cultivar) , Yumai
49’ (medium gluten) and Yumai 50’ (weak gluten). Nitrogen forms were CO(NH,),-N, NH, -N as NH,HCO,and NO, -
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N as NaNQ,. Nitrification inhibitors dicyandiamide ( DCD) was applied to each pot. Prior to sowing, each pot received
3.06 g N, 2.9 g P,O5 and 3.3 gK,0, and additional 2. 04 g N was also applied to each pot during the elongation stage.
Seven plants from each pot were selected when plants had five leaves. The experiment was arranged in a completely
randomized design with ten replications, and all pots were managed in the same way. Rhizosphere soil samples in a depth of
5 —20 cm for each treatment were taken at booting, flowering and ripening stage of wheat, respectively. Samples were fully
mixed, put into sterile bags and transported to the lab as quickly as possible. Part of soil sample was sieved through a 1 mm
screen for analysis of microbial quantity, and part was air-dried for determination of soil enzyme activities, including
urease, protease and nitrate reductase with sodium phenoxide colorimetry, ninhydrin colorimetry and 2 ,4-D restraining,
respectively. This study showed that the quantity of microorganisms, activity of enzymes and pH in rhizosphere soils planted
with contrasting wheat cultivars for specialized end-uses responded differently to nitrogen forms. The quantity of fungi,
bacteria( with the exception of ripening stage of wheat) and actinomyces were the highest for wheat cultivar ‘ Yumai 34’
received NO, -N. while for cultivar ‘ Yumai 49’ , bacteria and actinomyces in rthizosphere soil were promoted greatly by
NH, -N, fungi populations were stimulated by CO(NH, ),-N in booting and flowering stages and by NO, -N during grain
filling. When NO, -N was applied to wheat cultivar Yumai 50’, the quantity of fungi, bacteria and actinomyces in
rhizosphere soil were increased greatly. The activity of urease, protease and nitrate reductase in rhizosphere soil of all three
wheat cultivars were stimulated by CO(NH, ) ,-N, NH, -N and NO, -N, respectively, and pH were the highest in NO, -N

treatments.

Key Words: nitrogen forms; specialty wheat cultivars; rhizosphere microorganism; rhizosphere enzyme activity;

rhizosphere pH
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1.1 HRBH54HE

FAIAI T 2004 ~2006 4 FELEP AR FR KR BB X #5747 R A X BHER , 2300 5
L AVURE R 1 g-kg™ ,pHIEN 7. 94, 2R F R 0.90 g-kg™' , HMAT R 67.54 mg-kg ™', HHB ST
22.68 mg-kg ™ A EE0.23 g-kg o RARM, BARK T 20 kg (ASREAR 30 om, H 40 cm) o FEFKY
TH/NE TN R /N E B3R 347 (PN “ B3 497 M /NE “ B 507 53 FRFEIEE I H N : CO
(NH,),-N (4R &) NH; -N(s4fr4f NH,HCO,) \NO; -N (53#74E NaNO, ) o 9 MEEA S, 5e2FEHL
XA, ER 10 K. BEDHIEARS.1g,P,052.9 g MK,03.3 g, P K ETHERH—KMERIA N FEEE
FFIRFTBIR R BIMA 3.06 g F12.04 g, RALATRAIEA BRE 10% BRI HI7 XUE (DCD) , U
RIERR SR EXITEE . MR IR LR AR RS, B4 ERE Sem RIBE L, IR &
RARELEBK . HBT 10 A 15 HE—EF, SR 14 80,5 HHEW , B4E 7 R EHHEK, &4
BRFF— B AN B K E
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RIRFE F SPSS version 10.0 et 3k 46174047 o
2 HER5HH
2.1 AFRERNARER/NE AR R RSB E N E N
2.1.1 XREFLBEEFHBEENZ M

HE 1L, EHAESRMNRREEREEFESFA ZES, RHAE kK. BARRLANEHMH
BIEREEHENARESHRNAR, BH/N B 34" EHSELET  RrERSER K, R T
R GES TR/, R U B S R BB/, S 2047 , 7EZ TR SR , ISR LB AN AR
ROEBRERBEDENN, PH/NE BE 49" R EREREEFEP ALY B SEL K,
WMARRLEE/D, FSELEE . BB WSRO HEE R, SR MBRESRAER /N, EZEH, Bk
DR SRR R EE R B, B SE 3 MERESHEZERAEE ., FH/h
FBE SO EMBSALE TREERENER K, ER I &SRR/, 7L EI R LR LA BERE AR A
AEFRR/N . TEZ B B , AR T MR B E RS SN LB W,

£1 SFXRWSNTRAEANESHRELREERBHTM( x10*clu-g ™" dry soil)

Table 1 Effects of different forms of nitrogen on rhizospheric fungi of wheat cultivars with specialized end-uses

AR REFE HEEH Growth stage

Cultivars Nitrogen forms Z2EH Booting stage FFAE# Flowering stage U Ripening stage

%% 34 Yumai 34 Btk & CO(NH,),-N 0.56 +0. 12cd 3.26 +0.29¢ 0.78 0. 10d
A NH; -N 0.37 +0.11d 2.98 +0.12¢ 1.73 £0.40be
A E NO; -N 1.07£0.31b 3.28 £0.63¢ 2.63 £0.25a

%% 49 Yumai 49 BEEEZSE, CO(NH,),-N 1.99+0.27a 3.49 £0.06be 1.75 £0.51be
EAE NH N 1.07 £0.43b 3.34 £0.26¢ 1.74 £0. 18be
MAE NO; -N 1.04 £0.23b 3.29 20.61¢c 2.09 0. 36abe

%% 50 Yumai 50 Btk & CO(NH,),-N 0.82 0. 09be 3.94 £0.14ab 0.81+0.13d
A NH; -N 0.71 +0. 18bed 3.96 +0.18ab 1.66 £0. 19¢
MAE NO; -N 1.94 +£0.26a 4.12£0.33a 2.44 +0.49ab

KPR —RARRNEFRFERIEC.05S K LEFBE, TR Different small letters within the same column means significant difference at

0. 05 level , the same below

2.1.2 SR HIEAEHENE N
MR 2WLUES, ER/NAERMORRARESEEZRENE —EE THEE  BREZESIAR LA/
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Z MR AR R — R, BRI, B/ NE B 34" REAHUEEHSRAETRR,
BERE SRACHEAR , B RABE T . FEATRN, ERRHAAITIEHN, HSR A SRR E I RER
MAEBEBEW, FH/NEHE 497 REAEYE USSR HEERR , SRR, B SR MR
o TR, SR A S REGERR A H B E BE W, B3B3k 50" RIFHAEKE
LIRS RACEE B , SRR, B SRAEE . R, AR LT SRR LB
REAEGERENE

£2 AERSHFIRAERNERHRELRAAYBATM( x 10°cfu-g ™ dry soil)

Table 2 Effects of different forms of nitrogen on rhizospheric bacteria of wheat cultivars with specialized end-uses

AR REFE HEEH Growth stage

Cultivars Nitrogen forms Z2EH Booting stage FFAE# Flowering stage U Ripening stage

%% 34 Yumai 34 BEREAH CO(NH,),-N 10.90 +1.46d 4.81 £1.13d 1.46 +0.43be
EAE NH N 20.78 +1.07b 6.01 £1.18d 3.67 £0.89ab
MAE NO; -N 26.69 +3.78a 10.78 £2.51a 1.56 +0.97be

3 49 Yumai 49 Btk & CO(NH,),-N 16.52 £4.79¢ 7.97 +1.64be 2.72 +1.04abe
EAE NH N 26.95 +2.03a 8.65£1.71b 3.36 +1.02abe
MAE NO; -N 14.78 £3.91cd 7.22 £1.34c 2.40 +1.03abe

%3 50 Yumai 50 Bz # CO(NH,),-N 13.45 +2.01cd 9.36 +2.19ab 1.35 +0.28bc
EAE NH N 11.17 £2.08d 6.31+1.67cd 1.04 +0.63¢c
MAE NO; -N 23.06 +3. 11ab 12.11 £2.43a 4.19x1.24a

2.1.3 SRER M HEBE N

73 KU, TR/DEBFRE AR EEEEIRINES, G 2 TGS, BEAREAAERMNREE
SHRMAR. BH/NE“BE 34”7 MR ERE SRR, SN RELEERBE A —,
G EM R, SR LA SN R RS HERAEEERE BE . FH/NE B3 497 R
PREAHEBEEESRACHET &E, HSRCEEM, B SR ET . 7R, SR HE TR
BHREEA AN RERLCBEBE N, FH/NEBE SO ERSELET , R KGR &R, E2H
3, B SRACEBAR, TR, SR H RS 7EZFREH, MR LB SR ER R & E
BE BER TR, SR ILESRA AR HAERE BEEZL

#£3 AERSHFRAERNEZRHRELRBLEBBOHIA ( x10°cfu-g ™" dry soil)

Table 3 Effects of different forms of nitrogen on rhizospheric actinomyces of wheat cultivars with specialized end-uses

AR REFE HE BN Growth stage

Cultivars Nitrogen forms Z2EH Booting stage FFAE# Flowering stage U Ripening stage

%% 34 Yumai 34 Btk & CO(NH,),-N 8.68 £2.57cd 5.64 £0.91a 0.83 +0.28b
A NH; -N 10.68 +1.99¢d 2.10 £0.69d 2.05 +0. 64ab
MAE NO; -N 16.25 +4.50ab 5.65 £2.00a 1.3510.91ab

3 49 Yumai 49 BEEEZ A CO(NH,),-N 10.65 +3. 10cd 3.81 +0. 68abed 1.89 +0. 84ab
A NH; -N 20.39 +3.43a 3.97 +0.65abe 2.30 £1.08ab
WAE NOy -N 7.84 +1.32d 3.67 +1.28bed 0.62 £0.23b

%3 50 Yumai 50 Bz # CO(NH,),-N 8.18 +1.58d 3.32 20.68bcd 2.08 +0.86ab
EAE NH N 9.29 +1.65¢d 2.18 £1.18cd 1.04 £0.64b
MAE NO; -N 13.58 3. 04bc 5.03 £0.80ab 3.09 £0.46a

2.2 REEDFAEER/NE AR L EEE M H
2.2.1 XPRFw IR IREEE A R
B4 00, /DN EETHPE, R D EOREEEYE TREE, RARETHA/NERFFHRINE
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MEASRALET , MR B 3R BREE P B IS R AN S RAC B B AR (55 /M2 “ Bk 507 7E 2
BRSb) o FEATRM, BA/INE “ Bi3e 347 AR, BEA S RACHL R IR Pr AR B TS ¢ B & W T AR AR
AL s /N e 497 FE BGAY , BRAS AR RUAC B OAR B R 1 B8 W TR S RACEL; /N 32 “ B 32 507
TEZ R, BERE S RS R SR AL B IR S 1 BN, HARR R A R b REHE 22 7 A
B,

£4 LRVEXNTEEANE SRR L RIREE AR (NH;-N pg-g ™" dry soil 37 °C,24 h)

Table 4 Effects of different forms of nitrogen on rhizospheric urease activity of wheat cultivars with specialized end-uses

AR REFE HEEH Growth stage

Cultivars Nitrogen forms Z2EH Booting stage FFAE# Flowering stage U Ripening stage

%% 34 Yumai 34 BEREAH CO(NH,),-N 4.94£0.17a 3.74 £0.42bed 3.12 £0. 16abed
EAE NH N 4.57 £0.13b 3.38+0.10d 2.82 £0.25¢d
WAE NOy -N 4.51 £0.26b 3.4210.10d 2.80 £0.27cd

3 49 Yumai 49 BEEEZ A CO(NH,),-N 4.64 £0.16ab 4.36+0.21a 3.24 £0. 16abe
A NH; -N 4.49 £0.25be 4.13 £0.13abe 2.99 £0.27bed
MAE NO; -N 4.39 £0.29be 4.17 £0.22ab 2.69 £0.16d

%3 50 Yumai 50 Bz # CO(NH,),-N 4.3210.12be 3.88 +0.11abed 3.5110.12a
A NH; -N 4.12£0.19¢ 3.85 £0.37abed 3.21 0. 13abe
WAE NOy -N 3.73 £0.40d 3.55+0.38cd 3.35 £0.22ab

2.2.2 XyHRFR 58S HEEE AN

£ 5 XY, TR/ SRR 1R E AR S AR S 2 TRES ARE A/ E RN REER
RN —3, RERHIEPEAMESEESELHET &R, MARLERER, BIESARLHEE Y, FEI
FHA R A/INE “ B R 347 RS, AR E R R T EE AR E S E R THASRAHE; PN B E
49" FEZFHA ALY, S ALAHENWRF T EEAME G B ER THSROHE; Hf/hE B ES50"7E 3 4
W, ARIRRESO A BRE L IEEAEEEERIAEE,

£S5 AXVENTEERNERMRELREQBEERRA(NL-N pg-g ™' dry soil 30 °C,24 h)
Table 5 Effects of different forms of nitrogen on rhizospheric protease activity of wheat cultivars with specialized end-uses

AR REFE HEEH Growth stage

Cultivars Nitrogen forms Z2EH Booting stage FFAE# Flowering stage U Ripening stage

%% 34 Yumai 34 BEREZAS#, CO(NH,),-N 8.53+1.16ab 6.13 £1.62be 5.84 +1.18ab
EAE NH N 8.66 +0.48ab 7.11 £0.42ab 6.77 £0.78ab
MAE NO; -N 7.07 +1.23be 4.90 £1.05¢ 4.54 +0.35b

3 49 Yumai 49 BEEAR CO(NH,),-N 9.32 +1.46ab 6.39 +1.16abe 6.25 £0.46ab
EAE NH N 9.64 £0.23a 8.49 £1.20a 7.82 £2.00a
MAE NO; -N 6.01 +1.26¢ 6.20 £0.95be 5.79 £0.32ab

%3 50 Yumai 50 Bz # CO(NH,),-N 8.30 +0. 85abe 7.79 £0.53ab 6.92 +0.23ab
A NH; -N 8.40 +1.18ab 8.11 £0.90ab 6.92 £0.49ab
MAE NO; -N 7.63 +1.88abc 6.06 £ 1.24bc 4.94 +1.01b

2.2.3  FPARER - SEAH BRI R I Pk A R
B2 6 W L, AFRRBLSLET , & H/NZE S FF B IR Bl BRI R B e 2 R 5 R H A R &%
TEMSRACET , RO BRI R BHE MR T Mo T bt A BERE S A B R, MR PR BR A S M 1k 7 2 S
RSB R, FFAEIER . ARL /N i Fp R B 7R RS RAC BT 1R Pr Al R 0 IR Mg 185 Pk B 9y , 7E R
M‘Eﬁﬂ%uﬁﬁtﬂTﬁﬁo GIrZ0 , ART RN G ERSRAET  RIEHRE RS ER T
fESRMESRLE, BRESENESRAHEEZFARE
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#6 FARVENTEERNEZEMRE L RREREFRIHE RN (NO, N ugg dry soil,25 C,h)

Table 6 Effects of different forms of nitrogen on rhizospheric nitrate reductase activity of wheat cultivars with specialized end-uses

A

Cultivars

ARES

Nitrogen forms

HEEH Growth stage

Z2EH Booting stage

FFAE# Flowering stage

U Ripening stage

% 34 Yumai 34

# % 49 Yumai 49

# % 50 Yumai 50

BEREAHE, CO(NH,),-N

EASE NH) -N
AR NO; -N

BEREAHE, CO(NH,),-N

EASE NH) -N
AR NO; -N

BEREAHE, CO(NH,),-N

EASE NH) -N
AR NO; -N

0.0069 +0. 0006¢
0.0093 +£0.0015¢
0.0319 +£0. 0009b
0.0069 +0.0001¢
0.0063 +£0.0015¢
0.0362 +0. 0015ab
0.0046 +0.0009¢
0.0052 +£0.0012¢
0.0416 +0.0012a

0.0017 £0.0007¢
0.0019 +£0.0003¢
0.0158 +£0.0003b
0.0018 +£0.0005¢
0.0028 +£0.0003¢
0.0182 +£0.0073a
0. 0035 +£0.0006¢
0.0020 +0.0008¢
0. 0200 +£0.0056a

0.0037 +£0.0008¢
0. 0046 +0.0009b
0.0071 +£0. 0009a
0.0022 +£0.0006d
0.0013 +£0. 0006d
0.0069 +0.0016a
0. 0030 +£0. 0006¢
0.0030 +£0.0007¢
0.0050 +£0.0018b

2.3 REBDNAREF/NE MRS 138 pH ER R0

MR T WTLLEH  BRBEA/INE “ Bk 507 RS RALEL T S, AFE R/ E AR AR br 14 pH HAE SR
HEHE EFEE IRBESH R B3, EHSRAAE TR pH HER, EBESRMES AL
BT8R &7 Z0H  EMSRAET /e H R pH E B S R SRANER B.E T, T Bk
DRMEASRASHRZ T AL E (FH/NE“ Bk 50" EZRHFRS) o

®7 AERSHFEERDERIBRE L pH ERRI0

Table 7 Effects of different forms of nitrogen on rhizospheric pH of wheat cultivars with specialized end-uses

AR REFE HEEH Growth stage

Cultivars Nitrogen forms Z2EH Booting stage FFAE# Flowering stage U Ripening stage

%% 34 Yumai 34 Btk & CO(NH,),-N 7.63 £0.17d 7.96 £0.17¢ 8.18 +0.18cd
EAE NH N 7.620.11d 7.82 £0.12¢ 8.15£0.12¢d
WAE NOy -N 8.38 £0.16b 8.64 +0.16a 8.43 £0.16ab

3 49 Yumai 49 BEREAH CO(NH,),-N 7.69 +0.32d 8.21 +0.34b 8.32 £0.34be
EAE NH N 7.72 0. 15d 8.10 +0. 16be 8.23 £0.16cd
WAE NOy -N 8.60 0. 11a 8.66 +0.11a 8.60 £0.15a

%3 50 Yumai 50 Bz # CO(NH,),-N 7.67 £0.15d 8.00 +£0.16¢ 8.11 £0.16d
A NH; -N 8.02 0. 15¢ 8.03 £0. 14¢c 8.19 £0.16cd
WAE NOy -N 8.59+0.11a 8.52+£0.13a 8.56 £0.11a

3 HAiESiTie

Miah "* 353 , /1N I FE B RRARUIE 2 L — ik , 1R pH SIS0 LU BR R AL B B 7t s TIZE RIRERALEE T,
HABEER. XRPEHENEREMRE TN TR EYNEE. Aot T BERSR SR
DRXTE A/ R R TR YRR B, SRR N ERE DR YR B E X RETE S R
WAFE, BA/NE B 34" EMESRAHET , R EFH . AE (FRERBSN) MR E R &R A PRI/ E
“Bk A" RS RACET R AE AR R R R, TR R W AR 7 R T8 LA B S R Ak 2
BRI AR SRR K B /N2 “ B 32 SO” AMSRAHET  MERF AENRAARERR
(F1~3R3), RRESBIRFIRNEARRE S MR H A, AREILEAIREPERRIEM,
WAk RE R TCHR o B, #AANEEEHN AR SAET , REME W RER R, A A FRE L%
FERRER L. RFMANRRBRER, RRBSWDERFHEDREZ KRR TRET . ORREE
STEYIARER G pH (A BB, ERARLIE T, +85 pH HAR , A SS R E T UFBRE" ™ . &85
RH 3 A% R/ RO AR, BRBIRRSIR(RT) . NERE pH (B0 T 1R MAEY
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ERRED?, QREFAREWMENERREOAE —EEMH, RABEP EEHSIRAETEES
RAHSAN LRI AM EE, R RESALHEEAREA R A TFHHR R, BEEEMHHE R AM
HREHE2MER, MBS BaRE, YRR v —R IR, BFIREE ML2 MLA R B BRI
BRE M, BHESEAMSARNFEN, KSR AREETHE, ORRESHINENEKRETRER
ERM Y REEENNENRA T, TR KIS SIS R AN MY B DEEFER,
RASWYHREE T IRERHE I K i E BRI AR, BE—ER/PERFEE R BB T REME
VIR BB R T R R

Lomas ™ B350 , 78 55 AR SR 207 P B 3515 (S Y945 3 ( Thalassiosira weissflogii ) , F R PR IB R
BETE A REMSEEARR P E) 10% ; TI7E S A HSENER DL, HREE S EESRRRRER
B 35% 7£h . RAERAAFESARRCHEEA/NEmM, SREZW, EBRESALHET, TH/NER
HRFr REEE e (3R 4) s R AR T , MrEEME TR (R S) ; EWMARLHET , BRI R
Htemm (R 6) . RN T ED S BRI SR BELRR R KK R, ARSI RER R AL
FERR , T R B RHE RSSO R A B, X 3 Fh S e P R R L A A B E
AR TR ENAES S E A BES R T , K AR BRRN B SN I B , BB AL AR AR, RS
WEE T TERREALE T , RERFRIBE RS . XEARRBNERA—8, TESAREE G
HFIFHE Ko

AR IS R R R T N K R AL R R A e
EFEANE S K ISR R o e B IE G AR MR AR R AL e i, 6+
BAEY KBRS AR T/ANE AR AT UL 2 M SR RSS2 — SRR R,
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