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ABSTRACT: This investigation was carried out during 2016 and 2017 seasons in the greenhouse
of the Experimental orchard, Faculty of Environmental and Agricultural Sciences, Arish University,
North-Sinai Governorate, Egypt. Offshoot bases of ground and aerial Amry, Khudary and Hayany cvs.
date palm were soaked in distilled water for 24 hr., then subjected to five treatments: 1) Untreated
offshoot bases (control); 2) Soaking offshoot bases in 0.5% nanoparticles of FeSO, alone for 10
minutes; 3) Soaking offshoot bases in 0.5% nanoparticles of FeSO, + 8% NAA for 10 minutes; 4)
Soaking offshoot bases in 0.5% nanoparticles of ZnSO, alone for 10 minutes; 5) Soaking offshoot
bases in 0.5% nanoparticles of ZnSO,4 + 8% NAA solution for 10 minutes. The experiment was laid
out following randomized complete block design (RCBD) included 15 treatments and statistically
analyzed using ANOVA, each treatment was replicated five times. The best results in terms of main
root length, total root weight, small root number and weight, large root number and weight and
survival offshoots percentages were obtained generally by treating offshoots bases with 0.5%
nanoparticles of FeSO, + 8% NAA and 0.5% nanoparticles of ZnSO, + 8% NAA. Ground and aerial
offshoots of "Amry" and "Hayany" cvs. could be considered to be “easy- to root”, since the rooting
occurred during the first three and four months from the onset of the initial treatment time (January),
respectively. On the other hand, rooting of ground and aerial offshoots of "Khudary" cultivar could be
considered as “difficult- to root”, since the rooting occurred after three and four months later,
respectively. Results of both seasons revealed that the 0.5% nanoparticles of FeSO, + 8% NAA and
0.5% nanoparticles of ZnSO, + 8% NAA treatments achieved the highest total root weight in the three
tested cultivars. Positive correlation ships in "Amry" cv. were found between the percentage of
survival ground offshoots and the mean root length, total root weight and both weight and number of
small and large roots with values of 0.321%*, 0.423*, 0.425*, 0.521** and 0.421%*, respectively. Also,
positive correlation was noticed in "Hayany" cultivar between the percentage of survival aerial
offshoots and each of the mean root length (r = 0.456*), total root weight (r = 0.589*), number and
weight of small roots(r = 0.632%*, and 0.453%), respectively and large root number (r = 0.357%).

Key words: Date palm, nanoparicles, NAA, rootabilty, survival offshoots percentage, ground and aerial
offshoots.

INTRODUCTION

The date palm (Phoenix dactylifera L.) is an
income generating source having potential of
staple food qualities as its fruit is enriched with
higher mineral contents (Al-Shahib and
Marshall, 2003). Date palm is generally
propagated by offshoots (Hartmann et al.,
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1997; Zaid and Wet, 2002). Due to dioecious
in nature and cross pollination, it cannot be
propagated sexually for commercial fruit
production. So the commercial propagation has
strictly been confined to the use of only asexual
means by using offshoots. offshoots produced at
the base of the mother stem have a high survival
rate due to the well-developed root system and
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they are usually produced being close to the
ground. Offshoots grown at high position on the
mother stem (i.e. aerial offshoots) lack such root
system and their survival is very low (Gupta,
and Godara, 1992; Al-Mana et al., 1996).
However, reduced number (i.e., each tree
produces 2-3 offshoots/year thus giving 15-30
offshoots in a period of 12- 15 years), variation
in their age, size and weight on a single mother
tree, slow growth and very high mortality rate of
the transplanted rooted suckers are the major
constraints (Afzal et al., 2011). It is common
practice to get rid of the aerobic branches of date
palms and waste them because of their inability
to form their own roots (Jamro et al., 2018). In
fact, offshoots grown at high position on the
mother stem (i.e. aerial offshoots) lack such root
system and their survival is very low (Al-Mana
et al., 1996). Rooting capacity has been correlated
with some endogenous substances such as
carbohydrate = content =~ (Rahmana  and
Rahkhodaei, 2013) and rooting inhibitors which
are found in a number of species. The upper
offshoots have fewer carbohydrates than the
lower offshoots. These inhibitors are suggested
to be principal reasons for rooting failure in
certain difficult-to-root cuttings (Fadl et al.,
1979). Development of the root structure plays
critical role in survival and growth of the date
palm. Most of the palm species produce
adventitious roots that originate from the root
initials present on trunk (Day et al., 2009).

Nanoparticles (NPs), also known as particulate
nanomaterials (NMs), are particle materials with
at least one dimension in the nanoscale between
1-100 nm (Stampoulis et al., 2009; Wang et
al., 2016). Masarovicova and Kralova (2013)
characterized nanoparticles and specially metal
nanoparticles in detail. Thus, nanoparticles
(NPs) are atomic or molecular aggregates can
drastically modify their physico-chemical
properties compared to the bulk material (Heller
and Atkinson, 2007). Coming nanotechnologies
in the agricultural field seem quiet promising
(Mousavi and Rezaei, 2011; Ditta, 2012). Try
to use nanoparticles in an attempt to further
stimulate the rooting of aerial of offshoots of
date palm and raise the efficiency of growth
hormones (Roshdy and Refaai, 2016). Karakecili
et al. (2019) investigated the use of zinc oxide
nanoparticles (nZnO) as nanocarriers for plant

auxins indole-3-acetic acid (IAA) and indole-3-
butyric acid (IBA) and determine the effects on
rhizogenesis in micro cuttings of different
Pyrus species. Auxin loaded nanoparticles (IAA-
nZnO and IBA-nZnO) were characterized for
particle size, morphology, thermal behavior and
chemical structure. In this genotype, the highest
rooting percentage was achieved for IBA-nZnO
and IAA-nZnO at 400 mg.l" concentration as
50.0% and 41.7%, respectively. Thus, auxin
loaded ZnO nanoparticles could be used as
efficient nanocarriers in agricultural applications
(Monica and Cremonini, 2009).

Synthetic hormones like Naphthalene Acetic
Acid (NAA) are commonly used to promote root
development in asexual propagation (Jamro et
al., 2018). Al-Mana et al. (1996) showed that
aerial offshoots treated with NAA (as a rooting
co-factor) resulted in good root formation and
development. Large sized offshoots were found
to contain greater qualities of endogenous root
promoting substances or smaller quantities of
rooting inhibitors (Dawson and Pansiot, 1985).
El-Hodairi et al. (1992) found that injecting
bases of date palm (cv. Taaghiyaat) offshoots
with NAA gave the best rooting response. NAA
increased the number, length and dry weight of
root hairs, small roots (1-1.5mm long) and large
roots (>1.5mm). Aerial offshoots of Segie and
Khalas date cultivars produced well developed
root system, while Succary and Seleg produced
poor roots after 6 months of applying commercial
Naphthalene Acetic Acid powder (Radicante,
0.8% NAA) applications (Al-Obeed, 2005).

The aim of the present study was to evaluate
the effect of two nanoparticles (FeSO, and
ZnS0,) alone or in combination with NAA growth
regulator on the rooting system of ground and
aerial offshoots of three date palm cultivars
grown at North-Sinai Governorate, Egypt.

MATERIALS AND METHODS

This investigation was carried out during
2016 and 2017 seasons in the greenhouse of the
Experimental orchard of the Faculty of
Environmental and Agricultural Sciences, Arish
University, North-Sinai Governorate, Egypt to
evaluate the effect of two nanoparticles (FeSO,
and ZnSQ,) alone or in combination with NAA
growth regulator on the rooting system of
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ground and aerial offshoots of three date palm
cultivars. Ground and aerial offshoots of
uniform size (12-20 Kg) were -carefully
separated from mother trees and kept under
shade. Amry, Khudary and Hayany cultivars
which are commonly grown in Al-Arish region
were selected for this study. These offshoots
were prepared for the treatments during the first
week of January 2016 and 2017 seasons.
Offshoot bases were cleaned by removing the old
leaf bases and the fibers surrounding the stem
then were surface sterilized for 20 seconds in a
0.5% aqueous solution of sodium hypochlorite
(Plat 1-A). Offshoot bases of ground and aerial
Amry, Khudary and Hayany cvs. date palm were
soaked in distilled water for 24 hr. then treated
with five treatments as follow:

1. Untreated offshoot bases (control).

2. Soaking offshoot bases in 0.5% NPs-FeSO,
alone for 10 minutes.

3. Soaking offshoot bases in 0.5% NPs-FeSO,
+ 8% NAA solution for 10 minutes.

4. Soaking offshoot bases in 0.5% NPs-ZnSO,
alone for 10 minutes.

5. Soaking offshoot bases in 0.5% NPs-ZnSO,
+ 8% NAA solution for 10 minutes.

This experiment was laid out following
randomized complete block design (RCBD).
Experiment included 15 treatments which were
the combination with three cultivars and five
NPs treatments. Each treatment was replicated
five times (i.e., 5 NPs treatments x 3 cultivars X
5 replicates = 75 offshoots for each ground and
aerial offshoots).

Measurements

The offshoots were planted in black plastic
pots (30 x 25 cm in diameter) filled with a
mixture of perlite: peat moss: sand (1: 1: 1 V/P)
(Plate 1-B). At the end of the experiment (April
and May for ground and aerial offshoots for
both Amry and Hayany cultivars, respectively
and July and August for the considered
offshoots for Khudary cultivar), the number of
survived offshoots was counted. The formed
roots were cut from the offshoot base, and
divided into two groups: large diameter
(diameter >0.5 cm) and small diameter roots
(diameter <0.5 cm) according to Liu et al
(2018). Roots of each size were then counted,

weighed and the length of 10 main roots was
measured.

Statistically Analysis

These experiments were laid out according to
randomized complete block design (RCBD).
Data obtained in this study were recorded and
statistically analyzed using ANOVA (Steel et
al.,, 1997). Duncan’s multiple range test was
used to separate treatment means to found
significantly different in the analysis of variance
(Duncan, 1955). and correlation coefficients
among variables were analyzed using SAS
(1988).

RESULTS AND DISCUSSION

Regarding the time required for root formation
in the ground and aerial offshoots (untabulated
data), it was noticed that the time of root
formation differed according to the cultivar,
offshoot type and concentration of growth
regulators. Ground offshoots of "Amry" and
"Hayany" cultivars developed their root system
within three months (April) from the onset of
the initial treatment time (January 2016 and
2017). At this mentioned date, signs of primordial
roots were noticed in the ground offshoots
"Khudary" cultivar. Thus, ground offshoots of
"Amry" and "Hayany". could be considered to
be “easy- to root” cultivars, since the rooting
occurred during the first three months. On the
other hand, "Khudary" cultivar ground offshoots,
which developed its root system three months
later (July), could be considered as “difficult - to
root”. In this respect, the same trend was found
for aerial offshoots with one month later than
the ground offshoots in the three date palm
cultivars i.e., May for both "Amry" and "Hayany
and August for "Khudary" cultivars. The same
trend was found by (Reuveni and Adato, 1974).
They reported that date palm cultivars exhibited
a wide range of differences in their ability of
rooting time as affected by different treatments.

Effects of Metal Nanoparticles and NAA
on Ground Offshoots

Small roots number and weight

Concerning, the specific effect of FeSO, and
ZnSQ, nanoparticles, results in Table 1 revealed
that soaking ground offshoots in 0.5% NPs-
FeSO, + 8% NAA caused a high significant



Plat 1. (A) The surface sterilization offshoot bases. (B) The media mixture which offshoots were

planted in pots

increase in small roots number and weight
(105.05 and 99.13) and (54.81 and 50.41 g), in
both seasons, respectively. As for specific
effect of cultivars, results showed that Amry
cultivar had the highest value for each of small
root number and weight (133.30 and 130.07)
and (69.03 and 65.00 g) compared to the other
two cultivars in both seasons, respectively.
Meanwhile, Hayany cultivar produced the least
significant effect in this respect. Regarding, the
interaction effects between nanoparticles and
date palm cultivars, it is clear that the ground
Amry offshoots bases treating with solutions
containing 0.5% FeSO, nanoparticles (NPs) +
8% NAA induced the highest number and
weight of small roots (diameter <0.5 cm),
followed by Amry offshoots bases treating with
ZnSO, (NPs)+ 8% NAA treatment as compared
to the other treatments. While, untreated
ground offshoots of Hayany had the least value
for each of small root number and weight in
both seasons. Significant differences in the
small root number were noticed among all
treatments in both seasons. These findings are
in agreement with those obtained by Lavee et
al. (1994), Al-Obeed (2005) and Jamro ef al.
(2018).

Large root number and weight

Results in Table 1 indicated that large root
number and weight of ground offshoots were
affected significantly by FeSO, and ZnSO,
nanoparticles. Soaking in 0.5% NPs-FeSO, +
8% NAA was induced more simulative effect in
large root number and weight (58.06 and 48.14)
and (163.69 and 150.03 g) in both seasons,

respectively. On the other hand, untreated
ground offshoots (control) gave the lowest
values in both experimental seasons. Concerning,
the specific effect of date palm cultivars, the
highest large roots number and weight were
recorded with Amry ground offshoots (62.36
and 50.43) and (155.41 and 154.60 g), followed
by Hayany cv. (39.09 and 35.24) and (120.23
and 114.26 g) in both seasons, respectively. On
the other hand, the Khudary ground offshoots
cv. gave the least values (29.52 and 31.17) and
(92.64 and 94.29g) in this respect. Regarding the
interaction effect between different nanoparticles
and cultivars, results presented in Table 1 revealed
that, treating the ground offshoots of Amry cv.
with 0.5% nanoparticles of NPs-FeSO, + 8%
NAA gave the highest number and weight of
large roots (78.99 and 62.13) and (201.26 and
189.74 g) in the 1% and 2" seasons, respectively,
followed by Amry cv. with 0.5% nanoparticles
of NPs-FeSO, alone compared to other
interactions. While, untreated "Khudary" ground
offshoots gave the lowest values in both
experimental seasons. Significant differences
were found, in number and weight of large
roots, between all treatments as compared with
the control in 2016 and 2017 seasons. These
results are in line with those obtained by El-
Hammady ef al. (1992), Lavee et al. (1994)
and Thangavelu ef al. (2018).

Mean root length

Results presented in Table 2 and Plat 2
indicated that, treated ground offshoots with
0.5% NPs-FeSO, + 8% NAA gave significantly
higher mean root length (Average length of 10



Table 1. Effect of cultivars, some metals nanoparticles with Naphthalene acetic acid and their interactions on roots number and weight of

ground offshoots of date palm during 2016 and 2017 seasons

Treatment Roots number Roots weight (g)
Small roots (<0.5 cm) Mean Large roots (>0.5 cm) Mean Small roots (<0.5 cm) Mean Large roots (>0.5 cm)
Amry Khudary  Hayany of T. Amry  Khudary Hayany of T. Amry  Khudary Hayany |0f T. Amry Khudary  Hayany
2016 season
Control 11252e 55291 55121 7431 D 4531f 18401 33151 3229D 6219e¢  2890j 28.10j 39.73D 12125f 6126k 96.75hi
0.5% NPs-FeSO, 13523¢  7540h 6834k  9299B 6523b 2352k 4122g  4332B  71.12¢  3972gh  3744h  4943BC  189.78b  74.18] 123.54ef
0.5% NPs-FeSO, +8% NAA 15428a  8543f 7545h  10505A  789%4a 4214fg 53.10e  S806A 7547a  49.14f 3983gh  S481A  20126a 12849¢ 16132c¢
0.5% NPs-ZnSO, 12311d 72151 6655k  8727C 59.86d  2845j 33241 4052C 6383d 3741h 36321 4585C  13253d 84131 101.11h
0.5% NPs-ZnSO4+8% NAA 14137b  81.13g 7133 9794AB  6248c  3511h  3472hi 4410AB 7254b  42.12¢g 36.511 50.39B 13225d  115.12g 11842fg
Mean of cultivars 13330A 7388B 6736C 6236 A 2952C 39.09B 69.03A 3946B 3564C 15541A  92.64C 12023B
2017 season
Control 98.86 ¢ 4732k 45331 63.84D 3255g 21191 2235hi  2536D 4582c¢  2540h 22351 31.19C  10020fg 65861 7125h
0.5% NPs-FeSO, 12325d 56431  52.16j 7728 C 5529b  2371h 3651f 3850C 6251b  2973g  26.13gh 3946BC  16572b  6951hi 124.53¢
0.5% NPs-FeSO,+8% NAA 15423a  7677f 6638g  99.13A 62.13a 41.18d 41.12d 4814A 7583a 41.14d  3427ef 5041 A 189.74a 12854de 131.82d
0.5% NPs-ZnSO, 13222¢  6128h 6129h 8493BC 4874c 3122h  3727e¢ 39.08BC 6537b 33.18efg 32.15fg 4357B 15712¢  9523g 112.54f
0.5% NPs-ZnSO,+8% NAA 14181b  6529¢h 6530¢h  9080B  5345bc 3857de 3896de 43.66B 7548a  35l1le 3529¢  48.63AB 16023bc 11229 131.15d
Mean of cultivars 13007A 6142B  58.09C 5043A 3117C 3524B 65.00A  3291B 30.04B 15460A 9429C 114.26B

Mean
of T.

93.09D
129.17B
163.69A
10592 C

121.93BC

7910D
119.92CD
150.03 A
121.63C

13456 B
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Plat 2. Effects of metal nanoparticles and NAA on mean root length of ground offshoots (A)

Amry cv. (B) Khudary cv. (C) Hayany cv.

main roots) than when compared with the
control, followed by 0.5% NPs-ZnSO, + 8%
NAA treatment in both seasons. As for the
specific effect of different cultivars, results in
Table 2 show that Hayany cultivar produced the
longest main root length (small and large)
compared with other cultivars in both
experimental seasons. Regarding, the interaction
effect between nanoparticles practices and
cultivars on longest main root length, results in
Table 2 indicate that Hayany cultivar treating
the ground offshoot’s bases with 0.5% NPs-
FeSO, + 8% NAA produced the longest root
length compared with the other treatments. The
untreated Khudary ground offshoot’s treatment
showed a significant reduction in the longest
main root length (small roots), while the
untreated Amry ground offshoot’s treatment
gave the least value of the longest main root
length (large roots) in both seasons. These
results are in line with those obtained by El-
Hammady et al. (1992), Lavee et al. (1994) and
Al-Obeed (2005) who concluded that, a positive
effect of the NAA treatment on Khalas, Succary
and Seleg offshoots for rooting length. Al-Mana
et al. (1996) reported that the highest rooting in
aerial offshoots of Shish cultivar was achieved
with 8% NAA treatment followed by those
treated with 8% NAA+50 ppm catechol.

Survival percentages of ground offshoots

As regards to the specific effect of nanoparticles
(NPs) practices on survival percentages of

ground offshoots, it is clear from Table 2 that all
the nanoparticles treatments increased the
survival percentages of ground offshoots as
compared with the untreated ones in both
seasons. Soaking the base of ground offshoots of
cultivars in solution containing 0.5% of
nanoparticles NPs-FeSO, + 8% NAA produced
the highest survival percentages (88.11 and
87.05%) in both seasons, respectively, while the
least values were observed with the untreated
ground offshoots (control) in this respect.
Concerning the specific effect of cultivars,
results showed that Khudary cultivar recorded
the highest values of survival percentages of
ground offshoots in both seasons with no
significant differences with Amry cultivar in the
2" season. Regarding the interaction effect
between nanoparticles treatments and date palm
cultivars on survival percentages of ground
offshoots, results in the same table revealed that
soaking the base of ground offshoots of Amry
and Khudary in solution containing 0.5% NPs-
FeSO, + 8% NAA produced the highest survival
percentages (94.45 and 93.44 %) for Amry c.v.
and (95.29 and 91.2%) for Khudary c.v. in both
seasons, respectively. Moreover, the statistical
analysis revealed that all treatments significantly
increased the survival percentages of ground
offshoots as compared with the control during
both seasons, while, untreated Hayany cv.
treatment gave the least values in this concern
during both seasons. These results are in line
with those obtained by Al-Mana et al. (1996),



Table 2. Effect of cultivars, some metals nanoparticles with Naphthalene acetic acid and their interactions on mean roots length and ground
offshoots survival of ground offshoots of date palm during 2016 and 2017 seasons

Treatment

Control

0.5% NPs-FeSO,

0.5% NPs-FeSO, + 8% NAA
0.5% NPs-ZnSO,

0.5% NPs-ZnSO, + 8% NAA

Mean of cultivars

Control

0.5% NPs-FeSO,

0.5% NPs-FeSO, + 8% NAA
0.5% NPs-ZnSO,

0.5% NPs-ZnSO, + 8% NAA

Mean of cultivars

Mean roots length (Average length of 10 main roots cm)

Ground offshoots survival (%)

Small roots (<0.5 cm) Mean Large roots (>0.5 cm) Mean Amry Khudary Hayany Mean
Amry Khudary Hayany of T. Amry Khudary  Hayany of T. of T.
2016 season
32.13gh  29.20h 41.11e 34.15D 6.451 9.33k 2048e 12.09E  6532f 72.52 de 54.14h 63.99 E
3825efg 3344¢g 51.26b  40.98BC 15.56h 14451 3122ab 2041 C 6844c¢ 80.25 be 6243 g 70.37 D
4516 ¢ 42.55de 5629 a 4800 A 29.15b  23.11d 34.12a 28.79A 9445a 9344 a 7645cd  88.11 A
3642 fg  3947ef 43.23 cde 39.71C 12,12 19.73 f 26.56c 1947D  72.86de 78.47 bed 68.47 ¢ 73.27C
4421 cd 36.72 fg 45.62 ¢ 42.18B 26.08 ¢ 1781g 2893bc 2427B 86.47 ab 84.10b 73.54cde 81.37B
3923 B 36.28 C 47.50 A 17.87 B 16.89 B  28.26 A 7751B 81.76 A 67.01 C
2017 season
3642 ¢ 28.60 h 44.24d 36.42D 10.27 k 12.63 ] 20.52g 1447D 6328 fgh  69.43 efg 5711h 63.27E
3845 f 3543 g 5635ab  4341BC 1948gh 18.12h 37.52b 25.04BC 67.44fg 74.56 de 62.43 gh 68.14 D
4427d  4652c¢ 59.36 a 50.05A 2411f 3049cd 41.68a 32.09A 9529a 91.20 ab 74.65de  87.05A
37.54fg 38.74f 4517cd 4048 C 16821 23.55fg 2935d 2324C 7340e¢ 76.48 d 69.47efg  73.12C
42.13e  4251e 49.88b 4484B 23.18fg 2726e¢ 32.68c 27.71B  8951b 8243 ¢ 71.88ef  81.27B
39.76 B 38.36B 51.00 A 18.77C 2241B 3235A 77.78 A 78.82 A 67.11B

0202 (1) "ON L "[OA “s9Y 18V ‘r 1zege7
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Table 3. Correlation coefficient of some root characteristics in ground offshoots of date palm

cultivars (average of two seasons)

Root character Roots number Roots weight Mean root Offshoots
Small Large Small Large length  survival
roots  roots roots roots (%)

number number weight  weight
Amry cv.
Small roots number  --—---- -0.012NS 0.523* -0.02INS 0.267NS 0.425%*

Roots number
Large roots number

Small roots weight
Roots weight

Large roots weight
Mean root length

Survival offshoots (%)

------ -0.0541* 0.531** -0.125NS 0.521%**

Khudary cv.

Small roots number -

Roots number
Large roots number

Small roots weight
Roots weight

Large roots weight
Mean root length

Survival offshoots (%)

Hayany cv.

Small roots number -

Roots number
Large roots number

Small roots weight
Roots weight

Large roots weight
Mean root length

Offshoots survival (%)

------ -0.0213NS  0.424*  0.321INS

______ 0.428*%  0.421*

------ 0.321%*

-0.068NS 0.32INS -0.035NS  0.388*  0.535*
------ 0.632%*  0.621** -0.134NS 0.564**

------ 0.032NS  0.512**  0.421*

------ 0.532%*  0.512*

------ 0.428*

-0.012NS 0.523* -0.02INS 0.13INS  0.533*
------ -0.057NS 0.635**  0.324*  0.454*

------ -0.058NS 0.23INS  0.345%*

______ 0.531*%  0.547*

------ 0.429*

Afzal et al. (2011) and Mohammadi and
Khezri (2018) they concluded that the
application of zinc chelate provide growers with
a tool to increase offshoots survival (> 85%)).

The correlation coefficients among the
different root characteristics of ground
offshoots

The correlation coefficients among the
different root characteristics of ground offshoots
of Amry, Khudary and Hayany cvs. are
presented in Table 3. Regarding Amry c.v.,
results revealed that positive correlations were

found between the percentage of ground
offshoots survival and each of the mean root
length, total root weight, number of small roots
and both number and weight of large roots with
values of 0.321%*, 0.423*, 0.425%*, 0.521** and
0.421*, respectively. Also, high correlation was
noticed between weight of large roots and both
of total root weight and number of large roots.
On the other hand, no correlation was found
between the mean root length and total root
weight and also between number of small and
large roots. Concerning the ground offshoots in
Khudary cultivar, results showed that positive
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and significant correlation was found between
the mean root length and number and weight of
small roots, weight of large roots and percentage
of ground offshoots survival. Moreover, positive
and highly significant correlation was found
between weight of large roots and total root
weight and number of large roots. Regarding
Hayany cv., results in the same table illustrated
that positive correlation was found between the
percentage of offshoots survival and the mean
root length (r = 0.429%), total root weight (r =
0.423*), number and weight of small and large
roots (r = 0.533%*, 0.345*, r = 0.454* and 0.547%,
respectively). Also, positive and high correlations
were obtained between the weight of large roots
and total root weight (r = 0.589**) and number of
large roots (r = 0.635**). Moreover, total root
weight correlated significantly with the number
of large roots (r = 0.459%) and the percentage of
offshoots survival (r = 0.423**). These results
are in line with those obtained by Abdullatif
and Al-Khateeb (2015).

Effects of Metal Nanoparticles and NAA
on Aerial Offshoots

Small roots number and weight

Results of 2016 and 2017 seasons clearly
showed that the 0.5% nanoparticles of FeSO,
(NPs) + 8% NAA soaking treatment encouraged
inducing the highest number and weight of
aerial offshoot’s small roots, followed by 0.5%
nanoparticles of ZnSO, + 8% NAA treatment as
compared with the remained treatments including
the control in both experimental seasons (Table 4).
As for specific effect of cultivars, results showed
that Hayany cultivar had the highest value for
each of small root number and weight (62.56
and 64.89) and (32.47 and 35.04 g) compared to
other aerial offshoots in both seasons, respectively.
Meanwhile, Khudary cultivar produced the least
significant effect (43.76 and 51.45) and (23.40
and 27.27 g) in this respect. Respecting, the
interaction effect between nanoparticles and date
palm cultivars, the results in Table 4 show that
the highest number and weight of aerial
offshoot’s small roots were noticed with the
aerial Hayany offshoots bases soaking in
solutions containing 0.5% NPs-FeSO; + 8%
NAA in both seasons. In the meantime the least
values were given by untreated Khudary
treatment in both seasons. On the other hand, the

other interactions revealed in between effect. In
accordance to these results, those previously
reported by Isaid et al. (2018) working on
Mejdool, Deglet Noor and Barhi. They found
that aerial auxin concentration especially NAA,
promoted root initiation.

Large roots number and weight

The present results in Table 4 revealed that
the aerial offshoots treated with 0.5%
nanoparticles of FeSO, (NPs) + 8% NAA
surpassed other treatments in both number and
weight (37.94 and 33.66) and (117.25 and
106.89 g) of large roots during both seasons,
respectively, while the untreated aerial offshoots
treatment gave the least values in this concern
during 2016 and 2017 seasons. In relation to the
specific effect of date palm cultivars on large
root number and weight, results in Table 4
indicate that Hayany cv. showed to be the most
effective treatments in large number and weight
(37.77 and 37.13) and (119.98 and 112.43 g) in
both seasons, respectively. On the contrary,
aerial offshoots of Khudary cv. caused a
significant reduction in this respect. With
reference to the interaction effect between
nanoparticles treatments and date palm cultivars
on large root number and weight, results showed
that Hayany cv. with 0.5% NPs-ZnSO, + 8%
NAA induced more simulative effect in large
root number and weight (51.18 and 46.32) and
(157.83 and 151.26 g) in the both seasons. In
the meantime, results of both experimental
seasons clarified that the different nanoparticles
and growth regulator treatments significantly
increased the number and weight of large roots
of aerial offshoots comparing with the control
in 2016 and 2017 seasons. The obtained results
are in harmony with those previously reported
by El-Hammady et al. (1992) and Thangavelu
et al. (2018).

Mean root length

Results in Table 5 reveal that, in both study
seasons, the nanoparticles of FeSO, (NPs)+ 8%
NAA treatment gave the longest roots (small
and large), while untreated aerial offshoots
(control) gave the lowest values in both seasons.
Concerning the specific effect of date palm
cultivars, the results in the same table show that
the longest roots (small and large) were given by
Amry cv., followed by Khudary cv. in both
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seasons. In the meantime, Hayany cv. had the
shortest roots (small and large) in both seasons.
Regarding the interaction effect of treating bases
of aerial offshoots of "Amry, Khudary and
Hayany" cultivars, results in Table 5 show that
all nanoparticles of FeSO, and ZnSO, with or
without NAA treatments gave significantly
longer large and small roots as compared with
the control in the both seasons. Amry cv. with
nanoparticles of 0.5 % NPs-FeSO, + 8% NAA
treatment gave the longest root, while untreated
Hayany cv. aerial offshoots gave the lowest
values in both seasons. These results are in line
with those obtained by Al-Obeed (2005). They
found that the aerial est rooting in ten aerial
(aerial and unrooted) offshoots of each of four
date palm (Phoenix dactyliferal.) cultivars
namely Succary, Seleg, Segie and Khalas was
achieved with 8 % NAA treatment. Rui et al
(2016) reported that Fe,O; NPs increased root
length in peanut plant.

Survival percentages of aerial offshoots

As for the effect of nanoparticles treatments
on survival percentages of aerial offshoots,
results in Table 5 show that the 0.5% NPs-
ZnSO, + 8% NAA treatment showed to be the
most effective on survival percentages of aerial
offshoots as compared to the other treatments
and untreated aerial offshoots in both seasons.
The highest values of survival percentages of
aerial offshoots in the both seasons were
recorded by Khudary cv., followed by Hayany
cv. On the contrary, the least values were
detected in Amry cv. in both seasons. Regarding
the interaction effect on the survival percentages
of aerial offshoots, the obtained results showed
greater offshoots survival percentages with the
0.5% nanoparticles of ZnSO, (NPs) + 8% NAA
in Khudary cv. (78.54 and 78.52 %) in 2016 and
2017 seasons, respectively. In the second rank
came the 0.5% nanoparticles of FeSO, (NPs)+
8% NAA in Khudary cv. (75.43 and 77.10 %) in
the first and second seasons, respectively. The
least survival percentages came from the
untreated aerial offshoots (control) in Hayany
cv. (41.24 and 45.42%) in both seasons,
respectively. It is worthy to mention that the
differences were statistically significant between
the 0.5% nanoparticles of FeSO, + 8% NAA and
0.5% nanoparticles of ZnSO, + 8% NAA
treatments on one hand and the remained

treatments on the other hand in most cases.
Results obtained herein are in agreement with
those of Anjarne and Zaid (1993) and to
somewhat extend with Waifong (2001) and
Afzal et al. (2011).

The correlation coefficients among the
different root characteristics of aerial
offshoots

The correlation coefficients among the
different root characteristics of aerial offshoots
of "Amry, Khudary and Hayany" cvs. are
presented in Table 6. Regarding Amry cv.,
results revealed that positive correlation ships
were found between the survival percentage of
aerial offshoots and the mean root length, total
root weight, number and weight of small roots
and number and weight of large roots with
values of 0.459* 0.658%, 0.324*, 0.421%,
0.628* and 0.596* respectively. On the other
hand, no correlation was noticed among the
mean root length, both small root number and
weight and large roots number. Regarding the
aerial offshoots of "Khudary" cultivar, results in
Table 6 show that, positive and significant
correlation was found between the mean root
length and weight of large roots and survival
percentage of aerial offshoots. In the meantime,
positive and significant correlation was found
between the survival percentage of aerial
offshoots and each of the mean root length (r =
0.547**), total root weight (r = 0.452*), number
of small roots (r = 0.541*) and number and
weight of large roots (r = 0.478* and 0.658*
respectively). At the same time, results revealed
no significant correlation between the number
and weight of both small and large roots.
Concerning Hayany cv., results illustrated in
Table 6 revealed positive correlation between the
percentage of survival aerial offshoots and each
of the mean root length (r = 0.452%*), total root
weight (r = 0.589%), number and weight of small
roots (r = 0.632*, and 0.453* respectively), and
large roots number (r = 0.357*). Also, positive
correlations were obtained between the weight
of large roots and each of the total root weight (r
= 0.532*) and the number of large roots (r =
0.489%*). Moreover, total root weight correlated
significantly with both the number and weight of
large roots (r = 0.452*¥ and r = 0.532%,
respectively) and the survival percentage of



Table 4. Effect of cultivars, some metals nanoparticles with Naphthalene acetic acid and their interactions on mean roots length and ground
offshoots survival of aerial offshoots of date palm during 2016 and 2017 seasons

Treatment Roots number Roots weight (g)
Small roots (<0.5 cm) Mean Large roots (>0.5 cm) Mean Small roots (<0.5 cm) Mean Large roots (>0.5cm) Mean
Amry Khudary Hayany of T. Amry Khudary Hayany of T. Amry Khudary Hayany of T. Amry Khudary Hayany of T.
2016 season

Control 35311 2134k 4517g 3394D 2223gh 1121] 18661 1737D 1853f 12.11h 2344e 18.03D 7122g 3526j 58461 5498D
0.5% NPs-FeSO, 4252h  3226j 6239d 4572C 28.64f 21.10h 4565b 31.80B 22.14ef 17.80g 2945cd 23.13C 9135f 6343hi 151.29a 102.02B
0.5% NPs-FeSO,+8% NAA 5636e 52.13f 7545a 61.31A 3136ef 3127ef 51.18a 37.94A 27.52d 2743d 4123a 3206A 9826def 95.65ef 157.83a 117.25A
0.5% NPs-ZnSO, 5448ef 63.52cd 6524bc 61.08B 33.18d 21.38gh 4124bc 31.93B 2646de 3334c 35.12b 31.64AB 111.29d 6532h 131.11b 102.57B
0.5% NPs-ZnSO,+8% NAA 66.10b  49.54fg 64.53bcd 60.06B 38.52c¢ 2229g 32.13e¢ 3098C 3457bc 2632de 33.11c 3133B 12131c 71.11g 10121de 97.88C
Mean of cultivars 5095B 43.76C 6256 A 30.79B 2145C 37.77A 2584B 2340C 3247A 98.69B 66.15C 119.98A
2017 season

Control 4522¢g 32271 4215h 3988D 1236h 1814g 1981f 1677D 23.55f 1751g 2234f 2113D 378lg ¢g120f @12f S37T2E
0.5% NPs-FeSO, 5329ef 5424e 7543ab 60.99B 18.63fg 1826fg 3843b 25.11C 2782e¢ 2783e 4258a 32.74B 6124f 7355e 10594cd 80.24D
0.5% NPs-FeSO,+8% NAA 5348ef 6126c 7657a 63.77A 2232e 3233c 4632a 33.66A 28.14de 33.14c 41.63a 3430A 71.15e¢f 9826d 15126a 106.89A
0.5% NPs-ZnSO, 5121f 53.17ef 6898b 57.79C 31.15d 2136ef 4234ab 31.62B 26.12ef 29.16cde 3646b 30.58C 96.16d 6844ef 13127b 98.62B
0.5% NPs-ZnSO,+8% NAA 6627bc  56.32d 6134c 6131AB 32.17¢ 2238e¢ 38.76b 31.10B 3553bc 28.73de 32.18cd 32.15B 1012lcd 61.17f 111.58¢ 91.32C
Mean of cultivars 5389B 5145C 64.89A 2333B 2249C 37.13A 2823B 2727C 35.04A 7351B  7253B  11243A

0202 (1) *ON L¥ "[0A sy *dusy °r SizeSez
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Table 5. Effect of cultivars, some metals nanoparticles with Naphthalene acetic acid and their interactions on mean roots length and ground
offshoots survival of aerial offshoots of date palm during 2016 and 2017 seasons

Treatment Mean roots length (Average length of 10 main roots cm) Aerial offshoots survival (%)
Small roots (<0.5 cm) Mean of Large roots (>0.5 cm) Mean of Amry  Khudary Hayany Mean of
Amry Khudary Hayany T. Amry Khudary Hayany T. T.
2016 season
Control 6.45f 5.11 fg 408 g 5.21D 10.24 ij 9.22k 8.251 9.24 E 5320 ¢ 52.19¢ 41.24 f 48.88 D
0.5% NPs-FeSO, 11.80de 11.26de 9.11e 10.72 C 22.13d 18.74 g 12.321 17.73 D 62.55d 62.56 d 5845de  61.19C
0.5% NPs-FeSO,4 + 8% NAA 19.52 a 18.34 ab 14.58 ¢ 17.48 A 2826 a 2247d 19.58f 2344 A 6950bc 7543 ab 68.38¢c 71.10 AB
0.5% NPs-ZnSO, 16.83bc  16.55bc 12.27d 15.22 B 2327¢ 2131e 15.69h  20.09 C 68.36 ¢ 65.72 cd 62.44d 6551 B
0.5% NPs-ZnSO, + 8% NAA 17.34abc  14.69 ¢ 1342cd 15.15B 27.68b 19.82 f 1835g 2195B 71.12abc  78.54a 71.24abc  73.63 A
Mean of cultivars 14.39A 13.19B 10.69 C 2232 A 18.31 B 14.84 C 6495 AB 66.89 A 60.35B
2017 season
Control 7451 7441 7341 741C 9220 1214h 114hi  1092D 4933,  5644f  4542h SO40E
0.5% NPs-FeSO, 1634f 17.02e  12.59h 1532BC  18.94f 2225d  1634g 19.8C  s614f 6818cd 6254c 6229D

0.5% NPs-FeSO, + 8% NAA  23.15a  19.11d  1744e 19.90A 3255a  2536c  22.16d  2669A ¢345cd 77.10ab  6520de  7025B
0.5% NPs-ZnSO, 21.56c  12.18h  146lg 1612B  31.18b  1687g  1897f 2234B  ¢r33e  7254bc  664lcde  67-11C
0.5% NPs-ZnSO, + 8% NAA  2208b  1738e¢  1668f 1871AB 31.59ab 23.19cd 20.19¢ 2499AB 7149, 7852a 7413b T4T1A
Mean of cultivars 18.12A 1463B 13.73C 2470 A  1996B  17.81C 61.56B 7056 A  62.74B
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Table 6. Correlation coefficient of some root characteristics in aerial offshoots of date palm

cultivars (average of two seasons)

Root character Roots number Roots weight Mean root Offshoots
Small Large Small Large length  survival
(“o)
roots roots roots roots
number number  weight weight
Amry cv.
Small roots number - -0.054NS  0.487*  -0.058NS -0.135NS  0.324*
Roots number
Large roots number - -0.054INS  0.487* 0.425* 0.628*
. Small roots weight - -0.0213NS -0.035NS  0.421*
Roots weight
Large roots weight 0.523* 0.596*
Mean root length e 0.459*
Offshoots survival (%) e
Khudary cv.
Small roots number ~  ------ -0.054NS  0.489* 0.I87NS  0.267NS  0.541*
Roots number
Large roots number - 0.369NS 0.452*  0.278NS  0.478*
. Small roots weight v -0.026NS 0.2I5NS 0.124NS
Roots weight
Large roots weight e 0.587* 0.658*
Mean root length e 0.547*%*
Offshoots survival (%) e
Hayany cv.
Small roots number ~  ------ -0.025NS  0.421*  -0.058NS 0.287NS  0.632*
Roots number
Large roots number - -0.087NS  0.489* -0.028NS  0.357*
. Small roots weight 0 -0.089NS  0.514* 0.453*
Roots weight
Large roots weight 0.574*  0.214NS
Mean root length 0.456*

Offshoots survival (%)

aerial  offshoots (r = 0.589%*). The obtained
results are in agreement with those of Al-Mana
et al. (1996). They stressed the importance of
large number of leaves to root formation in the
attached offshoot, and this could be attributed to
the carbohydrates food reserve and/or the
hormonal balance leading to rooting.

DISCUSSION

Physiological parameters including large and
small roots number and weight, mean roots
length, as well as survival percentages of ground
and aerial offshoots of date palm cultivars
suggested that the additions of both FeSO,
(NPs), ZnSO,4 (NPs) and NAA growth regulator

could elevate the date palm rootability at the
certain concentration (0.5% for FeSO, and
ZnSO,4 NPs and 8% for NAA in this study). The
observations revealed that FeSO, and ZnSO,
(NPs) promoted the rooting of ground and aerial
offshoots of date palm alone or with adding
NAA. Previous studies have demonstrated that
metal-based NPs can accumulate and
biotransform to other forms in plants. Due to
their nano-effects, NPs is able to penetrate plant
cell, which is different from the bulk NPs (in
micrometer), and accumulate in plant tissues.
Further study should focus on differentiation the
Fe and Zn status, which can provide more
information for Fe bio availability to plants (Rui
et al., 2016).
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Conclusion

Generally, from this study we can conclude
that the best results in terms of mean root length,
total root weight, small roots number and
weight, large root number and weight and
survival offshoots percentages were obtained
generally by treating offshoots bases with 0.5%
nanoparticles of FeSO4 (NPs) + 8% NAA and
0.5% nanoparticles of ZnSO4 (NPs) + 8% NAA
treatments. Ground and aerial offshoots of
"Amry" and "Hayany" cvs. could be considered
to be "easy- to root", since the rooting occurred
during the first three and four months from the
onset of the initial treatment time (January),
respectively. On the other hand, rooting of
ground and aerial offshoots of "Khudary"
cultivar could be considered as “difficult- to
root”, since the rooting occurred after three and
four months later, respectively.
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