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Responses of fine root morphology of Cinnamomum camphora seedlings to

nitrogen and phosphorus additions and planting density

YU Ming, CAI Jinhuan, XUE Li~
South China Agricultural University, Guangzhou 510642, China

Abstract: With the continuing deposition of atmospheric N and wide application of P fertilizer, N and P have become a
major factor affecting the ecosystem C balance. Fine root morphological characteristics, such as the root length, surface
area, volume, and tips, play a critical role in many functions, including nutrient absorption. Global N deposition and P
addition induce changes in root morphology. Seedling density is an important factor affecting root morphology because of the
enhanced resource competition among high density seedlings, which reflects the allocation ratio of photosynthetic C in the
roots, and ultimately affects the overall plant C allocation balance. Understanding the effects of N and P additions and
planting density on the fine root morphology is important to be able to improve fine root health. However, knowledge
regarding the effects of N and P additions on the root morphology is limited, and it is still unclear how N and P additions
and seedling density alter the fine root morphology of Cinnamomum camphora seedlings. In this study, the root morphology

of C. camphora seedlings planted at different densities was evaluated, along with the root length, surface area, volume, and
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tips, in order to reveal the effects of N and P additions and plant density on the fine root morphological characteristics of
this species. One—year—old C. camphora seedlings were used as test materials, and NH,Cl and NaH,PO, - 2H,0 were
selected to simulate N deposition and P addition, respectively. N and P additions were performed with four different levels of
treatment (control, N, P, and N+P), and seedlings were planted at four different densities (10, 20, 40, and 80
seedlings/m”) . The resulis showed that the N, P, and N+P treatments increased the root length, surface area, volume,
and tips of seedlings compared to those of the control treatment. The effect of N addition on root morphology was stronger
than that of P addition under low planting densities. The N+P treatment had the greatest effect on the fine root morphology at
densities of 10, 20, and 40 seedlings/m’, while there was no significant difference in the effect of each treatment at 80
seedlings/m’. With increased planting density, the length, surface area, volume, and tips of the seedling roots tended to
decrease. The effects of different densities or treatments on the fine root length, surface area, volume, and tips of the
seedlings were significantly different, but the interactive effect of density and N and P additions on the fine root morphology

of the seedlings was not significant.

Key Words: Nitrogen and phosphorus additions; planting density; Cinnamomum camphora; root morphology
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Table 1 Soil pH and nutrient content before and after treatment ( means+SD)

F8FR Parameter

f‘i;:iment AU (g/kg) B (mg/kg) AR (mg/kg) HEE (mg/kg)
PH Organic matter Alkalized N Available P Rapidly available K

ABFET Before treatment 4.02£0.01 14.2720.04 57.40+0.67 0.1x0.01 38.56+0.27
W1 ck 4.52+0.07 16.28+0.99 54.01£3.08 1.950.18 30.89+2.52
Density I N 4.10£0.20 16.6620.57 60.19+2.15 1.90+0.37 15.6221.36
P 4.360.03 17.2241.45 58.59+6.15 3.29+0.37 24.93x1.93
N+P 4.1120.05 13.640.97 52.7542.72 2.42+0.16 18.50+1.47
I ck 4.500.04 14.62+0.43 59.50+4.67 2.4020.15 31.46+5.93
Density 1T N 4.20+0.02 12.98+0.56 50.35+1.55 2.20+0.37 14.81£1.73
P 4.41+0.02 14.49+0.40 52.75+2.11 4.200.21 26.75+3.58
N+P 4.32+0.03 13.20+0.71 48.52+1.87 4.15+0.32 25.05+2.82
I I ck 4.460.06 14.47£0.55 53.67+2.13 2.55+0.09 38.30+5.67
Density 11T N 4.31+0.04 14.45+0.15 53.78+2.95 2.81+0.25 25.7243.99
P 4.490.03 15.1740.15 58.59+3.10 4.62+0.17 26.54x1.84
N+P 4.190.05 13.3020.66 52.06+2.53 4.40+0.17 247422 40
B IV ck 4.7420.06 13.20£0.73 46.231.90 2.92+0.07 48.88+4.37
Density IV N 4.4120.07 13.20+0.87 56.87+1.06 3.0420.23 29.32+1.67
P 4.66+0.01 11.5120.36 41.7721.32 4.80+0.42 46.83£1.37
N+P 4.1420.09 13.2620.32 52.41£1.36 4.68+0.06 24.0322.01

1.3 X575k

A R 25 Ab 33 L 4 BRI KR R S B Ao, FH B FoROM AR R R I A ISR K
oA 2% BT R T A I S AR R C g 5 % B4 B 37 BRI 7R IR B R -4 C I UKAE N IR

REFERT KR 2R S VK& TP . AR 2RI ScanMaker 1800 Plus ) X AR R UEAT 4 ilif% , F)
PRGBS T (T3 LA=S, ) AR 25001 248 (WU 7 RAS IR A FRA 5] X AR (ARZE < 2 mm)
PPIEFAEGEAT 04, 9B A0AL B M AR R AR AR AR AR AR 85 A5 258l
1.4 Hdhb B

H SAS 9.3 it B A4 X AR 2R IE S #3547 Duncan £ 5 HL#E, Microsoft Excel 2003 X £ 88 317 F 14
(B vl 22 0 A AP

http ; //www.ecologica.cn



4 JAE = 39 %

2 HERAW

2.1 4RI

FEIRE] 10 BR/m* (BB 1) OFIMAE S BE I, Bl AIAR 2% B 1, <l i AR B 2 R R (B 1), 2T
—HET N P N+P LB A AR B AR BUA (T . 5 ck MTEG, N P R N+P 0B A Pl 2 12
T 4178 B A AR K BE 2 8 N T 56.53% .24.12% 93.90% , FPAE 25 BE 11 4 2 S35 n T 40.61% . 40.24% |
144.41% , FhAE 25 BE 111 6940 B 23 S 0 T 165.68% ,222.38% 304.57% , At % & IV U4 R 2r Wl hn 1
267.62% 319.16% 267.93% , ST F , N+P ALFRXTLI E 4 AR 1 e s ROR fef:

250« Olwm ! B wgl O 5@ sy

iR

Ity

(=1

a Ock ®EN [P EINP

1 HEI I EEIV
Density 1 Density 11 Density 111 Density IV

#K Root length/cm

250

125

NSS!

1 AEZBEMAE TER S EERKE
Fig.1 Root length of Cinnamomum camphora seedlings under different densities and treatments
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Fig.2 Root surface area of Cinnamomum camphora seedlings under different densities and treatments
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Fig.3 Root volume of Cin m camphora seedlings under different planting densities and treatments
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Fig.4 Root tips of Cinnamomum camphora seedlings under different densities and treatments
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Table 2 Interaction between density and treatment of fine root morphology

o I N+P b3 i WS A PERE HAR
Lz Density N+P treatment Interaction between density and treatment
Parameter

F P F P F P
IR BE Root length 14.757 0.000 10.287 0.000 0.787 0.630
YR F ML Root surface 9.709 0.000 12.329 0.000 0.663 0.738
YUAR{AFN Root volume 4.266 0.010 7.422 0.000 0.938 0.502
YRR I Root tips 8.230 0.000 4.617 0.007 1.409 0.212
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