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12m 28°C 75%
12~13h 4
(Alnus rubra)

(Alnus nitada) (Alnus

glutinosa) (Alnus incana)
1.2
(NO ) (N1/2 8 mmol/L)
(N1 16 mmol/L) (N2 32 mmol/L) 4
3
48 7 ( 1 )
( ) 2010 5
40
«C )
6
20
( ) 7 29
1 20ml/ )
) Bollard M 1)
Arnon pH 5.6~6.0 12
2 12 16 35

NO(O g) N1/2(0.0784 g) NI1(0.1568
g) N2(0.3136g)

Fz1 FEEFHEHMS (mmol/L)

Table 1 Nutrition components in different nitrogen supplies

(NO) (N1/2) (N1) (N2)
KNO; - - 2 -
K,HPO, 1 1 1 1
NH4NO; - - 2 12
(NH,),S0, - 2 3 2
K,SO, 1 1 - 1
MgSO, 2 2 2 2
CaSO, 2 - - -
Ca(NOs), - 2 2 2
N P K Mg Ca S 224 31
156 48 80 160 mg/L NH,” NO; =1 1
1.3
1.3.1
CCM200 (CID Inc) 9
8:00—11:00
5 SPAD 3
1.3.2
3 105°C 30min 75°C

3 Lowther!'

HzSO4_H202 Mukherjee
Asanumal'®
=( )
x( )
= / (
)[17]
= /
/= /
A/ =NO /- NI /
1.4
Microsoft Excel 2003
DPS7.05 Origin7.5
LSD
+ +
2
2.1
2.1.1 1
N1/2
N1/2>N1>N2>N0 NO
N1/2 N1 N2
2.1.2
( 2 N1/2
NO N1
(45.13%) (10.39%)
2.1.3 3
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Fig. 1 Biomass distributions of four exotic alder at different nitrogen levels
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Fig. 2 Root/shoot ratios of four exotic alder at
different nitrogen levels
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( N1/2>N1>N2>N0

3
2.2
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48.75% 69.34% 82.24% 28.87% 10.81 ~29.22 g/kg

)
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Table 2 Root length in different diameter classes of four exotic alder at different nitrogen levels

3 FEAKFT 4 MERBEMRAKLTSSH

Fig. 3 Root parameters of four exotic alder at different nitrogen levels

#2 TRAKTET 4 MEARBEMARRERIRRAKE (cm)

0~0.5mm 0.5~1mm 1 ~2mm >2 mm
NO 279.83 +58 ¢ 25.70 £ 8 fg 6.59 + 3 fgh 1.69 £ 1 cde
N1/2 470.55+ 116 a 91.49+32a 37.64+ 14 a 13.37+7a
NI 223.21+90 cd 51.64 + 30 c¢d 2532+ 11b 8.43 + 4 abc
N2 171.05 + 64 def 43.34 £ 34 de 20.54 + 10 be 7.25 £ 3 abed
NO 143.93 £37 ef 12.40 £ 4 gh 3.65+1gh 1.02 £ 1 de
N1/2 23227 +57 cd 54.05+23 cd 16.64 £ 5 cd 5.00 + 2 bede
N1 128.63 £50 fg 40.85 £ 30 def 11.87 + 7 def 2.81+1 cde
N2 71.05+33 g 18.61+12¢g 8.62 £ 5 efg 2.34 £ 2 cde
NO 231.42 +48 cd 23.66 = 7 efg 5.39 £ 3 fgh 1.18 + 1 de
N1/2 538.94£247a 79.38 £32 ab 3450+ 12a 1395+6a
N1 259.56£45¢ 5821 +21cd 23.32+9be 9.65+4 ab
N2 164.56 £+ 60 def 25.92 £ 17 efg 12.15 £ 5 def 4.88 + 4 bede
NO 213.19 + 94 cde 1834+11g 4.47 + 3 fgh 0.86 + 1 de
N1/2 385.32+£126b 65.06 £ 29 be 22.96 + 10 be 6.41 + 3 bede
NI 136.44 + 41 fg 23.92 +£25 fg 15.42 + 28 cde 11.45+33 ab
N2 - - - -
(LSD P<0.05) “=-~~

11.41 ~27.19 g/kg
N1/2 NI

NO
NO

N2

10.81 ~ 28.42 g/kg

15.83 ~26.11 g/kg
1.67 g/kg
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Table 3 Leaf N contents and N/P ratios in different parts of four exotic alder at different nitrogen levels
(g/kg) (g/kg)
NO 8.56 +£0.13 i 11.41+0.10n 10.81 £0.04 1 394+0.04a
N1/2 22.12+1.95f 19.02+0.11 h 24.33+0.13h 1.30 £ 0.06 fg
N1 26.23+0.93d 22.11 £0.06 ¢ 26.32 +£0.03 fg 1.43+0.02¢
N2 2934+0.43Db 24.23+0.10 ¢ 28.42+0.08 b 1.15+0.04 jk
NO 11.11+£0.20 h 14.12+£0.03 m 13.61 £ 0.04 k 1.18+£0.03
N1/2 21.93+£0.04 f 17.33 £0.03 k 26.54 +£0.04 ef 1.68 +£0.08 d
NI 26.83 £ 0.04 cd 18.31 +£0.1211 27.42+0.03 ¢ 1.28 + 0.08 fgh
N2 3245+£0.29a 25.12+0.08 b 26.83 £0.94 de 1.09 £ 0.02 k
NO 11.11+0.19h 17.62 £0.03 j 15.92+£0.03 1.21+0.05b
N1/2 22.12+1.00 f 17.51 £0.03 24.04 £ 0.06 h 1.21 £ 0.05 hij
N1 27.01 £0.03 cd 21.63+0.07 f 27.21£0.04 cd 1.27£0.03 gh
N2 32.12+0.38 a 27.19+0.02 a 29.22+0.04 a 1.35+0.04 f
NO 15.83+0.08 g 15.41+0.031 1583 £0.07] 2.59+0.07 ¢
N1/2 2324 +0.18 ¢ 17.23 £0.03 k 20.51 £0.04 i 1.19 £ 0.06 ij
NI 27.82+0.05¢ 20.71£0.02 g 24.03 +0.06 h 1.26 + 0.03 ghi
N2 29.62+0.36 b 22.72 £0.06 d 26.11 £0.07 g 1.68 £0.01d
N1/2 NI N1/2
NO N2
44.57%  40.14%
2.3 N1/2 476 ¢/g
4 NO 49.13 g/g 3
46.7~47.8 g/g N1/2
NO
28.53 28.85 mg/
4 /
x4 FTRRKETARRCABRBENRRRERFAMEREFR
Table 4 N accumulations and utilization efficiencies of four exotic alder in different nitrogen levels
(mg/ ) (%) (g/g) /
NO 2.94+£0.73 ef - 97.41 £1.69 a 2.74+£0.04
N1/2 3147+426a 40.14 46.77 £ 1.68 f 18.74+£0.85d
NI 26.14 £9.38 ab 16.67 40.48 £0.54 h 18.41+0.24d
N2 3139+7.11a 10.01 36.56 £ 0.321 24.73+0.85a
NO 4.00 £ 1.08 ef - 7627 £1.16 b 11.54+£024 ¢
N1/2 16.07 £+ 4.55 bed 20.49 47.47 £0.20 ef 15.82+0.75f
N1 13.80 + 4.86 cde 8.80 4330+042¢g 2148 £1.35b
N2 14.12 £5.72 cde 4.50 36.44£0.24 1 24.61+0.51 a
NO 6.09 £ 4.26 def - 71.79£4.02 ¢ 4.99 +£0.04 1
N1/2 3494+£15.07 a 44.57 47.80 £ 1.02 ef 19.89 +0.88 ¢
NI 30.21+4.53 a 19.27 40.01 £0.09 h 21.43+0.48b
N2 30.56 £ 15.09 a 9.74 33.87+0.12] 21.66 £0.56 b
NO 3.90 + 1.44 ef - 63.79 £0.04 d 6.11+0.18 h
N1/2 17.67 £ 5.28 be 22.54 49.13+0.15¢ 17.27+0.89 ¢
N1 10.95 £ 1.18 cdef 6.98 41.77 +£0.15 gh 19.08 £ 0.45 cd

N2
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Effects of Supplied Nitrogen Levels on Root Morphology,
Accumulation and Utilization Efficiency of Nitrogen
of Four Exotic Alder Seedlings

LI Xia'?, RAO Long-bing”", GUO Hong-ying’, DUAN Hong-ping', CHEN Yi-tai’
(1 College of Resource and Environment, Yunnan Agricultural University, Kunming 650201, China;

2 Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang, Zhejiang 311400, China;
3 Sichuan Academy of Forestry, Chengdu 610081, China)

Abstract: By sand culture in greenhouse, the experiment of growing process on four exotic alders including Alnus glutinos,
Alnus rubra, Alnus nitada and Alnus incana were conducted under four different concentrations of nitrogen (NO, N1/2, N1, N2) in
order to discover the growing responses to nitrogen and to analyze root morphology of seedling, accumulation and utilization
efficiency of nitrogen. The results showed that the growth parameters of 4 exotic alders, such as the total biomass, accumulation
of nitrogen, length of root, surface area of root, volume of root and number of rootlets increased when the concentration of
nitrogen varied from no nitrogen (NO) to low nitrogen (N1/2), yet decreased at normal nitrogen (N1) and high nitrogen (N2).
However the rootlet ratio and utilization efficiency of nitrogen decreased significantly with increasing nitrogen supplied. Among
4 experimental materials, Alnus glutinos and Alnus rubra had higher total biomass, accumulation of nitrogen, root morphological
parameters and nitrogen utilization efficiency than Alnus nitada and Alnus incana, and they could be potentially used in
ecological protection and plantations for short rotation trees in the plain of middle and lower Yangtze River. Although the alders
had certain nitrogen fixation ability, certain amount of nitrogen fertilization is still needed in the low fertility sandy soil and hilly
region in the intensive management of plantations of alders.

Key words: Alnus, Nitrogen supplies, Biomass, Root morphological parameters, Nitrogen accumulation, Nitrogen

utilization efficiency



