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Application of controlled-released urea combined with conventional urea on
physiological indices, yield and quality of Chrysanthemum morifolium Ramat.
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Abstract ; Nitrogen is one of the most important nutrients and plays a vital role in crop growth and yield production,
rational nitrogen fertilization is essential to achieve an optimal yield and the desired product quality. Field experiments
were conducted from 2009 to 2010 to compare the effects of controlled-release urea and conventional urea on the
growth, yield and quality of Chrysanthemum morifolium. The results show that the physiological indices, including
soluble protein content, chlorophyll content, nitrate reductase and root activities, are highest at the pregnant stage,
and the indices in the treatments applied two kind of urea are higher than those of the control. The controlled-release
urea and conventional urea applied as single basal application can improve growth and dry matter accumulation at the
early stages of C. morifolium, while split fertilizations are more favorable to these in the later stages. The amounts of
inflorescence number per plant and 100-inforescence flesh weight are increased under both the controlled-release urea
and conventional urea applications, while there are less effects on inflorescence diameters. Consequently, the yield
increase is achieved mainly by increasing the inflorescence number per plant and 100-inforescence flesh weight. The
yields treated by split fertilization of both controlled-release urea and conventional urea are higher than those treated by
single basal application, and the highest yield is obtained in the application of controlled-release urea combined with

conventional urea. Compared with conventional urea application treatments , the controlled-release urea application treat-
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ments lead to significant increases of total flavonoid content, chlorogenic acid content, soluble sugar content and protein

content of C. morifolium, and those of the treatment applied controlled-release urea combined with conventional urea are

higher than those others. Taking account of yield and quality, the split fertilization of controlled-release urea combined

with conventional urea is the optimum under this experiment condition.
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Table 1 Scheme of the nitrogen fertilizer experiment design

Ab3 MR & (kg/hm’) RAE WAL 75 =K
Treatment N application rate Nitrogen fertilizer Fertilization mode
CK 0 0
T, 120 PU 50% E:J Basal application,
50% Z*EE RiriB i Topdressing prior to pregnant period
T, 120 PCU 100% FJifi Basal application
T, 120 PCU 50% E:J Basal application,
50% Z*EE RiriB i Topdressing prior to pregnant period
T, 120 PU:PCU = 1:1 100% EJfi Basal application
T, 120 PU:PCU = 1:1 50% E:J Basal application,

50% Z*EE RiriB i Topdressing prior to pregnant period

1 (Note) ; PCU—ERRE (3RH 5 4~ A ) Controlled-released urea( Controlled-released time is 5 months) ; PU—3%58 JR & Conventional urea.
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b T, Ab BB 21.25% ., 11.94% ., 18.89% .
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Table 2 Effects of N treatments on agronomic characteristics of Chrysanthemum morifolium Ramat.

731

eyl

S
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Trffim Plant height Steam diameter Branch number Effective branches L::fﬁ;iigl\nﬁx
(cm) (mm) (No. /plant) (No. /plant)
CK 53.57+3.25 ¢ 6.32 +0.33 d 29.41 +2.41 ¢ 20.13£2.13d 0.75£0.06 b
T, 69.01 £3.49 a 6.73 £0.33 cd 33.59 £7.02 b 23.69+3.15 ¢ 0.86 £0.06 a
T, 58.88+4.19 ¢ 7.24 £0.70 be 31.23 £5.07 ¢ 25.58+1.67 b 0.85+0.04 b
T, 64.02 £3.75 be 6.78 £0.44 cd 36.02 £2.91 a 27.05 £2.54 ab 0.89+0.12 a
T, 60.21 £6.75 cd 7.79 £0.57 ab 35.56 £5.19 ab 26.91 £3.01 ab 0.84 +0. 07 ab
T 64.72+£5.29 b 8.16 +0.44 a 37.60 £3.05 a 28.16+2.16 a 0.87+0.11 a

HE(Note) :[AP BB S AR FRREREFIE B E/KFE (P <0.05) Different letters in the same column mean significant difference among

treatments at the 0. 05 level.
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Table 3 Effects of N treatments on physiological indices
J— s ﬂ%'ﬁﬁﬁﬁ ﬁﬁ%&ﬁﬁ@ HRR *E?Yﬁﬁ

Growth stage Troatment Soluble protein NR activity Chlorophyll content Root activity
(mg/g) [mg/(g - h)] (mg/g) (mg/(g - h)]

He K RE B CK 20.36 +0.95 ¢ 4.02+0.36 d 1.25+0.16 ¢ 0.36 £0.05 ¢
Vigorous growth period T, 25.06 £3.12 b 4.34+0.34 ¢ 1.59£0.15b 0.53+0.10 b
T, 26.31+1.96 a 5.63+0.31 a 1.95+0.10 a 0.61 £0.12 ab

T, 26.54+1.84 a 5.34+0.20 b 1.84£0.03 a 0.54 +0.08 b

T, 26.49 £2.25 a 5.59+0.25 a 1.89+0.04 a 0.68 £0.11 a
T 26.53 +£1.36 a 5.23+0.18 b 1.86 +0.08 a 0.59 +0.07 ab

ZhEE e CK 25.27 £1.42 d 5.13+0.19 e 1.49£0.15 e 0.51 £0.06 e
Pregnant period T, 27.39+£1.02 ¢ 5.42+0.23 d 1.98 £0.12 d 0.64 +0.05 be
T, 30.26 £1.65 b 5.95+0.29 ¢ 2.38+0.27 ¢ 0.71 £0.06 ab
T, 32.01 £2.05 ab 6.37+0.46 b 2.49+0.41b 0.76 £0.10 ab
T, 31.08 +1.47 b 5.69 +0.31 cd 2.59+0.43 ab 0.74 £0.08 ab

T 33.15+2.46 a 6.93+0.21 a 2.64+0.35a 0.78 £0.15 a

FFiE R CK 19.24 £0.91 d 3.36 +0.64 d 1.01 £0.17 ¢ 0.29 £0.07 d
Flowering period T, 24.37 £2.14 ¢ 3.69+0.25d 1.47£0.13 b 0.45£0.09 ¢
T, 25.04 +0.98 be 5.67+0.44 ¢ 1.64£0.12 b 0.55 £0.12 be

T, 26.37£1.67 a 6.35+0.17 b 2.03+0.16 a 0.69+0.10 a
T, 25.14 +1.65 be 5.29+0.44 ¢ 1.66 £0.13 b 0.61 £0.09 ab

T 26.05 £2.48 ab 6.78 £0.32 a 2.16+0.21 a 0.71 £0.18 a

HE(Note) :[FPBIR EARFHERERIEZBEFKF (P <0.05) Values followed by different letters in the same column mean significant

difference between treatments (P <0.05).
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Table 4 Effect of N treatments on dry matter accumulation of Chkrysanthemum morifolium Ramat.

A K RE AR ZEM e
Vigorous growth period Pregnant period Flowering period

ez THYERRE 5 CK K TYERRE 5 CK 3 TY R RE 5 CK K
Treatment Dry matter Compare with Dry matter Compare with Dry matter Compare

accumulation control accumulation control accumulation with control

(g/plant) (%) (g/plant) (%) (#/plant) (%)

CK 56.31£5.29 ¢ 63.54 +6.14 ¢ 73.59 £4.81 e

T, 60.30 £6.90 b 23.07 75.69 £4.54 d 19.12 95.86 +4.41 d 12. 60

T, 65.88 £1.01 a 17.00 82.85+5.63 b 30.39 99.95 £1.65 be 31.74

T, 61.32£8.99b 8.90 79.87 £4.67 ¢ 25.70 102.62 £3.49 ab 39.45

T, 66.95 £4.43 a 18.90 86.19+£10.87 a 35.65 98.33 £10.93 cd 34.98

T 60.54 £33.49 b 7.51 83.19+11.14 b 30.93 105.57 £12.99 a 43. 46

¥ (Note) : FIFNEAR IS ARIFRRERZREEBEKFE (P <0.05) Values followed by different letters in the same column mean significant differ-
ence between treatments (P <0.05).

R5 RELENBETEBRTEARERENRE
Table 5 Effects of N treatments on yield and its components of Chrysanthemum orifolium Ramat.

sham B BRALFF$(No. /plant) HFERZ (mm) BHREFHE(g) R
Inflorescence number Inflorescence 100-inflorescence Yield
Treatment
per plant diameter fresh mass (kg/hm?*)
CK 25.61 £4.69 e 3.25+0.12 b 71.69 £574 d 751.04 £65.23 d
T, 36.61 +4.87 d 3.27+£0.01 ab 73.21 £5.64 cd 829.88+16.15 ¢
T, 47.65+1.26 ¢ 3.29+0.03 ab 76.24 £3.94 b 969.56 +24.13 b
T, 52.11£1.90 a 3.34£0.05 a 77.34 £6.37 ab 1003.41 +6.08 b
T, 49.90+£2.03 b 3.31£0.03 a 76.03 +£5.28 be 978.97 £15.09 b
T 52.88+1.94 a 3.32+£0.04 a 80.18 £3.15 a 1107.92 £23. 16 a

¥ (Note) : FIFNEAR IS ARIFRRERZREEBEKFE (P <0.05) Values followed by different letters in the same column mean significant differ-

ence between treatments (P <0.05).
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Table 6 Effects of N treatments on quantity of Chrysanthemum orifolium Ramat.
- HHEE AR A HEH
Total flavonoids Chlorogenic acid Soluble sugar Protein
Treatment
(%) (%) (%) (%)
CK 6.59 +£0.30 a 0.463 £0.04 a 21.80+1.45 ¢ 6.14 £0.11 e
T, 6.23+0.15b 0.440 £0. 06 be 23.59 £3.04 be 6.38 +£0.67 de
T, 6.47 £0.18 a 0.442 £0.05 be 25.04 £1.05 ab 6. 86 +0.24 be
T, 6.44 +0. 19 ab 0.437£0.03 ¢ 26.39+£1.04 a 7.36 £0.28 a
T, 6.58 £0.25 a 0.434 £0.05 ¢ 24.93 £1.06 ab 6.73 £0.13 cd
T, 6.56 £0.32 a 0.448 £0.03 b 26.34+£0.97 a 7.29 +0.48 ab

¥ (Note) : FIFNEAR IS ARIFRRERZREEBEKFE (P <0.05) Values followed by different letters in the same column mean significant differ-

ence between treatments (P <0.05).
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