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Abstract

Background and objectives: Botanical gardens play a pivotal role in preserving native species,
a challenging task in the autumn season when identifying leafless plants, particularly in the rose
family (Rosaceae), becomes challenging. Propagation through cuttings offers a solution to
maintain plant diversity. However, in humid climates, the main hurdle in plant propagation is
combating pests and diseases. This research aimed to explore similar bases of Rosaceae wild
species as rootstocks through cutting propagation, coupled with nematode control.
Methodology: Conducted in the nursery section of Nowshahr Botanical Garden, Iran, from
autumn 2019 to March 2021, this research employed a four-factorial experiment using a
completely randomized design on four Rosaceae species: forest apple (Malus orientalis Uglitzk.
ex Juz.), Mazanderani pear (Pyrus mazanderanica Schonb.-Tem.), prickly forest plum (Prunus
spinosa L.), and thornless forest plum (P. divaricata Ledeb.). Factors included dipping cuttings
in willow extract (zero, five seconds, and 24 hours) and feeding cuttings with a nutrient solution
containing garlic extract (zero, 10%, and 20%). Cuttings were sourced from Rosaceae species in
Hyrcanian forests. Willow extract, derived from one-year-old willow tree branches (Salix alba
L.), and garlic extract from garlic species (Allium sativum L.) scales were utilized. Changes in
nematode populations were monitored through soil and root sampling every 5 months for 18
months, with microscopic observations determining nematode infestation of Meloidogyne sp. and
Pratylenchus sp. species.

Results: Significant differences were observed among species concerning root formation,
vegetative bud growth in cuttings, egg mass nematode density in one gram of root, and nematode
density in 200 grams of soil. In forest apple, the 24-hour treatment of cutting tip dip in willow
extract yielded the highest number of sprouts, roots, and fresh root weight. The lowest nematode
density was recorded at 20% garlic extract. For Mazandarani pear, the 24-hour willow extract
treatment resulted in the highest wet and dry root weights. Prickly and thornless forest plums
exhibited optimal growth in the 24-hour willow extract treatment. Interaction effects of willow
and garlic extracts on nematode populations in soil indicated the lowest density in 20% garlic
extract with a 24-hour willow extract soak for forest plum species.

Conclusion: Willow and garlic extracts proved effective in stimulating rooting in cuttings and
soil disinfection, enhancing rooting and soil health by reducing nematode contamination.
Thornless plum species exhibited the highest root formation and vegetative growth with minimal
nematode contamination. Conversely, forest apple and Mazandarani pear did not exhibit a
significant response to the interaction effects of plant extracts.

Keywords: Botanical garden, collection of fruit trees, natural extract, Nowshahr, vegetative
propagation.
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Table 1. Variance analysis of the effects of willow and garlic extracts on evaluation indices in forest apple cuttings

MS

SOV Sprouts establishment number Height of the Root F-resh Dry weight Mass number of Nematode

April June  August tallest branch  number we:zt;: of of root nematode egg number

Willow extract (W) 2 0.001™  0.037™ 0.292™ 0.133™ 4745™ 118.259" 0.514™ 1.593 ™ 110.7™
Garlic extrac (G) 2 0.778™  0.035™ 0.031™ 0.939™ 0.347™ 4.926™ 0.241™ 17.37™ 1883.81™
W x G 4 0758"™  0.048™ 0.057"™ 0.272™ 0.058™  3.148™ 0.106"™ 0.481"™ 118.31 ™

Error 18 0.556 0.333 0.08 0.3 0.751 35.185 0.18 1.259 157.33

CV (%) 23.96 31.81 28.08 15.81 28.72 38.59 30.04 4.25 15

Sl sre s ™ 053 44 o lieb] CL‘“ 53 ol sme **
**: Significant at p<0.01; ns: non-significant
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Table 2. The main effects of willow and garlic extract on evaluation indices in forest apple cuttings
Sprouts establishment
Treatment .
number in
Extract . Fresh Dry  Mass number of Nematode
. Height of the Root . .
April June  August weight of  weight of nematode egg  number per
Level tallest branch  number ]
root (g) root (g) per 1 g root 200 g soil
LZ
> 35562 17782 0°¢ 3.3362 2.507° 0.12 @ 0.012 26.892 84272
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W Pt
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Willow 5 seconds
cele YY
o4 h 32 18812 1@ 3.4762 3.8492 0.1952 0.012 26.122 836.92
L
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e Aoy Ve
. 3.444% 17932 0.5552 3.812 29512 0.1432 0.012 25.78 b 844.12
Garlic 10%
Ao ¥
20 % 28892 1.8992 0.5452 3.4012 3.2392 0.162 0.012 25.44 1 823.2b
0
e 4o, 40 ol CL“ 53 Jlsgme GOl saiaaglis st a o Y Sl Gl -
Different letters in each column indicate a significant difference between means (P<0.05).
H Control))- (aals) - B 7. ST FA DI = Control))- (aalz) - ™ 7. oy Ve YA RIS
5., 807 aaa a
5 3 850 - > ab g ab ab =
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E :]‘ 840 A be e 73) b b b b b
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< ‘;t 820 - 5 2
5.4 810 1 51
9 400 ]
b4 z . . )
790 . . ‘
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A o s 4alE S 0,5 Yee 50 Wled a2y 9 o 0yl Jiliko 51 S o 50 dalE 5 Ay 1 e § a0 ylas Jilie 51
Interaction effect of willow and garlic extract in the number of Interaction effect of willow and garlic extract in rooting of forest apple
nematode in 200 grams of cuttings soil in forest apple cutting
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Figure 1. Mean of willow and garlic extract intraction effects on the rooting of cuttings and nematode density in

the soil of forest apple
Different letters in each chart indicate a significant difference between means (P<0.05).
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Table 3. Variance analysis of the effects of willow and garlic extracts on evaluation indices in Mazanderani pear

cuttings
MS
Sprouts Establishment . Mass
Height of Fresh D
Sov DF number eight o oot .res . i number of Nemato
the tallest weight of weight of
. number nematode dnumber
April June  August branch root root

€99

. 2 0278™ 0.259"™ 0.205™
Willow extract (W)

Garlic extrac (G) 2 0.333™ 0.148™ 0.048"™

0.061™ 0.207"  196.037" 0.385™ 1.037™ 210.33™

0.093m 0.044"™  0.259™  0.455™ 22377 131447

Wx G 4 0.454 "™ 0.098 " 0.027" 0.276 ™ 0.001 " 5.87 M 0.15M™ 0.648"™ 519.11 "
Error 18 0.481 0.37 0.054 0.31 0.131 40.519 0.237 1.667 339.778
Ol ks o
21.53 31.6 25.59 15.52 10.77 37.77 31.6 4,81 2.2
CV (%)

Sl gt e ™ 0o 53 40 oLl cl@ 53 ol s * o5 44 bl C“z‘ 53 Gols sme ¥
**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Table 4. Comparison of the main effect of willow and garlic extract on evaluation indices in Mazanderani pear cuttings

Sprouts establishment

Treatment . . Fresh Dry Mass number of ~ Nematode
number in Height of the  Root . .
Extract allest branch  number weight of weight of per nematode egg number per
Level s ol sl e root (g)  root (9) 1 g root 200 g soil
April June  August
aals
Control 28892 17782 Qb 3.652% 3.2332  0.13° 0.01° 26.78 2 831.1%
i 460 b b b a a
Willow 5 seconds 34422 2111* 0.333 3.497 2 3.3082 0.145 0.013 26.55 836.1
el YF
‘”;4 hr 3332 18892 12 3.622 35242 0.222@ 0.017 2 27.22% 840.8%
C:r:trol 31112 2@ 0.333% 3.481% 3.402¢  0.168°? 0.012 28.56 2 838.9%
Gz:;;ic T(;:O/\ 3.3442 17782 0.556°? 3.6832 3.274* 0.166° 0.012 26.46 ° 837.42
0
Ao ¥ b b
20 % 3.321& 27  0.444° 3.60442 33882 0.17% 0.012 25.44 831.7

Aed Ao 3 40 olebl CL.. 53 Jlsme OMslsumagles o gie 5o Y sline GG -

Different letters in each column indicate a significant difference between means (P<0.05).
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Interaction effect of willow and garlic extract in the number of nematode in 200 grams of
cuttings soil in Mazanderani pear
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Figure 1. Mean of willow and garlic extract intraction effects on the rooting of cuttings and nematode density in

the soil of Mazanderani pear
Different letters in each chart indicate a significant difference between means (P<0.05).
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Table 5. Variance analysis of the effects of willow and garlic extracts on evaluation indices in prickly forest plum

cuttings
Sl Bl wi\,,‘,
MS
s e T DTV £ L O - R KV S PR S PR e
Sl o 23 Sy Al y2m sl Wl slows
Sov 3D Sprouts establishment number in sl Al Ay Ay sl r.:u
DF Fresh M b
Dedosp Bl A sls e Heightofthe  Root Tes Dry weight 2o MUMOEr o matode
weight of of nematode
. tallest branch  number of root number
April June August root egg
S oolas 2 0.593"™  2.333" 18.37" 9161.3™ 236.25"  947.62™ 9.313™ 1327 279186
Willow extract (W)
las -
S8 2 0.259™  0.444"™ 1.35™ 18.26"™ 1.98™ 3m 0.034™ 6.259 " 105278
Garlic extrac (G)
GJLM X Ao uJLa;
4 0.815™  0.444" 0.148" 10.44™ 0.56™ 0.75™ 0.008 " 1.426 ™ 36424
Bl
W x G
Uas
18 0.778 0.593 0.444 292.66 1.14 5.22 0.042 8.333 1091
Error
- ‘ . .
Gl 2225  23.09 36.73 20.85 8.74 19.62 17.87 14.22 48
CV (%)

Sl gt e ™ 0053 40 oLl cl@ 53 ol s * o5 44 Ll C“z‘ 53 Gols sme ¥
**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Table 6. Comparison of the main effect of willow and garlic extract on evaluation indices in prickly forest plum cuttings

)L«J s u;-\.i) A}\? S s u"f""L t\.&:)\ | ALy S5 09 S KSTEESL .A.v\.u(,:uaéf Sl )QA}'L«J Sl
= g Ay olaw
o,las Treatment Sprouts establishment number in (e s5l) 5 (¢5) 4y, a5 S S p S
Extract clw s A sls > sls e Height of the tallest Root Fresh weight Dry weight of er'\ilassnr:em?s;gz n'\llj;'gitrc’d:r
L . branch number of root (g) root (g) perig 99 P
evel April June August root 200 g soil
—— 3.6672 2778 0.777° 56.7° 7.66° 0.67 ¢ 0.05¢ 242 805%
Control
= w0 4111° 3.444%® 1222° 71.55° 11.24° 13.27° 1.29° 20.56° 7749%
Willow 5 seconds
el vy 421¢% 3.778% 3.44¢% 117.92 17.76 2 218 22 16.33 ¢ 486°
24 h
— 3.778* 3.111°% 1.444° 80.52¢ 1172 10.98 2 1.062 21.11¢% 81292
Control
N *202 42 3.556 2 2.222% 82.24% 12.612 11.952 11672 20.332 637.3°
Garlic 10 %
w2 T 4111° 3333% 1.778%® 83.35¢ 12.35° 12.01% 1192 19.44¢ 615.7°
20 %

Aized o3 40 oldl CL.N 03 Ll e Bl samaplas gt a s Y Sslin (LG~

Different letters in each column indicate a significant difference between means (P<0.05).
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Figure 1. Mean of willow and garlic extract intraction effects on the rooting of cuttings and nematode density in
the soil of prickly forest plum

Different letters in each chart indicate a significant difference between means (P<0.05).
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Table 7. Variance analysis of the main effects of willow and garlic extracts on evaluation indices in thornless forest
plum cuttings

Ol e uﬁ\»
MS
s bl o2 sy & s u-’j‘\"l‘ E_L“‘J‘ S 003 V—’“ 03 4 slaws
Sl @ N 03 03 S0 lsz > as; ol ale; 5 ods Wl slows
Sov S Sprouts Establishment number in s P sl
DF
RESTE sls & sls,» Height of the Root Fresh weight Dry weight Mass number of Nematode
April June  August tallest branch ~ number of root of root nematode egg number
e A)LAC
Willow extract 2 237" 11259  19.7" 12868.5™ 308.14™ 1540.7" 14.99 " 19.92 ™ 181302
W)
Bt u)\.&ﬁ—
Garlic extrac 2 1.815™ 1.81™  1.37™ 40.32"™ 5.11" 1.54" 0.018™ 29.37" 136439™
©G)
X A u)\.&ﬁ—
lae 4 0.593™ 0.59™  0.259™ 5.81™ 0.3™ 0.5 0.013™ 1.593 ™ 40940
Bl
WxG
Uas
18 1.037 0.81 0.519 46.66 2.8 5.63 0.056 5.815 1007
Error
biatacad 20.99 24.13 27.77 7.08 11.97 17.33 17.89 14.44 4.87
CV (%)

Sl g s ™ 0o 53 A0 oLl clz.u 53 ol s * ao 5 A4 liabl CL‘“ 53 Sols sme **
**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Table 8. Comparison of the main effect of willow and garlic extract on evaluation indices in thornless forest plum

cuttings
s 23 53,5355 &z slass ool ek Sk ogy sl i egahe s il sl
)
o,las Treatment  Sprouts establishment number in =~ (e 5le) asLs (p?) (f,f) Ay, Ao pf S S r,f ARN
Extract R R . . . Mass number of Nematode
c\h D092 sl & ol Height of the Root Fresh weight of Dry weight of
per 1 g nematode egg number per 200
Level April June August tallest branch number root (g) root (g) root g soil
— 45562  2.556° 1.333¢ 64.48 © 8.35¢ 06° 0.05°¢ 18.222 753.1%
Control
= L0
Willow - 45552 38897 2.222° 86.62° 13.56 ° 13.74° 1.26° 16.33° 711.6°
5 seconds
el Y 54442 A778% 4.222° 138.2° 20.03% 26.77% 2.63¢° 15.56 © 489.8 ¢
24 h
aals b
4.333¢ 3.332 2.222 95.06 2 13112 13.332 1.3¢ 18.67 2 791¢
Control
7 w02\ 512 3.667% 2.556% 95.352 14392 13.63? 1312 16.332 607.3°
Garlic 10 %
roy ¥
5111% 4222° 32 98.86? 14.44% 14152 1.37% 15112 557.1°¢
20 %

Aed Ao 3 40 olebl CL.. 53 Jlsme OMslsumagles gt 5o Y slie GG -

Different letters in each column indicate a significant difference between means (P<0.05).
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Figure 1. Mean of willow and garlic extract intraction effects on the rooting of cuttings and nematode density in

the soil of thornless forest plum
Different letters in each chart indicate a significant difference between means (P<0.05).
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