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Tablel. Soil sample physical and chemical properties of field plantation

SL plesd 5 (Kb sla Sy Jlade
Soil physical and chemical properties value
Salinity 0.82 (dS/m)
pH 7.7
Lime 19.1 (%)
Clay 23 (%)
Silt 22.5 (%)
Sand 54.5 (%)

Soil texture
Organic carbon
Total nitrogen
Absorbable phosphorus

Exchangeable potassium

Sand-Clay-Loam
1.68 (%)
0.05 (%)

3 (ppm)

145 (ppm)
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Table 2. ANOVA with repeated measures of cumulative height growth of Paulownia tomentosa saplings

in the different months

Ol i 2 ol 51 Sl e peSibeo a3l
P 20 Egema oyl Az 2o (el 095 Greenhouse-
Geisser
source Sum of squares df Mean square F Sig.
A. Between groups
Irrigation 81.4 2 40.7 0913 041
Period 0.099 1 0.09 0.002 0.96
IrrigationxPeriod 0.549 1 0.54 0.012 091
Error 1605.2 36 44.6
B. Within groups
Time(month) 38.1 1 38.1 37.1  0.00 0.000
TimexIrrigation 1.97 2 0.98 096 0.39 0.46
TimexPeriod 39 1 39 3.8  0.05 0.099
TimexIrrigationxPeri 0.29 1 0.29 028 0.59 0.59
Error 36.98 36 1.02
12
g
z 1o
£
&
= 8
B
2
i
=
E
=
O -
I5,P3 15,P6 110,F3 110,P6 115,P3 115,P6
Treatments

5 (15) 2 g o a3 el Blien) ilises (sl 5o isitegs Lislly ol (omars) anlocSs ol a8, Sileo -1 JSC3

(PO) 355 s 5 (P3) 55, 4w haw 55 30 kel 90 «(15) 2t 0033l (i10) 12 oo
Figure 1. The mean of one month (cumulative) height growth of Paulownia tomentosa saplings in the
different treatments (Irrigation in 3 levels, 5 lit(i5), 10 lit (110), 15 lit (i15), irrigation period in 2 levels, 3
days(p3) and 6 days (p6)
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Figure 2. The mean of two months (cumulative) height growth of Paulownia tomentosa saplings in the

different treatments (Irrigation in 3 levels, 5 1it(i5), 10 lit (i10), 15 lit (i15), irrigation period in 2 levels, 3
days(p3) and 6 days (p6)
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Figure 3. The mean of three months (cumulative) height growth of Paulownia tomentosa saplings in the

different treatments (Irrigation in 3 levels, 5 lit(i5), 10 lit (i10), 15 lit (i15), irrigation period in 2 levels, 3
days(p3) and 6 days (p6)
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Table 3. ANOVA with repeated measures of height growth of Paulownia tomentosa saplings in the separated

different months

Sl e Slupgseme  @oblaze Slupe oSl Gge)]
Sum of ) Greenhouse-
source df Mean square F Sig. )
squares Geisser

A. Between groups
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Irrigation 7.8 2 39 0.735 0.49
Period 0.874 1 0.87 0.165 0.69
IrrigationxPeriod 0.020 1 0.02 0.004 0.95
Error 191.23 36 5.31
B. Within groups
Time (month) 1445.85 1 1445.8 199.4  0.000 0.000
TimexIrrigation 18.95 2 9.47 1.31 0.28 0.26
TimexPeriod 3.63 1 3.6 0.50 0.48 0.56
TimexIrrigationxPeriod 0.31 1 0.31 0.04 0.83 0.72
Error 260.95 36 7.2
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Figure 4. Variation of the height growth of Paulownia tomentosa saplings in the separated months in

different treatments (Irrigation in 3 levels, 5 lit(i5), 10 lit (i10), 15 lit (i15), irrigation period in 2 levels, 3 days
(p3) and 6 days (p6)
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Figure 5. The mean of all of Paulownia tomentosa saplings in the different months (different letters indicate

significant differences statistically).

YOI 4 Jlo gy 5l owm &5 cwl o0g e sle
sl sy o Slee W el oo, e il
Sy90 abbie o lgiegi Ligdl dlusy ol
2 el ooy i (LS addllae b aslie )5 el
soy 7 Aol b O plie 4 a5 Sla b (o)
0 by oy pd Glopw s i wiad Ll
025 o 3l kel Jslge Sl ol lagsjlew 5 (Sas
Johnson et al., ) 54 co o guze jgngs Liglly Jls
pos s ol 4o bl cosls 4 el b Js (2003
ol o cél 09z pac g o)lar oy loyw 2525
s a1y 550 jled o bl abSis ol e

S s gl o s u*"’u pas g lgp (S

Ll slaJle elis)] ouSilee Baiod cnl o

Skl e jles ) Gl slojless o 1giiegs
039 yia il YOIF L plys Go,y & (s,Lal alols c0d 0
5 5wl ow,» L Mueller er al. (2001) .cul
L) 5 Uiy s b sl ab, Slogas
S Ny a4 Koyl Jled sy S
Loy oy Jad o5l om bl e)) cn St
WWVIA ade & (P. fortunei) ¢, Ligdh 4
gl e (S ey ol S el e Bl
oo ool 009 yragiil AD Dgiies Ligly Jlg
el Kl a5 wisls Lis Tackett et al. (1983)

N Jlo o5l o o0l (SLS Tgiess Liglh


http://yujs.yu.ac.ir/jzfr/article-1-26-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-02-15 ]

ARR

WAY /sl 0 ytas | Jsl Jlo [ 5515 gl JSir colidins adio

L b5 psba il (o205 G 5 (o2l o
DS skl Hee el 5 gkl lade (all
oais Jol> o s (ol w) (eSile 53 (53 Sre
slp JBlas Galizee slo,les jo olS LT 5Ls 9 ol
E3o50 ol ol oad el Llen sla ity dnwg
sl o)l wd; a5 aal Jds ool 4 Wl o
ol S Sl el a5 ol Jlo Jsbo 50 ygtess Liglly
Dhiman, 1997) el ol lads, o, slls 458
A, lade aS wis )57 138 (Johnson et al., 2003;
e Qo yd VY- digiiegs Ligdl (e sl L ads,
85 ) o Jof Jlo a Jsb o o e a,
Bergmann el oo G el sl g <ILI o
3om Jol Jle yo Loglly as” ol las 55 (1998)
ol a8 el )| 0 el s csls
Johnson wldlas mls b Gudos ol mls
Pinus slo Jls Sleoasy g o) ols oylis a5 (1990)
il g lal slanss, L Pinus elliotti 4 teada
olgie &5 (VYAD) yg Slbles Gizmod g O3S (oo i
, (Acacia tortilis) &y lwlST Sleoss; cuils
5 (o9, O g VoV o¥fe) oLl caliee (sloo,g0
5 03lidgo 5 5 Mledgad i S Vo glal Hlade
alize gloo,go azils bl a5 (\WWA+) o Ken

Gloyii gy slaJlys olis)| aiy ol syl

S5 g el 052y pas aaulsa bl eSS
Oz L e 2leS Bl cov sl Gad
SVl g oad laaijy, baten 4 2o (oS i
Slge ol yo g a4l falS jwgid sl ¥ 3
ol Sy o e &S Wb oo GRS gy
o, o,Slee .(Pugnaire ef al., 1994) s5% o
0,90 adbie ;o ljglieg Liglhy lom o ol
90595 4w 095 ;5 6 Ll IO L slajlos )3 Ltagh
wlie 039, 7 3 ¥ (slaoygs ;o s)lal i V0 5 -
ol omib)ly e s 5 (F B sla o) el
9 Jwe J“"L’ Skl 599 5 6okl Glie slasle sl
Sl el sl ol o Slas 5 (gl gne ke
@ g g () gloy Jele 4z 5 (V5 Vgaz)
5B ol (olis)) ay ol 2 kel 3o 5 oliee
Ay Ol 9 (O JS& g ¥ 9 Ygaz) o)ls (5l sine
Wb oo el g glaole o bl el
sl o Jgl ole Jobo jo Liglhy sloJlos ;550 & jleay
DS gom lacke ;5 w5 039 @ W3 Il
Cughb, uals s iolidl ol sl sl 0l
Foe sbdele et Slgiee i Gl (o
5 g L 455 (pl ol ad; cmalS W,
ol 4 pgie aby gwyp b3S OVAY) s ) o

oo > 5l e @Sl Al e a5 Ao Ao


http://yujs.yu.ac.ir/jzfr/article-1-26-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-02-15 ]

\Y-

Ol g atils (gl gime Sglas (i Ve (5,lol o>
Sobs .l Sglite il ylius o), dw 0,90 ,0 )
0 ks o bl pod S w4 axg L (IS
=)l oy e o9 JBlax 5 59, 8 090 50 55kl
Oeizmen g 59, Tooyge y0 bl 5 0 jles o
Lol allucsy sl Jl elayyl aly alin o Sles
0y99 3 kel I Ve g Ve la e o gty
2l Bpan g anie JalS Caz gy, £ 5 ¥ sle
S olgee Jol by s cnl sladls osn
2L S e, £kl ool o md Ve Gl

2,5 oolazwl (aian

) Lo g (6,80 ioren o)l cllas cwlanila
o8y & el by aS o) ass ol 4 (VYD)
As ¥ lal leoygs jo 7,5 adlaie jo oo 5y
boaarg bl o)l gl (e Sld o3,
el (S g el Luld g S So5elsS]
i cwl osls Jol> b iagh plo 5l 5 gl
OYAD) o, 5an g 5 pub lalllae doests b Gaios o]
Solal 590 )0 o5 ladled op oy wols las a5
(0390 9 039,F ()l (slooyg0 b aunlia 10) 039, A
Sl a8 (ITAY) Sen 5 ok 5w sunlis
2 os) dbse bl eli)) an, aasls
L) 039, 7 5 039, 4w s,kal sloo g0 4o olisle S Ll

&lw

)Jj—uo )_,)_, PLQJ OJiLo.C )O 6)L;.>~‘;O.L».>u Lngb 0)9& J.».sLs e Ava) e kst))Bs “p kd)—?% “) sL;o.wlS “) ‘GJSL’

FOV-YFA (Y- ol ) poo g Koo Olibos

P NS ‘U‘)'QA olKisls u‘)Lm.u‘ U’“")f‘) @&Luk)io \V/\YC‘B ‘6‘°f)>

5‘5!.....10 el.uo 9 6))9Lm5 ‘nﬁl.c 4.1.790 6).40 6[......:[5] ‘stLoo..b) » LS)L"'] u.l...?go 6L® 0)59 fuL \\‘“/\0 e 5)54‘5)1.‘4.[.»;

YA-YE (Y)Y

Jﬁ.’a 6).235‘5(2[&;)| ..\.w))_» =99 G)L..J g_)ﬁL..a ‘wlf G)l) ).ul) AvAa- P séro.bﬁ P 6‘5».A.M.A> () soé‘)éya

e O-FIY N )l ol s b (sl 0, o sl e Slosis doys 5 at


http://yujs.yu.ac.ir/jzfr/article-1-26-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-02-15 ]

'Y
WAY /sl 0 ytas | Jsl Jlo [ 5515 gl JSir colidins adio

23 ) oy J& ME 9y me 5 Skl iy (S g5 58U YA g wslide 5 e (lideme g wp i pb

£0-79 :Vn£..\3}L..; 9 UMY« g Sl i uL..,..JLgH

BDYY-000 (Y )l 5o

Azzarello, E., Pandolfi, C., Rossi, M., Mugnai, S. & Mancuso, S. 2012. Ultramorphological and
physiological modifications induced by high zinc levels in Paulownia tomentosa. Environmental

and Experimental Botany, 81: 11-17.

Ben Ahmed, C., Ben Rouina, B. & Boukhris, M. 2007. Effects of water deficit on olive trees cv.
Chemlali under field conditions in arid region in Tunisia. Scientia Horticulture, 113(3): 267-

277.

Bergmann, B., 2003. Five years of Paulownia field trials in North Carolina. New Forests, 25(3):
185-199.

Bergmann, B.A., 1998. Propagation method influences first year field survival and growth of

Paulownia. New Forests, 16: 251-264.

Brinks, J., Lhotka, J., Barton, C., Warner, R. & Agouridis, C. 2011. Effects of fertilization and
irrigation on American sycamore and black locust planted on a reclaimed surface mine in

Appalachia. Forest Ecology and Management, 261(3): 640-648.

Carpenter, S. & Smith, N., 1979. Germination of paulownia seeds after stratification and dry storage.

Tree Planters' Notes, 30(4): 4-6.

Clatterbuck, W. & Hodges, D. 2004. Paulownia, tree crops for marginal farmland with financial
analysis. Journal of Forestry, 87:19-24.

Dhiman, R. 1997. An eco-friendly multi-purpose species: Paulownia. Minor Forest Products, 7(4):

14-16.
Gilman, E.F. 1997. Trees for Urban and Suburban Landscapes. Delmar Publishers, USA, 662 p.

Johnson, J. 1990. Dry matter partitioning in loblolly and slash pines: effects of fertilization and

irrigation. Forest Ecology and Management, 30(1): 147-157


http://yujs.yu.ac.ir/jzfr/article-1-26-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-02-15 ]

\YY

Johnson, J., Mitchem D. & Kreh, R. 2003. Establishing royal paulownia on the virginia piedmont.
New Forests, 25(1): 11-23

Kramer, P.J. & Boyer, J.S. 1995. Water relations of plants and soils. Academic Press, San Diego,
495 pp.

Kays, J., Johnson, D. & Stringer, J. 1998. How to produce and market paulownia. University of
Maryland press, USA, 22 p.

Mishra, A., Swamy, S.L. Bargali, S.S. & Singh, A.K. 2010. Tree growth, biomass and productivity
of wheat under five promising clones of Populus deltoids. International Journal of Ecology and

Environmental Sciences, 36(2-3):167-174)

Mueller, J.P., Luginbuhl, J.M. & Bergmann, B. 2001. Establishment and early growth characteristics
of six Paulownia genotypes for goat browse in Raleigh, NC, USA. Agroforestry Systems, 52(1):
63-72.

Pugnaire, L.F., Serrano, L.U.L.S. & Pardoz, J. 1994. Constraints by water stress on plant growth.
Handbook of Plant and Crop Stress, 247-259.

Seeley, S. 1990. Hormonal transduction of environmental stresses. Hortscience, 25: 1369-1376.

Swamy, S.L., Mishra A. & Puri, S. 2006. Comparison of growth, biomass and nutrient distribution
in five promising clones of Populus deltoides under an agrisilviculture system. Bioresource

Technology, 97(1): 57-68.

Tackett, E., Edward, M. & Donald, H. 1983. Evaluation of direct-seeding of tree species on surface
mine spoils after five years. In: Symposium on surface mining, hydrology, sedimentology and

reclamation. Lexington, Kentucky. Proceedings: PP. 437-441.

Von Ende, C.N. 1993. Repeated-measures analysis: growth and other time-dependent measures.

Design and Analysis of Ecological Experiments. 2: 134-157.

Woods, V.B. 2008. Paulownia as a novel biomass crop for Northern Ireland?, Hillsborough,

Northern Ireland, 47 pp. http://www.afbini.gov.uk/afbi_paulownia.pdf

ZhaoHua, Z., Ching-Ju, C., Xin-Yu L. & Yao Gao, X. 1997. Paulownia in China: Cultivation and
utilization. Asian Network for Biological Sciences, International Development Research Centre,

Ottawa, Canada, 65 p ,http://www.idrc.ca/library/document /0712351.


http://yujs.yu.ac.ir/jzfr/article-1-26-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-02-15 ]

123
Journal of Zagros Forests Researche, 1(1), Spring & Summer, 2014

Determination of optimal irrigation on establishment and height growth of one-year
Paulownia tomentosa seedlings

Javad Eshaghi Rad

Associate Professor, Department of Natural Resources-Forestry Urmia University, Urmia, Iran
Corresponding author, E-mail address: javad.eshaghi @yahoo.com

(Received: 2013.10.6 - Accepted: 2014.07.8)

Abstract

Paulownia species, which are fast-growing endemic species in China and Japan, have been used
for establishing green space and park and inter-cropping with many kinds of crops in many
countries. The aim of this study was to investigate the effect of irrigation on one-year Paulownia
tomentosa seedlings in the climatic and edaphic condition of West Azarbayjan, Iran. Random
factorial experimental design was applied with 3 irrigation levels (5, 10 and 15 liter) and 2 irrigation
period treatments (3 and 6 days) with 10 replicates. Seedling’s height increment was measured at
the end of each month during the growth season. The maximum height growth of Paulownia
tomentosa in different treatments was observed in the first month and the seedling height was not
considerably raised during the upcoming months. The seedlings of the treatment which were
irrigated with 5 liters and with 6 days interval were dried and the seedlings of the treatment with 5
liters irrigation and with 3 days interval had the minimum mean of total height (8.7cm) in
comparing with other treatments (10.9-11.8cm). Furthermore, with increasing the irrigation amount
and decreasing the irrigation interval, the seedling’s height growth was not altered significantly.
Therefore we concluded that the best irrigation regime for suitable height growth of one-year
Paulownia tomentosawas with 10 liters irrigation and with 6 days interval, for decreasing the cost

and water consumption.

Keywords: Paulownia tomentosa, Plantation, Irrigation interval, Height growth
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