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Abstract

Introduction: Balanced fertilization of organic matters and macro- and micro-nutrients is the most
important effective factors on the fruit quality and the yield of the citrus trees (Hao et al., 2007). A very
large area of land under cultivation in the south of the Iran is calcareous, and as a result, the absorption of
elements such as Zinc, phosphorus, iron, etc. in these soils is done slowly, which is one of the agricultural
problems of these areas (Aboutalebi and Hassanzadeh, 2007). In the subtropical regions, flowering in
citrus occurs after the infancy period and exposure to low temperatures and short days of winter (Nebauer
et al., 2006). This study was conducted with the aim of investigating the effect of Nitrogen and Zinc on
increasing the fruit quantity and quality of the 6-old-years sweet lime budded on Mexican lime rootstock.

Material and methods: This investigation was performed as factorial arrangement in randomized
complete block design with nine treatments and three replications and one 6-years-old sweet lime tree
budded on the Mexican lime rootstock in each replication in two separate parts of the big research orchard
of Islamic Azad University of Jahrom branch. The experiment factors included the foliar application of
Urea at three concentrations of 0, 3 and 5gL™ and the foliar application of Zinc sulfate at three
concentrations of 0, 3 and 59L The foliar application of Urea and Zinc sulfate was performed before
flower induction of thetrees in October. After spraying, in the time of the fruit harvesting, the parameters
including fruit juice pH, TSS, vitamin C, average fruit weight, texture firmness, single tree yield and fruit
ripening were measured.

Results and discussion: Based on the results, in the present study due to foliar application of Urea and
Zinc sulfate particularly combined treatments, all traits significantly influenced compared to control
treatment. Totally, the treatments without Urea were in the lowest levels in viewpoint of quantitative and
qualitative characterlstlcs of the frun The use of 3 gL™ Urea without Zinc sulfate as well as combined
treatment of 3gL™ Urea and SgL Zinc sulfate caused to improve qualitative characteristics of the fruit
such as pH, TSS, fruit juice, vitamin C, and reduction of fruit peel thickness. The use of 5gL* Zlnc
sulfate W|thout Urea led to increase the peel thickness and fruit firmness. Combined treatment of 5 gL
Urea and 5gL™ Zinc sulfate increased average fruit weight (131 to 189g) and plant yield (175 to 243kg)
compared to the control.

Conclusions: In the present study, the foliar application of Urea and Zinc sulfate, particularly in the
combined treatment, significantly affects all parameters compared to control treatment. On this basis, it
can be recommended the foliar application of 5gL™* Urea + SgL Zinc sulfate in the October to improve
qualitative traits of the fruit and the combined treatment of 5gL* Urea + 5gL™ Zinc sulfate to increase the
yield of sweet lime grafted onto Mexican lime rootstock.
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Figure 1. Changes procedure of fruit juice pH influenced by Urea and Zinc sulfate

Means with the same letters are not significantly different according to LSD test at 5% level of probability
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Table 1. Analysis of variance in relation to the effect of different amounts of Urea and Zinc sulfate on quantitative and
qualitative attributes of Sweet lime fruits

Mean Squares

3§ﬁ;f?oﬁf F Fruit juice Total Total N Average ... Peel Fruit Single tree
pH zg::‘otl)le acidity Vitamin C fruitweight':n“tju'ce thickness firmness vyield
Replication 2 0.038" 1.08" 0.41"™ 2.9™ 7.1™ 2.9™ 0.023™  0.06™ 264.2™
tJl\:)ea 2 00907 1777 2248 17647 36424 6127  0.694" 568" 53356
(Zzl?1§ sulfate 5 508" 0.89" 588" 1757 128517 84" 0.101" 045"  4450.17
N x Zn 4 00747 1577 17.18™ 4277 122527 13.8” 0572"  1.78" 3060.4™
Error 16 0.010 0.20 0.18 2.0 78.4 2.6 0.036 0.04 208.6
C.V% 1.7 4.8 2.7 3.6 6.6 4.0 7.0 1.8 8.3

ns, * and ** non-significant, significant at p<0.05 and p<0.01, respectively
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Table 2. Interaction of Urea and Zinc sulfate on the quantitative and qualitative attributes of sweet lime fruit
characterisies Fruit juice ;r(;)ltl?ll)le ;ircoitdailty Vitamin C ﬁxﬁr\i\?eeight Foruitjuice Fheiilkness :‘:iwri;ess Single tree
(Ugr/‘i";‘ (Zg”/SL?“ pH solid (%)  (mg/200mi) (MI/100MD) (%) mm)  (kgm? YVeld (ko)

0 5.82° 8.40° 0.13f 39.60° 131° 39.0° 2.98b 7.37° 175°
0 3 6.07° 9.07" 0.157° 31.75° 105° 37.7% 2.43e 5.82%¢  131°
6 5.87" 9.65% 0.198° 33.87%  126™ 35.0° 3.47a 7.93° 130°
0 6.07° 10.35° 0.181° 47.15° 127% 43.6° 2.85bc  5.72%f 210°
3 3 6.01% 8.60° 0.162%  42.32° 115% 42.2% 2.77bcd  5.87% 164%
6 5.86" 10.05° 0.164° 42.25° 125% 40.2 2.43e 5.25¢ 184°
0 5.97% 910" 0.148° 35.48¢ 126% 39.0° 2.05f 5.67% 176°
6 3 5.94% 878" 0.136' 39.82° 154 43.2° 2.65cde  5.92° 148%
6 5.44° 8.55° 0.136' 41.60"  189° 422 2.52de  5.58 243°

Means with the same letters in each column are not significantly different according to LSD test at 5% level of probability

11.5 + = 7Zinc Sulfate 0 == =Zinc Sulfate 3  =-A= Zinc Sulfate 6
11
10.5 -

TSS (%)
©
ol o

oo
(@)] (o]
1 1

oo
1

7.5 . . .
0 3 6

Urea (g/L)

SS90 Qw}w‘g e)j| .5_95 J_.?i.? oo (TSS) d_,l?u JAL> A‘_,.a b‘,_.a Q‘m.ﬁ JJJJ Y J.i&
Figure 2. Changes procedure of TSS influenced by Urea and Zinc sulfate

Means with the same letters are not significantly different according to LSD test at 5% level of probability
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Figure 3. Changes procedure of total acid influenced by Urea and Zinc sulfate

Means with the same letters are not significantly different according to LSD test at 5% level of probability
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Figure 4. Changes procedure of vitamin C influenced by Urea and Zinc sulfate

Means with the same letters are not significantly different according to LSD test at 5% level of probability
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Figure 5. Changes procedure of average fruit weight influenced by Urea and Zinc sulfate

Means with the same letters are not significantly different according to LSD test at 5% level of probability
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Means with the same letters are not significantly different according to LSD test at 5% level of probability

O



e (el 9l 0 930 CuduS 9 CaaaS 3 (595 9 05988 Ol GI)lsad 9 (o0 4 (Ll gl (aeuatlase

3.8 -

2.8

Peel thickness (mm)

1.8 -

1.3 .

3 6

Urea (g/L) (yd 5 0,5 o)

xy) Qwrjejﬂ :,S,g% Cou 0 g0 o 39 Cwle o Q|p:§3 Ly, .V JS.L’:
Figure 7. Changes procedure of peel thickness influenced by Urea and Zinc sulfate

Means with the same letters are not significantly different according to LSD test at 5% level of probability
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=—g—7inc Sulfate 0 ==l =Zinc Sulfate 3 =<A= Zinc Sulfate 6
240 -

220 -
200 -
180 -
160 -
140 -
120 -

100 . . .
0 3 6

Urea (g/L) (sl 5 £55) o5

Plant yield (kg)

SI Qw}w‘gejﬂ .5_95)_3\3' o d}am éjﬂa& Q‘mﬁ .\.3‘9) A J.i&
Figure 9. Changes procedure of plant yield influenced by Urea and Zinc sulfate
Means with the same letters are not significantly different according to LSD test at 5% level of probability

oy



e (el 9l 0 930 CuduS 9 CaaaS 3 (595 9 05988 Ol GI)lsad 9 (o0 4 (Ll gl (aeuatlase

bS5 5 Kos ol Dol 3 30 o 5 olS b
oS s sl 5T 038 b 3 oS (555 Sl g
idoe gl Il s s Shee (b5 IS (ST
5l 5 S AeSIes o ol it ol S plse
Sl s Gl s ol Jailss e s s S S
orl s (Tomas et al, 2008) >,l> [:i olalS s ol
35 s 1 Siesl

3 S Do par sl Gliss (3L b
a3l b Ll Uy 3 0 se oS5 Olin 5 AS
sl s el W Lddly JWE , dle Y Ol s g,
Js533 3Ll i (65,5028 Slidms 55 5 53 o
R A LR ST [P RUN JL TP
S5 = S ples 5l S win # 54 Oley 53 (b s o
3500l 5l S El LS A gl a5 g0 Ol
IS sl (sl o se ol il gla e oS
5 A o LSS SRl 5 Olass s, S
(o3 V) oyl cdale op VL @ bge 5l op mis
oK) 55 01 S ia sy (Akbari et al.,, 2006) >,
Sl e Gz g, 5 sldie il S | S Sl
o 2o sl (SO S 5 Ses s
3 b S Sosow S Al polie 5 el Sl
Lslayl 3 ol s se SOU Aol ¥r(gs, L s
3 Shas o it oS 5ls LS el ) ) ol il
L ibd o Jlas 4 by e oS 5 55 55, chile
YW L5 a8 del st 6y ol s Jla,s ¥ clile
S5 Sy iy s als Gl i As s
303 e S 55 o ShlE o 5o s 5 Shas
Jol 2Ll 5l gny SllE 5 Sas o i
.(Asadi-Kangarshahi, et al, 2005) .

DLes Oyt O yean s s & ol 0dS 155
o LS s e S5 Olee 58 0T 550
VeT0 Sheslinal 45 (5o sba ls ol Sl ege 5 IS

L e sbOlT Laalgl 53 ot s a sl 4 ol e S

oy

L aslie 3 OlalS @l (g5, 055,00 2L sl
3ol s ol an sl 5 s S 4 0s Sl
s S e JSCET s S e)ss b
Sl sl S sla il 52 05550 Olgee Sl
cils 5 Sladles S 0by e 5 Sas jas oS mla
o310l s 5y 5 e e s JSES A 53 355 o0
Albrigo and ) Al e J2ul58l s Shae g odd SCud s
.(Syvertsen, 2001
Lalal 5 5505 0lalS s (sodame L;Lzrmcjb/u 059
s 0355 2l (Ko O w olS (S5 a3 ples
Lad3 5 Lar s, cdal (glad il 55 odas 5 b
sdes sb a4 0550 LS 5 op Sl ol o 3l AE
S das e 2 A slad b a5 s 0
Gladl b an Ouisn Co o Loy 35T Lol Obe o
Sl ALS ol 2 00 dipd e sl 1) (S
@l e (ki 5 Ad) (ank lad sl s
Sas 03,5 Tl S 3,50 635,55 03,0 bS5
I B0 e s Ks sl e w5 5 ol
on JSES 5 a8 sk 5s ey e a5 e e
22 035,55 slin 3 Shas AL e Sl &0
(S Sospe pole oS ol O p3lins QlALS Wi
s i e 5 S S el e o5
sy Ol abd ploes (el s Al 3 g go ol
el cly algs @ O a0 il glackle &S
Ol g3de haly3l a3 5 i 38 35—
Sl aos (S ded Jgloms el Slge dalslin S
i glac e men 5 oge 3 Sas 5 PH o e
IS el I gome el sl e il Ceb oles & s
=S 5 oles a5 Jlm0n 05,5l o i pH
23 Sols e Rl e lale 1 VG 5 (g, 5 0505
5 3o Ol o3 oo 035 Lo gt 3 Shee Sl
ol s el slge 5 IS Aol (O by Dl

ujd‘ﬁ O35 = O35 J.3>'.> Aas Qm)l;@mﬁ



VWor Glas) 9 3l ¥ o lads F 0490 LU GLALS dRS cals da iy

33, Sdas 69y W 2L e ol I 512013
5855 a8 a8 5y O 5l (Sl 28 (Kl 6 en kS
ol ildsleee Ol 5o 55 6 e el Sy Sl Ol 50
o b aS S3L Gl g Dl s Aoy /7 L
S L i ol s b ciles Sl
> (Kayambashi et al., 2007) ol ,Lan bl
36 2hd sl Sl s Jglowe el slse i3855 50
S 3 P50 IS Ol ese 1 oral
=W sl=» 3l (Behrouznam and Hassanpour, 2005)
Sose JSE Ol 2 e (et 2 sy Sl
5l andls (Al g, 5 055 0 e Lo Sles
(2001) Albrigo and Syvertsen a5 Cu L oo
Gl LS 1o 53 035,55 5 ealiil Ao S sl &S
3, Shes 5 &l s g O doss o sme 053 Ll
3,545 (1984) Babu and Rajput o lii>s G BES
FA5S ol g geen DS e 23 S 53 55,
s—>LJ 5= (Noor et al.,2019) ol,L s 5 Noor
slasSls s () olS e oty 5 (55 W g
Sese S Sdesn YA ials Csl 0luSt s Sal
LSS bl b cad s Sl ol ey

.>ﬁuﬂl);§wsdjw:f>/\w:%)srbb-ui&j};

Gadmie (SoS S g b by Lo a5 0550

S 5 s s sbar I3 (s gad 5 A, Gladul 3 s &S
S 1) DS o S Al 5 sl ) i
b e Jlsay ol aalllas s ns e 513 3G
Sl a5 sled 3 ohsa S5 DWW 50yl
AU L Gl pre psba dald 4 ol e 050
S 3 oS G\ e 03 e 03 S IS
xdils 13 e o 5ol 53 eyl Ok Sbasled o se

S sl S e Dl el ol il s

o¥

—iLJ 5 los .(Al-Nabawy et al., 1975) ¢l azils
23 Aoy 5 U S e bale an ol L ols e Ol s
I e B2 5 (S (ges elaggs DI
=5 .(Sing, 1961) s daly= oS 55 IS p5s 5 esls
Sloslial a5 5 0T 51 (S OSen 5 S8 oy
Sl s e pn 035 SRl i3l el DS joy3 035 %
Albrigo and Syvertsen, ) . 5 Shas 5 ooyl 5 o g0
S o wled s 5,15 S.(2001; Lovatte, 1999
O sl 4 ) Sl b W, Ol ps AL e
i YU Gl il L5 3T glasle D 3 Ao s
.(Baker etal., 1987) >, . )5 b S <t

o3l b S 1o oas IS 55 oy Al s SIS
slaobes yo la il e Ble gy, DWW
slasles 55 |5 By aS 5 O 5l S Ciloses
523l s (6ol Ol 4 celagsa 5o el AL sl
Babu ) ol s 4 o les OlalS 3 6 VL 5 Shas
o am ol Sl Sl )y 5 e (& Rajput, 1984
Aelila e ST saee For is mgau 53 56l
b Sa) imed (S IS e o
o s 53 (L e Do 4 s Sl e
L RTINS R S IR P RUN RS
VO 5 WYV sladlw b p g o e godd
L oo, Shas 505 JoS25 Ol S 55 0151 S
Voo e el axdls [il53l 6a) 5 055,50 O e
JE N R R T N X STLN S RVIVETI-N Y
R e el gy Sl AL o
sl O ) 5, S cp i din 5 0 WSES Ao
.(Behrouznam and Hassanpour, 2005)

Sss Sy IS S0 1w 0 Ky A
S 5 055, wole 5 (Balakrishnan et al., 1996)
oslil U o s 5, Shae J2s15-31 55 (Taghavi, 2000)
Razzaq et al., ) ol ,Len 5 Razzaq i3-S .Ul S



e (el 9l 0 930 CuduS 9 CaaaS 3 (595 9 05988 Ol GI)lsad 9 (o0 4 (Ll gl (aeuatlase

G903 9 )i St by idsne S gas S 5 1) e S

Ay ot s5T o Ksils iass o O e Sl Clas 35 S g ols p 0 e I 3 AL sls
053 ol el 53 s 5 Sdelas gz 4 p e Sldeas 538 (555 Sl 505l S 5 led 5 AS
ad e s,y S5 JLS tisad 3 ) Shas Rl G ) e S S

el.i.o
Aboutalebi, A. and H. Hassanzadeh. 2007. Citrus germplasms, cultivars and rootstocks. Andisheh Avand
Publications, 224 p. (In Persian).

Ahmadi, K., H. R. Ebadzadeh, H. Abdshah, A. Kazemian and M. Rafiei. 2017. Agricultural statistics. Jihad-
Keshavarzi Ministry. (In Persian)

Ahmed, M. A., M.E. Abdelfattah and Y.H. Mohamed. 1995. Effect of Urea, some micronutrients and growth
regulator foliar sprays on the yield, fruit quality and some vegetative characters of Washington navel orange
trees. Hort Science, 30(4).

Albrigo, L. and N. Syvertsen. 2001. What about foliar NPK on citrus? Fluids Journal, 9(3): 1-3.

Ali, A. G. and C. Lovatt. 1992. Winter application of low biuret Urea to the foliage of Washington navel orange
increased yield. Journal of American Society of Horticultural Science, 119: 1144-1150.

Al-Nabawy, S. M., .M. Desouky and H.M. El-Hennawy. 1975. Effect of nitrogen rate and time of application on
fruit set and drop of Washington novel orange. Ann. Agric. Sci. Univ. Anish. 20(2): 167-170.

Andrews, P. K. 2002. How foliar-applied nutrients affect stresses in perennial fruit plant. Paper presented at the
International Symposium on Foliar Nutrition of Perennial Fruit Plants, 31: 246.

Anounymous. 2019. Extension expert report. Minutes of Weighting of Indexed Gardens of Horticultural Crops,
Chartagh Region of Simakan Jahrom, 4 November. (In Persian)

Arora, R. K. and R. Xamadagni. 1989. Effect of different levels of nitrogen and Zinc spray on flowering, fruit set
and final retention in Sweet lime. Haryana. Agric. Univ. J. Res. 16(3): 233-236.

Asadi-Kangarshahi, A., N. Akhlaghi-Amiri, M. J. Malakuti and B. Moradi. 2005. Effect of amount and
application method of Zinc sulfate on yield and quality on Unshu mandarin. Journal of Soil and Water Science,
21: 1-12. (In Persian)

Babu, G. H. and R. S. Rajput. 1984. Effect of Zinc, 2,4-D and GA; on fruiting of Kagzi lime. Ind. Hort. 41(3/4):
219-220.

Baker, E. L., H. Selim, H. Swedan and A. M. Hussein. 1987. Effect of GA3, Alar and Zinc on floral initiation
and differentiation of Amoun orange tree. Egypt. Hort. 8(2): 155-159.

Balakrishnan, K., K. Vekatesan, and S. Sambandamurthis. 1996. Effect of foliar application of Zn, Fe, Mn and B
on yield quantity of pomegranate, cv. Ganesh. Orissa Journal of Horticulture, 24: 33-35.

Behrouznam, B. and A. Hassanpour. 2005. Effect of nitrogen and Zinc on quantity and quality on Jahrom lemon.
In Proceeding of the 4" Iranian Horticultural Science Congress, Mashhad, Ferdowsi University, 10-17
December. (In Persian)

Bondada, B. R., J. P. Syvertsen and L.G. Albrigo. 2001. Urea nitrogen uptake by citrus leaves. Horticultural
Science. 36: 1061-1065.

Bor, D., J. Duncan, A. C. Lee, A. Parr and A. M. Owen. 2006. Frontal lobe involvement in spatial span:
Converging studies of normal and impaired function. Neuropsychology, 44(2): 229-237.

Broadley, M. R., P. J. White, J. P. Hammond, I. Zelko and A. Lux. 2007. Zinc in plants. New Phytology,
173(4): 677-702.

Castr, J. and C. Sotomayor. 1997. The influence of boron and Zinc sprays bloom time on almond fruit set. Acta
Horticulture, 470: 402-405.

00



VWor Glas) 9 3l ¥ o lads F 0490 LU GLALS dRS cals da iy

Dadrasnia, A., A. Forghani, B. Moradi and R. Fifaei. 2008. The effect of Urea foliar application on the properties
of Thomson Novell orange. Journal of Agricultural Agriculture, 11(2): 41-47.

Devi, D.D., P. S. Srilivasan and K. Balakvishlan. 1997. Leaf nutrient compositon chlorosis and yield of Sathgudi
orange as affected by micronutrient application. Dep.of Pomology, Hortic. College and Res. Ins. Coimbatore.
India.

Disante, K. B., D. Fuentes and J. Cortina. 2010. Response to drought of Zn-stressed Quercus suber L. seedlings.
Environmental and Experimental Botany, 70: 96-103.

Fotoohi Ghazvini, R. and J. Fattahi Moghaddam. 2016. Citrus growing in Iran. Guilan University Press. Fouth
Edition, 464 p. (In Persian)

Ghaffarpurbisheh, A. 2008. Effect of application method and amount of nitrogen and sulfure on yield and quality
of Thompson navel sweet orange. M.Sc. Thesis, Islamic Azad University of Abhar. (In Persian)

Hao, H., Y. Wei, X. Yang, Y. Feng and C. Wu. 2007. Effects of different nitrogen fertilizer levels on Fe, Mn, Cu
and Zn concentrations in shoot and grain quality in rice (Oryza sativa). Rice Science, 14(4): 289-294.

Hewitt, E. J. 1993. Essential nutrient elements for plants in plant physiology. ABS 111, Academic press. 584.

Higa, T. 1972. Studies on flower bud differentiation and development and artificial treatments on flowering and
fruit set in Satsuma. Science Bulletin of the college of Agriculture University of Ryukyus. 1-5.

Http://lrmo.ir

Khayambashi, B., M. Tadayonnejad and A. Akhotian Ardakani. 2007. Study the changes in yield and quality of
pomegranate as influenced by Zn, Fe and B elements. In Proceeding of the 5" Iranian Horticultural Science
Congress, Shiraz University, 6-12 September. (In Persian)

Legaz, F. and E. Millo. 1983. Influence of irrigation and fertilization on the Navel sweet orange. Paper presented
at the Proceeding of the International Scoiety of Citriculture, 20: 591-595.

Lovatte, C. J. 1999. Timing citrus and avocado foliar nutrient application to increase fruit set and size.
Horticultural Technology, 9(4): 607-612.

Mongi, Z. and A. Thomas. 2018. Plant nutrients for citrus trees. Soil and Water Science Department, UF/IFAS
Extension, Gainesville, FL 32611. Visit the EDIS website at http://edis.ifas.ufl.edu.

Moradi, B. and H. Ebadi. 2007. Effect of foliar application of Urea on yield and quality of Thopson navel sweet
orange. In Proceeding of 10" Iranian Soil Science Congress, Karaj. (In Persian)

Nebauer. S. G.. C. Avila. A. Garcia-Luis and J. L. Guardiola. 2006. Seasonal variation in the competence of the
buds of three cultivars from different Citrus species to flower. Trees, 20: 507-514.

Noor, Y., Z. Shah and M. Tariq. 2019. Effect of Zinc and boron using different application methods on yield of
citrus (Sweet orange) in calcareous soils. Sarhad Journal of Agriculture, 35(4): 1247-1258.

Razzaq, K., A. S. Khan, A. U. Malik, M. Shahid and S. Ullah. 2013. Foliar application of Zinc influences the
leaf mineral status, vegetative and reproductive growth, yield, and fruit quality of ‘Kinnow’ mandarin. Journal of
Plant Nutrition, 36: 1479-1495.

Salem, A. T., A. E. Kilany and G. Shaker. 2004. The influence of N, P, K sources and potassium foliar
application on growth and fruit quality of Thompson seedless grapevines. Paper presented at the XXVI
Internation Horticultural Conaress: Viticulture-living eigth limitations. 31/Aug/2004. Toronto, Canada, Actahort,
International Society of Horticultural Science, 640: 163-173.

Singh, B. 1984. Effect of nitrogen fertilization on quality of lemon. Indian Horticulture, 16: 308-311.

Taghavi, G.R. 2000. Effect of micro nutrients and foliar application of Zinc sulfate on yield and quality of
pomegranate. In Proceeding of 2™ National Confrence of Optimum Consumption of Chemical Fertilizers and
Pesticides in Agriculture, 24-26 January, Karaj. pp. 230-231. (In Persian)

Thomas, A., M. Zekri and H. Stephen. 2008. General soil fertility and citrus tree nutrition. Nutrition of Florida
Citrus Trees, SL 253, 100(2): 16-18.

Tsonko, T. and F. Lidon. 2012. Zinc in plants-an overview. Emir. J Food Agric. 24.

of


http://edis.ifas.ufl.edu/

