2 %% R 2013, 40 (4): 782-790 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@126.com

i

TRERESREREN MBI = fREH B
Al

MW, HRrA, TRE, FAR
UARA KRR, AEI R R TS, LR TR0 %, A4 % 271018)

B OB 0 ARRE G 50 R i I A R UM PR 3 IR S R IR 2 I R BT A
(Chrysanthemum morifolium) /5 FIZ FE R FH AR AL . % 6 MEH: XA EIL (CKy; &R AL
FHEAIREE (N IEREALENE A PR SR IR B (Nyp)s 9 il AR U At 350k 174, %)
FEAHE AL (CKyp), TEHENE A PREE (Npp), IR 3 S PR PR ROtk B IE (NpD o £ R,
XA, iR S T AR R AR R E . RO, AR EARRIR, ERR RS
PRFEC N2 3R A L LL I T PR 2 AL B, T8 Tt R b P, SRR IR 2 5 IR K it
FITRERIRTHN, &7 %=, EEEIEH A58 TRE L. &SR R 2% 5 R i L
B PR FE 1477 87.96 kg - hm?, Ll AT R DR 345 IR R 124.99 kg - hm e iy CAH T B
T N IR 2 T R I, EUIEAR 2R AR Tk I . EAE AR R, PR R 3R 5 IR R
BRI % BHEAR R R TRt % AEARK AT, %R 120 kg - hm™?, FR bR % (150 d)
Rz 1:1REG, WS SEE R 50%, HREKR (90 d) 5Kz 1:1RE, 8 /] 15 MiljE4
WHE, A AR 50%, RURHAE.
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Effects of Mixture of Controlled-release Urea and Conventional Urea on
the Yield and Nitrogen Use Efficiency of Chrysanthemum morifolium
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Abstract: Field experiment was conducted to study the effects of applying conventional urea,
conventional urea combined with controlled-release urea on Chrysanthemum morifolium yield and
nitrogen use efficiency. Six treatments with three replications were set up, i.e., control (CKjy;), no nitrogen
fertilizer applied; Suitable fertilization rate including single conventional urea (Nj;), controlled-release
urea combined with conventional urea (Ny,), control (CKj,), no nitrogen fertilizer applied, phosphorous
and potassium saved 1/4; Fertilization rate saved 1/4 including conventional urea (N;), controlled-urea

Wi 2012-10-10; f&EIA#I: 2013 -03 - 11
EEWMBE: ‘T HERBCSAEIRIE (2011BAD11B01)
* JW51E¥ Author for correspondence (E-mail: jianjieb@163.com; Tel: 0538-8248076)



4 34 PUI A5 TR PR 31 RSN L (1 4 7 AN I 2 1 5 ) 783

combined with conventional urea (Ny) . Results showed that applying nitrogen fertilization increased
inflorescence diameter, inflorescence numbers per plant and dry weight per inflorescence significantly as
compared with control. At harvesting stage, controlled-release urea combined with conventional urea
decreased nitrogen distribution ratio to stem and leaf, and increased that to inflorescence comparing with
single conventional urea under same fertilization rate, this indicated that controlled-release urea combined
with conventional urea was more favorable to nitrogen allotting to inflorescence, and increased yield. Yield
under suitable fertilization rate was higher than fertilization rate saved 1/4. Under suitable fertilizer rate,
controlled-release urea combined with conventional urea increased yield by 87.96 kg - hm™ compared with
single conventional urea, and 124.99 kg - hm™ higher compared with the same nitrogen fertilization mode
under fertilization saved 1/4. Nitrogen use efficiency treated by suitable fertilization rate was higher than
that of treated by fertilization saved 1/4 under the same nitrogen fertilization mode, while nitrogen
agricultural use efficiency displayed reverse tendency. Both nitrogen use efficiency and nitrogen
agricultural use efficiency treated by controlled-urea combined with conventional urea were significantly
higher than those of treated by single conventional urea under the same fertilization rate. Considering from
economic and practical view, controlled-release urea combined with conventional urea under suitable
fertilizer rate was the best nitrogen fertilization mode, namely the suitable nitrogen fertilization rate was
120 kg - hm. 50% of the total was used as basal, which was controlled-release urea( 150 d)combined with
conventional urea at the ratio of 1 : 1; 50% of the total was used as dressing at vigorous stage, which was
controlled-release urea (90 d) combined with conventional urea at the ratio of 1: 1.
Key words: Chrysanthemum morifolium; controlled-release urea; conventional urea

i FH A3 =i %G (Chrysanthemum morifolium) P& B Sl (BIIFE 2%, 2010; X
o 4, 2012). HET, AU AE RS EE 32 BUR AR AL AU A &5 A v B N BRI
K, AR ETE, W SR BRI A AR T Oa U) T AR . R R R A
FEHIFE D REORSE, L BIFRA RIS EDR IR T R P RCR, ST EE mIED . Bk,
PEFFEEAE = Lz e (RRgRZE 4, 2007; A 4%, 2009). WFFLERH, HRAERIRERS I St
FIA IR = A BT (BN 45, 2009b). H TR NERM S = T k), BRI T RNk 4
iR o AR AR R BRI, R MR R 20 B I 5 S 1% ) i, SR F PR AR 5 5 1
B, AT IR BB R, nlfgmr=E, FBRA A (BRBEAR %, 20105 MMl %, 2010).
ORI, #BRESRERAS AR Z KRN SRS AS &, BAR 5 = MaE
FHZEMIL S (BIA 55, 2012). BUES N ZFAEREREY), LR FEFHKET7TMH, R
PR AR, AT R AR R IR R S IR ER A, R S 18 AH 455 1 5 5,
T B 3 7 s A BB R FHRCR g, DUTOR s bt B s B2 e, 32 s mUIE R H 2 4 (L
B

1 MRS

1.1 AR 5 ks

HH R EE T 2011 4R 70 Lt R AR MV K 22 25 P R e b AT o 1R 58 SR T- 4R 4 117.06°, Jt4
36.20°, JFH T 174.40 m, & TR ORREVE IR E R E X . P RIE 13.4 °C, SETY =
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0 CIAEL 4731 °C, =10 CHFRML 4213 °C, JLFE M-I 195 d, F-FIFKE 697.3 mm, X
WK%, HERKER] 32.1%.

BRI 3 B RIS HTHEZ 0 ~ 30 cm H A HLT 36.24 g - kg™, Bilifif 40 121.25 mg - kg,
TR 33.71 mg - kg, AL 89.67 mg - kg

PEM RS TR 2 SR A 0 Bl S s P Ve 452 /N A8 . 43 3k 150 d.
90 d MM IR CL I RE IR (N 42%) H ARG IE KAES TRAMRA AL JRE (N 46%) mili%k
RINON AT BRA T A 77 BRI A A I BERRES (P05 12%). BRIERER (K0 50%), ¥ AT,
1.2 Rt

FR AR BT 128 AR I R S o g S (B 45, 2009a), Bt 2 4F AR K I P )
A IR L5 R N2 PoOs - KO = 1:0.89 1 1.58. TR0 15 385 it LR ik 2 e S 1 /1 it ALK T o 33 5
RS Z T 120 kg - hm?, 5% 106 kg - hm™®, 413 189 kg - hm?. @ W (CKy) AWEUE;
@ FHENKE (Ny), 50%%E0E, 15%F 7 F 15 Hiljti, 25% T 8 1 15 HiBjfi, 10% T 10 J 15
Hibiti; ® ZENREESERIRENE (Np), BRIKE (150 d) HIRZES LIRS, it
TR EAER) 50%, HREKE (90 d) HIRFESWHNES 8 H 15 Hibj, i & A St & m)
50%. V& HEIEA M & 90 kg - hm?, 52 80 kg - hm?, #2142 kg - hm?. @ %I (CKy),
AHENE: ®& FIEHIRE (Np)s ©® FHENRF SRR EACME (Ngp), I8t it L it ] 77 58
[F)IE AR, AT A S A AR i, SR AT R FvA 7 2B E R . SR F RN, /N X T
4 20 m?, BEMLIX AHESI, 3 XHEE ., 2011 4F 4 A 15 Hi%Fk e 10 ~ 13 cm. 254 5~ 7 mm (1173 8§
T, $%HEPREE 50 cm, ATER 45 cm FidE. HOMLE P

1.3 MEMBSA®

RE DR & AKIERY (8 H 14 HD. Rl (11 H 6 H) WFEIE . FE/hX
RAE 3 BE, FHKMET -, fds B orTF, BRI T REE, FOiE. MILECTFRES, fird 0.25 mm
e HaSO4-Ho0, Wifi#, KDY-9820 PILIK & ZAGIIE % &+ (B H, 2000). ##H &R ZPEZ
R S AN, T IR R R, AR R 91 3 H B e A Ak 3 AU IE R R

SUIEAR 2K H 2% (agronomic efficiency of applied N, AEN, kg - kg™*N) = %X bi 155 & -
XTI BT 3 7 5D il ==

ZUEF I (recovery efficiency of applied N, REN, %) = (i X AR 0 - ) I X R RE I
AR AR x 100,

FHEWSRIE L (harvest index of N, NHID = {EJPEM AR | MHEER R E.

PAR MR RN I E . RO N X 3 BRI E BRAE 5, BERRBEHLIE 20 NEFIE
WRFER B TREER . BRI B SR/ B L m? IR T 4

FIH Excel 2003 #1 DPS ¥ A EAT ##5 73 41, K LDS BE4T &2 AT .

2 HiR50Hr

21 AEERLEMITAFEYEIEN

2 1A%, A KR WIRRIC I, &S IE R bR 22 5 bR AT 155 424 2R AR T 5
JRE, WEBIEERIRES R ERIEN 64 B E S T RER R AKIEERY, EEiEEniE
R R R S IR RN R AR A=) AR EL6 IR CK oy 20 713841 26.88%F1 26.13%, I & itk It 43 31l
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LU CR oo 35 111 13.30%F11 28.89%; R H 43l 3 1 44.07% . 29.64%. 30.10%7FH 47.36%.

TG R R R 2SI AR ) SR AR K HE RS 5 RSO AR G A — 3, 253 Nyg > Nyp, I
Nip> Nyo AKHEEN, HEMAYRIER N> Ny ZR 52, REONZERANRE.

PR AORIRRAR S 25350, B SRR AR K AR AR RO AR A0 1Al BT Npp > Nogo B
A FRE AR Noo > Nogs SR Nog > Noppo FENESAH RIS, 8RR 355 IR R LA 7 A4
KRR T IR R, RUEBIRE SR EIEEIED A %7 A KA TP s, s &
B FE i

®1 TREELEHAREREEMER

Table 1 Effects of different fertilizer treatments on biomass accumulation of Chrysanthemum morifolium (g- plant®)

N 34 it IE b 2 Ui E L 1wy RAYE
Stage Treatment Root Stem Leaf Inflorescence Total biomass
AT 4] CKy 9.48 cd 20.29d 21.34b 51.12b
Vigorous stage N1g 11.48 be 29.60 a 21.86b 64.86 a

N1z 1545a 28.05b 2481 a 64.48 a

CKy; 8.88d 19.57d 19.59 ¢ 48.04 ¢

N2 10.98 cd 22.99 ¢ 19.92 ¢ 54.43b

N2, 13.32 ab 29.29 ab 22.98 ab 61.92a
PRIe CKi 17.71¢ 80.01d 21.25d 24.27 be 143.24d
Harvest stage N1y 33.76 b 112.18 a 33.74b 26.70b 206.38 a

N1z 30.22b 87.71c 38.03a 29.73 a 185.69 b

CKy, 17.06 ¢ 76.98d 19.20 e 21.70¢c 134,94 ¢

N21 31.59b 88.60 ¢ 3345b 2193 ¢ 175.56 ¢

N2, 39.69a 10251 b 31.40c 25.25b 198.85b

i A R R BER R Ak 2 0] 22 55 5%7KF.
Note: Different small letters in the same line meant significant difference among treatments at 0.05 level.

22 AEERLENNAFEERTEMKEZZN

® 2 BoR, WEMEAL Nyov Ny BRRTE PR TR AL Naov Nois #8/FEAR Ny i, Nios
Noov Nog ZEFAEFE; CKygy Niov Noow Nog FRAEJF Tl 2 AR, H CKy. N BHE & T CKy,
A Npps &l UG (] A8 7 R . ERAE r BAR E R AR, (HIE & T (CKy.
CKp) o it JIEAb B = 8 B AT A Nio > Nig > Naop > Nopg > CKyp > CKopoNipp H N, 15 124.99 kg - hm™?,
Bt Ny 5 87.96 kg - hm®. 5t W3 e I I 5088 IR 35 5 JR 250t o 485 S

R2 TEEBRLEBREE-ERCEWHER

Table 2 Effects of different fertilizer treatments on yield and its component of Chrysanthemum morifolium

FP IR R EPARTERE Y

o " Ly ~JR N
S SR HL 4EF E fi/em Ray floret H4t/lem ?E,?ﬂ—.)j‘ﬁ/g 7l (kg - hm?)
Inflorescence Inflorescence Dry weight of .
Treatment . number per Tubulous flower . Yield
number per plant diameter . . inflorescence
inflorescence part diameter
CKn 76.27 be 3.85¢ 93.73b 141b 0.201a 861.21c
N1z 84.83 b 494 a 12250 a 1.66a 0.198b 1035.41 ab
P 88.8la 4.53b 117.33a 167a 0.201 ab 112337 a
CKz2, 70.53 ¢ 357¢ 92.35b 1.43b 0.198b 749.61d
P 78.17 be 442b 119.35a 172a 0.202 a 946.77 b
N2z 84.02 b 4.56 b 128.51a 171a 0.201 ab 998.38 ab

e FFUAN R B R R A 31 A) 2 55 5%7KF-.
Note: Different small letters in the same line meant significant difference among treatments at 0.05 level .
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23 AREERLEMMBEARNENZN

3 XM, i HEE RGN T b A AR KRR O A R B s, G stk E &=
SEmTREMIE, EREE. WEEMERR, BRRESRANBHEKAZSHESNZE ST
B R ER, B N1z > Nigpr Nz > Nage

AERKHERS, EEEEA R RSB, AR R EERALE, HERKEEIR
A =S S A R A L L 2 R T R 3 . ST, PR R R SR R A R R
TR LE S T PR 2R, SR S o SAR BN RIS A R R AT O I > ZEE > AR,
WAL RS R AR A R D

KU, &R EIEER R 7= R BRI A R R R R E T R = it
NEA R AL BEAE AR ZE . MR R S AN R . IR A R i 0 SR 25 5 IR R B R bk 258
RS 2 T ) /D TR PR 35, AR 038 20 IC L A vy T B R 3 22 S

MAEK IR 2 RGN, S AHE) PR R e L BIGE BTF, ARE. Bl e R, R R
Lol B Ko U BHTE LI BOAR I R RR A R B, ARERS M R R Z B P e P .

#3 TEARBLEREHEHREERRNE

Table 3 Effects of different fertilizer treatments on N accumulation of Chrysanthemum morifolium (mg - plant™

gl JEACALEE AR 2 I £y HELBMRE R A 2
Stage Treatments  Root Stem Leaf Inflorencence N accumulation Root : Stem : Leaf : Inflorencence
ALK CKu 90.72¢c  120.74c  241.07 be 452,53 ¢ 0.20:0.27:0.53: 0
Vigorous stage Ni1 88.37¢c 234.82a 346.78 a 669.96 a 0.13:0.35:0.52: 0

N1z 146.87 a 235.65a 342.86 a 725.39a 0.20:0.32:0.47:0

CKy2 86.31c 127.18b 216.08 ¢ 429.57 ¢ 0.20:0.31:0.49:0

N21 107.63 b 172.22ab  301.23ab 581.08 ¢ 0.19:0.30:0.52:0

N2z 87.08c 164.02 b 337.94a 589.04 b 0.15:0.28:0.57:0
pRe CKyu 193.16¢  404.15c  24048c  231.05b 1068.83 d 0.18:0.38:0.22:0.22
Harvest stage N1y 230.81b 751.61a 368.89 b 233.63b 1584.93 b 0.15:0.47:0.23:0.15

N12 255.96 a 675.37b 51341a 336.79 a 1781.53 a 0.14:0.38:0.29:0.19

CKy2 144.28 d 386.87d 204.03 ¢ 182.67c 917.86¢e 0.16:0.42:0.22:0.20

N21 204.65¢ 459.98 ¢ 463.84ab  131.95d 1260.42d 0.16:0.36:0.37:0.10

N2z 195.27¢c 487.36 ¢ 44143ab  21357b 1385.64 ¢ 0.14:0.35:0.35:0.15

i A R R BER R Ak 2 0] 22 55 5%7KF.
Note: Different small letters in the same line meant significant difference among treatments at 0.05 level .

2.4 AEIHEABALIE 3 EBEH A E MR

I 4 FTULUE Y, it R b R R Bt . AREI N, RERFYCE . ittE
MR, 2R R 255 PR B IC I I AR 22280 Tt JR 25, Nap B Ny 32755 7 0.98 kg - kg™ Ngp bt
No 3255 T 0.54 kg - kgle S RUIBA - RCRAN R, W A0 80 n 00 P 25 [ 2B 488 o e A e A [
PRIR =5 IR BB ENCA 20 TR 2R, Nip b6 Ny 390 T 8.12 N E 48R, Nog bl Ny 390 1
7.38 M HAF A

AU, PR PR 2R R 2R Ot v EUIE R = e A AU R 26
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&4 TEMELIEM FALH RHE L Em

Table 4 Effects of different fertilizer treatments on nitrogen use efficiency

Wt A MBS (kg hm?) AN HL MR ZERRI (kg - kg™ FIEF %%
Treatment Total N absorption N harvest index ANUE NUE

CKn 64.13 cd 0.22a

N1z 95.15b 0.15b 145¢ 2751c

N1z 106.89 a 0.19a 243b 35.63a

CK2, 55.07d 0.20a

N2z 75.63 ¢ 0.11b 2.36b 25.54c

\PY3 90.17 b 0.15b 2.84a 32.92b

T FZIANFE R R AL BE A 25 738 5%K-F
Note: Different small letters in the same line meant significant difference among treatments at 0.05 level.

3 ik

31 FEMEA AT R ER A= E

Bt ST s S HORCRIR FH R R IRCR A % CARIUERM, 8w e, s n
BUAREF - BMA R ZHE (WIE 45, 20100, ABFREN, SEEHIEH A%ETFR R EHE
=it m TIRE i E, HRIR RS IR ENC & TR 35, RO IR 3 5 PR FE W0 it T P i R 25 48
ENLE . JRBREE (20100 WFFCESRE IR 20T 7 SR R0 B ORI R I, BREIR R SR
FHCHE R 78 0 KA A E SO IR RN, 5 AEY A B I R E TR K.

FLYIAR A 593 AT AR T 9220 W B AR B 2 — CRS KR T RER, 2009). XL
5 EE K T AR SRR R B, BUAR AR E IR 25 RBFR A AR R
FErE CBUEN A 45, 2009a). {63 /et 50 1 ZENCRERAT , AR POk I 25 rh ik B (1) S 25 Bt 25 A
FBE ML, Z BROE R S ERE RO R R R m . A0, RIS
EHAC A PR R B E G A EA R B EN O TREEAE, 127 m T e, o) amss
(2008) WFFEAIL, il 5 AR %5 2% B B BRI DL S R R A 5 a0 i . AWEITSE 5 EARTT ,
Tt HH 3 it A L ek e R B R TR R AR R R, P s R, RO RIR RS
JREBLE R R R 3 R T AR AR BRI AR TR 2, P llm TR . i,
FERIRE SR AW A A T2 b BRI AR RS, B RFIRY.

B (2006) FAXIK£44E (2009) WFFUMEAEX B30 =5y ST sE IR B, BRAR P 2OF 54
P BT AL 2 7 B E LR 3R . AR IR, BT 5 R 1IN S e R B i
[ it A AN [l 57 2 A B () B A 3 T R 22 e AN o 7 AP 22 5 T A 2 7 B R 4
JRZE (90 d) HRFEMABM, HBIRFELREMEEA KRG EAE G, (e 2F R AeE &
Ho Ul IR R AEZE SR R B A UGB IR, SR 2 Vi A4 A K R B A R 5 4
BAENEEE (MK 5, 2005).

32 AEERARMREFARMEMN

FUIER] FH 2 R0 A R0 RAEFNER AR I BB R bR GRARBL 55, 2008). AHfF 5T it U &
BRI Bt b TF, X5 AHE ST UM T AT G . ASHIFSR o 3 i I 40t T 2 120 kg - hm™
R TWU 145 IR IR AT 150 kg - hm™? (BLERF 4%, 2010), 5 i v R P it 4 s o Ui )
2 ETHA R R A B (KA, 2009). VEH) - BEMEERR R 3 TRk 2 F3R5Y, K
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BRI RS AR OR 7 0 E s i) (CEHE 4%, 2003). SAEZEFISENAR (2003) WFFTAA, 1
—OEEEN, WRARERKESEREIEA, ROEMRRARRN THRAX PRl R R
Bl MR AR ARG R T ARIL, Sl TARRSOETERE . R IEAT A AR R A R K Tl
JEAE 3wl fE e 3 e S SO R Y = v 3 o i A ) 2 AT

VEDIA FNE ) SN A SZ il 2R A5, dh 52 RIS IERISEAL, AL . JRACAE AL L
BISERISEm (5K 4%, 2005; w2AmM 4%, 2006; R &%, 2010). DIAEWFFHARE IR 3R RN )
o IRERBEEREAN— RGBT FIPROR Y R IR 3 5 IR 3R I A R Mt 5 — bk
AR SE A, S PR 3R AR AN 2 Bt 5 e BRI 358 5 2 R S S 3 I LA
PAEBRGR KM L LR CRIER, 20000, BRI, X REWRRE 595, PR3 T
Pt L33 5 R I N 3 b R FAS RS R KR R, & A5k (Michael etal., 2003).
FUEIEA 3G, 72 EHORD SRR, BRAEDMK, FREILMIRR (EmesEMsKiR
B, 2003). WA 7—8 A i 2 1Y, FESEIIR DU R 3R A BB LB 2 TR IR 3 IR
o SIRFANL, PEORIR FABE RN ML, DR FM Rk OB 55, 2004). FREE %455 (2007)
WHFUAN, JREEIER VKA LSRR 205 30% LA b, AT 5 60%LL b IR IR 3 5 IR FIL
Jit 5 3% DRI A bR IR P PR A AR i PR 3R

WRARTE SRR MUK IS RE ST, TGRSR B P2 iR RS ) (T 55, 2009). 12K
PRE 5 PR RO L it PR R RESRE 2 T WU AT P R ST RS AN R R IR A S S 1 CRLIT 7
S, 20120, feéwn T REWMCHE . dLHEN, AT RO IR 3R B PR SR IO U P A v T R R
FOTERE IR F D R SRR IR B E K, SRR AR T DI 45 R

ERE BN F A i BWAE MR =D A 3R, AR A0 T 2 1 i i %0 120
kg - hm?. F#REI0) 150 d (PR IR 3 5 PR G ABIR AL, %0 5 S0 50%, 2R8I 90 d 5
BRF L RFGEEBRMNT 8 JTIBNIE R E &7 S i %8 5092 fefE 2UILHE 75 2o T F ) 1k
AT —4F, AR Z 1A RAR A ] 2RI 4R A BRI, il 2 DTS
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