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Background and Objectives: Amino acids are a large group of biological compounds

that contain an amino group and a carboxyl group. Amino acids used in foliar
nutrition are usually mixtures of different amino acids and short-chain peptides.
These amino acids are plant growth stimulants that can be used by foliar spraying
and fertigation. Plants may consume amino acids as a source of nitrogen, and in
some cases, the amino acid may also be a plant stimulant. On the other hand, the
flowering and fruiting period in citrus trees is the most important and critical stage
of fruit development in fruit trees. The maintenance of reproductive organs and
fruits during this period is directly related to the final yield of the trees. There is
a high demand for nitrogen during the flowering and fruiting period. For this
purpose, the trend of leaf nitrogen changes during the flowering stage of citrus
trees and the effect of amino acids on nitrogen concentration, flower drop, and
fruit formation of citrus trees were investigated in two separate experiments.

Materials and Methods: In the first experiment, trends of nitrogen changes in the leaves

of Satsuma mandarin (C. unshiu cv. Miyagawa) trees on Carrizo citrange (Citrus
sinensis Osh. x Poncirus trifoliata L. Raf.), rootstock, and on Thomson Navel
oranges on Sour Orange (C. aurantium L.) rootstock were measured in the eastern
Mazandaran region. In the second experiment, the effect of foliar spraying of
amino acids (combined amino acids) was carried out in a randomized complete
block design with three treatments and three replications for three years with
Satsuma mandarin (C. unshiu cv. Miyagawa) trees on Carrizo citrange (Citrus
sinensis Osh. x Poncirus trifoliata L. Raf.), rootstock. The treatments included:
T,. Control; T». amino acid 1 g LY; Ts. amino acid 3 g L. The amino acid mixture
used contained 8% aspartic acid, 12% glutamic acid, 14% serine, 8% glycine, 2%
histidine, 6% arginine, 6% alanine, 6% threonine, 12% proline, 6% valine, 7%
leucine, 5% phenylalanine, and about 1% methionine, cysteine, lysine, isoleucine,
and tyrosine, and 13% total nitrogen.

Results: The results of the first experiment showed that the nitrogen concentration of

leaves in Satsuma gradually began to decrease from the time of bud break and the
beginning of spring shoot growth, and reached a minimum at the flower opening
stage, from 2.65% at the beginning of sampling to 1.84% at full bloom. From full
bloom, the amount of nitrogen in the leaves gradually increased again, from
1.84% to 2.66% at the physiological fruit drop (June drop) stage. In the case of
Thomson Navel orange trees, the results showed that the nitrogen concentration
decreased from 2.57% at the time of sampling to 1.85% at full bloom. After
flowering, the nitrogen in the leaves gradually increased and reached from 1.85%
to 2.56% at the physiological fruit drop (June drop) stage. The results of the
second experiment showed that foliar spraying of amino acids at concentrations
of one and three parts per thousand (W/V) showed that foliar spraying treatments
had no significant effect on reducing flower and fruit drop, increasing fruit set,
leaf nitrogen concentration, and increasing the yield of Satsuma mandarin trees.
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Conclusion: According to the results of this study, the flowering time in citrus trees
coincides with the minimum nitrogen concentration in the leaves. This indicates
the limitation and need for nitrogen in this sensitive stage of phenology, but foliar
spraying of amino acids did not have a significant effect on increasing nitrogen
concentration and fruit set. Therefore, foliar application of amino acids for citrus
trees during the flowering and fruit set stages in the climatic conditions of the
north of the country is not recommended for citrus orchards
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Cadgedyl = Ve Sy
April 25-30 Flowering
Cadigdyl VO =¥ ogue JuSui5
Mz.iy 5-15 . Frm} set . Jl 56
b=y Sl (o3 o Phase |
June 5-10 Commencement of Summer drop
3,5 Y0 ¥ aliali G5y okl
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by YO Y. ol bluwl £950
June 15-20 Commencement of cell expansion
255 Ve N0 ojul sladdldpw A3 £9)d
September 1-5 Commencemen of autumn shoot growth
29285 VB =Y 090 S0y ;e E9p ‘
September 5-10 Commencement of fruit color change po> B
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92 VO Y o Sidlsnsd sl
September 15-20 Physiological fruit maturity
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November 1-10 End of autumn shoot growth
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September 22-October 12
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Table 4. Composite amino acid used in the experiment (Wu,2013)
(Type and percentage in the composition, molecular weight and chemical formula, amount of nitrogen in each amino acid
and in the total composition)
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Nitrogen Nitrogen Chemical Molecular Composition Amino acid name
(Percentage in the (%) formula weight (%)
composition) (g/mol)

1.87 13.33 C3H/NO; 105.1 14 serine B3
1.14 9.52 CsHgNO,4 147.1 12 Glutamic acid Sl KpaliglS
1.46 12.17 CsHeNO, 115.1 12 proline Ao
0.84 10.53 C4H;NO, 133.1 8 Aspartic acid sl K5 )yl
1.49 18.67 C;HsNO, 75.1 8 glycine OwealS
0.75 10.69 CeH13NO; 131.2 7 leucine s

2 33.33 CeHiN4O; 174.2 6 arginine ooyl
0.94 15.73 CsH/NO, 89.1 6 alanine oYl
0.71 11.76 C4HsNO; 119.12 6 threonine o8Py
0.72 11.96 CsH11NO, 117.15 6 valine odls
0.42 8.48 CoH1:NO; 165.2 5 phenylalanine oYl b
0.54 27.10 CsHgN30, 155.15 2 histidine R
0.094 9.39 CsH1NO,S 149.2 1 methionine s
0.12 11.57 C3H/NO,S 121.2 1 cysteeine Yoo
0.096 9.59 CeH14N0; 146.2 1 lysine B3N
0.11 10.69 CesH1sNO; 131.17 1 isoleucine Omwdlei!
0.07 7.34 CgH11NO; 181.19 1 tyrosine oy
13.37 Total nitrogen of the applied mixture(W/w) 8 yae <S5 JS" 03955
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Figure 1. Changes trends of nitrogen concentration in the old leaves of Miyagawa satsuma mandarin trees
(from bud sprouting until the end of June drop)
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Table 5. Changes trends of nitrogen concentration in the old leaves of Thompson navel orange trees
(from bud sprouting until the end of June drop)
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Lanogre Commencement of flowering to bud sprouting and shoot pki i\ﬁlﬁ;y
Fruit set to end of June drop petal fall growth
135 120 105 90 75 60 45 30 15 0 92) oo
Time (days)
2.56a 2.56a 2.52a 2.3% 2.11c 1.85d 1.98¢ 2.34b 2.54a 2.57a (v02) 0sy%

N (%)
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Figure 2. Changes in leaves appearance symptoms of Miyagawa satsuma mandarin and Thompson navel orange trees
durung flowering and fruit set
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Table 6. Analysis of variance of the effect of amino acids at flowering time on some vegetative and reproductive
characteristics of Miyagawa satsuma mandarin

mean squares Ol po (Sl

_ i ] N o NEETSH [CHPOVES 37 VPN
e Sy 3z (w2,2) f*‘lLV 09+ (M’b)_ 20 Sl J5 dlass df. Resource changes
Number of new leaves Fruit (%) Fruit set (%) Number of flowers
15681° 14 330° 8231 2 year JL.
2710™ a4 ag™ 14577 6 error s
4419* 177 17m 477 2 treatments Lo
2792™ 5
2347 207 39" 4 el
Treatment x year

961079 25 76 3348 12 errorils

ns, *: nonsigificant and significant at 5% possibility levels, respectively.
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Table 7. Effect of foliar spraying of amino acids at flowering time on some vegetative and reproductive characteristics of
Miyagawa satsuma mandarin

dds Sy dlaxd (M)b) e dgse (M)b) s9se LS5 J5 slaws Oyt 2ol
Numlt:é:/gsf new Fruit (%0) Fruit set (%) Number of flowers Resource changes
98.9b 28D 76b 163.4a first year Jol Jlo
105.6 a 47a 114a 155.1ab second year pg> Jbo
1114a 44a 10.7a 146.1b third yearpgw Jlo
101.3b 38a 10.2a 154.8a controls s»ls
40a 10.0a 152.0a (WIV) 58 53 S anel sl
107.1ab Amino acid (1grli-1)
3.8° 9.22 153.1% (WIV) 58 5> dw aiel spuw
113.7% Amino acid (3grli™)
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* The averages for each column that have the same letters are not significantly different from each other at the 5% probability level.
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Table 8. Effect of foliar spraying of amino acids at flowering time on the yield of Miyagawa satsuma mandarin trees
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* The averages for each column that have the same letters are not significantly different from each other at the 5% probability level.
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Table 9. Effect of foliar spraying of amino acids at flowering time on leaf nitrogen concentration of Miyagawa satsuma
mandarin trees

(32 3) 539N (%)
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gl 5l s 59, 70
30 days after foliar spray

gl 5l e 59, Ve
30 days after foliar spray

Resource changes

2.56° 245 1
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year Jlw
2.49¢ 243%
2512 2.38¢ controls sals
2,522 2.39° (WIV) )i 33 Sy digol il gl jlowi

Amino acid (1grli™) Foliar spray
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Amino acid (3grli™)
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* The averages for each column that have the same letters are not significantly different from each other at the 5% probability level.
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Table 10. Effect of foliar spraying of amino acids at flowering time on some quality characteristics of Miyagawa satsuma mandarin trees fruit
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* The averages for each column that have the same letters are not significantly different from each other at the 5% probability level
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