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Abstract

Our experiment was conducted during the seasons of 2018 and 2019 on 10-year-old “Anna” apple trees (Malus domestica L.
Borkh) planted at4 x 4 m apart in a clay soil under drench irrigation. Sixty uniform trees were selected and subjected to the same
cultural practices during both seasons. Apple trees were sprayed three times as follows: before flowering, during full bloom, and 1
month later with the following treatments: control (water only); tryptophan at 25, 50, and 100 ppm; glycine at 25, 50, and 100
ppm; and their combinations, 25 ppm tryptophan + 25 ppm glycine, 50 ppm tryptophan + 50 ppm glycine, and 100 ppm
tryptophan + 100 ppm glycine. The results demonstrated that the foliar spraying of “Anna” apple trees with glycine and
tryptophan at 25, 50, and 100 ppm and their combinations significantly increased shoot length and diameter, leaf area, total
chlorophyll, percentages of fruit set and yield, fruit physical and chemical characteristics, and leaf mineral composition of N, P,
K, Ca, Fe, Zn, Mn, and B, whereas it reduced the fruit drop percentage in both seasons in comparison with control. Better results
were obtained from the concentrations of 50 and 100 ppm which were more effective in both seasons in comparison with the
concentration of 25 ppm. Moreover, the combination of 50 ppm glycine 50 ppm tryptophan was the best treatment and provided

the highest results in both experimental seasons in comparison with the other applied treatments and control.
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Introduction

Harvested apples in Egypt span across an area of 28,085 ha
producing 70,4727 ton/ha (FAO and UNICEF 2018). The
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“Anna” apples (Malus domestica L. Borkh) belong to the
family of Rosacea. In previous publications, it was suggested
that amino acids enhance fresh and dry matter (Fawzy et al.
2012), increase growth behavior (Bahari et al. 2013; Romero
et al. 2014; Rouphael et al. 2017), and stimulate plants’ root
growth, which may enhance both water and nutrient uptake
capability, resulting in an increased yield productivity (Colla
et al. 2017; Rouphael et al. 2017). When amino acids are
applied through the root system or foliar feeding, the uptake
and concentrations of leaf nutrients are improved
(Mohammadipour and Souri 2019a, 2019b; Pranckietiené
et al. 2015), including iron and zinc (Souri et al. 2018). The
exogenous application of amino acids promotes growth, in-
duces leaf pigmentation, stimulates chlorophyll biosynthesis,
and reduces chlorophyll degradation in many crops (Fahimi
et al. 2016; Kazem Souri et al. 2017; Mohammadipour and
Souri 2019a, 2019b). Amino acids have several major biolog-
ical functions in plant cells, such as detoxification (Bashir
et al. 2018; Hussain et al. 2018; Rizwan et al. 2017), optimi-
zation of nutrient uptake, translocation and metabolism, vita-
min biosynthesis, growth biostimulation, and increasing toler-
ance to environmental stresses (drought, salinity, and cold
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conditions). Also, they play a vital role in the synthesis and
production of amino chelate fertilizers (Souri and Hatamian
2019). The foliar application of amino acids was found to
increase the biomass and crop productivity in plants
(Basanth and Mahesh 2018; Kazem Souri et al. 2017).
Radkowski et al. (2018) declared that the content of the inves-
tigated macro elements was increased by the foliar fertilization
with the amino acid preparation. Khan et al. (2019) reported
that amino acids are natural plant growth stimulators. As a
result, they are utilized extensively for enhancing the yield
and quality of crops. Noroozlo et al. (2019) stated that amino
acids play various roles in plant metabolism; the exogenous
application of amino acids may have benefits and stimulation
effects on plant growth and quality. Souri and Hatamian
(2019) declared that amino acids have an affinity for nutrient
elements and some amino acids can make chelates with
nutrients. They also mentioned that these properties assist
them in enhancing the uptake and delivery of micronutrients,
mainly Fe, in plants. These micronutrients are good sources of
nitrogen for plant uptake and utilization as well as having
stimulating effects on plant root and shoot growth. Mataffo
et al. (2020) stated that foliar application of amino acid—
enriched urea fertilizer is considered a promising environmen-
tally friendly strategy for enhancing the yield and nutrient
efficiency of plants. Matysiak et al. (2020) reported that the
exogenous application of some amino acids has been proven
to positively affect plant growth and development under
stressful conditions. Sheng et al. (2020) examined the effects
the amino acid-Fe compound fertilizer spraying has on leaf
development in peaches (Prunus persica (L.) Batsch) at dif-
ferent developmental stages. The results demonstrated that the
foliar spraying increased leaves’ fresh weights considerably.
Fe concentration, photosynthetic parameter, and Fe-S protein
analyses were used to measure Fe accumulation, total chloro-
phyll content, net photosynthetic rate, and stomatal conduc-
tance. Furthermore, the same authors observed that amino
acid-Fe compound fertilizer significantly increased the leaf
content from nitrite reductase and succinate dehydrogenase’s
activities, over control. This study is aimed at utilizing some
alternative fertilizers from amino acids, such as tryptophan
and glycine, in apple orchards to decrease environmental haz-
ards and increase apple production and quality.

Materials and methods

The present experiment was performed during the two succes-
sive seasons of 2018 and 2019 on 10-year-old “Anna” apple
trees (Malus domestica L. Borkh), planted 4 x 4 m apart in a
clay soil under flood irrigation in a private orchard located at
Kafr El-Dawar, Beheira governorate, Egypt. Table 1 presents
the physiochemical analysis of experimental soil, which was
conducted as per Cottenie and Verlo (1982). Sixty uniform
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trees were chosen for this study and were subjected to the
same cultural practices in both seasons. They were sprayed
three times as follows: before flowering, during the full
bloom, and 1 month later with the following treatments: con-
trol (water only); tryptophan ((S)-2-amino-3-(3-indoly)
propionic acid—C;H2N,O,—ROTH Besteffen Sie Zum
Nufftarif—China ) at 25, 50, and 100 ppm; glycine
(aminoethanoic; glycocoll C;HsNO,—Anhui BBCA
Pharmaceutical Company Ltd.—China) at 25, 50, and 100
ppm; and their combinations, tryptophan at 25 ppm + glycine
at 25 ppm, tryptophan at 50 ppm + glycine at 50 ppm, and
tryptophan at 100 ppm + glycine at 100 ppm.

The previously applied treatments were arranged in a ran-
domized complete block design where each treatment
consisted of sex trees/sex replicate. The following parameters
were utilized to investigate the impact of the treatments men-
tioned above.

Vegetative parameters

At the beginning of the vegetative growth, eight shoots from
each side of each replicate/tree were selected and labeled,
whereas at the end of each growing season, the shoot length
and diameter were measured in centimeters and the leaf area
was measured in centimeters squared. Total chlorophyll was
also measured by Spad 502 (i Mol/m?).

Fruit set and fruit drop percentage

Four branches from each side from each tree/replicate were
selected carefully and labeled in March from 2018 and 2019,
and the number of flowers on each branch was calculated. The
fruit set percentage was also calculated as per Westwood
(1988) equation:

Fruit set% = (number of set fruitlets/number of opened flowers) x 100.

Estimation of preharvest fruit drop was done by calculating
the number of dropping fruit after fruit setting until the har-
vesting date in each season (June). Then, the fruit drop was
calculated as a percentage as follows:

Fruit drop% = (number of dropped fruitlets/number of set fruitlets) x 100.

Fruit yield

Estimation of yield was conducted in kilograms per tree and
ton per hectare at harvest time (June).

Leaves chemical composition

A random selection of samples of thirty leaves was made from
the middle part of the shoots according to Abdelsalam et al.
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Table 1 Physiochemical
properties of the experimental soil ~ Depth  Texture  pH  EC (ds/ N p K Fe(mg/ Zn(mg/ Mn(mg/
cm) Mgkg)  (Mgkg) (Mgkg) D ) )
0-60 Clay 88 03 50.23 41.52 362 0.28 0.1 0.01

(2018) and Chuntanaparb and Cummings (1980) from each
replicate following harvest time in June to determine their
content of N%, P%, K%, and Ca%, and Fe, Zn, Mn, and B
at ppm. The leaf samples were washed first with tap water,
then with distilled water, and dried at a temperature of 70 °C
until it maintained a constant weight; finally, they were
ground and acid digested using H,SO, and H,O, until the
solution became clear (Wilde et al. 1985). The digested solu-
tion was used for determining each of the following: nitrogen
using micro Kjeldahl method, phosphorus using
vanadomolybdo method, and potassium using flame photom-
eter following the method presented by Chapman and Pratt
(1961). Zinc, manganese, calcium, and iron were determined
using an atomic absorption spectrophotometer (2-8200 Series
Polarized Zeeman, Hitachi, Tokyo, Japan) through specific
lamps for specific nutrients. By dry ashing, boron was esti-
mated using the method described by Chapman and Pratt
(1961), and, subsequently, it was measured through colorim-
etry, Azomethine-H, as indicated by Bingham (1983).

Fruit quality

At harvest time, samples of thirty fruit were randomly selected
from each replicate/tree to determine the physical and chem-
ical characteristics of fruit.

Fruit physical characteristics

Fruit weight (g), fruit length (cm), fruit diameter (cm), and
fruit firmness (Ib/inch?) were determined via a Magness and
Taylor pressure tester with a '/, g-inch plunger.

Fruit chemical characteristics

Total soluble solids were estimated by using a hand refrac-
tometer. The percentage of titratable acidity in fruit juice was
determined according to Resio et al. (2005). Total sugars,
reducing and nonreducing sugars, were estimated as per
Malik and Singh (1980). Anthocyanin was determined at the
stage of coloration (mg/100 g fresh weight peel) according to
Rabino (1977).

Statistical analysis

The obtained data were subjected to one-way ANOVA as
per Snedecor and Cochran (1980), and least significant

difference (LSD) instances at 0.05% were utilized for
comparing the means of treatments.

Results
Vegetative growth parameters

Data listed in Table 2 indicated that a significant improvement
was observed in shoot length and diameter by the foliar spraying
of glycine and tryptophan at 50 and 100 ppm and their combi-
nations of 50 ppm glycine + 50 ppm tryptophan and 100 ppm
glycine + 100 ppm tryptophan in comparison with the usage of
25 ppm and control in both seasons. Furthermore, 50 ppm gly-
cine + 50 ppm tryptophan was shown to be the best treatment
which gave the best results in the two seasons in comparison with
control and the other applied treatments. Regarding leaf area, it
was considerably increased by 100 ppm tryptophan sprays and
by the combinations of tryptophan at 50 ppm + glycine at
50 ppm as well as tryptophan at 100 ppm + glycine at
100 ppm compared with control in both seasons. Moreover,
remarkable improvement is observed in the leaf area by spraying
glycine at 50 and 100 ppm and tryptophan at 50 ppm in both
seasons compared with control. Total chlorophyll was notably
enhanced by foliar spraying of glycine and tryptophan at 25, 50,
and 100 ppm and their combinations compared with control in
the two seasons. Spraying the combination of tryptophan + gly-
cine at 50 ppm and glycine at 100 ppm and tryptophan at 50 ppm
showed the highest increment in comparison with control in the
two experimental seasons.

Fruit set percentage and fruit yield

The data in Table 3 showed that spraying “Anna” apple trees
by tryptophan or glycine and their combinations at the differ-
ent concentrations of 25, 50, and 100 ppm significantly im-
proved the fruit set percentage and the fruit yield per tree and
per hectare, whereas they reduced the fruit drop percentage in
comparison with control in both seasons. The foliar spraying
of glycine or tryptophan with a concentration of 50 or
100 ppm gave better results than that with a concentration of
25 ppm in the two seasons. Furthermore, the combination of
tryptophan + glycine at 50 ppm was the best treatment, yield-
ing the highest fruit set and fruit yield percentages and the
lowest fruit drop percentage in comparison with the other
applied treatments in both seasons.
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Table 2 The effect of the foliar

application of tryptophan and Treatment Shoot length (cm) Shoot Leaf area (cm?) Total chlorophyll
glycine on length and diameter of diameter (cm) Spad (1 Molm™)
shoots, leaf area, and total
chlorophyll during 2018 and 2019 2018 2019 2018 2019 2018 2019 2018 2019
seasons
Control 37.49°  39.92°  0.67° 0.69° 27.81b  28.09° 38.12¢  37.67°
Tryptophan at 25 ppm  39.84%  39.65°  0.74° 0.73d 28.99® 2976 50.82¢c  51.92°
Tryptophan 50 ppm 42.06° 43554 083> 0.83° 31.16™ 3226° 5435 5427°
Tryptophan 100 ppm 4432°% 4364 0.86° 0.89° 3327  32.62° 52.92%¢ 535
Glycine 25 ppm 39.90%  41.01%  0.73¢ 076 3015  30.15%  53.07%%¢ 53
Glycine 50 ppm 42584 44.85%  084° 084° 3166 31.58° 5375 5407
Glycine 100 ppm 45.80°  47.14°  091*  0.94*  3091™ 3214 5357°  54.55°
Tryptophan at 25 ppm  40.03%  41.80°% 0.78° 0.82° 28.48°  30.88° 51.05% 54
+ glycine 25 ppm
Tryptophan at 50 ppm ~ 51.17° 5428  0.93* 0.94° 3346 3644*  54° 54.75°
+ glycine 50 ppm
Tryptophan at 100 ppm ~ 43.52° 4735 085" 089" 3326 32.10° 5325®  54.07°
+ glycine 100 ppm
LSDyg 05 341 3.08 0.03 003 391 3.40 226 2.19

Means not sharing the same letter(s) within each column are significantly different at 0.05 level of probability

Fruit quality

The results in Table 4 indicated that spraying tryptophan and
glycine at 25, 50, and 100 ppm, whether each one alone or in
combination with the other, exhibited great improvement in
weight, size, length, and diameter of the fruit of “Anna” apple
tree in the two experimental seasons in comparison with con-
trol, and the foliar spraying of 100 ppm tryptophan was supe-
rior in these terms. Besides, the foliar application of trypto-
phan with glycine combinations at 50 and 100 ppm provided
the highest increase in the fruit weight and size, whereas the
foliar spray of tryptophan and glycine at 50 and 100 ppm gave

the highest increment in fruit length and diameter in the two
seasons compared with control.

Data in Table 5 demonstrated that fruit content of “Anna”
apple trees from TSS percentage, fruit firmness, total sugars,
and reduced sugars was noticeably increased by spraying gly-
cine and tryptophan amino acids at 25, 50, and 100 ppm and
their combinations in the two seasons. The highest increment
in TSS percentage was obtained by spraying tryptophan at
50 ppm and glycine at 50 and 100 ppm in both seasons in
comparison with the other applied treatments and control. The
foliar spray of glycine and tryptophan and their combinations
at 50 and 100 ppm provided the best increase in fruit firmness

Table 3  The effect of the foliar application of tryptophan and glycine on fruit set %, fruit drop %, and fruit yield during 2018 and 2019 seasons
Treatments Fruit set (%) Fruit drop (%) Fruit yield (kg/tree) Fruit yield (ton/hectare)
2018 2019 2018 2019 2018 2019 2018 2019
Control 11.86°  12.148 83.04° 83.96* 20.28° 19.44° 12.67° 12.15°
Tryptophan at 25 ppm 22,12 24.30° 65.45° 66.96" 36.25% 35139 22.66% 21.95¢
Tryptophan 50 ppm 2401°  2551%  64.53° 65.81"  38.86°  44.75° 24.29% 27.97°
Tryptophan 100 ppm 2339°  25.63°% 6225  63.72%9  47.04° 47.18% 29.4° 29.48%
Glycine 25 ppm 20.54°  21.49° 66.48° 63204 35.52° 36.26¢ 22.20° 22.66°
Glycine 50 ppm 2333% 2731 6229% 62.69°°  43.96° 45.19° 27.48° 28.24°
Glycine 100 ppm 2634 27.96° 6227bc  61.29%  43.86° 4931% 27.41° 30.82%
Tryptophan at 25 ppm + glycine 25 ppm 2217%  26.70°° 6273 65.64™  40.82° 45.44° 25.51° 28.40°
Tryptophan at 50 ppm + glycine 50 ppm 28.51° 36.18" 57.58¢ 59.88° 49.19° 50.95% 30.74 31.84*
Tryptophan at 100 ppm + glycine 100 ppm ~ 27.80*  33.28° 59.14%  59.44° 47.01* 47.56™  29.38" 29.72%¢
LSDy.0s 222 2.40 453 3.30 2.98 3.72 1.86 232

Means not sharing the same letter(s) within each column are significantly different at 0.05 level of probability
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Table 4  The effect of the foliar application of tryptophan and glycine on fruit weight, fruit size, fruit length, and fruit diameter during 2018 and 2019

seasons
Treatment Fruit weight (g) Fruit size (cm®) Fruit length (mm) Fruit diameter (mm)
2018 2019 2018 2019 2019 2018 2018 2019
Control 12767 12967  138d 140.67°  3827¢° 39.97¢ 36.4" 37.97"
Tryptophan at 25 ppm 148.33¢ 151.67° 16167  163.67%  57.13%¢  59.73%  53.64> 56.75%
Tryptophan 50 ppm 152.67° 15533 166 170° 61%° 64.05® 5809 60.11%°
Tryptophan 100 ppm 156.67*  161.33* 167 170a 62.9* 65.78" 60.56 63.56
Glycine 25 ppm 147.33¢ 150.67°  161° 166° 53.53%  56.12%  50.56%¢ 53.82%
Glycine 50 ppm 153.33° 156.33°  166a 169.67%  57.7% 60.07° 53.07%4 54.08%
Glycine 100 ppm 15267° 156° 16533 168%™ 57.3¢ 60.57>  54.58™ 56.78"
Tryptophan at 25 ppm + glycine 25 ppm 145.67° 149° 158.33¢ 161d 46.67" 50.87" 45.2° 48.75°
Tryptophan at 50 ppm + glycine 50 ppm 154.67°  157.67° 16733 169.67  51.47° 54.83° 48.57% 51.77%
Tryptophan at 100 ppm + glycine 100 ppm  154.30  157.25°  166.33° 169%° 52.83¢ 5427 48.93% 51.16%
LSDy.0s 3.25 3.30 3.72 3.74 3.61 3.75 531 4.67

Means not sharing the same letter(s) within each column are significantly different at 0.05 level of probability

compared with the other applied treatments and control in
both seasons. The foliar application of glycine at 100 ppm
and the combination of 100 ppm glycine + 100 ppm trypto-
phan gave the highest increase in total and reduced sugar
percentages compared with the used concentrations and con-
trol in both experimental seasons. A significant increase in
nonreduced sugar percentage was indicated through applying
glycine at 100 ppm and the combinations of glycine and tryp-
tophan at 50 and 100 ppm compared with the other applied
treatments and control in the two seasons. The foliar spraying
of tryptophan or glycine at 25, 50, and 100 ppm individually
or in combinations exhibited a significant reduction in fruit

Table 5
firmness of fruit during 2018 and 2019 seasons

acidity in comparison with control in both seasons. Spraying
tryptophan or glycine and their combination at 50 ppm
showed the lowest values compared with the other applied
treatments and control in the two seasons.

Leaves chemical composition of macro and
micronutrients

The results in Table 6 indicated that obvious improvement
was observed in leaf composition of N, P, K, and Ca after
spraying “Anna” apple trees with glycine or tryptophan at
25, 50, and 100 pm and by their combinations compared with

The effect of the foliar application of tryptophan and glycine on TSS, acidity, total sugar, reduced sugar, nonreduced sugar percentages, and

Treatment TSS (%) Firmness (Ib/ Acidity (%) Total sugar Reduced sugar Nonreduced
inch2) (%) (%) sugar (%)

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
Control 10.8°  10.87° 13° 15¢ 0.88° 088" 6.54° 7217 4028 458 252 263
Tryptophan at 25 ppm 12.67° 1247 21.67* 1833° 0.72° 0.72° 7.11¢ 7.7°  474° 534° 23747 236%
Tryptophan 50 ppm 14072 13.8a 2233a 23.67°° 0.66° 0.64% 7.6lc 7.87° 49° 545 271 241%
Tryptophan 100 ppm 12.93% 12.53* 22.67° 24™  0.66° 068 7.84° 793° 595 532° 213' 2619
Glycine 25 ppm 13.50* 13.00° 16.67° 1833 0.68b% 0.67¢* 6.56° 7.20° 4417 496" 214 224°
Glycine 50 ppm 14° 13.6° 2233% 2233° 063d 0.63¢ 7.87° 838 537° 596° 250 2.42%
Glycine 100 ppm 14 132a 24° 23® 068 0.68° 9.53* 10.23* 5.95° 6.52° 358" 3.72°
Tryptophan at 25 ppm + glycine 25 ppm ~ 12.9°  13.13* 16>  17.67° 0.69° 0.66°° 8.46° 9.34° 562° 6.18° 285  3.16°
Tryptophan at 50 ppm + glycine 50 ppm ~ 13.93* 13.6° 25° 25° 0.65  0.66°% 833* 971° 508" 5670 326>  4.04°
Tryptophan at 100 ppm + glycine 100 ppm 13.33* 13.43* 23.33% 2233 0.66° 0.66°° 9.44* 10.16* 5.70° 623° 3.74*  3.93®
LSDy.0s 144 149 353 258 005 004 03 027 017 019 036 032

Means not sharing the same letter(s) within each column are significantly different at 0.05 level of probability
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Table 6 The effect of the foliar application of tryptophan and glycine on leaf mineral composition of N, P, K, and Ca during 2018 and 2019 seasons

Treatment N (%) P (%) K (%) Ca (%)

2018 2019 2018 2019 2018 2019 2018 2019
Control 1614 1.79° 0.33¢ 0.35¢ 1.92f 1.98¢ 1.29¢ 1.29¢
Tryptophan at 25 ppm 1.84° 1.99¢ 0.37%0cd 0.39%° 1.98°f 1.99¢ 1.37° 1.40"
Tryptophan 50 ppm 2.10° 2.11° 0.41%® 0.41% 2.08%d 2.11° 1.49% 1.49*
Tryptophan 100 ppm 2.08° 2.12° 0.382d 0.40% 2.17ab 2377 1.53% 1.52°
Glycine 25 ppm 1.92% 1.994 0.36> 0.37% 1.97f 2.00¢ 1.37% 1.36°
Glycine 50 ppm 2.08° 2.11° 0.39% 0.40%* 2.06°% 2.06% 1.40% 1.46*
Glycine 100 ppm 2.11° 2.23° 0.42° 0.42° 225° 2.33%® 1.49° 1.49°
Tryptophan at 25 ppm + glycine 25 ppm 2.04° 2.08" 0.35% 0.37%* 1.984f 2.23° 1.37% 1.38°
Tryptophan at 50 ppm + glycine 50 ppm 2.06" 2.10% 0.40%° 0.41% 2.12% 225° 1.49* 1.52%
Tryptophan at 100 ppm + glycine 100 ppm 1.95° 2.01¢¢ 0.36>¢ 036" 2.10% 2.11¢ 1.45%¢ 1.48°
LSDy.0s 0.09 0.08 0.05 0.05 0.10 0.10 0.09 0.06

Means not sharing the same letter(s) within each column are significantly different at 0.05 level of probability

control in both seasons. Spraying tryptophan or glycine at 50
and 100 ppm and their combinations at 50 ppm exhibited the
highest increment in comparison with the other applied con-
centrations in the two experimental seasons. Additionally, the
combination of 100 ppm glycine + 100 ppm tryptophan raised
also the leaf mineral composition of K and Ca over control.
Data in Table 7 demonstrated that leaf mineral composition
of Fe, Zn, Mn, and B was significantly increased by spraying
“Anna” apple trees with glycine or tryptophan at 25 and 50
compared with control in both seasons. Spraying glycine and
tryptophan at 50 or 100 ppm and their combination of 50 ppm
glycine + 50 ppm tryptophan gave the best results in compar-
ison with the other applied treatments in both seasons.
Additionally, the combination of 100 ppm glycine +

100 ppm tryptophan provided good results in enhancing the
leaf mineral composition of Fe and B over control.

Discussion

The obtained results indicated that foliar spraying of glycine
and tryptophan and their combinations had positive effects on
shoot length, shoot diameter, total chlorophyll, yield, and fruit
quality of “Anna” apple cultivar. Our obtained results were
previously explained by Ahmed et al. (2012) and Talaat et al.
(2014) who observed that foliar spraying of “Valencia” or-
ange trees with 25, 50, and 100 mg/I of tryptophan increased
shoot length, shoot thickness, leaves number, leaves area,

Table7  The effect of the foliar application of tryptophan and glycine on leaf mineral composition of Fe, Zn, Mn, and B during 2018 and 2019 seasons
Treatment Fe (mg/l) Zn (mg/l) Mn (mg/l) B (mg/l)

2018 2019 2018 2019 2018 2019 2018 2019
Control 105" 107.67° 23.33° 27.67° 43.67° 47.33¢ 66.67° 71.67°
Tryptophan at 25 ppm 1224 119.33° 3267 32.33° 45.33% 49.33% 73339 749
Tryptophan 50 ppm 126.67°° 128.33% 33 c¢d 33.67% 4733%% 523394 7567 79°
Tryptophan 100 ppm 126.33%4  125b« 35.67°°  37° 49.67°¢  5833® 7633  75%
Glycine 25 ppm 119.67° 120.33% 30.67¢ 32 45% 50.33% 759 76%
Glycine 50 ppm 123¢de 123.33%%  40.00°  37.33° 53.67° 58 83.33°  9233°
Glycine 100 ppm 126.67% 129.67% 40.33° 43.67° 56° 5833% 9267 9733
Tryptophan at 25 ppm + glycine 25 ppm 128.67° 128.33%¢ 33« 37.33° 49bd 524 85" 90.67°
Tryptophan at 50 ppm + glycine 50 ppm 135.33* 132.67° 40.67" 44.67° 57.33% 59.33% 88.33" 90.33°
Tryptophan at 100 ppm + glycine 100 ppm  133.33° 129.67* 3833  37° 50.67° 54.67>  8833°  90P
LSDy.0s 4.48 5.19 4.04 4.45 4.89 433 3.64 3.60

Means not sharing the same letter (s) within each column are significantly different at 0.05 level of probability
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yield, fruit quality, leaf mineral composition of N, P, K, Mg,
Zn, Cu, Fe, and Mn leaf content of cytokines, gibberellins,
auxins, and chemical elements. On the other hand, it reduced
the concentration of abscisic acid. Tryptophan amino acid
foliar application increased the yield and its components of
chickpea (Abbas et al. 2013), lupine (Amin et al. 2014), and
onion (Abd El-wahed et al. 2016; Mustafa et al. 2016).
Furthermore, El Sayed et al. (2014) and Ghasemi et al.
(2013) illustrated that glycine amino acid plays a vital role in
forming the total chlorophyll and vegetative growth and in
increasing the viability of Fe, Zn, Mn, and Cu to the plants.
Spraying “Manfalouty” pomegranate cultivar with 50, 75, and
100 mg/1 tryptophan at full bloom and 4 weeks later increased
the vegetative growth, yield, and fruit quality. Meanwhile, the
best results were provided by the concentration of 100 mg/l
compared with control (El Sayed et al. 2014). Glycine has
been incorporated into nutrient fertilizer formulation in the
form of a chelate or a simple complex, to improve how the
plant efficiently uses applied fertilizers and facilitate nutrient
uptake and translocation in plants (Fahimi et al. 2016; Souri
and Hatamian 2019). It was noticed that spraying apple trees
with tryptophan amino acid at the stages of pre- and post-
bloom increased the yield greatly in comparison with control
(Sharma 2016). Recent studies by Khan et al. (2019), Souri
and Hatamian (2019), and Weiland et al. (2016) showed that
amino acids are widely utilized for improving the yield and
quality of crops and the better root development supported by
the addition of amino acids which can boost nitrogen fixation
and induce the root-enhancing surface for nutrient uptake. The
highest values of fruit set percentage, yield, and vegetative
growth characteristics such as shoot length, shoot diameter,
number of leaves, and leaf area of “Washington” navel orange
were recorded with 50 ppm tryptophan treatment, followed by
25 ppm tryptophan treatment in comparison with control
(Ahmed et al. 2017). Furthermore, Teixeira et al. (2017) stated
that L-tryptophan and L-glycine are signal-transducing mole-
cules and make the nutrients ready-made by the plants.
Additionally, Khedr (2018) reported that spraying tryptophan
at 50 and 100 ppm twice, at full bloom stage and the beginning
of fruit set stage (21 days after full bloom stage), exhibited
positive results in terms of Le-Conte pear’s productivity and
fruit quality. Moreover, 100 ppm tryptophan greatly increased
the percentage of fruit set, yield, fruit weight, TSS, and total
sugars of Le-Conte pear fruit when crosschecked against the
use of water as a control. Application of different concentra-
tions of glycine at 0, 5, 10, 20, or 40 mgL7l to coriander plants
(Coriandrum sativum L.) showed that leaf SPAD value, fresh
and dry weights of shoots, roots, and leaf concentrations of N,
K, Mg, and Zn were significantly increased by 10 mgL ™
glycine in comparison with the control plants
(Mohammadipour and Souri 2019a; Noroozlo et al. 2019).
Noroozlo et al. (2019) investigated the effect of foliar spraying
of Romaine lettuce (Lactuca sativa subvar Sahara) with

glycine at 0, 250, 500, and 1000 mgLfl. The obtained results
indicated that significant increase in leaf total chlorophyll con-
tent and root fresh weight was observed by 250 mgL ™" con-
centration compared with control. Besides, the highest shoot
fresh and dry weights and leaf vitamin C were indicated with a
concentration of 500 mgL™'. Besides, 1000 mgL ™" glycine
spray significantly increased leaf Fe concentration compared
with control plants. Moreover, Souri and Hatamian (2019)
demonstrated that in many plants, especially horticultural
crops, glycine plays a vital role in controlling nutrition.
Elkhatib et al. (2020) reported that foliar spraying of common
bean cv. Nebraska with tryptophan amino acid at 0.5 and 1
mgL ™' concentrations increased vegetative growth, leaf chlo-
rophyll, and N, P, and K contents, yield, and its components.
Hanci and Tuncer (2020) investigated the effects of exoge-
nous L-tryptophan at 125, 250, and 375 ppm on some growth
parameters of lettuce plants grown under salt stress. They
noticed that foliar spray of high concentrations gave the an-
nounced impact on the leaf number, salinity, weight of fresh
leaf and fresh root, and surface area of lettuce plants under
salinity at 200 mM.

Conclusions

» The foliar spraying of “Anna” apple trees with glycine and
tryptophan at 25, 50, and 100 ppm and their combinations
increased significantly shoot length, shoot diameter, leaf
area, total chlorophyll, percentages of fruit set and fruit
yield, fruit physical and chemical characteristics, and leaf
mineral composition of N, P, K, Ca, Fe, Zn, Mn, and B,
whereas it reduced the fruit drop percentage in the two
seasons in comparison with control.

* The concentrations of 50 and 100 ppm gave better results
and were more effective than 25 ppm in both seasons.

» Spraying glycine or tryptophan at a concentration of 50 or
100 ppm provided good results. However, better effects
and higher increment were displayed when both glycine
and tryptophan were combined at the same mentioned
concentrations in the two seasons.

» The best treatment was the combination of 50 ppm glycine
+ 50 ppm tryptophan, providing the highest results in
comparison with the other applied treatments and control
in both experimental seasons.

* The obtained results indicated that amino acids, such as
tryptophan and glycine, may be good alternatives to chem-
ical fertilizers for reducing the environmental hazards and
pollution.
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