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Effects of Nitrogen Supply and Container Size on Seedling Growth,

Root Characteristics, and Nutrient Status in Quercus variabilis Container Seedlings

Cheng Zhonggian Li Guolei
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Urban and Rural Ecological Environment Beijing 100083)

Abstract: [Objective INitrogen (N) supply and container type have each proved to effectively regulate seedling quality.
In this study, we tested if the combination of the two approaches couldimprove seedling quality and produce a
superposition effect on seedling growthin order to provide a theoretical basis in the containerized seedling cultivation.
[Method Quercus variabilis, with a dominant taproot, was reared in two different depth containers (25 e¢m, 36 c¢m) with
application of either deficient (25 mgN *seedling ') or luxury (100 mgN *seedling ') nitrogen supply, in a two factors
completely randomize design. Seedling growth, root characteristics, and nutrient concentration were measured at the end
of the growth season. [ResultIN supply and container depth were significantly interacted on root N concentration; root
volume, andsurface area for medium — class roots (2.0 < D<<3.0 mm) , indicating that interactive effects of N supply and
container depth were associated with underground rather than aboveground attributes. The combination of 25 mgN-36 cm
container promoted root development with medium root classes while the combination of 100 mgN-36 cm container
improved root N concentration. For the main effects, high N supply favored RCD, N and K concentration in roots.
Container depth yielded more profound effects on root characteristics compared to N supply. Deep container facilitated root
growth with root diameter between 3 and 4 mm whereas shallow one led to root spiraling. Additionally deep container
increased seedling height, stem dry mass and N concentration. [Conclusion 1Both the interactive and main effects of N

supply and container depth indicated the necessity of combining the two approaches to improve seedling quality. The
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optimum combination of 100 mgN and 36 c¢m container was recommended for the container seedling production of this

species with a dominant taproot.
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Tab. 1 Characteristics of deepots TM
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P e s
) . e B R
25 EnEfe R T Seedling density /
Model  Diameter/  Depth/ Volume/ (seedlings*m -2)
cm cm mL ) &
D40 6.4 25.4 656 174
D60 6.4 35.6 983 174
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Tab.2 Seedling height, root collar diameter (RCD) and dry mass of Q. variabilis

in relation to N supply and container depth at the end of growing season

BE P K T iR /4 Dry mass/g
Sources Levels Height/cm RCD/mm 2% Shoot #2 Root
o 25 mgN 33.9 0. la 3.27 +£0.01a 0.87 £0.01b 3.60 £0.02a
i
MR . 100 mgN 34.3 0. la 3.68 £0.01b 0.73 £0.004a 4.17 £0.03a
N supply (NS)
P 0.628 <0.001 0.013 0.116
. 25 cm 30.8 0. la 3.44 £0.0la 0.73 £0.01a 4.43 +0.03b
FR L
. . 36 ¢cm 37.5+0.1b 3.52£0.01a 0.87 0. 004b 3.34 £0.02a
Container depth (CD)
P <0.001 0. 361 0.015 0.003
i x AR E NS x CD P 0.703 0.261 0.787 0.997

ORI HAL R FEIME + Ak FAIARFENS FRERZRAY F R LR, TR R R 2R W3 (P<0. 05) .« WM P E R W KF A7 1E

%725 (P <0.05) . Values are means * one standard error. Different letter in the same column indicates significance difference at 0. 05 level

according to F test. P values derived from the two-way ANOVA for the effects of NS, CD, and their interaction and shown in bold represent the occurrence

of significant differences (P <0.05) . The same below.
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FE B RPERT 2 ~3 mm KR ARG 1R 44
FUKE R AR MK BEAETEAS BN . il L= 5 4%
R RN ) 12 AR R G 15 i AN R B
A N X B bR IR 5w OK T A R A A
(25 em) FI TR AZH N 0.5 ~1.0 mm, 1.0 ~
2.0 mmAl >4 mm [ FR AR R R AR AR R
KE(RAEREEN >4 mm RHHURAKE LR
) CIRBEBRANTHWEALYL N 3.0 ~4.0 mm R
RAEBKMA LK, EmilE R TIREAEENR

>4 mm (IR R AR TR REH <0. S5mm
IR R E WK (L3, K1) . 4 MbBg &k
8,25 mgN-36 emAbFEIAE 4L 4 2.0 ~3.0 mm A
AN 2R T AR 1 B50ME 52 K5 49 03l 100 mgN 25 em 4k
PRI K 26.3% ,22.9% ; 100 mgN-36 cm Ab F #4 K
33%, 34.9% , 25 mgN=25 cm 4b B 3% K 85.6%,
73.6% (£ 4) .

TR e vt g5 AR W B UMt ] = 8
R 2SR B 18 I 22% , B AT 25 2% UK T O 3 AR &R
SRR 17 % , iR BRI 16% (£ 5) .

x3 REAE AFKERIEYEMIRREHZM

Tab.3 P value for nitrogen supply and container depth and their interaction on root architecture of Q. variabilis

W AR AR 5 Sk YR R 2R 42 2% Root diameter classes/mm Ak
Root attributes Sources D<0.50.5<D<1.0 1.0<D=<2.0 2.0<D=<3.03.0<D<4.0 D>4.0 Total
it A NS 0. 094 0.703 0.921 0.893 0. 054 0. 023 0.216
CFH

i M CD 0.494 0. 006 0.014 0. 042 <0.001 <0.001 0.012

Root volume
B R x AR NS xCD  0.430 0.123 0.2786 0. 006 0.572 0.753 0.184
Jiti % = NS 0. 043 0. 657 0.968 0.919 0. 061 0. 049 0. 101

T A
R i B4 HEIRE CD 0.708 0.010 0. 006 0. 056 <0.001 0. 005 0. 049
Root surface area

il x AR E NSx CD 0. 889 0.114 0.264 0. 008 0.526 0.810 0. 489
. Jiti %0 B NS 0.015 0. 606 0.974 0.940 0.072 0.284 0. 041
Rmt Ll\fgtl KRR E CD 0.977 0.016 0. 003 0.073 0.001 0. 420 0.578

oot length
AU x AR E NSxCD  0.486 0. 107 0. 247 0.011 0.483 0.312 0. 885

R4 LBAAWREAFRBAZRA 2~3 mm FRAMREER (2.0 <D<3.0 mm) HEMm"
Tab.4 Interaction of nitrogen supply (NS) and container depth (CD) on seedling root volume, surface area with root

diameter between 2 and 3mm of Q. variabilis at the end of growing season

I A A AR A [EEIEA
Combinations Root volume (2.0 < D<3.0 mm) /cm® Root surface area (2.0 < D<3.0mm) /cm?
25 mgN =25 cm 0.13 +0.01a 2.16 0. 04a
25 mgN -36 cm 0.24 £0.01b 3.75 £0.05b
100 mgN - 25 ¢m 0.19 £0.01ab 3.05 +0. 08ab
100 mgN -36 c¢m 0.18 £0.01ab 2.78 +£0.03ab

OF DAL R FEIME + AR /NS T 8RR Duncan 2 3 LLELS 1 45 B [F 51 (09 A 1) 7 BEAR LA 45 W) A7 /5 1 % 2% 5% (0= 0.05) o« T

[f] o Values are means = one standard error. Column marked with different letters differ statistically according to Duncan’s test o = 0. 05. The same

below.
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Tab.5 Seedling total root volume (RV) , total surface area (RSA) and total length (RL) of Q. variabilis in relation to

N supply (NS) and container depth (CD) at the end of growing season

Ax 5K U5 Sources

K Levels

RS EB RV /em®

2 44 % B RSA /em? RS K E RL/em

it
N supply (NS)

R
Container depth (CD)

25 mgN

100 mgN

25 em

36 ¢cm

2.12 +0.03a

2.32 +0. 04a

2.43 0. 04b

2.01 £0.03a

84 £0.5a 279 +2a
95 +0. 6a 341 +3b
96 +0. 6b 319 +2a
83 +0.5a 302 +2a

K1

Fig. 1

3mm were not presented.
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HLEF Root volume/em?

HF T Root surface area/em?

HKFE Root length/em
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gl
a
aa
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A
E lf
aa
b
a
al aa
b
aa 2 %EI
ol
<20.5 0.5-1.01.0-2.02.0-3.03.0-4.0 =4.0

<0.5 0.5-1.01.0-2.02.0-3.03.0-4.0 >4.0
ALY

Root diameter classes/mm

w25 mgN  —— 100 mgN

MENE R (L2) SR IR (A7) X A B MR 2% 25 1 % AR R AR B (A, D) AR R AL (B, E) AR (C, F) [

Zzz125¢cm m=m 36 cm

,
bl

Main effects of N supply (left) and container depth (right) on root volume (A, D) , surface area(B, E) and length (C, F)

of Q. wvariabilis seedlings based on root diameter classes
H Tl BB A A IR S 2 ~ 3 mm A3 2 A AR A B ST R B A TR N R R, T W S 5 RN AE B P AR i o Because of the significant

interaction effect between N supply and container depth, the mean separations for root volume, surface area and length with root diameter between 2 and

AEARETNRAENREGARERIIE

it N £ 55 25 45 K R R A UK B IR AT LN
(£6) . 100 mgN —36 cm 4b 41 & i AR %0 FF 5%
K4y A% 100 mgN - 25 cm 2H 4 +25 mgN - 36 cm
M4 25 mgN -25 cm ALPEIE KT 20. 7% ,20. 7% Fil

61.1% (£ 7) -

it 50 T 5 g R JEE 38 0] 2 R0 R 25 AR
JEE LA R R B0 A B8 1 5% i 2 (3% 6) o i i &L (100
mgN) 17 F) T~ 28 S0k B AR B O P 4 v IG5
(25 mgN) 47 THEBEMR B fe i o IR A 4% (36 cm) 7
AT 2R GPAL B B 42 s WA S AR T (25 em)
ML R S v (181 2) -
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Tab. 6 P value for nitrogen supply and container depth and their interaction on

N, P and K concentration of Q. variabili.

5 A EN # P K
Sources 2% Shoot . Root 2% Shoot # Root 2% Shoot . Root
Hi % 5t N supply (NS) <0.001 <0.001 0. 009 <0.001 0.377 0.012
UK E Container depth (CD) <0. 001 <0.001 0.003 <0.001 0.263 <0.001
Jili L x AR IR E NS x CD 0. 130 0.023 0. 189 0. 358 0.727 0. 151
x7 QABEAESXREFRRERENFN 1.3 A
Tab.7 Interaction of nitrogen supply and container ®
depth on seedling N concentration of Q. variabilis g Lol 0 b
at the end of growing season % a E
T HUBCHR s
Combinations Root N concentration (% ) Z 05
25 mgN —25 cm 0.72 £0. 02a g
25 mgN =36 cm 1.16 £0. 04b =
100 mgN -25 cm 1.16 £0. 04b 0.0
100 mgN - 36 c¢m 1.40 £0.05¢ ’ B
& 044 5 b
YN <
3 lj‘ 174 £ b a b a
E a a
DAAE AIF 5T 2 W 5 B 7 10K HOUR 25 3 A 1 Bl 70 2 3
Jiti N e ) 1 AR AR G AR R S TR O I AR AT AR kA 2 02
. ki
(Qu et al., 2003; Boivin et al, 2004; Jacobs et al., §
2005; Tsakaldimi et al., 2005; Fernandez et al.,
2007; Chirino et al. 2008; Hernandez et al., 2009 ; 00 c
b
Oliet et al., 2009 ; Luis et al., 2010) . AHF 5T KR B, = . b
7 N = o RN N < 0.8
(7] PR 2 i e G 2 om0 SR DK T B T D s g -
VR B R e i B A T G O A, A AR £
N 8 N [ SRR 2 a a
R G5 K LU e 77 0 o 52 DA S 3 DR Sl 7 1 3 AR TR S o4l . .
Wb s 5 AR P N S N 255 2 R 2 Tl it R e R 5 #
FISE i, SRR LA & 5 B mfh A S . AR g
Hh i RN B 2 Al R R AT HL KN X R B R AR R AR 00
. . 25mgN 100mgN 25¢m 36cm
24 42.0 ~3.0 mm [fAR 3R B AR A LL R N ik R IR
N supply Container depth

R #E. 25 mgN 36 ecm B A ER R RN
(2.0 ~3.0 mm) AR FARRL 2 T RUE ) 5 KAH, & T
HAh 3 MBS W WR KA E TR KA
WA B AR 2 i B IS A O D IS AR TR R
AR FIXRE IR B R IE AR A7 1 e AR G AR AR &R 2R
Kl K A7 R F AR K 3R K 5 5 7% 4 At a]
A %% $E i RO EE % (Chirino et al., 2008) .
100 mgN - 36 cm/ib P41 & AR AR L, B 3% KT H
fib 3 A ALFRA G B TR IR R E WA RO AR R AR
FEAE AT AL ST R WK R A AR R B R AR
) [ I i 78 2 UIE AR T A KRR IR NI
17, WA AR 2, ML AR 0 8 B 99 I T 3 A A AR N 57
Iy FERIR S AR 2R b B 78 50 2 1 9% o 45 B 4 B R
K- (Salifu et al., 2001; 2003) .

mmm Z£ Root 1 #R ststem
2 it IE R A R R R A RO R A AR
A H A (A) B (B) R (C) W 1 50
Fig.2  Main effects of N supply and container depth on N (A) ,
P(B) and K(C) concentration of (. wvariabilis seedlings

RN Tt 0 e 230 5 28 o0 R R R A B R A AR ARG
FISE AN [F] o AW 5 45 R 3R B A1 20 Ak 2E 1) BT R M
AR R K X Trubat 45 (2008) X Il JliE B A%
(Quercus coccifera) 1) 45 B —F, {H 5 Oliet 25 (2009)
Kt & T #R (Q. ilex) < Salifu 25 (2006) st b € 20 4k (Q.
rubra) (R85 AR I o 7% 3% R P A8 5038 A8 KR 4 o
MR P0G, JF HaR B & 5 WA T 8 Bk i 2k
KA E 5> T2 iR R X 5 & 7 Ak (Tsakaldimi
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TR A 45 0 G000 25 VR S8 X A R 2 4% T 2 A VR R 5 B IR A3 I A FA 5 27

et al., 2005) - I fig 24 (Tsakaldimi et al., 2005) 1Kk
WA 2 A% (Quercus suber) (Chirino et al., 2008) K]
FUAGW — B0 MR A i 6 AR T4 BEBR T 5850 7
W), 31X 5 A BRI B 9 45 18 A1 (Tsakaldimi et
al., 2005 ; Chirino et al., 2008) .

it 265 AR 5% A S R A B AR T AR R 2R 5 A 11 5
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