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Article Info ABSTRACT
Article type: Background and Objectives: Paulownia fortunei is an industrial and
Full Length Research Paper  multipurpose introduced species that production and planting of its
seedlings in Northern Iran is taken into consideration in recent years.
. . Knowing the factors affecting the germination and early growth of this
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Received: 08.25.2021 species can provide the possmlllty of improving the quality of seedlings
Revised: 06.09.2022 produced in forest nurseries and thus increases the chances of success of
Accepted: 06.19.2022 wood farming practices of this species. Therefore, study on the response of
this species to different light control treatments is important. In the present
study, two independent experiments were performed to investigate the
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Materials and Methods: Thanks to the inherent differences in plant needs
and responses in the stages of germination and early growth, in this study,
two independent experiments were designed and performed to achieve the
research objectives. Aimed to investigate the effects of artificial shading
treatments on the performance of this plant, two independent experiments
were conducted during the germination and seedling stages. In the first
experiment, using a completely randomized design, seed germination
features were studied under three shading (25%, 50,% and 75%) and one
control (without shade) treatment in the laboratory (Temperature of 25 °C
and 70% relative humidity in a Germinator) conditions. In this experiment,
seed germination was recorded for 3 weeks and at the end of the period,
the growth traits of the sprouted seedlings were examined. Based on the
information obtained, seed germination traits including germination speed
(GS), germination energy (GE), peak value (PV), mean daily germination
(MDG), and germination value (GV) as well as seed vigor index (VI) and
length of shoot and root of sprouted seedlings were measured. In the
second experiment, the growth and survival of 44 potted Paulownia
fortunei seedlings under four treatments (including control, 25%, 50%, and
75% shading) were studied in the first growing season for 5 months,
from the beginning of July to the end of November. At the end of the
growing season, all seedlings were taken out of the pot, and the length,
diameter, and dry weight of stem, leaf area and length, and dry weight of
main and secondary roots were measured after separating the shoot and
root. One-way analysis of variance and Duncan's test were used for
statistical comparison of treatments at a 5% probability level.
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Results: The results showed that GP, GS, MDG, and VI did not affect by
shading treatments, However, the negative effects of shading treatments,
especially in 50% and 75% shading levels on GV and PV were significant.
Artificial shading did not affect first-year seedling survival so all seedlings
survived under all treatments. Also, the results showed that under 50% and
75% shading treatments, stem length, stem diameter, stem dry weight,
number, and area of leaves were significantly higher than in control and
25% treatments. Additionally, under 50% shading treatment, secondary
root dry weight and total dry weight of seedlings were significantly upper
than other treatments.

Conclusion: Seed germination and first-year survival of P. fortunei did
not so sensitive to light intensity, but controlling light intensity using
artificial shading improves seedling quality traits of this species. Hence,
the use of 50% shading treatments can be proposed in nurseries of this
species after the initial stages of germination and seedling establishment.
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shading on seed germination, survival, and growth and of one-year-old seedlings of
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Figure 1. lllustrations of Petri dishes used in the first experiment for control, 25, 50, and 75% shading treatments.
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Table 1. Equations used in calculating the germination traits of Paulownia seeds (15).

il osleds oyl ooleds
Equation NO Equation NO
GS=Y(ni/t) 5 GP=n/N*100 1
SVI=GR*Mean(SL+RL)/100 6 GE=Mcgr/(N*100) 2
PV=Max(CG/DSS) 7 GV=PV*MDG 3
MDG=FCG/T 4
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n, N, Mcgr, SL, RL, GP, GS, GE, SVI, GV, PV, MDG, CG, FCG, and T respectively refers to the number of
germinated seeds in the test period, the total number of planted seeds, Maximum cumulative percent of germinated
seeds, shoot length, root length, germination percent, germination speed, germination energy, seed vigor index,
germination value, peak value, mean daily germination, the cumulative number of germinated seeds, the final
cumulative number of germinated seeds, total time of the test in days
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Table 2. Recorded light intensity values under different shade house treatments in the second experiment.

(Shade house treatment) olsle les

75% 50% 25% Control
5473.0 73305 9009.6 40925.0 Mean light intensity (lux) , 5 <3 St
1347.3 1796.4 22455 2395.2 Light intensity Standard error (IuX) s oLzl
13.4% 17.9% 22.0% 100.0% Relative light intensity (%) . )5 oas
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Figure 2. View of shading treatments used in the second experiment:
Figures A, B, C, and D show 25%, control, 50%, and 75% canopies, respectively.
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Table 3. ANOVA table of investigated traits of paulownia fortunei under shading treatments in the
germination stage.
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Figure 3. Effects of shading treatments on seed germination of paulownia fortunei in the first experiment
(Meanz Standard error). Similar small letters, show insignificant difference between traits at 5% probability level.
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Table 4. ANOVA Mean squares values of seed vigor index, and length of radicle, plumule and newly
germinated seedlings of Paulownia fortunei under shading treatments.
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Figure 4. Effects of shading treatments on seed germination of paulownia fortunei in the first experiment
(Meanz Standard error). Similar small letters, show an insignificant difference between traits at a 5% probability level.
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Table 5. ANOVA Mean squares values of shoots traits of Paulownia fortunei one year old seedlings
under shading treatments.
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Leaf area SCIg: #?g%?}sts Dry weight Stem diameter ~ Stem length Source of variations
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** Show significance at 1%
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Table 6. ANOVA Mean squares values of root traits of Paulownia fortunei one year old seedlings under
shading treatments.
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dry weight ratio weight weight
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“and ™ respectively show significance at 5% and 1% probability levels and ™ shows insignificance at 5% probability level
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Figure 5. Effects of shading treatments on biomass root to shoot ratio of paulownia fortunei seedlings
at the end of the first growing season (Meanz Standard error). Similar small letters, show an
insignificant difference between traits at a 5% probability level.
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Table 7. Morphological shoots and root traits of Paulownia fortunei one-year-old seedlings under shading
treatments. Similar small letters, show an insignificant difference between traits at a 5% probability level.

Shading (percent) (a-,3s) olsle

75% 50% 25% (Control) 1l
. S s
8.0° 8.2° 6.4° 6.8" ) Bl b
Stem diameter (mm)
2l sl
33.6° 36.2° 25.0° 22.4" Gele) Sl b
Stem length (cm)
Stem biomass (gr)
42.03° 42.34° 39.84 ° 33.59" SIS o 2
Slenderness coefficient
156.45 322.58° 112.90" 16.13° N
Leaves area (cm?)
- - . £
46.33° 40.0° 4333° 420° aila) ol sy, dsb
Main root length (cm)
g | aly o SEat Oy
4.06 % 5.80° 3.06° 4,32 (¢S ) PP SN
Main root biomass (gr)
S) 54 slaady )i 0
4.44° 11.39° 5.00° 6.11° (0.5 o glaaty )i 035

Secondary roots biomass (gr)

Blo= e jo ads bilbl ol a3 K13
@ onle e s S50 Wb L o 5L
2 oabe e G0 4 g b Ll s e
5 85 ol sk Godler gl abs 5 )
JS dsb s axalss sk Ubsgae A pes
Olgi o eadsl Wiy o 3 S5 58 Ll amalS
oy LAd el s wle s S asd Ol
wrlye S L G558 Lol ssd Sialsr
50 p8 sk 6\:; L olaasly opl 3908 dalgs
L;ug}i». e 43_,§ Vs » (1449) o,
S el @l men 5 Gl BT (5 S
65 Sy 2 (V) OLKen 5 o SRy

4

sy Ol s raomalS adgl ad; 5 Ld (G4l
o tiliosd 5 gls e S L5 Soad JhalS
i el pimes 5 S3aler Wl oSl
53 esn cJole opl Ll el S8 WL LA
Sols g Ha Dl ds 53 VO 5 00 Ollu - sl
ssk Sialer mol a5 o)l slearls
Olle e Ol S ool atils S55,568 Lol
s s Ll e blS HA Sl
AST s5m 1 3wl a3 oS VL 65
s Shass e Sl a e s bl e i3

ot ke SOU Ll d s Gk Gsaler



VERY ) 5l V40,90 (S 9 g (65918 9 pole Sl gy & il

EE L Lol calls (Cupressus arizonica)
sledlg s (7)) 0L 5 sdy Aasy
Oes 5 sl (Quercus brantii) s
(Pistacia atlantica) «. cladle o, (Y4V))
Sosl sladle s (Yert) OLen 5 ool 50
3 A Y) s,k calks (Quercus macranthera)
oy okl gl s badlg VL Gl (01
sldle g pdcillaal 5 5L Cwslie olasolis
23 08 DAE il 03 SleE e 5 B
QLS 4 cod Ol 0blS el s Jl
A Aaes Sl LSS 4 e
Jlo ki e 3 Okl ol sl g el
Ll gl i 5 Ao Vo Bl 4 s
S5 ol S & w01 B8 e &S
Ll sl 5 (V) ol slan ale 4 cd
2 e S S e bl pledS 5 S Ol
OA) 35 i S A sladles 5o o
2 Sl b Ol Sleg o sls Ol s
S5 Ll e sl b, o
ssba o3 Vo 500 Olole Cow oS g5k sy
Sz 05y grzmen 5 Ble b 5 b (ol e
VLU0 Slole 5 dali s b aglis o Ldlg
3 FA A SEE Oy o le Co 5 s
Ldlg S, sl e adlg 5 S 05
Rl s s gbadle 5l VL b pme sba
@l b feasn ol ml o Okl bl
Slosd s Sz (T0V) OLKes 5 e
(YY) 0lSen 5 54k (Cupressus arizonica)
Quercus robur 5 Quercus petraea s,
(Yoo ) O 5 eoli)pad i b5 o)l s
> (Quercus macranthera) s sl bk s, »
Sss o2 (V) O 5 jsady lad 55

Cillas (S 5 slae 355 s (Quercus brantii)

K

o,y calks (Manglietia patungensis) U xSl
bl oy (T d) OhSea 5 esl) 50 S L Ll
syl calks (Quercus macranthera) (¢,
sl L, s glacsle o (VWY 54 E)
PN IRS I TR PIV gt
0 503 o 3l s b S sline G581 e
Sogb ail aih Sows LS ol b o5l
S oS dls ol (VAY) OLGes 5 ol S
Sl oop pSuke N 5 5eS Ol LA 03
ol Ly s Cl:;;-\ U 4 2 Siale
e N T P e K ST I RN S RN
S 5SSl L o3l a5 Ll Lo () ik
doe 3 45 ol os B b W
s BT 15 S
(HSosbn Wy gldlg s sl Shs
oS e 0ailes Sl s ekl UL
sl 5ol S Some Ll Ole 25 0
Copde 53wl 4 oboy Cuenl 3L i
2 s gbe S e s Sl s
bl sl ol jasilie gsta (S slaas o
e wle plp 55 LS Sl ol Sk, e
Loy 8 e Olaalie (V1) ol slls atlil
gl b sl s, L3 (VM) O 5 55
S ol Clhe ol easOlis e s 65
ol o8 SB 3 L cilse glaa S
s P.ofortunei <8 55 L ool 5l s e g lsy e
Ol wle ol 3 5 ke obs » P fargessi
(V4) Klesls

Ole & s Ol Lol asy mls
Ll sladle Sless 5 sl inn b (o g
doys Ve e s bl sl £ s s SIS
9 e s CL” L CLJ el Ll e
Sl 50 gldle o (T00V) 0L



OB 5 Goasd 2 [ Sloai g udy )y Sl p1 (Sgae ool U

B e e V5l S B L e b slaals
(YY) OLSen 5 ssdky b b hags ol s
<ilks Quercus robur s Quercus petraea ,
Quercus petraea ladlg ¢ S s,k (V1) 5,0
5 aday 05 wle il L Quercus robur
Ol e . disls QLS 54 3 SApS s w Bl Cons
S 58 malS Jlie 5 ey ol Coules
ol el St S e b b el @
o lg e sl bl bl s s alyy A, Jals
S bz 5 3 bdlg s pesS e Jalse
o5 ok L3 At el Ol AL 55 oS e
Sope 3 3 ol al 5 e 1B e
sdae Gl ils ( plsa slacans Gals s
Ao e s 53 (V1) Wb e SRl elS
dops 00 Dled Sl e alyy 5 el Ol
5 Sl L s 4 s sl oS LS odalis
Slagd o3 adla ay aly ) Cod 0p SN A8 Lol ()

Dl edalis dald

1.Alivand, R., Tavakkol Afshari, R., and
Sharifzadeh, F. 2013. Germination
response and estimation of seed

deterioration of Brassica napus under
various storage conditions. Iranian J. of
Crop Science, 44: 1. 69-83. (In Persian)

2.Ardakani, M. 2001. Ecology. Tehran
Univ. Press, 340p. (In Persian)

3.Chaudhry, A.K. 2001. Effect of shade on
growth performance of four tree species:
Nursery stage. Pakistan J. of Agricultural
Sciences, 38: 3-4. 41-43.

4.Chen, F., Liu, L., Chen, F., and Jia, G.
2012. The ecological characteristics
of seed germination and seedling
establishment of Manglietia patungensis:
implication for species conservation.
American J.  of Plant  Sciences.
3: 1455-1461.

A

A sy 02 8 FeS 358 (WY 51T V) sl
2phe i 5 Sl SO Rl el
e > 5 b e Rl elS sk Al a5
500 e 53 (V) spd e 03538 55 O (g k8 A,
Ldlg SeS 5 Silbs cle a Ol ds s VO
THA SAC Gder s eS) gl
Gk 5 el Ay Ll el oyl s S e
gl ol ol S b 51 bl
gl 0 i gl s B Ld g Sl
oles ool il Casb, o, G s Sl
Ldle @ b Odewy 3l Lo Ol &5 e ple
3,8 bis 1y 5 saS ey OLL G A
A okle Sl S sy 0L s =W
T BINTB LIPS
St O bl St O35 8 2 slaady i

3% 3%

o 5 o J§ S 055 wda) 8 o ol

sb ool winy b o olsime 56 Olole

5.Fasehun, F.E. 1975. Effect of light
intensity on growth, photosynthesis, and
nitrate reductase in hybrid poplars. Ph.D.
Dissertation, IOWA state Univ. Press,
88p.
6.Grime, J.P., Mason, G., Curtis, A.V.,
Rodman, J., and Band, S.R. 1981. A
comparative study of germination
characteristics in a local flora. The J. of
Ecology. 69: 3. 1017-1059.
7.Hosseini, S.M., Aliarab, A.R., Rasouli
Akredi, Y., Akbarinia, M., Jalali, G.,
Tabari Kouchaksaraei, M., and Elmi,
M.R. 2007. Effect of shading treatments
on height growth and mortality of
Cupressus arizonica seedlings. J. of
Environmental Studies. 43: 3. 61-72.
(In Persian)



VERY ) 5l V40,90 (S 9 g (65918 9 pole Sl gy & il

8.Jahanpour, F., Fattahi, M., and Karamian,
R. 2011. Studying the influence of light
on surviving pistachio saplings in
Lorestan province. lIranian J. of Forest.
3:2.91-98. (In Persian)
9.Kyereh, B., Swaine, M.D., and
Thompson, J. 1999. Effect of light on the
germination of forest trees in Ghana. J. of
Ecology. 87: 772-783.
10.Lamhamedi, M.S., and Gagnon, J. 2003.
New  forest seedling production
technologies in Quebec and their
integration in reforestation programs in
developing  countries. Ressources
naturelles, faune et parcs, Forest
research branch. XII World Forestry
Congress Québec, Canada. pp. 1-10.
11.Lavender, D.P. 1984. Plant physiology
and nursery environment: interactions
affecting seedling growth. In Forestry
Nursery  Manual:  Production  of
Bareroot Seedlings. Springer, Dordrecht.
pp. 133-141.
12.Logan, K.T. 1965. Growth of tree
seedlings as affected by light intensity:
White birch, yellow birch, sugar maple,
and silver maple. Department of forestry
publication, 16p.
13.Longbrake, A.C.W. 2001. Ecology and
invasive  potential of paulownia
tomentosa (Scrulariaceae) in a hardwood
forest landscape.Doctoral Dissertation,
College of Arts and Sciences, Ohio
Univ, 174p.

"y

14.0Osareh, M.H., and Shariat, A. 2009.
Salinity resistance in germination stage
and growth stage in some eucalyptus
species. J. of agricultural sciences and
natural resources. 15: 6. 145-175.
(In Persian)

15.Panwar, P. and Bhardwaj, S.D. 2005.
Handbook of practical  forestry.
Agrobios Publications, 203p.

16.Pilevar, B., Kakavand, M., Akbari, H.,
Esmaili, A., Soosani, J., and Mirazadi,
Z. 2012. Growth and morphological
responses of Manna oak (Quercus
brantii) seedlings to different light levels
at nursery in the first growing year.
Iranian j. of Forest and Poplar Research.
20: 1. 74-83. (In Persian)

17.Teymourzadeh, A., Akbarinia, M.,
Hoseini, M., and Tabari, M. 2004. Effect
of shade house on survival and growth
of Quercus macranthera seedlings.
J. of Research and Construction
in  Agriculture and  Horticulture,
16: 4. 12-17. (In Persian)

18.Varamesh, S., and Tabari, M. 2010.
Establishment and growth of direct-
seeding of Quercus castaneifolia affected
by light intensity and weed competition.
Iranian J. of Forest and Poplar Research,
18: 1. 107-115. (In Persian)

19.Zhu, Z.H., Chao, CJ., Lu, X.Y. and
Xiong, Y.G. 1986. Paulownia in China:
cultivation and utilization. Chinese
Academy of Forestry Staffs, Asian
Network for Biological Sciences, 65p.



