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Abstract: This study evaluated the effects of the dimensional characteristics of containers on the nitrogen status of
Quercus serrata, Fraxinus rhynchophylla, and Zelkova serrata in the container nursery stage. Seedlings were grown
using 16 container types [four growing densities (100, 144, 196, and 256 seedlings/m?) x four cavity volumes (220,
300, 380, and 460 cm’/cavity)]. Two-way ANOVA was performed to test the differences in nitrogen concentration and
seedling content among container types. Additionally, we performed multiple regression analyses to correlate container
dimensions and nitrogen content. Container types had a strong influence on nitrogen concentration and the content of
the seedling species, with a significant interaction effect between growing density and cavity volume. Cavity volumes
were positively correlated with the nitrogen content of the three seedling species, whereas growing density negatively
affected those of F. rhynchophylla. Further, nutrient vector analysis revealed that the seedling nutrient loading capacities
of the three species, such as efficiency and accumulation, were altered because of the different fertilization effects by
container types. The optimal ranges of container dimension by each tree species, obtained multiple regression analysis
with nitrogen content, were found to be approximately 180-210 seedlings/m* and 410-460 cm’/cavity for Q. serrata,
100120 seedlings/m* and 350-420 cm’/cavity for F. rhynchophylla, and 190-220 seedlings/m® and 380-430 cm’/cavity
for Z serrata. This study suggests that an adequate type of container will improve seedling quality with higher nutrient
loading capacity production in nursery stages and increase seedling growth in plantation stages.
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Figure 1. Materials for growing density (A) and cavity volume
(B) treatments.

A110E A2% (2021)

Table 1. The dimensional characteristics of each cavity in
container.

Volume Diameter Depth Depth/Diameter
(cm®) (cm) (cm) ratio
220 4.80 12.2 2.54
300 5.34 134 2.51
380 5.86 14.1 2.41
460 6.27 14.9 2.38
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Table 2. The physical and chemical properties of growing media before nursery culture.

Bulk EC OM Total N .0 Exch. cations CEC
. VL. ota 205 (cmolc k -1) E.C.
density PR gsmty () %) (mg ke ¢ (cmol, kg")
(g m™) K Ca> Mg?*
0.37 6.1 0.06 4.0 0.08 3.0 0.3 33 2.5 243
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Figure 2. Vector interpretations of directional changes in relative
dry mass (m), nutrient content (t), and nutrient concentration
(c) of seedlings grown at different fertilizer applications. Vector
length reflects the magnitude of differences among individual
plant parameters (modified from Timmer and Stone, 1978; Salifu
and Timmer, 2003a). The reference status (R) is usually
normalized to 100. Vector shifts (A to F) indicate an increase
(+), decrease (-) or no change (0) in dry mass and nutrient status
relative to the reference status (Timmer, 1996).
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Table 3. The effect of container types on nitrogen concentration of Q. serrata seedlings grown at sixteen different container types
in nursery.

Mass-weighted

Container types Concentration (%) concentration

(mg g dry mass)
Density (No./m*) Volume (cm’/cavity) Root Shoot Leaf Seedling
100 220 0.24+0.01 d 0.25+0.06 h 1.21+0.01 f 5.1+0.5 d
300 0.21+0.01 d 0.29+0.03 gh 1.26+0.14 f 5.8+0.9 d
380 0.22+0.07 d 0.384+0.15 e-h 1.40+0.17 ef 5.7+0.9 d
460 0.21+£0.03 d 0.30+0.01 gh 1.43+£0.22 d-f 5.7+0.4 d
144 220 0.26+0.05 d 0.33+0.02 f-h 1.44+0.17 d-f 6.1+1.1 d
300 0.20+0.04 d 0.36+0.08 e-h 1.61+0.16 d-f 6.0£0.8 d
380 0.21+£0.04 d 0.56+0.04 de 1.62+0.29 d-f 6.2+0.5 d
460 0.19+0.03 d 0.64+0.11 d 1.65+0.30 d-f 6.7+1.0 d
196 220 0.33+0.04 d 0.65+0.08 d 1.84+0.07 de 7.9+0.7 d
300 0.96+0.11 ¢ 1.26+0.18 ¢ 2.45+0.05 be 13913 ¢
380 1.48+0.31 b 1.66+0.25 b 2.85+0.55 ab 19.2£34 b
460 2.05£0.19 a 2.41+0.15 a 3.28+0.17 a 24622 a
256 220 0.25+0.02 d 0.28+0.01 h 1.63+£0.56 d-f 7.2+2.7 d
300 0.23+0.01 d 0.49+0.03 d-g 1.55+0.14 d-f 6.4+03 d
380 0.29+0.08 d 0.51+0.04 d-f 1.86+0.23 de 7.1+1.0 d
460 0.27+£0.07 d 0.43£0.10 e-g 2.01+£0.27 cd 7.2+14 d
Density 208.42%%* 261.77%** 35.46%** 112.70%**
Volume 28.03*** 55.59%** 7.87*** 16.22%**
Density x Volume 33.79%** 26.80%** 2.22% 14.90%***

Values are means of 4 replicates=SD. Values with different letters in a column indicate statistical differences among container
types at the 5% levels by Duncan’s multiple range test. /' values with asterisks are statistical significances in two-way ANOVA.
*P<0.05, **P<0.01, ***P<0.001 and NS (non-significance) = P>0.05.

Table 4. The effect of container types on nitrogen concentration of F. rhynchophylla seedlings grown at sixteen different container
types in nursery.

Mass-weighted

Container types Concentration (%) concentration
(mg g dry mass)
Density (No./m*) Volume (cm’/cavity) Root Shoot Leaf Seedling
100 220 1.08+0.09 b-c 1.00+0.12 b-d 1.69+0.09 a 12.9+0.2 a-c
300 0.55+0.05 f 0.73+0.05 de 1.63+£0.36 a 9.5+0.9 fg
380 1.00+0.13 b-c 1.01+0.14 b-d 1.76+0.15 a 12.5+0.8 a-c
460 0.87+0.10 c-e 0.92+0.10 c-e 1.63+£0.29 a 11.1£0.9 b-g
144 220 1.10+0.03 be 0.92+0.27 c-e 1.81+£0.28 a 12.74£0.7 a-c
300 0.7240.07 ef 0.85+0.02 c-e 1.56+0.16 a 10.1+£0.5 d-g
380 0.75+0.12 d-f 0.97+0.09 b-e 1.73+£0.28 a 10.7£1.2 c-g
460 1.13+0.10 ab 1.294+0.11 ab 1.65+0.16 a 13.2+0.8 ab
196 220 0.994+0.15 b-d 1.12+0.30 a-c 1.44+0.14 a 11.8£1.9 a-e
300 0.95+0.07 b-e 0.82+0.16 c-e 1.76+0.25 a 11.8+1.0 a-e
380 0.89+0.10 b-e 0.95+0.07 b-e 1.69+0.32 a 11.9£1.1 a-e
460 0.75+0.06 d-f 0.99+0.02 b-d 1.88+0.18 a 11.4+0.4 a-f
256 220 0.57+0.15 f 0.69+0.16 de 1.51+£0.22 a 89+19 g
300 1.34+0.26 a 1.43+£0.46 a 1.39+0.07 a 13.6+1.8 a
380 1.02+0.03 be 1.1240.05 a-c 1.59+0.09 a 12.2+0.3 a-d
460 0.61+0.16 f 0.62+0.08 e 1.61+0.07 a 9.6+0.7 e-g
Density 3.38% 2.50N 0.95™ 2,72
Volume 132" 0.57" 0.61™ 123"
Density x Volume 15.16%%* 6.68%** 0.73"% 6.77*%*

Values are means of 4 replicates+SD. Values with different letters in a column indicate statistical differences among container
types at the 5% levels by Duncan’s multiple range test. F' values with asterisks are statistical significances in two-way ANOVA.
*P<0.05, **P<0.01, ***P<0.001 and NS (non-significance) = P>0.05.
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Table 5. The effect of container types on nitrogen concentration of Z. serrata seedlings grown at sixteen different container types

in nursery.
Mass-weighted
Container types Concentration (%) concentration
(mg g' dry mass)
Density (No./m?) Volume (cm’/cavity) Root Shoot Leaf Seedling
100 220 0.86+0.11 b 0.52+0.12 a-c 1.5540.06 b-d 9.0+0.8 a-c
300 0.38+0.02 h 0.30+0.03 e 1.3740.10 d 6.2+0.7 e
380 0.41£0.04 gh 0.40+0.03 b-e 1.71+0.24 b-d 7.0£0.7 de
460 0.74+0.12 b-d 0.36+0.01 c-e 1.60+0.11 b-d 8.1+0.3 cd
144 220 0.78+0.12 be 0.50+0.11 a-d 1.60+0.17 b-d 9.0£1.1 a-c
300 0.77+0.05 be 0.44+0.07 a-e 1.76+0.14 a-c 8.5+0.4 b-d
380 1.11+0.15 a 0.45+0.04 a-e 1.82+0.07 ab 10.2+0.8 a
460 0.51£0.09 f-h 0.31£0.03 e 1.62+0.41 b-d 7.3£1.2 de
196 220 0.47£0.09 f-h 0.32+0.01 d-e 1.44+40.16 cd 6.4+03 e
300 0.87+0.02 b 0.59+0.10 a 1.66+0.16 b-d 9.6£0.3 ab
380 0.78+0.03 be 0.50+0.19 a-c 2.06+0.36 a 10.2+0.6 a
460 0.48+0.08 f-h 0.36+0.13 c-e 1.70+0.07 b-d 7.4+0.5 de
256 220 0.68+0.11 c-e 0.47+0.10 a-e 1.54+0.17 b-d 8.2+1.1 b-d
300 0.55+0.13 e-g 0.40+0.11 b-e 1.77£0.22 a-c 7.8+0.9 cd
380 0.58+0.10 d-f 0.37+0.02 c-e 1.4840.12 b-d 7.5+1.0 de
460 0.83+0.03 bc 0.56+0.10 ab 1.77+0.08 a-c 9.2+0.3 a-c
Density 7.91%%* 0.44™5 1.37°8 3.84*
Volume 113" 0.58" 3.45% 1.20™
Density x Volume 19.47%%* 4.51*** 2.91* 11.44%**

Values are means of 4 replicates+SD. Values with different letters in a column indicate statistical differences among container
types at the 5% levels by Duncan’s multiple range test. /' values with asterisks are statistical significances in two-way ANOVA.
*P<0.05, **P<0.01, ***P<0.001 and NS (non-significance) = P>0.05.
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© (Timmer, 1996), Aol 5= £7]9F Helz 52
g ofro] 23 F RAT} Aol EeL F7] ok
(Nambiar and Fife, 1991). £7] A4 L7} 271802
Z9 & o] F71ek= AY A4S B 4 Sle Aot
(Puertolas et al., 2003). 131} 2.4% o|Aro] & W 24
FEAA= AEEo] AstErks BEix 9o H(Van den
Driessche, 1988), o]i= YHIPGoNA A EE o]/Fo] Al
Hlof] oJgt QFo] MRl 4 e s Hsivt 29
Zof Ueld Aoz wekElciImo and Timmer, 1999). 2,
2 A g7] Zgof o3t Alv] W T g3} AT}
A 27 AlH] 7]20] FAlO o] oo S mEo] A
s 29 ARE 7S 5= e Aotk
27 A0 2 ZFFELE 196 /m>380 cm’/TE 27
oA folFoR Lo A RS BYon, 100E/m*-
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1965 &-7|0| 4 Tt 3704 HEUERT; oF 2~3uf
2 A4 FFE HYon, §7] 84o] FAS4E HAa
ol %916}74] Tashe S e THFigure 3(A)].

279 LUl 82 = go|7} AlE AL
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ZF el 4 AA S yERch “Ey

1005/m> &7|of|A] 7P =2 A FFES W
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380 cm’/FL2} 460 e’/ T+ {710l A T o A S
wolwA §70] 242 Wi o] F7lek: ARS U
el tHFigure 3(C)].

Smo] o A% 9 AP B4 WAEole &
e (Timmer, 1996), & g o2t = ol
el Aol el 012 @ < siek % el 913
27 9 SRR} Qste] oS40 X% AHE
A o2 RHE = Zlo|t(Way et al., 2007).
P UHL B WA 29 F AL 59
|2 &85 31 ¢ltiHaase et al., 2006). Switzer and
Nelson(1963)-& SFH I oA Pinus taeda HEO] A%
e 29 5 A o] ATo] 84%Art Ri1els
oh 2 ATONE Ak B A ATke} 2ol 7] 74
of W Rmol A g wale VAT 4 AT Eat
Lo} SR 44 8740] 220 em'dl 471 A
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ke mle. olelet ol B 87] 7 44T 2L
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9] Asl7F YEY7| wj&Eo|tiTsakaldimil et al., 2005).
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Figure 3. The nitrogen content of three species seedlings grown
at sixteen different container types in nursery. Vertical bars
represent SD of the mean (n=4). Different letters show statistical
differences among container types at the 5% levels by Duncan’s
multiple range test. *P<0.05, **P<0.01, ***P<0.001 and NS
(non-significance) = P>0.05 are statistical significances in
two-way ANOVA.
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Table 6. The correlation coefficient () between container types and nitrogen status of three species seedlings in nursery.

Mass-weighted

Species Cogtainer Concentration concentration Content
variables
Root Shoot Leaf Seedling Seedling
Q. serrata Density NS NS 0.38* NS NS
Volume NS 0.30* 0.30* NS 0.35*
F. rhynchophylla Density NS NS NS NS -0.55%
Volume NS NS NS NS 0.41**
Z. serrata Density NS NS NS NS 0.35%
Volume NS NS 0.29* NS 0.55%**
*P<0.05, **P<0.01, ***P<0.001 and NS (non-significance) = P>0.05.
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rubra%} . alba ‘=X 58 THAFO.Z AT Aol i
SR 29 F AT Ao AT stk Bashe
FEIol A BB FHAGY WA Bl ki e
S7He Aol e Qe XA, 2 T A 9 22
of AUAOZ AVE Fol £ At FAETHBenzian

et al., 1974; Margolis and Waring, 1986). &3], SFEA5
o slaate] 7o) Algh I, A2A, Hobx 5
sl Baret 2UACIA S G wHE & e
2

o|ti(Malik and Timmer, 1995).
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Figure 4. Vector nomogram of relative change in seedling dry

weight, nitrogen concentration and content of three species
seedlings grown at sixteen different container types in nursery.

A110E A2% (2021)
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Figure 5. The effect of growing density and cavity volume of
container on nitrogen content of three species seedlings grown
at sixteen different container types in nursery.
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Table 7. The optimal container types of three species seedlings
derived from multiple regression analysis of nitrogen content in
nursery (Figure 5).

Density Volume
Species (No./m?) (cm’/cavity)

Min. Max. Min. Max.

Q. serrata 180 210 410 460

F. rhynchophylla 100 120 350 420

Z. serrata 190 220 380 430
S FEAYSES DO 5 Qs Ah skl
S 87] FAL BUUE, BRAGE, “EUE 242t

180 ~210/m?%} 410~460 cm’/7-, 100~ 120E/m*7} 35
0~420 cm’/E, 190~2202/m*7} 380~430 cm’/7- HL| S
CH(Table 7).
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