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(YRR EERE NI -NNO; -N T REE) shiSEUREM AR NERIARFINRR . HREY TEDE
SrBERIH, SRF AhEE TR A YR NH, -N & B8R & AR CCF) %, Mo /5 B/ N R A TR 3R Y B R NH, -N
E R AR (L3 LA SRF AL 3R T CCF Ab3, Horr SRF AbBEfY /32 H3 NH,-N & 5% CCF 43 108. 1% —271.7% ; 78
/NZEHE KR, SR A2 + 38 [ R 2585 & 8¢ CCF K 2 /N AE R A, SR 402 + 38 (Bl 5 254 & i CCF b3R5 5 CCF 4k
B HCE, SRE KB/ E MRS R & REH T RE K EET BT RRES . E/NEEFHIM, CCF A8 3 & T
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Effects of slow/controlled release compound fertilizers on the forms of soil

nitrogen
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2 National Agro-Tech Extension and Service Center, Beijing 100125, China

Abstract: A pot experiment combined with lab work was conducted to study effects of slow/controlled-release compound
fertilizers (SRF) on dynamic changes of soil N components ( microbial biomass nitrogen (MN) , fixed-ammonium ( FN) ,
ammonium nitrogen( AN) , nitrate nitrogen ( NN) and ammonium ion flux ( AIF)) in relation to N uptake by wheat.
Results indicated that the SRF treatment reduced amount of soil MN and AN at the early wheat growing stage compared to
the common compound fertilizer ( CCF) treatment but this was reversed thereafter. The amount of soil AN in the SRF
treatment was 108.1% to 271.7% higher than that in the CCF treatment since the mid-stage. The SRF treatment reduced
amount of soil FN at the early wheat growing stage, increased FN at the mid-growing stage, and drove NN from high to low
and then back to high in the whole growing season compared to the CCF treatment. Soil AN not being timely absorbed by

wheat tends to transform into soil MN or soil FN as long as supply of soil AN was adequate, while soil MN or FN tends to be
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mineralized to AN as soil available N is diminished by wheat. Thus, soil MN and FN can be regarded as N pools which can
balance to some extent the N mineralization and immobilization that controls amount of AN in soil or soil AIF. At the early
stage the soil AIF reduced from 371. 3 mg/kg to 259. 1 mg/kg in the CCF treatment but increased from 306.5 mg/kg to
324.5 mg/kg in the SRF treatment. At the elongation stage when wheat requires maximum N supply, the difference in soil
AIF between the first two times was measured as only 34. 18 mg/kg in the CCF treatment but up to 77. 21 mg/kg in the SRF
treatment. The change of soil AIF showed that the SRF treatment could maintain higher soil AN to meet wheat demand at
the early growing stage, which could favor reducing N losses through emissions and leaching if any. During the early
growing stage, N availability to wheat in the CCF treatment might be much higher than in the SRF treatment, resulting in
much higher N uptake by wheat in the former than in the latter. With time, the SRF treatment released more N than the
CCF treatment and this was evidenced by higher N uptake by wheat in the SRF treatment. The pattern of N uptake by wheat
was in coincidence with accumulation of wheat biomass, namely CCF > SRF at the early stage and SRF > CCF at the mid-
later stage. At maturity, the biomass and N uptake of wheat in the CCF treatment were 15.32% and 13.51% higher than
in the SRF treatment, respectively. The fluctuated amounts of soil MN, FN and AIF in the SRF treatment were significantly
and negatively correlated with amounts of N uptake by wheat (r = — 0. 8728 — — 0. 9006 ** ) , showing much stronger
ability of the SRF in regulating soil N transformation to maintain good balances between soil N supply and crop demand and
favoring improvement of N use efficiency. Therefore, compared to the common compound fertilizer, the SRF is more

favorable to wheat.

Key Words: slow/controlled-release compound fertilizer; nitrogen forms; wheat; nitrogen nutrition
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ET LR TN &/ ERE S IR A 135 KRR I BN R SRR = EM A EERY
Wi, R LB G R R R S IR X IR R R RN, B 5 IR R/ R A MR - 1R (R R
AR AR DA PR ISR = AR Ml K FE L P P 9 2 R BB R5 2, LAY o o — 5 B
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1 #R5HE
1.1 /NEEHRAL
1.1.1 +3

PO BNV B 4 5 AR E R BRI TR , A B AP pH {E 7. 08, A HLK 16. 1 g/kg, 1A
fit NVAZL P ALK 7359 50.5.29.0.,106. 0 me/ kg, 4 [l 2 584 & & 182. Tmg/ke,
1.1.2 AE¥
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WATE 90d LA L, A HLIR & BN 15. 7% o 38 0B R & AERL (CCF) JEURH g IR (N, 46% ) (BEER — & 8 (N,
10% ;P,05,44% ) AAH (K,0,60% ) . FHERFE HLAIRE 1.

F1 #HRABRFHSELE
Table 1 The ratios of nutrient in fertilizer tested

AL 3 Treatment N:P,0,:K,0 A Code
AR No N fertilizer 0:9:12 CK
382 A Mk Common compound fertilizer 12:9:12 CCF
/BB A HERL Slow release compound fertilizer 12:9:12 SRF

1.1.3 Y

FEHR IR I R /N2 b A R4 FH 26,
1.2 5k
1.2.2 /PEZRRL

NE IR T 2004 411 A 10 HE 2005 455 A 8 HAEVE R K¥E R IR B A g 3N S AT, IR
KA 15em x 18em W¥ERLA, BA3E 1 2. Skg, BA B 1 2 &, 431 60 &, X% CK,CCF 1 SRF 3t 3 -4k
H, HEKTFEN 120 mg/kg, HHAMLBHWERIE, ZER AR —RIEA . ZE/NEBENETHN, BHEEH T 24
A, 433 F 6 AT (43 EERI 3 40 BE BRI B 17 309 Zo 0 L R 3R 3 VAR ) A A BURE , EE R 3 IR
M /NERE D EMRR TR TRIE, FHIE HIBESR AR MAEYER BESEEE.
1.3 xR

Bt IR L LA R AL IR B 4 BT 7 I, AR R R R FHYE H,S0,-H, 0, 1 fb-Z8 18 vk, 1
BB Gk RS A MM eEE LM B AR AT E K R e s
[F 5 A5 4% 5% i Silva Hl Bremer £ J5E
1.4 ZEabsg

R F Excel B0 DPS Git B TR ER AT A0 T A BE , 238 HUBER AT LSD &1, B /KP4 0. 05,
2 ZER5it

2.1.1 YA (MBN)

YRR R DEARE N EERT, W DIEAMANEEH RIS . IEMEYRAR
HEKS L EOHERRHEXR RO E Y], RERTEAA RN MA Y E R TR IE S 2, Wi e AR & BT
MAR BT, X — A EREWE R T SBEP AR SR NES . HIEREEER/NE LMY
BASE" . AMRER(E ) B, /NEEKE, SAHAELHE (CK) Ak, %58 & A 08 (CCF) kb3 1 1%
iy B R N 16. 97 me/kg (135.7% ), X £ T

COF S RAEIL N S TOP R e MRy 2 Ak @ccr mskE
255, B/ R4 I (SRE) A i e R R §2
% CK %, (AU RN CCF b3, SR AFRIALERE §2 ool@io. N Hoemet

8.0

LRI BER IR R AR SR , COF KRB N N
SR, T2 R R SRE 403 75 3% — I3 1 9 4 T ——
A5 RRRIE R SRR W ) NHL N B A Growth stage
% CCF . {BAEABERTHILAR , i T SRF 46885 2550 o
SRR THRKT, B SRE AR RN o 1 o o ot s
FS L, 78 SRE ALHE - b B MUE D A wheat soi
B CCF 7354 1 5 A8 0, T /22 2 K WT % A

AR
Microbial biomass N/(mg/kg)

WY A
Change of soil microbial biomass nitrogen in the
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A AERE, AR TR L EABS AT L . BT, BB /N AR KR R, SO Y
RO ERGER, BENERA A . BFE, e & A8 R A B RS B2, Il 1, 5
NEBAEFMMS , SRE M BRAHMAYRASEVES T CCF AH, X Wit/ ERE S LT L
FIE I MBCRER T EEE S Wil W, A%/ RILE T & A AR ZES (TSR AILEA)
18 B Y E LA M RE IR IR, SRF %8 CCF A A T 427 R e W i A A |, AT 32
R HAE HIRRAR MBI R AR A BB IR , 38 8 BERHR R R
2.1.2 FEEXN%

T RAPRIEEZTHLRACEA TG AR R LR 0™ e, EREEY R, XL
TE MR SARRI B SRAH RSO . Bk, TP E R SHNX MR EREZMNREEL,
—J5 TAEBE R KPR BL T, 3 08 B (8 s mT LAS 20 G2 v A T, 75— 77 T 9 251 R ) e LA B0 10 200 1 P 4
16, D REK . BR8Py 3 FERL RN 1 € 5 5 R, 8 T HIRR R B BERR B RIE R R R 1A
Rk

AFIREER (B 2) ,CK K[ 2 SR/ N E A
BB, IR B EA A LR A SR
(B RMBEAR) X 2 [ < e KA A AR 55
TOAE a3 n by 3 e S8R, ARON BT E T, R
ZAEY)FI I 2 SR EZORIE . CCF AbEEAN SRF 40

g

Fixed-ammonium/(mg/kg)
o
N
)
S)

[El 52,

oLLEA |1 :
Sy BERI 43 BRI Y1)

=g “ y HEF ) Growth
BB S A BB CK R, X 5 AR B owth stage
RO AL 25 R BB B A e T B OB 5 B2 FEMBMELREESELENTLES
gEE w5 CCF %%, SRF b3 B B 4% Fig. 2 Change of fixed-ammonium in the wheat soil

SR/ KATIEAE, X 55 SRE R M T
R b 5 R RO 56 o T/ K P9 | SR AT 5 7 e B CCF AL TS 3o 40 B e 7 e
FENEY A (K E BRI RECH SI A WRCRI PR 7E/NSE A KR , o T 24025 FF [ 0 el R L e /NS R
TP B MM B/ - S e R TR AT K, 15 CK b B — B, 5 6B 6
[ A e A B RO BOR — 30, e AT I, FE R A B PR S 5 A T 1, ok M A 3
P B PR , S SRR R TP S 4 2 1 LI T PR, 03 2 ) L T
TEIR IR R
2.1.3 &A% (NH, -N)

i1 3 A0, CK b3 b /S 4 S0 NH N 2 B 070 2 e MR TR T O a0 LAY B 00 1
NH; N &5 TS , 3UUE PR N A AR T+ SR R F A T IR . %5 /N
W NH; N 5 87 97 [ 7, 32 ph T b 0 L o A L A s R W AR 1 2, 7
NH; N B, (EL A LR ], 2 A M AR A T8 1 65 2 3 A P PR 50 5 K EBe R AT
CCF ALFRE /N2 + e NH; N £ 88 T CK 4h, 76/

MR M E CK KR, B CCF A8 /N gE 3 3900 m BeK mccr @S
NH; -NZJF T JeFtRHER S, A BEMINI 1 NH N %2 2000
R (13.64 my/kg) JURBEH MEXBRBUCEAZE F2 00
Jeor MBS RS R R TABHENE o e i

ERAR, (HHEE 7 T8 E E 5 RR KR, # H: 70l Growth stage
T AMEREMHE L% NI -N S BH T
5 CCF 4b3# %%, SRF AL/ TSRS BME
B IEA B HREERE EARRARX S 72/

B3 NEISmSESENTHES

Fig.3 Change of ammonium nitrogen in the wheat soil
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FE&HFHH,SRF 43 /NE 3% NH, -N S 2B & T CCF A3 108. 1% —271.7% . FlRELBTRIH,
HF SRF FEBRIMIER , IEK TSR EALER, B M EE R Z 2 H, /832 148 NH, -N F &7
R TR, /N E AL T R R M e R AR SR . [FIET, T SRF B LA M Ve LT
W E TERZHIMAEMRR, YNEREFEFRSE, XA B BB RAEH#HTH T, B CCF &5
T/NERAEZFIARES, AT R AL
2.1.4 FAA(NO; -N)

CK sb3# /N3 13 NO, -N & & WAL 2 LG

5 40.0 OCK @ CCF SRF
Po DISTBENIHHENO, N SRBAETHIBE K 55
P JUR BN R B R TRATIE 2 2 160 "
WIWEIE, 5N A LS A A R AR 2 [ T e sl el
5 CK HH, 7E/N 2 S BERI I AN CCF AL BRI AHZE R SRR 53 BN ;ggf*gmﬁﬁi . WA A
HEYIE ST CK AL, X2 W T CCF RS R
AL SR R E G ERHE AN TR T K B4 MEIRHSTIROTLES
%ﬁfj&?&%ﬁo Mlj\iﬂiﬂﬁ%%ﬁﬁ , CCF &J:}Ei‘}% H,(J Fig. 4 Change of nitrate in the wheat soil
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F SRF GERIHOME I, 58 - 3085 0 S A FORES , B NO N & 55 CCF ARTR b B (45 1E AR K P (1T
CCFS7. 42%—55.94% ) ; i SRE th AT BRI PRI, X190 T H 5 303/ 28 - HE S 4 308 A0 2 R, T
/N R A T LG 98 NO N A B BT A o e AT W, CCF b B8 B0 A0 L R 5 A o
TSI/ R R, SRR S R T 0355 643 NO, N 55 B K FAEE 2% 8 2 el
AHL Tk e ARG T IR R PR, IS T3R50 R35 B0/, 55 CCF Hoke, SRF 12/0 34 7 A0
SRR ARG KT, A T B 5 T ST /3 W L AT, B 5K e o e S
HOH A T LA RS A A R 4)
2.1.5 “H TR

ERBFIER, BB TR R W i SRR T — A AR, X A AR IR AL
VTR P, VR0 - R RO B, TSR LR TR . LA , - R U 2
T BN IR TR e T RIS (1 5) | 244 B T WG S0 MRS TR e MO T
T U B R A B IR A2, LB 5 24 SR 2 ML S LA B P T4, S8 7
TR R T EFBRERC R, BEA TR CRI ™ o Hoe s AU LTI 7 , E A R A
BB, AR RS A MU AT, A RN W0 FE T B I R L R o R
So BRIE, el R ) R B 7 L PR B T I e s TR L B L S R
B, SO0 T/ R R IR RO 1 J% S 2% 1
M A LIRS R . HEASHAEESY | o =

FZRARIH T A LR, 25 TREK NI, F | | |Gy s
AR RS S R RN % 518, f stk HE

5 R 25
R AR (LR R R (e TR |
(B 5) B RE IR e

B T/NE IR E B S B A ER/NE T IE
ﬁi%iﬁ% Hj 375 ﬁ% ’ lﬁ JHS ’ ,ﬂz jﬂ i @% ?Ej %E:F ’ Fig. 5 Relations of different form N and slow-release compound
ERFE NS BUBE SN ELEEEEEEE e in sl
NS BRI (& 6) . s BERHARI KT, CCF
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ALFEAN CK ARERA 35 s 1 R AR A " AR AL H— 2,

SN TR A RN R R R, 3 ook mecr mske
3 I OB T RS TR RS N A K R B T %3 0o

SRF AL 45 5 SV B AV AR, LR R TRRE £ 2 00

P TR I ) B A R S, R T T B %5 soo |

W B R A IR I N L AR R mumum mim SR RN RN

R, BT R ILM BUNEM AR BRF R G & 75 Growth stage
WA, N5 CK,CCF Zh B AR (b $—3. Zeidibint, B L T B L
CCF 4b¥70 SRF AbFHARHT —B A “ S F R R S & Fig. 6 Change of “Ammonium ion flow” in the soil
A TGN, AT RE R I BB A RE 108, B PR E
BERE . VESRIFBE , 0“8 TR R S B RKBUH Y, SiRI6RT L s TR R S B A
2.2 ZRE AR /INE AR R A B A P07 R R

2 B, AR /NEARF A BB EY = RREM, 5 CK W, iR AR R BB/ NE K
e R R 24.9% —51.3% RIS E RGN, AR AL B AR AR A B . ANEAE RV (58
),/ EREAIER 55 EE AR/ NEEYRAEMEA RS2SR, BRI LA CCF > SRF, 1L b
H/INEMAEK, A YELL SRF > CCF, 7EAET H )5 B (M 23k ) , SRF 4b34r CCF A HEHR & /NE AL W)
B 14.27%—15.32% KFEEAS] 5% M B EZER ., XFBG KN, SRF & CCF FRgfrslR | LIEP AR
e AR NERBRFSNBIA A, FENERERKES .

*2 FERHRLBNEZEYUFEFETE/ (¢/#)
Table 2 Effect of different treatments on yield of wheat in different stage

43 SR FERTH Sampling Time
Treatment SrBERIH SrBEEE AT Z 30 R A
Early tillering Late tillering Jointing stage Booting stage Grouting stage Ripening stage
CK 0.485 a 1.012 a 4.857 a 5.921 a 7.567 a 39.49 a
CCF 0.535 be 1.163 be 6.064 b 7.705 b 10.02 b 51.93 b
SRF 0.512 ¢ 1.298 ¢ 7.245 be 8.886 ¢ 11.45 be 59.66 c

FHPRFFRFERIE P=0.05 KE AR RE

2.3 ZRAEGIRX/NERFRLETHRARKER

AR FNETESEFTHRRAR LK 3, 5 CK W LAY BERS T DENRAR. 28
A2 4y BERIY , SRF H/NE R A &5 CCF AL HAIK 6. 803% —14. 66% , H AR AN F+ & 7. 522% —13.51% , L
WARHBE KRR K . XGRS R ALRL A /NZE A W B i R Wi R 3 A — SR, BRI LA CCF > SRF, H )5 LA
SRF > CCF, iR CCF 7E/NE A KA R IR e R, /NE R0 & B0 s HBEE SRF SR SRR, 12
T JERANE R SR Rl E . ORI B E S5 R R, 5 CCF ML, CRF B/ NER IR R BIRSG T
13.51% . SRF W58 B 1] 38 b B4 s Ui B EL 3R 20 18 3 P BEICE: CCF 5118, BBty i B IR AR IR e 37 23
R R, S /N X AR AR B R ASOR o

*3 AEARERLENEREAE/ (mg/fE)
Table 3 Effect of different treatments on nitrogen uptakes of wheat

43 KEEHH Sampling Time
Treatment SrEERIH S BRI WA ZRE HHIN % %]
Early tillering Late tillering Jointing stage Booting stage Grouting stage Ripening stage
CK 40.62 +2.929 47.77 £2.927 62.36 +3.892 67.44 £3.805 84.57 +1.484 85.62 +0.563
CCF 59.04 £2.678 95.25 £3.518 143.8 +5.610 167.5 +4.170 184.7 +7.279 200.5 +£9.261
SRF 50.38 £3.018 88.77 £4.401 154.7 +8.451 180.1 £9.315 200.3 +11.33 227.6 £10.94
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2.4 PEREYE FRES HEARPERNLR

R/NEARLET AR KRR N LR S TESREEHERED T (R 4) R, AR
REALBEXT — 3 Z B A A B 25 . TRARESRRIFAX/NEEWREKNZFAYE, CK M1 CCF 4
B EZERIAE B E S SRE LB b, 88 88 7 R 7 XN Z B MR B B E MR (r =
-0.7545" ) o NETRAFEERSRARKKREEY S LMK LRHS R SRR E RS BE R E
E AR (r=-0.8378"—-0.9085"" ) ; CCF 4B +- i A Yy B RAME E B8 5/ N ERREZ HEA K
KZ ;T SRF ALEE H 3R M AW B R B ESENSIB LG /NERARZ 8 WX E B E MK (r=
-0.8728"—-0.9006"" ) . CCF Al SRF AbBH 5 8% B 7 A §% o 7 5 /N2 R R 22 B 77 18 (2 3 B B 3 A
KRKF(r=-0.8583"—-0.8896"") . KA G TR IRHAE " 28 T A " rIRe 1 35, B
L3301y ok S KIS AN, T e s el LN R

x4 MEEVE REEEFERSEHBEXRH(r)
Table 4 Correlation coefficient (r) between N uptake and different N forms

ARRITEAE SRS Different N form

AR Index ot BEBA Il A AR AR B TR P
Microbial biomass N Fixed-ammonium Ammonium N Nitrate Ammonium ion flow
H: Y& Biomass CK -0.0216 -0.3145 0.5397 -0.5325 -0.2765
CCF -0.6272 -0.5712 -0.0231 -0.4771 -0.5847
SRF -0.3868 -0.2756 -0.4697 -0.7315 -0.7545*
% A& N uptake CK -0.4558 -0.5474 0.0040 -0.9085 ** -0.5425
CCF -0.5828 -0.5303 -0.7112 -0.8806 ** -0.8896 **
SRF -0.8728 " -0.9006 ** -0.4876 -0.8378 " -0.8583 "

il % % 43P P <0.01 Fl P <0.05(n =6, ry o5 =0.754, 1o o =0.874)

3 #ig

3.1 /NEAFHI SRF L3 Sk e) 7 HSE A" AEAS 181 B 2 IR 7, R B T IR K TR D R R R E
TR PR, © B SR P U R 22 (R S 1 AR AR /N B2 IR SOR T, DA TG 8 185 /N2 X RERHR R Bl 3
H/NEREH CCF ALETE/NE A KRTIBBER BRI E R IR & BER , (HEEE SRF 37 I8 FEiR
T RN B3R R A A LR — B

3.2 PIRRIERDS /NI A RAE N S AR REAR K, CCF /A RUIMBR IR B iR, N RSF
Sre BB HREE SRE R MR, 25 T P JEI/NERFR Rl . SRF IR & BERT 18] 22 L i 4F
RULHHIR I TE T3P B CCF 211, BEBAF 9 B iR VR Py R MACSR 20 R 3 3R, i3 /N 22 38 HE RS 3R 9 R e
A

3.3 INELEAFESASHERBRERNRREY), £0H T RHE RS WA BR 2] 828 Bk 82 1 E
(r=-0.8378"—-0.9085"" ) ;SRF 4b¥ + 3R EMERA B ESH NS BLA S/ PNERABZ XD L E
AR (r= ~0.8728"—~0.9006"" ) , CCF HI SRF b2 i “ g o] 7 #e 2" 5 /N R R B 2 6] 77 15 2.3
WBETRAHRKR(r=-0.8583"—-0.8896"" ) . R/ =R G MBHAE " 88 1 F R E” e
JIRE R, RVEE 4 B U R R 5 /N MR o 2 18] H9F 45
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