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WE: [ By ] Wk # et Bl Phoebe zhennan G A KA R ERRE 9 ¥oh, TAH LG4 4 KPEEREHR IR
. [F&k] RMEXERRBEE, ZEAK A, BEE %), 1 B#X (A, BHRE545%), 2 BB (A;, #EX
F 853%) % 3 AN KK FF R (B)). FEMAI (B, #ASMI3 g "), KEHIE B, AL 6TgH)HF
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Effects of shading and fertilization on growth and nitrogen accumulation
of Phoebe zhennan seedlings

DENG Bo, YAN Lipeng, LIU Guihua, XU Mengyuan
(School of Forestry and Landscape Architecture, Anhui Agricultural University, Hefei 230036, Anhui, China)

Abstract: [Objective] This study aims to reveal the effects of shading and fertilization on growth and nitrogen
accumulation of Phoebe zhennan seedlings to provide scientific basis for the growth control of this plant.
[Method] The two-split-plot test design was used to analyze the effects of shading, fertilization, and interaction
of shading and fertilization on the growth, biomass accumulation and nitrogen accumulation of the 1-year-old P.
zhennan seedlings. The main plot contained three different shading levels: natural light (A, 0% of shading rate),
one-layer shading (A,, 54.5% of shading rate), and two-layer shading (A3, 85.3% of shading rate). Each main
plot contained three different sub-plots with three different fertilization levels: no fertilization (B;), mild
fertilization (B,, 3.3 g compound fertilizer per plant), and moderate fertilization (B, 6.7 g compound fertilizer
per plant). A total of 9 treatments were included in this study. [Result] The growth and nitrogen accumulation
were significantly influenced by shading, fertilization, and their interaction (P<< 0.05). The seedling height,
basal diameter, and biomass accumulation under A,B, treatment were 77.2%, 30.3% and 62.1% higher than
those under other treatments, respectively. Furthermore, the nitrogen accumulation reached the maximum under
A,B, treatment, 68.3% higher than that of other treatments. However, the nitrogen content was highest under

A;B; treatment, and was significantly higher than that under other treatments (P<< 0.05). [Conclusion]
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Moderate shading and fertilization can increase the nitrogen accumulation, and promote the photosynthesis,
growth and biomass accumulation of P. zhennan, but excessive shading and fertilization can inhibit its growth
to some extent. [Ch, 3 fig. 4 tab. 22 ref.]

Key words: silviculture; shading; fertilization; biomass; nitrogen accumulation; Phoebe zhennan
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Table 1  Split-plot randomized design of the experiment
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Figure 1 Effects of shading and fertilization on tree height (A) and basal diameter (B) growth of P. zhennan seedlings
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T2 OEXMEREMMEERK . EYERE AGEXR HEEZHAMNESEREZTREXMHBEEZESH

Table 2 Summary of significance levels for the effects of shading and fertilization on growth, biomass accumulation, photosynthetic rate, chlorophyll

content and nitrogen accumulation

H¥ e il AR RER OLEER MR EGE MegFab  AGEM AFHEE
HEG(A) <0.001  <<0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
JHiAE(B) <0.001 0.205 <0.001 0.108 <0.001 <0.001 0.694 <0.001 <0.001
ZHAER 0.027 0.825 <0.001 0.768 0.002 0.001 0.801 <0.001 <0.001
Fx3 EXMBEMPEERK EVERRE AGEER HEZHEMNSERREZREXMHNSEILE

Table 3 Duncan’s multiple-range test of growth, biomass accumulation, photosynthetic rate, chlorophyll content and nitrogen accumulation after a two-way

analysis of variance

AbEE KT EE MR BAEE WU ObaER MgEExIEE HEHa ARESH ARMRL
A; 1134b 191a 1402b  05la  4.66a 150 ¢ 1.72a 1.84¢ 0.26b
WEA) A2 1655a 2.07a  1957a  039b  4.28b 2.54a 1.29b 234a 0.46a
A3 735¢ 128b  10.13c  038b  2.12¢ 1.92b L11b 1.99b 0.21¢
B, 107lc 1.65a 12.10b  046a  3.19c 1.77b 143a 1.98b 0.24¢
MEE®B) B, 1285a 1.86a 1832a  04la  43la 2.32a 1384 2.10a 0.39a
B; 11.67b 1.74a 1331b  040a  3.55b 1.87b 132a 2.09a 0.30b

B RIS R TR 2R 25 57 B35 (P<<0.05)

2.2 ESFNERE X A A = AR R

H12E 4 FIHT: WURTE AOAR 22 . ZEAF . b R RILEAE 9 i A ) A 3 ) 7 A Sl A AR — 3, 2
V2 CALHE AT, PR RO AR A R R, AR AR YR K. 2 ZCAb B, BRZEA YR
Ab, PRI R T A E AR, KGR A Y R . 7 220 SRR . AT AR
SH A A Yy R i T R E R (P<<0.05); IR X MU B A ARDE L A TR S (P<
0.05), FHFEBOGCHREE K, MBI S T 5340, BEE ML E A, B iR R
M, (H2ZERREE (P>0.05),

x4 EXSHEEXMAEYER RN

Table 4 Effects of shading and fertilization on biomass accumulation in P. zhennan

- /e %7 /(g ) (g ) MY (et Kl
A B, 3.91£0.71 cde 4.59+£0.52 de 273+0.61d 1124+ 1.53 ef 0.53+0.04 a
AB, 5.87+0.29 ab 5.80+£0.27 cd 5.60+0.83 b 17.27+0.84 ¢ 0.52+£0.07 a
ABs 4.28£0.61 cde 5.27+1.18 cde 4.01+0.77 ¢ 13.56 £2.53 de 0.47 £ 0.04 ab
A,B, 4.55+0.49 cd 6.19+09%4 ¢ 4.04+£0.78 ¢ 14.78 £0.62d 0.45 £ 0.04 ab
A,B, 6.41+120a 9.63+0.75a 827+0.59a 2430+2.15a 0.36£0.05b
A,B; 5.12£0.89 be 8.19+£1.02b 6.33+£047b 19.64£0.31b 0.35+£0.07b
A3B, 2.98+0.57 ef 4.07+0.64¢ 3.22+0.75¢cd 1027+ 0.40 f 0.41+0.08 ab
A3B, 3.39+0.64 de 3.92+0.59e 6.08+0.32b 13.40 £ 0.38 de 0.34+£0.08b
A3B; 1.86 £0.55f 239+0.72f 2.47+0.58d 6.73+1.03 g 0.37+£0.07b
BT AR M F RS TR 50 E RO TIRRE L. [P T 5 22 52 5 (P <0.05)
2.3 ESEANFEAE XY MR L & IR R REN S ERIH I

I AE X AT B G AR B, HATE R E AR (P<<0.05, 3% 2). B HECHEE
B, WO A BRI TR, 2 R PR G HAUN 48T Y 45% (3 3 FIE] 2). BEE DG
B8 D, MR P I 2RR a/b B EHA TR, (RS R BRI 1| ZEOERARER, PRE T4
JERN 2 JREEET (P<<0.05). FHILAT UL, AT A i 2 28 i 2 B0 I B R R G R W i I A 5 4 —
B SR, TEIEA R T MU e R G RO A R R, P TR B AE AT T IR K
BEF AL IR, HHERER a/b AW FRE, (HIHRIBFREKF (P>0.05),
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Figure 2 Effects of shading and fertilization on total chlorophyll content (A) and net photosynthetic rate (B) of P. zhennan seedlings
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Figure 3 Effects of shading and fertilization on nitrogen content (A) and nitrogen accumulation per plant (B) of P. zhennan seedlings

Wit 5 4

WU R A SRR R EC R A, AR A IO RS , ibt UG, i A KOs — B
S S MR SE AL R R A R AR . BT RBL: H AF M E ML A R T U v A AR A
K AYRMR, JEEO—E R LRI R R, AL R R R, PR R R
A K iod B AE XA F AT B i AR R AR AR R, R EC TS G AL, IR R0 24 A AL SR T
WU R A AR fEASRAE, MG AR TR . PRt L r I A BULER ISP T8, 7E LR . T
ST AR RN R ARG ik A e o A £ e SR g mT UG TR B BT A 0, (H gl it

3

HEEE, 2 UL RN 2 — @ LR AR i . O TSRS AL O A R AT B, A58
7 B — IR TR RO I B T . DCBUE I Y A KR B IR E IR N 72—, dota

SR Fy LR AR i n] AT — E R BE L RO E AN AL A 25 45 3 e X TR i AR A A AR P AR R 5
Wi o ASBIFTE BB A O AL, MIURH AR R R SR AR X & B S AR — B, R A R S



494 WroIL R R K A R 2020 4E 6 H 20 H

3, VLR BEEOE e FEATR B A= IR T AR R, TG BE I 2 Al FL AR A o Oy i e ' it HE 4k 3
MR AE AR K I R A2 AL, MR ETEIR S5 BW kR T — RIE N PR, IR BOLREZRnR,
AT T B B 7R 23 ek LU B2 2K b RN & 8 T A X — S5 RS AT AR b TR A R DG
FEAERIEA— T 7R KU S T B A8 R T RO IR R BAT B0

SAE R 7-9 & AV 0 AR m I, B R R AR A A A ) O B AR K B R Y 52.4% A

53.4%, FRIA “MB—IR—2" B, SREBDFERTE—EC AREYERKKTIBA KHE

AR, XK FIFR AR E R “Pisk Dbz U200 58 & HEE Saccharum arunndinaceum

T GE AR R AL T AR KRG B Y T, ARG IR 20 B R IR B RN A R FR Y 50% LA L,

WA B A F IR 80%, TR AV AR A FARCY RIZERE A IS T, P& pRI RS R,

RN AR AR R, B KRIWIAHS , RR R FE S B R R E A e, Sty ik

I3 1 2 A TH B R ARG B R R0, I ELIXR ] 250 A7 78 37 A KA R A i

FHEMBEEL AT, AN R AR R A4 R R AR S A R RS R AT A AR B O L ANE AL AL

H, UMK ARRRERAR, mEAAAE . AR RERRK. Fi, ABEFE AT LU WU

it S 0 RS o 401 ) s 2 L B ] 5 P Al
SRR R BRI L, FEAR S AN [F) A PR W] SR B A R 072 S AL, i A R R

HEOCHE R T MU A B RS S, (EE EEOEI I A A S0 B TR Il AR AT AT

MG T AT F 8 A R A S A L BRI G SEAR  AE) AORAR A R KT B R AR TR

A RS R R R BRI, IWITE A R K, et AR KM, (B, AR AR M X5 | Rt e

HFEBOE AT RE RN IR E . L, WS R & b/ I ss b - AR B R B BIAR ST
HECANAL 222 5 T WU B i A R AR R (P<0.05), HAE AL S, A RMA

F R R AT AL (A,B,) TiRBIRARME. 6-11 H, BRI K “B—h—” mERK e, 1

79 H AR R e, e R AR A K ) o UL B A K B 52.49% 1 53.4% . ZE BRTA, B

HECFIRAL AT L A £ i AT 0 R A, P AR R A EAIAOL SR, et RAEY R AR,

4 5% Xk

[1] CHEN Zhan, CAO Jixin, YU Hao, et al. Effects of elevated ozone levels on photosynthesis, biomass and non-structural
carbohydrates of Phoebe bournei and Phoebe zhennan in subtropical China [J]. Front Plant Sci, 2018, 9: 1764.

(2] e, HRruzm, WK, 55 MURTTRE AR IERE L], LRV R 74k, 2018, 45(3): 428 — 432.

DENG Bo, YU Yunyun, ZHAO Hui, et al. Progress and prospects on siviculture of Phoebe zhennan resources [J1. J Anhui
Agric Univ, 2018, 45(3): 428 — 432.

(3] Z=EWey, FRECa, Ralie, 2. PUNIBWTRRSE RS RIS L] Ul AR, 2013, 34(2): 16 — 19.

LI Xiaoqing, DU Yijian, ZHU Chunyan, et al. A study of climate regionalization and application of Phoebe zhennana in
Sichuan [J]. J Sichuan For Sci Technol, 2013, 34(2): 16 — 19.

(4] Ex. WACEFEMWRTRESRAEATSE (D] BTN . VRO, 2012
WANG Qi. Study on Community Characteristics of Phoebe zhenan in Enshi, Hubei Province [D]. Hangzhou: Zhejiang A&F
University, 2012.

[5] Z=4&pk, &MESE, 1M, REMAEMAY SR . FF5 IR A &R AT S (0]. ol B4, 2004,
31(1):5-9.

LI Donglin, JIN Yaqin, XIANG Qibai. The geographical distribution, research status and developmental utilization prospect
of Phoebe nees plant resource of our country [J].J Fujian For Sci Technol, 2004,31(1): 5 9.

(6] B, MR, JFIENRT, 45 1 A ERUERA i FOR 0 BT U], Al B2 51K, 2014, 15(11): 1990 — 1994,
CHEN Xiao, JI Chengling, ZHOU Zhengqing, et al. Study on grading standard for one-year-old container seedling quality of
Phoebe zhennan [J]. Agric Sci Technol, 2014, 15(11): 1990 — 1994,

(7] 5KHd. MUk ST IR AL 2R R K LA BEEOR X A8 A 1 5 A4 R 520 (D] 22 . DU R, 2015,
ZHANG Wei. Genetic Diversity and Effects of Water and Fertilizer Management on Growth and Physiology Characteristics
of Phoebe zhennan [D]. Ya’an: Sichuan Agricultural University, 2015.


https://doi.org/10.3389/fpls.2018.01764
https://doi.org/10.3969/j.issn.1003-5508.2013.02.003
https://doi.org/10.3969/j.issn.1003-5508.2013.02.003
https://doi.org/10.3969/j.issn.1002-7351.2004.01.002
https://doi.org/10.3969/j.issn.1002-7351.2004.01.002
https://doi.org/10.3389/fpls.2018.01764
https://doi.org/10.3969/j.issn.1003-5508.2013.02.003
https://doi.org/10.3969/j.issn.1003-5508.2013.02.003
https://doi.org/10.3969/j.issn.1002-7351.2004.01.002
https://doi.org/10.3969/j.issn.1002-7351.2004.01.002

5537 B4 3 ) xR PR WA AL BT B A K AR R AR R AR 495

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

B, PR, MRERSE, S WURS IR R A K (0], ARk RHE, 2017, 42(3): 1 - 3.
ZENG Wu, CHENG lJiangin, LIN Jinrong, ef al. Analysis of early growth about the introduction and cultivation of Phoebe
Zhennan [J]. For Sci Technol, 2017,42(3): 1 —3.
AR, ARWE, LW, S 2 Fhk B X IR I ) A S N R i FE P A3 BT L] WA 224, 2017,
34(2):310 - 318.
LI Gaozhi, ZHU Yajun, ZHOU Shengcai, et al. Physiological indices at low temperature stress for two types of Phoebe
zhennan [J]. J Zhejiang A&F Univ, 2017, 34(2): 310 — 318.
N, SR, EER, S CaCly FIZK A7 R 05 MU IR A0 FE 4 B2 (7], VR 2224 (A AR B2 A, 2016,
13(33): 16 - 21.
SUN Bing, ZONG Wei, LI Jinling, et al. Effects of CaCl, and salicylic acid on cold tolerance of Phoebe zhennan and
Phoebe bournei [1]. J Yangtze Univ Nat Sci Ed, 2016, 13(33): 16 —21.
A, TN, REARIR, S DU AR KR S 50 L. MOl RHE TR %, 2012, 26(5): 38 — 41.
ZHANG Wei, HE Xingbing, TANG Sengiang, et al. Study on the growth characteristics and distribution of Phoebe zhennan
in Sichuan [J]. China For Sci Technol, 2012, 26(5): 38 — 41.
ARNON D I. Copper enzymes in isolated chloroplasts polyphenoloxidase in Beta vulgaris [J]. Plant Physiol, 1949, 24(1):
1—-15.
B ARIERL S F 7K X At 4l v A A AR S RS S szl (D] REZe . puif ol Ry, 2017.
LUO lie. Effect of Different Fertilizers and Levels on Growth of Phoebe zhennan S. Lee Seedlings and Soil Fertility [D].
Ya’an: Sichuan Agricultural University, 2017.
JEBCH, sk, R, SF. PRI (1], UMl B, 2011, 32(4): 89 —91.
LONG Hanli, ZHANG Wei, SONG Peng, ef al. An analysis of the growth of Phoebe zhennan in Sichuan [J]. J Sichuan
For Sci Technol, 2011, 32(4): 89 —91.
CARBONE F, PREUSS A, de VOS R C H, et al. Developmental, genetic and environmental factors affect the expression of
flavonoid genes, enzymes and metabolites in strawberry fruits [J]. Plant Cell Environ, 2009, 32: 1117 — 1131.
RUBERTI I, SESSA G, CIOLFI A, et al. Plant adaptation to dynamically changing environment: the shading avoidance
response [J]. Biotechnol Adv, 2012,30(5): 1047 — 1058.
e, X7, FEE, A DI TR L 4 ARSI T &) 4l 8 2 A AT S (7] ol Bz,
2013,49(11): 42 —49.
FENG Xiaoyan, LIU Ning, GUO Jinping, et al. Morphological responses and morphological plasticity indices of seedlings
and saplings of four woody species in montane forest of Northern China to experimental light regimes [J]. Sci Sil Sin, 2013,
49(11): 42 —49.
e, HHHEYE, Jr T, AF.OCREGREEXS T ERMI R ARG . OCERERA AR BRI (1], ARAERROl R R I, 2015,
43(8):1-6.
DENG Bo, CAO Yanni, FANG Shengzuo, ef al. Influence of light intensity on leaf morphological structure, photosynthesis
characteristics and growth of Cyclocarya paliurus [11. J Northeast For Univ, 2015, 43(8): 1 — 6.
BRI, 5 H SR A R SR B AL PR (D). dbat: thEfRIE R, 2015.
HUANG Zhenrui. Nutrient Requirement of High Yield Sugarcane and Fertilizer Recommendations [D]. Beijing: China
Agricultural University, 2015.
fpscds, fogtly, e 7RG EEXF/NEAR AT . B BIFR AR ] A E SR S LR R,
2006, 12(6): 789 — 796.
HE Wenshou, HE Jinqin, GUO Ruiying, et al. Characteristics of N, P and K uptake at different growth stages of spring
wheat in irrigating region of Ningxia [J]. Plant Nutrit Fert Sci, 2006, 12(6): 789 — 796.
PETTIGREW W T. Potassium influence on yield and quality production for maize, wheat, soybean and cotton [J]. Physiol
Plant, 2008, 133: 670 — 681.
KRR, AT FORERE FRMlice LRIEA RS2 L] POl A2, 2003, 36(1): 71 = 76.
SONG Haixing, LI Shengxiu. Dynamics of nutrient accumulation in maize plants under different water and N supply
condition [J]. Sci Agric Sin, 2003, 36(1): 71 — 76.


https://doi.org/10.11833/j.issn.2095-0756.2017.02.015
https://doi.org/10.3969/j.issn.1000-8101.2012.05.010
https://doi.org/10.3969/j.issn.1000-8101.2012.05.010
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.3969/j.issn.1003-5508.2011.04.019
https://doi.org/10.3969/j.issn.1003-5508.2011.04.019
https://doi.org/10.3969/j.issn.1003-5508.2011.04.019
https://doi.org/10.1111/j.1365-3040.2009.01994.x
https://doi.org/10.1016/j.biotechadv.2011.08.014
https://doi.org/10.3969/j.issn.1000-5382.2015.08.001
https://doi.org/10.3969/j.issn.1000-5382.2015.08.001
https://doi.org/10.3321/j.issn:1008-505X.2006.06.006
https://doi.org/10.3321/j.issn:1008-505X.2006.06.006
https://doi.org/10.1111/j.1399-3054.2008.01073.x
https://doi.org/10.1111/j.1399-3054.2008.01073.x
https://doi.org/10.3321/j.issn:0578-1752.2003.01.013
https://doi.org/10.3321/j.issn:0578-1752.2003.01.013
https://doi.org/10.11833/j.issn.2095-0756.2017.02.015
https://doi.org/10.3969/j.issn.1000-8101.2012.05.010
https://doi.org/10.3969/j.issn.1000-8101.2012.05.010
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.3969/j.issn.1003-5508.2011.04.019
https://doi.org/10.3969/j.issn.1003-5508.2011.04.019
https://doi.org/10.3969/j.issn.1003-5508.2011.04.019
https://doi.org/10.1111/j.1365-3040.2009.01994.x
https://doi.org/10.1016/j.biotechadv.2011.08.014
https://doi.org/10.3969/j.issn.1000-5382.2015.08.001
https://doi.org/10.3969/j.issn.1000-5382.2015.08.001
https://doi.org/10.3321/j.issn:1008-505X.2006.06.006
https://doi.org/10.3321/j.issn:1008-505X.2006.06.006
https://doi.org/10.1111/j.1399-3054.2008.01073.x
https://doi.org/10.1111/j.1399-3054.2008.01073.x
https://doi.org/10.3321/j.issn:0578-1752.2003.01.013
https://doi.org/10.3321/j.issn:0578-1752.2003.01.013

