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Response of Lettuce (Lactuca sativa L.) to Foliar Spray Using Nano-Urea
Combined with Mycorrhiza
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ABSTRACT

A factorial randomized complete block field experiment was carried out on lettuce (Lactuca sativa var. longifolia cv. Balady),
grown on a heavy clay torrifluvent soil during two successive seasons (2016/2017 and 2017/2018) at the farm of the Faculty of
Agriculture, Moshtohor, Benha University to study foliar application with nano-urea and biofertilization using Vesicular Arbusclar
mycorrhiza (VAM). Factor 1 included 2 treatments: none (By) and VAM (B,); Factor 2 included 5 treatments: no urea spray (spray with
water) (No), spray with ordinary urea at 5000 mg N L (N,), spray with nano-urea at 2500 mg N L™ (N,), 3750 mg N L™ (N;) and 5000
mg N L"Y(N,). Spray was in 3 times 30, 40 and 50 days after transplant at a rate of 1200 L ha™each time. All growth parameters of plant
height, number of leaves plant?, fresh and plant dry weight increased by N or VAM singly or combined. Highest positive response
occurred in plant height as well as weight and given by N3;B;. All nano-urea treatments surpassed the ordinary one, particularly the
middle nano rate. The highest nano rate seemed excessive since N3 did not continue to score further increase. Contents on N, P and K
increased by nano-urea. NO;-N increased progressively with increased application of urea, and the increase progressed with increased
rate of nano-urea. The nano application proved practical and more efficient since a concentration of as low as 2500 mg N L™ proved
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INTRODUCTION

Lettuce is an important leafy vegetable in Egypt
(Khalil et al., 2016) with leaves of high moisture, minerals
and vitamins (USDA, 2011). Its leaves contain high
moisture, minerals and several vitamins such as vitamin A,
B, C and K (USDA, 2011). Vegetables (including lettuce)
are grown in Egypt, mainly under open field conditions,
although production under greenhouses is expanding, and
the government established about 40 000 ha greenhouse
area during the year 2017 (Elings and Raeza, 2017).
Lettuce is grown in Egypt for local consumption and
export (Midan and Sorial, 2011).

Nitrogen is essential for plant growth (Liu et al.,
2014) and involved in important syntheses and formation of
many important substances and compounds plant such as
amino acids, enzymes, DNA, RNA and chlorophyll (Khalil
et al., 2016), therefore it must be available for plants in
adequate amounts. Yield of lettuce and weight per lettuce
head depend on the amount of N available for the crop
(Hosseny and Ahmed, 2009) but the amount must be
adequate not excessive (Liu et al., 2014). Excessive
application of N to crops in general leads to unwanted
environmental consequences including accumulation of high
nitrate and nitrite contents leafy vegetables and fruits, among
other problems such as eutrophication, environmental
contamination in underground waters used for drinking
(Wang et al., 2002 and Bobbink et al., 2012). Nitrates and
nitrites may accumulate in edible plant tissues particularly in
leafy vegetables (Wang et al., 2002), especially lettuce with
contents of up to 2500 mg NOs-N kg* fresh weight
(Dapoigny et al 2000). Consumption of such plants causes
detrimental effects on health (Ahmadil et al., 2010). To
avoid application of excessive rates of N to crops,
particularly the edible leafy ones, foliar spray of N as urea is
preferred (Mondal and Al-Mamun, 2011), particularly when
in nano forms, a technique which proved effective for plant
nutrition due to its high absorption and utilization efficiency
by plants (Mondal and Mamun, 2011and Manjunatha et al.,
2016). Foliar spray usually uses low amounts of fertilizer N
(Gul et al., 2011), and urea is a source of N with high
concentration of N nutrient (Abu-Rayyan et al., 2004 and
PEI, 2014). It can be used as foliar spray on plant with no
scorching damage on leaves compared with fertilizers of salt

nature (Mondal and Mamun, 2011). The use of nano-scale
urea as foliar fertilization showed preference to the non-nano
methods (Manjunatha et al., 2016). Nano particle of any
material are particles with extremely small size of less than
100 nm @ (DeRosa et al., 2010). Nano-fertilization is
gaining popularity since it proved practical and highly
effective (DeRosa et al., 2010, EL-Aila et al., 2015 and
Manjunatha et al., 2016).

The purpose of the current study is to assess the
effect of foliar application with nano-urea and
biofertilization with Vesicular Arbusclar mycorrhiza (VAM)
on lettuce plant (Lactuca sativa var. longifolia cv. Balady).

MATERIALS AND METHODS

1. Experimental

An experiment was carried out on lettuce plants,
(Lactuca sativa var. longifolia cv. Balady), grown on a
heavy clay torrifluvent soil (Table 1) during two successive
seasons (2016/2017 and 2017/2018) at the Experimental
Farm, Faculty of Agriculture, Moshtohor, Benha
University to study the response to foliar spray with nano-
urea (urea loaded with synthesized nanoparticles of
chitosan) and biofertilization with Vesicular Arbusclar
mycorrhiza (VAM).

Table 1. Main properties of the soil used in the

experiment.
Soil property Value
% Sand 118
% Silt 29.6
% Clay 58.6
Texture Heavy clay
CEC (cmolckg™) 434
EC (dSm™) 1.3
pH 7.6
Organic Matter (g kg™) 20.1
CaCO; (g kg™) 17.2
Available N, P and K (mg kg™)
N 30
P 5
K 115

Notes: Texture: according to the international soil texture triangle;
EC in paste extract; pH: in 1:2.5 (w:v) soil:water suspension .Extracts
of NPK : KCI (N), NaHCO; (P); NHs-OAc (K)
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The design was a randomized complete block in 3
replicates, factorial with two factors; factor 1 included 2
treatments, none and biofertilization (designated B, and B,
respectively). Factor 2 included 5 treatments, no urea spray
(spray with water), spray with ordinary urea of 5000 mg N
L™, spray with nano-urea of 2500 mg N L™, 3750 mg N L°
! and 5000 mg N L™ (designated No,N;, Np, N3, and N,
respectively). Spraying was in 3 times 30, 40 and 50 days
after transplant. Spray rate at each time was 1200 L ha™.
Lettuce was transplanted on 4" of October and harvested
on 14" of January. Transplants were inoculated with VAM
by dipping the roots for 30 minutes in a 40 % sucrose
solution containing VAM culture. Cultures were prepared
by the Botany Department, Faculty of Agriculture,
Moshtohor, Benha University. The plot area was 13.3 m?
each consisting of 5-ridges each is 60-cm wide and 3.5-m
long with 20 cm between ridges. All plots received 63 kg
P ha (as Ca-superphosphate, 70 g P kg™) and 80 kg K ha™
(as K-sulphate 400 g K kg™) during soil preparation. Other
agricultural practices were done as followed by farmers in
the district. At harvest, four plants from each plot were
randomly taken for determination of plant height, number
of leaves, and weight per plant. Fig 1 shows an image of
urea loaded with synthesized nanoparticles of chitosan
under Transmission electron microscopy (TEM).
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Fig. 1. Transmission electron microscopy (TEM) image
of urea loaded with synthesized nanoparticles of
chitosan.

2- Laboratory analyses:

Chemical analyses were done according to methods
cited in Chapman and Pratt (1961) and black et al. (1965).
Nitrate-N in lettuce leaves was determined according to
(Cataldo et al, 1975) while carotene, chlorophyll were by
method cited in AOAC (1990).

RESULTS AND DISCUSSION

Plant height (Table 2):

Plant height was lowest (21.63 cm) where plants
received neither N nor biofertilizer. Treatment by either N
or VAM or both gave increases ranging from 42.6% by
NoB:; to as high as 101.0% N3B, (Table 2). The main
effect of N-fertilization was N3 > N, > Ny > N; > N,
indicating an increase by urea application, particularly the
nano forms, and especially the middle nano rate.

The high nano urea was therefore excessive and
must have had caused a retardation of plant growth. The
high positive response to the middle nano-urea was
particularly marked under conditions of no VAM (93.6%)
than in VAM’s presence (41.0%). On the other hand the
decreasing effect of the highest nano-urea (N,) relative to
the middle one (N3) was more marked in absence of VAM
(12.5%) than in its presence (8.0%). Such results indicate
that the positive effect of VAM alleviates the negative
effect of excessive nano-urea.

The main effect of VAM showed an increase in
plant height averaging 13.0%, and was much pronounced
where no urea was applied (No) (42.6%) indicating high
response to VAM where no N was applied.

Number of leaves plant™ (Table 2):

The number of leaves per plant underwent a pattern
which is rather similar to that of plant height (Table 2). The
lowest value was 18.0 given by plants receiving neither N
nor biofertilizer. Plants treated with either N or VAM or both
increased their number of leaves by 18.3% due to N;B, up
to as high as 94.4% due to N3B;. The main effect of N-
fertilization resembled that of plant height, i.e. N3 >N, >N,
> N; > N, demonstrating increased number of leaves upon
urea application, particularly nano form, and especially the
middle nano-rate. Increasing the nano form above its middle
rate caused no further increase, but a decrease averaging
21.5% compared with leaves of the middle nano-rate. The
increase in leaves number caused by the middle nano-urea
was more in absence of VAM (55.6%) than in its presence
(45.8%). On the other hand the decrease caused by the
excessive nano-urea relative to the middle rate was less
(19.1%) with VAM’s presence but greater in VAM’s
absence (25.0%) thus demonstrating the biofertilizer’s ability
to reduce the excessive nano-urea effect.

The main effect of VAM was an average of 26.5%
increase, and was much apparent where no urea was applied
(33.3 %) also with the highest nano urea (34.7%) indicating
high response to VAM where no N was applied and the
VVAM ability to reduce the excessive nano urea effect.

Table 2. Effect of urea foliar spray and VAM biofertilization on lettuce (means of two seasons 2016/17 and
2017/18): Plant height and number of leaves plant-!

Urea N-Fertilization (N)*

Biofertiliztion

* NO Nl N2 N3 N4 No Nl N2 N3 N4
®) Plant height (cm) mean Number of leaves plant™ mean
Bo 2163 3295 3816 4188 36.63 3425 180 213 230 280 210 223
B, 3084 37.08 42.05 4348 40.00 38.69 240 26.7 270 350 283 282
mean 26.24 3502 4010 4268 3832 210 240 250 315 247
LSD 0.05 B:046 N:0.65 BN:0.91 B:08 N:1.2 BN:16

*Notes: N, and N; are spray with water (no N) and spray with urea N solution of 5000 mg N L™ respectively. N2, N3, and N4 are nano urea
spray with 2500 mg N L™, 3750 mg N L, and 5000 mg N L™ respectively. The two biofertilization treatments are BO: none and B1: VAM

biofertilization, respectively.
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Fresh weight plant™ (Table 3):

The response resembled that of plant height as well
as that of the number of leaves plant™. The non-treated
plants showed the lowest fresh weight of 275.7 g plant™
which increased by addition of fertilizers (Table 3). The
increase ranged from 30.2% due to NoB; and up to 142.4%
due to NsBj, reflecting growth enhancement due to
combining biofertilization with nano-urea at its medium
rate. The main effect of N-fertilization took exactly the
same pattern of plant height demonstrating increased fresh
plant weight due to urea application, particularly nano
form, and especially the middle nano-rate. The highest
average increase of 63.8% was given by the middle nano-
urea. Further increase of nano-urea caused no further
increase but a decrease of 25.5% reflecting a negative
implication on plant growth at such excessive nano-urea.

The main effect of biofertilization was an average
increase of 34.0%, and the increase was particularly
marked (49.4%) where no urea was applied thus indicating
that VAM’s positive effect is more in absence of N.

Dry weight plant™ (Table 3):

The pattern of response to treatments concerning the
dry weight of lettuce was similar to that of the fresh weight
(Table 3). Dry weight of the non-treated plants was lowest
(1210 g plant®) increasing upon application of the
biofertilizer or urea or both ranges starting from 22.8% by
N;By to as high as 155.7% by N3B;, with a clear indication
of a cumulative positive effect of combining the middle rate
of nano-urea with VAM on plant growth. Urea gave positive
effects with increases of the nano forms surpassing the non-
nano form. The highest increase was that of the middle
nano-urea (an average of 89.1%), after which, no further
increase occurred, but a decrease of 36.0% (as related to the
weight given by the middle nano-urea). The excessive nano-
urea thus proved of no further positive effect.

The main effect of biofertilization was an average
increase of 27.4%. The increase was particularly marked
(44.7%) where no urea was applied, which shows that the
positive response to VAM was much apparent where no N
was applied.

Assessment of response of plant growth parameters:

The response of each of the plant growth
parameters (i.e. plant height, number of leaves plant?,
fresh and dry weights) to the various treatments was nearly
identical exhibiting increases due to urea fertilization.
Nitrogen is essential for growth of plants; particularly leafy
vegetables (Sreeramulu et al., 1996 and Hosseny and
Ahmed, 2009) provided its application in non-excessive
rates (Liu et al., 2014). The soil of the current experiment
was extremely poor in its contents of available N, thus the
response to N application was significant. The nano form
of application was superior to the ordinary urea spray.
Such superiority was shown when a concentration of 2500
mg nano-urea N L™ surpassed the effect of 5000 mg
ordinary urea N L™, This demonstrates the high efficiency
of the nano technique over the ordinary techniques of
nutrient delivery (DeRosa et al., 2010 and EL-Aila et al
2015). Increased growth due to VAM was reported by
Siddiqui and Pichtel (2008) and Cantrell and Linderman
(2001). The non-continued increase at the high nano-urea
indicates a retarding effect caused by excessive N. Crops
respond negatively to excessive N, particularly the edible
leafy ones (Mondal and Al-Mamun, 2011). Superiority
of the nano-spray of urea over the ordinary urea spray was
maintained up to a concentration of 3750 mg N L™ above
which level there was a decrease in the values of plant
growth parameters with a spry solution concentration of
5000 mg N L™ A retarding effect at such level of
concentration must have had occurred. The alleviation of
the retarding effect caused by presence of VAM is an
indication of the mycorrhiza harnessing the negative effect
caused by abiotic stresses on lettuce (Cantrell and
Linderman, 2001). Generally, the nano techniques of
fertilization proved more effective giving more growth and
nutrient contents than the ordinary forms (DeRosa et al.
2010, EL-Aila et al., 2015 and Manjunatha et al 2016).
Chamola et al, (1999) Stated that VAM increases plant
growth through enhancing nutrient uptake and plant
resistance to pathogen infection.

Table 3 . Effect of urea foliar spray and VAM biofertilization on lettuce (means of two seasons 2016/17 and
2017/18): fresh and dry weight of leaves per plant .

N-Fertilization (N)*

Biofertiliztion

No Y N, N Na

mean No N, N, N N, mean

®) Fresh weight plant™ (g) Dry weight plant™ (g)

Bo 2757 359.0 439.0 4583 371.7 380.7 1210 1486 19.69 2505 16.84 17.71
B; 4120 4457 557.0 668.3 467.7 5101 1751 17.78 27.66 30.94 1895 2257
mean 343.8 402.3 498.0 563.3 419.7 1480 16.32 2368 2799 17.90

LSD 0.05 B:9.6 N:11.0 BN:155 B:1.02 N:0.73 BN:1.94

*See footnotes of Table 2

Total N content in dry matter plant (Table 4):

The pattern of response was in line with those of
the growth parameters (Table 4). The non-treated NoBg
plants contained 9.68 g N kg™ dry matter plant, while all
treatments receiving amendments raised N contents with a
maximum content of 44.27 g kg™ given by the middle
nano-urea combined with VAM .Increases ranged from
101.2% due to N;B, to 357.3% due to N3B; .The
increase in plant N is a manifestation of the considerable
positive effect of N and VAM application singly or
combined. The highest increase was given by the middle

nano-urea (averaging 134.7%) after which no further
increase occurred, but a decrease (averaging 18.3%, as
related to what was given by the middle nano-urea). Thus
the high nano-urea was excessive and caused a decrease in
N content in plant tissues.

The main effect of biofertilization was an average
increase of 49.2%. The increase was particularly marked
(133.9%) where no urea was applied, which shows that
VAM’s positive effect was much apparent where no N was
applied.
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NOs-N in fresh plant tissues (Table 4):

All treatments providing N to plant caused an
increase in the contents of nitrate nitrogen in fresh plant
tissues (Table 4). The non-treated plants showed
contents of 285.0 mg kg™ while the treated showed
higher contents ranging from 320.2 mg kg™ (by N;Bj)
to 393.7 mgkg™ (by N3Bg). The four urea treatments
caused an increase in  NOs-N, particularly the nano-
ones, especially the first nano-rate (average of 19.2%).
NOs-N progressed only up to the first nano-rate, after
which there was a decrease followed by lower contents,
but all of urea application had higher NO5-N than with
no added urea treatment. The increased NO5-N
progressed with the increase in urea and its application
rates, only where urea was applied non-combined with
VAM while when combined with VAM NO;-N
decreased with the increase in urea except for N, where
it increased. This reflects the ability of VAM to reduce
NOs-N in leaves.

The main effect of biofertilization showed no
significant response with a slight decrease in NOs-N
averaging 3.2%. Biofertilization increased NO5-N
where no urea was added as well as where ordinary urea
was sprayed while it decreased under foliar spray with
nano-urea where N, gave the highest decrease.

Assessment of response of N contents in plant:

The range of 285 to 394 mg NO;-N obtained in the
current study is in agreement with  ranges reported by
Abu-Rayyan et al., (2004) of between 24 mg kg (for the
non-fertilized plants) up to as high a 743 mg kg™ (for
plants given nitrate fertilizers) with urea-fertilized plants
exhibiting lower values than the nitrate-fertilized ones.
Increased total-N and NOs-N in plant caused by
application of urea and nano-urea is a direct outcome of
fertilization with N. The higher N given by the nano spray
up to the middle nano- rate coincided with the greater
growth parameter indicating greater efficiency of nano-
urea (Manjunatha et al., 2016), particularly its middle rate.
The highest NOs-N obtained at rates beyond the middle
nano-urea coincided with the retarding effect caused by the
high nano-urea. Abu-Rayyan et al., (2004) added different
nitrogen forms to lettuce and found that urea was the most
effective one that increased N and nitrate content in lettuce.

VAM ability to increase nutrient acquisition by
plant could explain the increase of N uptake due to
biofertilizaion with VAM (Abbott and Robson, 1982). The
increase in nutrient uptake results in higher growth by plant
and increase in sugar content. Behr and Wiebe, (1992)
reported a negative correlation between sugar content in
lettuce and its nitrate content.

Table 4. Effect of urea foliar spray and VAM biofertilization on lettuce (means of two seasons 2016/17 and
2017/18): Contents of total -N and NOs-N in fresh leaves

Nitrogen content in dry leaves (g kg™)

NOs-N in fresh leaves (mg kg™)

Biofertiliztion

N-Fertilization (N)*

®) No N, N, Ns N4 mean No N N, N N, mean
By 968 1948 2412 3162 2655 2229 2850 3202 379.6 393.7 3489 3455
B, 22.64 2724 36.65 4427 3546 3325 3430 3334 3688 3022 3254 3346
mean 16.16 23.36 30.39 3794 31.00 3140 326.8 3742 3480 337.2

LSD 0.05 B:1.71 N:0.66 BN:0.94 B:ns~ N:23.6 BN:33.4

*See footnotes of Table 2. ** ns: not significant.

P and K contents in dry matter plant (Table 5):

The pattern of response regarding P as well as K
contents in plant was in line with that of N contents (Table
5). The non-treated NoB, plants contained 2.337 g P kg™ dry
matter plant, while all treatments receiving amendments

raised P contents with a maximum of 6.497 g kg™ given by
the middle nano urea combined with VAM. Comparable
values for K were 35.39 g K kg™ by N¢B, and 81.97 g K kg™
by the middle nano-urea+VAM.

Table 5. Effect of urea foliar spray and VAM biofertilization on lettuce (means of two seasons 2016/17 and

2017/18): Contents of P and K in dry leaves.

Phosphorus content (g kg ™)

Potassium content (g kg™?)

Biofertiliztion

N-Fertilization (N)*

*
®) No N, N, N N4 mean No N, N, N N4 mean
Bo 2337 3187 3957 4967 3827 3655 3539 4916 56.99 59.87 53.00 50.88
B; 3.127 4.080 5.107 6.497 4773 4717 5212 6890 7650 8197 7110 70.12
mean 2732 3.633 4532 5732 4.300 43,76 59.03 66.74 70.92 62.05
LSD 0.05 B:0.002  N:0.128 BN:0.182 B:0.37 N:1.39 BN:1.96

*See footnotes of Table 2

Increases ranged from 36.4% due to N;By to
178.0% due to Ns;B;, for P contents while respective
increases for K content were 38.9 and 131.6 %. The
increase in K and P contents is a manifestation of the
considerable positive effect of N and VAM application
singly or combined. The highest increase was given by the
middle nano-urea (averaging 109.8 and 62.1% for P and K
contents respectively) after which no further increase
occurred, but a decrease (averaging 25.0 and 12.5% for P

and K contents respectively as related to what was given
by the middle nano-urea). The high application of nano-
urea caused a decrease in P and K contents. Yildirim et al.,
(2007) studied the effect of foliar application with different
rates of urea on broccoli and found that increasing urea
rates increased P and K uptake.

The main effect of biofertilization was an average
increase of 29.1% for P and 37.8% for K. Such increases
were particularly marked (33.8% for P, and 47.3% for K)
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where no urea was applied. This illustrates that VAM has a
marked positive effect in increasing nutrient contents even
under absence of N- application. Dar and Resh, (2017)
stated that VAM increases nutrient uptake by plant
especially phosphate.

CONCLUSION

Nano technique in foliar spray of urea proved
extremely efficient in increasing growth parameter of
lettuce. A foliar spray using as little concentration as 2500
mg nano- urea N L™ proved more effective than foliar
spray with ordinary urea at 5000 mg N L™. A foliar spray
with 3750 mg nano-urea N L™ increased growth
parameters by surpassing those given by the 5000 mg N L
! soluble urea by up to 100% or more. Application of nano-
urea must not exceed the 3750 mg N L™, otherwise a
decrease would occur at the excessive 5000 mg nano-urea
N L™ Nitrate N increases with increased application of
urea; however presence of VAM would harness the
retarding effect of excessive nano-urea application.
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