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Figure 1. Randomized complete blocks split-plot design layout that used for study on different
Irrigation and root undercutting treatments on growth and survival of Chestnut-leaved oak seedlings
in nursery. Thick and thin marginal lines represents main and sub plot area respectively. 2, 4 and 6
represents 2, 4 and 6 day irrigation period respectively, and C, E and L represents no undercutting
(control), early summer (July) root undercutting, and late summer (September) root undercutting
treatment.
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Figure 2. Bare root Chestnut leaved oak seedlings irrigation based on furrow irrigation method.

D551 Jeate 1 aa 3l eslined b g3lencly Sty sladlg ety B o p Y IS
Figure 3. Bare root Chestnut leaved oak seedlings root undercutting using horizontal blade attached to
the tractor.
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Table 1. Equations used in calculation of root and seedling quality indices.

L=0/785N D =2~-/v/nzL
S=2xul Q=TDWI/(SL/SD)+(SDW/RDW)
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Table 2. Results of Analysis of variance in survival and above ground parts characteristics of one year
old chestnut-leaved oak seedlings.

T iy e Ol e Sk o osn Lk
(T) (root undercutting time) (1) (Irrigation) (Block) (Charactersitics)
211.16"™ 416.33"° 24.59™ 1113.4" (survival percent) b o3 Lo s
37.08" 50.42" 19.35" 3.81" (stem length (cm)) &L Jsb
1.08"* 3.34"¢ 0.12"¢ 1.12" (collar root diameter (mm)) i L3
Sl a8 4 Job
6.49™ 041" 2561 279" (stem length: diameter ratio)
624393.57"° 69563.44" 348709.87"  91716.41"° (leaves area (cm’)) S, o
21.13" 17.06" 3.38" 12.03" (Stem biomass (gr)) 4l S 035
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Table 3. Effects of irrigation period and root undercutting time on survival and above ground parts
characteristics of one year old chestnut-leaved oak seedlings (Mean + standard error).

(root undercutting time) iy, o~ » Ol

dals
(Control)

Oless =l

(late summer)

Olieals Ll

(Early summer)

okl )50

(Irrigation period)

R D3 Lo

(Charactersitics)

77.82 + 1593 Aa 53.01+7.85 Aa 48.05 +18.61 Aa (every 2 days) s,
L;Lce.,\.})‘ Loy
62.95 + 6.28 Aa 62.21 + 18.40 Aa 62.00 + 2.41 Aa (every 4 days) s, ¢ )
(survival percent)
59.43 + 10.32 Aa 61.59 +9.43 Aa 53.73 + 7.40 Aa (every 6 days) 35,1
41.00 +2.92 Aa 35.12+2.11 Aa 3459 +2.30 Aa (every 2 days) s, ¥
(cm) sle J
31.99 +3.65Aa 36.03 + 6.42 Aa 34.15 +2.55 Aa (every 4 days) s, ¢ Sl Jsb
Stem length
39.66 + 3.20 Aa 35.17 £ 4.25 Aa 29.73+1.37 Aa (every 6 days) 35,1
every 2 days) s, ¥
9.34+0.71 Aa 8.23+0.35 Aa 7.88 +0.99 Aa (every 2 days) o}, () < s
8.20 +0.65 Aa 8.85+ 1.49 Aa 8.13+047 Aa (every 4 days) 5, ¢ Collar root
9.60 + 1.26 Aa 8.76 +0.84 Aa 752+ 057 Aa (every 6 days) 35,1 diameter
43.89+ 1.46 Aa §Y/764£Y/\ YA 44.43+2.43 Aa (every 2 days) s, . )
sk o
39.30 £2.06 Aa 41.23+0.33 Aa 42.41* 159 Aa (every 4 days) o3, ¢ stem length:
42.49+3.14 Aa 40.8% 2.41 Aa 39.86 3.88 Aa (every 6 days) 35,1 diameter ratio

289.13 + 16.59 Aa
354.21 £ 17.92 Aa
331.08 £ 17.90 Aa

317.14 £ 17.87 Aa
286.24% 13.39 Aa
188.00 £ 12.42 Aa

304.12 + 23.67 Aa
300.03 + 15.76 Aa
341.25 + 16.14 Aa

(every 2 days) o35, ¥
(every 4 days) o35, ¢

(every 6 days) o35, 1

©m*) S ; o

Leaves area

10.24 +5.16 Aa 2.80 +£0.58 Aa 3.26 +0.49 Aa (every 2 days) s, ¥
(@) 6l Kot 0
447 +1389 Aa 4.93+0.46 Aa 346 £012Aa  (Everyddays) o, p 00 O ST O
Stem biomass
493+ 1.16 Aa 405+ 0.77 Aa 6.73+1.04 Aa (every 6 days) 35,1
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Table 4. Results of Analysis of variance in root characteristics and quality index of one year old
chestnut-leaved oak seedlings.

iy opp Ol Sl _
N
(M) =) (oot undercutting time)  (rrigation)  (Block) 5L it .
(Charactersitics)
M )
13.28" 37.00” 18.78"° 1.78"* (Root volume) <., x>
335.84"¢ 11863.80" 2535.17"* 160.44" (Root length) +2., J4b
0.00" 0.04™ 0.00"* 0.00"* (Root diameter) 2., k3
899.02" 22786.32" 1446.50" 1.95" (Root area) 4.2, ; s
8.24"s 43.38" 20.95 1.25" (Root biomass) a2, i 055
. - . . g s e
13.84 43.75 10.67 1.38"*

(Seedling quality index)
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Table 5. Effects of irrigation period and root undercutting time on root characteristics and quality
index of one year old chestnut-leaved oak seedlings (Mean + Standard error).

(root undercutting time) iy, o~ » Ol

ol o) IR S ko
sl ol ! ol Lol - . .
(Irrigation period) (Charactersitics)
(Control) (late summer) (Early summer)
6.23+0.10 Ba 6.67+ 1.67 Aa 7.67+1.45Ab (every 2 days) s,
ml)
553+ 0.06 Ba 9,00 Aal.00 567+067Bh  (every4days) s, ¢ M) k) o
Root volume
5.00 + 0.00 Ca 9.33+0.67 Ba 12.67+ 1.45 Aa (every 6 days) 35,1
53.11+ 000 Ba  116.23+32.60 Aa  125.65+ 16.15 Aa  (every 2.days) o35, ¥
cm) i, J
53.25+ 0.00 Ba 123.96+ 0.37 Aa  133.41+ 10.68 Aa  (everyddays) o5, ¢ o dsb
Root length
101,53+ 21.35Ba 13350+ 4542 Aa  153.88+19.13 Aa  (every6days) o35,
0.21+ 0.00 Ba 0.28+0.02 Aa 0.28+ 0.02Aab (every 2 days) s, ¥
cm) 5
0.19+ 0.00 Ba 0.30+0.01 Aa 0.23+ 0.00 Bb (every 4 days) o3, ¢ R“”‘” -
00
0.18+ 0.00 Ba 0.32+0.04 Aa 0.33+0.04 Aa (every 6 days) 35,1 Root diameter
28.84+031Ba  98.30+25.88Aa  109.31+ 1501 Aab  (every2days) o3, ¥ ,
cm®) «.
29.90+ 0.00 Ba  118.40+ 11.49 Aa 97.45+ 9.59 Ab (every 4 days) 35, ¢ o o gk
oot area
30.26 + 0.07 Ba 122.49+ 23.1 Aa 154.72+ 9.24 Aa (every 6 days) ¢35,
1.95 + 0.06 Ab 3.33+1.09 Ab 3.46 + 0.59 Ab (every 2 days) s, ¥
( r) s § e
185£000Ba  6.64+1.03Aab 458+ 084Ab  (Everyddays)os, g 00 TR ST 9
Root biomass
1.73 +0.00 Ba 7.00 +1.49 Aa 8.93+1.87 Aa (every 6 days) 35,1
4.15 +0.00 Aa 5.44 + 0.80 Ab 6.76 + 1.20 Ab (every 2 days) s, g ot el
4.02 +0.09 Ba 8.85 *0.59 Aa 6.50 +0.57 ABh  (everyddays) o, ¢
410+004Ba  668+120Bab  1205+150Aa  (every6days).;,,1  Seedling quality
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Abstract

Background and objectives: Chestnut-leaved oak is one of the most important
northern Iran forest trees that is planted in broad scales in degraded areas of its
natural sites. According to deep rooting of Chestnut leaved oak seedlings in
nursery bed, root undercutting is the inevitable practice in bare root seedlings of
this species. Studies showed that late root undercutting in nursery can negatively
affect seedling survival and performance in planting site. So far, many efforts were
done to determine the suitable time of root undercutting in some species of
Quercus genus, for example, in Lebanon's oak and Sessile oak. Because, root
undercutting along with growing season can increase drought stress in seedlings
and, as a result, can decrease nursery production efficiency, this study aimed to
investigate the effect of root undercutting and irrigation period on bare root
seedlings of Chestnut leaved oak simultaneously.

Materials and methods: Present study were conducted in Golestan province
Ghorogh nursery, so that using a randomized complete-block split-plot design with
three replications, effects of root pruning time (pre-summer, late- summer and
control) using horizontal blade attached to tractor, and furrow irrigation period (2,
4 and 6 days) on Chestnut-leaved oak bare root seedlings production efficiency and
growth characteristics were investigated. At the end of growing season survival and
growth characteristics of seedlings were recorded and analyzed using univariate
ANOVA and Duncan multiple rage test of means techniques in 0.05%
experimental error probability.

Results: The results showed that irrigation period was significantly affected
seedlings root dry weight and quality index (QI), so that minimum and maximum

*Corresponded Author: aliarab@gau.ac.ir
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amount of seedlings root dry weight were detected in 2 days and 6 days
respectively. Also, use of horizontal root undercutting (in different irrigation
periods), especially in early summer, significantly increase seedlings root growth
trait (volume, length, diameter, area and dry weight) and QIl. Furthermore, the
results showed that root undercutting in early summer with irrigation period of 6
days is the most suitable treatment for growing Oak seedlings in the study area.
Conclusion: Based on this study's finding, it can be stated that horizontal root
undercutting and irrigation period are essential factors that should be considered in
oak seedlings root growth and seedlings quality enhancement practices. Because,
the more root system density, extending and frequency, the more nutrient and water
absorption potential in seedlings, and such planted seedlings can better resist to
harsh environmental condition and establish in the forest planting site.

Keywords: Quercus castaneifolia, Irrigation period, Root undercutting, Seedling
quality, Survival
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