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Abstract ; [ Objectives ] Aiming at the problems of excessive nitrogen fertilizer application, low nitrogen efficiency and unclear
nitrogen uptake and allocation rules of chrysanthemum varieties with different nitrogen nutrient characteristics in chrysanthemum
production, the effects of different nitrogen levels on the growth,nitrogen efficiency, nitrogen accumulation and allocation of different
cut chrysanthemum varieties were investigated in this paper to clarify the characteristics of nitrogen uptake and utilization of different
cut chrysanthemum varieties. The results of this study would provide a theoretical basis for efficient production of cut chrysanthemum.
[ Methods ] The growth indexes, nitrogen efficiency indexes and nitrogen accumulation in different parts of 9 cut chrysanthemum
varieties from different families were measured under high nitrogen(800 mg per plant) ,normal nitrogen(400 mg per plant) and low
nitrogen (50 mg per plant)levels during the whole growth stage. [ Results] The growth indexes such as plant height,stem diameter,
leaf dry weight,stem dry weight,root dry weight, total root length, principal branch number, flower number, and nitrogen accumulation

indexes such as root nitrogen accumulation, leaf nitrogen accumulation, plant nitrogen accumulation, increased with nitrogen level
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increasing , while the nitrogen efficiency indexes decreased with nitrogen level increasing. Under normal nitrogen level , the flower dry
weight, crown breadth, flower diameter and flower nitrogen accumulation of 9 chrysanthemum varieties were the highest, and the
flowering stage was the earliest. Under different nitrogen levels, ¢ Nannonglihuang’ was significantly higher than other varieties in
stem diameter, biomass of each part, average root diameter, root volume, crown breadth, flower diameter, nitrogen uptake efficiency,
agronomic nitrogen efficiency, plant nitrogen accumulation and flower nitrogen accumulation ( P<0.05). The plant height, stem
diameter, biomass of each part, crown breadth, flower diameter, nitrogen uptake efficiency, agronomic nitrogen efficiency and plant
nitrogen accumulation of ‘ Nannongxuefeng’ and ‘ Nannongzifeng’ were lower than those of other varieties. During the seedling stage
and reproductive growth stage, leaf nitrogen accumulation of the 9 chrysanthemum varieties was the highest, followed by stem and
root. At full-bloom stage, the proportion of nitrogen accumulation in leaves and stems decreased significantly, and the nitrogen
accumulation in flowers was significantly higher than those in other organs. Under different nitrogen levels, plant nitrogen
accumulation was significantly positively correlated with flower dry weight, crown breadth, flower diameter, principal branch number,
flowering number and flowering date(0.39<r=<0.83). And flower nitrogen accumulation was significantly positively correlated with
flower dry weight and flowering date (0.53 <r <0.89). [ Conclusions ] High nitrogen level promoted the vegetative growth of
chrysanthemum , but inhibited the nitrogen efficiency and quality formation of chrysanthemum. The growth rule of chrysanthemum
during the whole growth stage was consistent with nitrogen accumulation and allocation. Plant nitrogen accumulation and flower
nitrogen accumulation played a key role in the formation of flowering quality of chrysanthemum.

Keywords : nitrogen levels ; cut chrysanthemum varieties ; growth quality ;nitrogen efficiency ; nitrogen accumulation
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Table 1 Effects of different nitrogen levels and varieties on 9 growth indexes and 5 flowering indexes

EE A 5K W/ ZR/ BTE ETE/ MR/ BRK,  REE THURE REBY BTE ®@R w0 -9 Bk
Growth Source of cm cm g g g cm B/ em? #2/mm em® g cm mm AL M
stage variation PH SD RDW SDW LDW TRL RSA ARD RV FDW CB FD PB EN
% HN 31320 397 0.25* 0.71 145°  497.03*  103.29*  0.64>  1.54°
FAKFEN  EHEEAN  2870° 385" 0.24* 0.58" 127 47576 89.60"  0.62¢ 132"
R LN 20.56¢ 3.9 0.15" 0.38¢ 091 31675°  68.98°  0.68*  1.09°
BRERCC 29250 3.00° 0.13¢ 0.46° 109" 260260 45707 0.62¢¢  0.69¢
MARMSEDH  23.000 2757 0219 036" 0678 506.11°  96.56°  0.64°0 156"
MARFEMFS  2846° 419" 0.14¢ 0.64¢ 1.19° 232,072 46.12¢  0.66™ 079!
i BRMELH  30.87° 555 029" 080" 166" 41347°  9536°  0.80° 156"
Seedling MMV HREELY 3187 4.03¢ 0.27° 0.59¢ 136¢ 452007 110.15"  0.68>  1.79°
stage HRNEIEXIM 32590 3.85¢ 033 0.83¢ 1545 646.88*  128.53*  0.640  1.68%
MARMMH XR 3056 4.30° 0.20¢ 0.78" 220°  481.57¢ 103.05%  0.63°0  1.50°
MRTFEXF 16200 3.07° 0.13¢ 032" 057" 260.18" 52344 0614 0.77¢
MRERIE 1883 2515 0.20° 0.25% 0.60"  605.07° 108.09" 055  1.49¢
Ly Ay Fk ok EEES Fk ok RS EEES Fk ok RS EEES RS
FA HN T541% 6.26" 0.57* 431 4270 677.01*  147.06*  0.69"  2.40°
AKEN  EFAN 612> 604> 056 3480 342" 64429"  139.38" 070" 2.40°
R LN 58.80°  5.65° 043> 2.62¢ 249 442.93¢  99.37°  074*  1.83°
MRAFERCC  77.88°  465% 023" 3.06° 340 22328" 5143 070 0.908
BRIMEDH 66520 5.25¢ 0.54¢ 273 2400 717.01° 17194 076> 3.07°
R MARERFS  67.83¢  7.58" 0.46° 443> 3794 538960 119.01  071°  2.00°
it MRMHELH 7676 8.08° 1.03¢ 5.71¢ 524 588.29°  151.29°  0.91*  3.50°
Reprodu-  #hFIV — BIRFEMELY  75.040 6.0 0.61° 3.78¢ 3.93¢  708.78"  163.80°  0.71°  2.45¢
ctive HRNERXIM 76,066 6.50° 0.75" 439> 3.600  821.68*  176.12°  0.69°  3.05"
slage BARBHXR 63368 6080 0377 3444 453b 467280 8TI9¢ 0.62¢ 132
MARTEXF 49910 488 0.30¢ 2.07¢ 206" 444.58°  91.22° 0670 138"
MK IF 509" 4758 0.39" 1.62" 1790 782.79%  145.44¢  0.62¢  2.23¢
v * ok ok * ko * ok ok ®k ok * ko * ok k ®k ok *okk ®k ok
NxV EEE EEE] #k ok Hk ok EEES #k ok Hk ok Hk K EX T
A HN 94.66° 676 1.29° 12770 5120 o4334b 2610 074" 413> 0310 21.54" 58.15" 13.30° 26.26°
FAKFEN  EEEAN 9188 673 1222 11.40° 501" 99450* 23056 074" 431 0.32* 22.17° 61.50° 1274 23.85"
RA LN 83.84° 621" 115" 815  3.64°  86L14°  23462°  0.83°  467° 029 18.80° 58.06° 11.00° 16.30¢
MAREKCC 101.00¢ 510" 0.42 10690 384" 335040 75460 074t 122° 037° 17.79° 52817 9.78° 17.44°
MARSEDH 84750 570 1.37° 70 3505 1409.37% 329.26* 0714 6.17* 0271 17.65° 56.22¢ 13.11° 20.56¢
MRFRES  go.63c 827" 1.17¢ 11.88> 4845 116557°  272.15¢  0.76°0  5.07°  0.24° 22.04° 59.86° 16.56* 36.00
Jﬁr’ﬁ/ﬁ” MRMWELH 10296  8.71° 277 1670°  7.38% 951.89°  296.07°  0.96*  6.29°  047* 30.03* 85.19* 13.67° 25.22°
blsor; MEV O RREELY 100477 6.49° 147°  1131c 4990 041.23¢ 26301 078 520" 0.31° 18.891 70.66" 10.44° 14.22!
stage RIAOMETEXIM 105,16 746° 134" 16.27° 546" 114418 26435° 0740 474 036" 2320 57.52¢ 14.44> 2711
BARBH XR - 83.908  6.85¢ 0.85¢ 8.54° 5300 753.87%  161.36%  0.67° 2307 030° 21.80¢ 57.77¢ 12.33¢ 17.44°
MRTZEXF 79700 5378 0.66° 727" 3436 505.52°  147.14% 084> 330° 0206 13.99" 51.788 10.44¢ 20.33¢
MRZEZE  63.580 5.4 0.94¢ 6306 257" 1099.38"  264.93¢ 075 505" 0.220 22.12¢ 41.32" 10.33¢ 20.89¢
AKEN 'T1) IT1: %% k%% [T1: 31 ns T *% T T T B T TR T TR T Y]

#:1) N: Nitrogen level ; V; Variety ; HN ; High nitrogen ; NN ; Normal nitrogen ; LN : Low nitrogen ; PH: Plant height;SD; Stem diameter; RDW : Root

dry weight; SDW : Stem dry weight; LDW : Leaf dry weight; TRL: Total root length; RSA : Root surface area; ARD: Average root diameter; RV :

Root volume ; FDW ; Flower dry weight; CB: Crown breadth; FD: Flower diameter; PB: Principal branch number; FN; Flower number; CC:

Nannongchuncha; DH: Nannongdaihua; FS: Nannongfengshou; LH: Nannonglihuang; LY ;: Nannongluoyan; XJM: Nannongxiaojinmao; XR:
Nannongxuri ; XF ; Nannongxuefeng ; ZF ; Nannongzifeng, 2) AR S RN FAET  ASFING FhE R R A R R K 0] 2 57 B 3% (P<0.05) ,
AR SR SRR N SR SR NG R R R AN [R] S AP A 22 53 8 3% (P<0.05) , T [A, Different letters in source of variation of N indicate

significant differences among nitrogen levels at 0.05 level, different letters in source of variation of V indicate significant differences among

varieties at 0.05 level. 3) ns:Not significant; “** P<0.001; ** P<0.01. The same as follows.
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Fig.1 Effects of different nitrogen levels on flowering stage of different cut chrysanthemum varieties

Sq.Ch.In BLEf 735 AU BUE | 0 G0 BT B AES AR AR

Sq,Ch,In,BIl, Ef represent squaring stage , chromogenic stage,initial bloom stage , full-bloom stage and end flowering stage , respectively.
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Table 2 Effects of different nitrogen levels and varieties on nitrogen efficiency indexes %
T Seedling stage A BT Reproductive stage AL Full-bloom stage

G E S Al AAH KEA AR ARH KREA ARk AFH KREA

Source of variation ES &S b &S MR R P& &S B

NupE NutE ANE NupE NutE ANE NupE NutE ANE

A HN 0.20° 46.03¢ 9.05¢ 0.27° 63.97° 17.16° 0.30° 113.91¢ 33.75¢

ZAALH N IEH A NN 0.28" 56.95" 15.67" 0.34" 80.03" 27.98" 0.54" 116.27° 63.06"
K%L LN 1.35° 76.90° 86.40° 1.51° 113.57° 166.34° 2.21° 168.64*  355.07°

RAFRAS CC 0.52¢ 43.94¢ 23.34¢ 0.63¢ 78.21" 56.54¢ 1.081 117.31¢  142.18¢

AR {548 DH 0.17" 82.60° 14.76" 0.59° 80.01° 55.34¢ 0.60" 152.58"  109.02¢

FAC L FS 0.69¢ 52.03f 40.46¢ 0.84° 85.384 85.90° 0.92° 164.46*  161.02°

RN LH 0.91° 54.01¢ 54.67" 1.38¢ 77.19" 121.83¢ 1.89* 124.37"  271.81°

fuff v FAARTEIE LY 0.76° 52.63" 45.21° 0.61%  101.90" 71.92¢ 1.05¢ 128.22°  157.28¢
BN XM 0.91° 54.01° 54.77" 0.89" 88.81° 92.89" 1.39" 133.35¢  204.41"

MRS H XR 1.16* 58.55¢ 72.08* 0.52! 114.59° 70.47¢ 1.15¢ 108.18"  142.53¢

MR T XF 0.17* 69.05¢ 12.90¢ 0.51" 72.49" 42.99" 0.508 148.47¢ 85.85"

AR 5 ZF 0.18' 72.80" 15.18" 0.40¢ 74.13¢ 36.56¢ 0.60" 119.53¢ 81.55'

Note ;: NupE : Nitrogen uptake efficiency ; NutE ; Nitrogen utilization efficiency ; ANE ; Agronomic nitrogen efficiency.
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Fig. 2 The rule of nitrogen accumulation and allocation of different cut chrysanthemum

varieties under different growth stages and nitrogen levels
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