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Effect of Foliar Application of Nitrogen, Iron and Zinc Before Flower
Induction on the Yeild and Quality of Sweet Lime (Citrus limettioides
Tan.) Fruits
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Table 1. The mean comparison of the effect of location on the total acid, vitamin C and fruit juice percentage.

o, 55 o
<y Location
Characteristics A oss Boy 5
o9 °9
|

S 0.150° 0.167°
Total acid (mg)

s 35.56° 43.70*
Vitamin C (mg)
-] &_J]

geo 2y 41.0° 39.20

Fruit juice percentage
B35 02 b (g5l gime SMSI PLSD 1505170 Jloii! o 0 caidll o S i B> (gl)ls a5 (gt 10 50 39250 slaySile
Means with the same letters in each row are not significantly different according to PLSD test at 5% level of
probability.

igedd ogee S g oS S Sy 2 65y 9 0 (i GRSedn -Y Joax

Table 2. Interaction of nitrogen (N), iron (Fe) and zinc (Zn) on the quantitative and qualitative attributes of sweet
lime fruit.

» Attribute ciw O el claosle 55 C oy, 059 lamgie
;};XJ )QFHYX) ;b X ;f‘ ¢ > QHE& Jsloee Total acid ~ Vitamin C M %wf .
e xZn (g/l) P TSS (%) (mg) (mg) ean fruit
weight (g)
Zn0 5.82%¢ 8.40F 0.130' 39.60¢f 131feh
FeO Zn3 6.07% 9.074¢f 0.157¢h 31.75% 105%
Zn5 5.872d 9.65*¢ 0.1982> 33.871k 126N
Zn0 5.604¢f 10.00*4 0.164¢h 37.93feh 113k
NO Fe3 Zn3 5.580f 10,2380 0.167- 38.03%h 110
Zn5 5.268 9.350f 0.170%f 32.07k 1268
Zn0 5.52¢k 10.627 0.208? 35.37Mi 123Mi
Fes Zn3 5.83wd 10.00%4 0.179ed 39.27¢% 1248
s 607' 785 01667 3942% 1o
Zn0 6.07* 10.35%> 0.181b¢ 47.15° 1278%h
FeO Zn3 6.012 8.60¢1 0.162¢h 42.32¢de 115iik
Zn5 5.86¢ 10.05*4 0.164¢h 42 25¢de 1258h
Zn0 5.50% 8.30M 0.174¢de 45.17b¢ 158de
N3 Fe3 Zn3 5.81¢ 7.92Mii 0.144hii 43.68% 164¢de
Zn5 56951 9.20%f 0.166%% 56.932 141f
Zn0 5.842d 8.90¢ 0.133i 55.777 124shi
Fe5 Zn3 5.85%d 8.90¢ 0.162¢h 37.338h 154¢
S - R SO 79T 0063 47400 168
FeO Zn0 5.973be 9.104¢f 0.148¢%1 35.48Mhi 1268h
Zn3 5.94abe 8.78¢%1 0.136 39.82¢f8 154¢
Zn5 5.441 8.55M 0.136 41.60%¢ 189P
Zn0 5.85%d 9.104¢f 0.172¢f 44,2654 13412
N5 Fe3 Zn3 6.042 9.20¢f 0.1584h 41.15%f 162¢de
Zn5 5.441 9.024-¢ 0.158%h 43 52¢d 1664
Zn0 5.98%b 8.80¢% 0.152% 43.48¢d 172¢
Fe5 Zn3 5.45'% 8.98d-h 0.060% 45.05b¢ 1619
Zn5 5.67¢t 7.651 0.176%4¢ 44,35bcd 2282

35 e b (5,00 e S PLSD 5035170 Jleii! o 40 carily oo S e B> syl a5 (gt 10 10 39290 slo:Silo
Means with the same letter in each column are not significantly different according to PLSD test (P<0.05).
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Table 2. Continued.
Attribute YD IRV s ww o5 e w’o °
B - o o Peel thickness Fruit firmness ~ Tree yield (kg)
GlioesS) sy x ool x Gisyss Fruit juice (%) 2
(mm) (kg/cm?)
N x Fe x Zn (g/1)
Zn0 39.08%h 2.98% 7.37¢ 175"l
FeO Zn3 37.7M 2.43¢hi 5.82¢ 1310
Zn5 35.000 3.47° 7.93b 130m°
Zn0 32.6% 3.40° 7.98P [38mne
NO Fe3 Zn3 30.9% 2.85¢de 7.50¢ 119°
Zn5 31.1% 3.40P 7.58¢ 141Mmn
Zn0 35.71 3.02¢d 7.48¢ [35mno
Fes Zn3 42 2b-c 3.620 8.08P 131ne
.- S 402 395 835 ] £
Zn0 43.6°0¢ 2.85¢de 5.72H 210
Fe0 Zn3 42 2b-c 2,774t 5.87¢h 164iik
Zn5 40.2¢f 2.43¢8hi 5.25 184shi
Zn0 42 4b-e 2.38h 5.621 159K
N3 Fe3 Zn3 40.6%-¢ 2.530H 5.608hi 202¢t8
Zn5 43 73b¢ 2.38h 5.93¢ 1 54Kim
Zn0 42 3b-c 2271k 5.77¢ 195t
Fe5 Zn3 43.73b¢ 3.05¢ 6.524 231¢d
e Zns A6 67 607 2329
FeO Zn0 39.02h 2.05 5.67% 176hi
Zn3 43 pabe 2.65¢h 5.92¢f 148kn
Zn5 42 2b-c 2,520 5.58M 243b¢
Zn0 45.42 2.00k 5.53ii 203¢e
N5 Fe3 Zn3 39.9% 2.331 5.88¢h 254P
Zn5 41.0%¢ 2.85¢de 5.87¢h 1961t
Zn0 41.5%f 2.48¢ehi 5.77¢ 194feh
Fe5 Zn3 440> 2271k 5.73H 2174
Zn5 40.9%¢ 2.281 5.63H 3132

35 e b (5,0 e S PLSD 5035170 Jleii! o ;0 caril oo S e B> syl a5 (gt 10 10 39290 slo:Silo
Means with the same letter in each column are not significantly different according to PLSD test (P<0.05).
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Table 3. Correlation coefficients among the studied attributes and variables.
boske J5 C ol I e Slos
_ S 00 . - ° . S
o ol i P TV Vitamin ra o N - o
N Fe Zn o ' TA Average Fruit Peel Firmness >
H
P TSS C (mg) fruit Lo . Tree yield
weight juice (%)  thickness
N 1
Fe 0.000 1
Zn 0.000 0.000 1
e 0.032 -.0195 -0.145 1
TSS -0.240™" -0.104 -0.163" 0.153 1
TA -0.345™  -0.003 0.019 -0.047 0.075 1
vC 0.418" 0.245™ -0.042 -0.098 -0.315%* -0.123 1
AFW 0.641" 0.277" 0.277* -0.134 -0.356"  -0.192" 0.249** 1
FIP 0.606™ 0.087 -0.040 0.255™ -0.129  -0303" 0454  0.372%* 1
PT -0.671™" 0114 0211* -0.080 0.025 0.320** -0.285™ -0.314™" -0.429"" 1
Firm -0.796™" 0.196" 0.055 -0.096 0.163" 0.314* -0.406™" -0.433" -0.568"" -0.789"" 1
STY 0.674™ 0.185" 0.120 20.030  -0.3277  -0.182" 0337  0.736™ 0444  -0.444"  -0.543" 1
* and ** significant at p<0.05 and p<0.01, respectively.
Qo) ) g0l ol e a3 4 B G E
\id!


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.1.6
http://journal-irshs.ir/article-1-453-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-29 ]

[ DOR: 20.1001.1.16807154.1400.22.3.1.6 ]

OhlKer 5 soyp> (shorxo

5B was 23 o3 slaallyz slp oY sl amg S cmeli 5 J5 alyz 0 Soss e Galil S @ sk
(8,598 (5,950 S paie a5 Cunl o] piliase LS 435 10 5e i cawlie ,5les 5l sgae Sl ial38l 0 ege
5 @5 0595 (b 55 oS 50 39y 4 5l (VF) Al sezge culie jlade ) i 9 peedS ey ¢jand o304
Olej Do 9 S5 pos oS el il Sl I slaailyz 50 (359755 lime G 3bj ey (o0 Aidin 4 0ge JSUS
() 5in e 3,Ska 5 o s ol 5 51 5 5 e Wogrn S5 4l )3 S950m 5yl 5 (Lidlos S
5 Albrigog (Y) ol,5en 9 Ahmed (Y-) Lovatte (V1) |, 5 Crespan gl jiogh b yol> ik (sleass
Sy g (39555 ol slre b oSles 5 € asliyg (ali8l ogee ol duo o wsee (55 il 5 (e (F) o) Sen
3 (S b Fsad ogm CuheS 5 S (395 hlie slacile 3G 5) (71) Sing Lawgs e plasl )] (rizen
ol Cawsd 4y aoe S b aS 509y 00503 S8l ,0 1) (5950 (ke &S (SLS 50 0gae 3l ogue ol liae (i i 45 09y ]
b os SlyFeen Shagh ol

Ay el jwgd Hleadl, (ol L el 0gS aS 0gy o] 51 Sl el 5l eolaswl b adal, jo (YY) Marschner 3,158
a5 el ool (0) )], Ko g Amaliotis b5 50 095 oo (Sl oS Loyl b ;0 G raseS slo paie plo wds g olS
5 4l fal3 L3515 fsme wcon Gy b o (st 0 3575 o sinn s alafy Sy oLS 5 Shae 5 ol CLIE o
Sl OF e o5 955 0 oS 50 gy iy Gl yzie Cale 50 g WS ol sk lealy Fiegnd Az o
oge0 (ry9 ol el s )3 Sl olS o0 s oole (liae IRl g St Sliseng)S ade g olS 625005 gl
Piri «(YQ) Shiemshi «(Y¥) Mongi and Thomas gleazx i b pol> iegh lodss 09l o0 o ,Slos (ol 38l Coled jo 4
oy liwl) G 0 (V) ), g El-Kassas ¢ (YY) ], Sen s Mohamed (YY) ), Son 4

oad ol g olS jo ol iz b (S (b Jslne Syp0 4 F LY Ll gl L (FeSO4TH20) ol cldlgus 5l ealat
b oodsl Cawody gloamas 0gd olS 0yl ol sl 5 Zle Gl coge (el ol Sad SG A Sladgw g
5 0ol sy, slopaie il sl Sl 50 Ul eaS 5 0 Slae (6lo i () 595 V1) OhlSe 5 (Labels sloi,liS
sloosle Galil b abaly 53 ool 5 5y SBhdsle 23 cn 3ot (imgn ol laln ls Glspan gl ) 9
lpd gy 5l ol (sloam (raizen 05 ol e 100 5 (55, )l 0 ¥ bale 4y by e gl (RS 5 Jslme sl
Sy Sl g 050 (339 SS9 b )3 e Cote (Ko (59, 355 jloslitul aS ol (Lid Lo piite (o (Koo
o350 0333 Gl el 5y I I3 4SS0y ol s s ael slaeslo b (6 o sins ke Kised 5
PR w9y Sllg (LBh slxe Sl gy )15 8l 2alS Joloe ula slaosle (e Ll il o5 Camgy Culiis
9 e 9 P g9y Slilgm (SBLJslone a5 ol lid p e (e JE p Jyaze (S 5 (o5 Sla SRy 2 eeiete g
(YY) 09 Yo gme JolS job a4y o y0 S mhaws jo dald 4y Connd Jgazme iol38l s le O iiSad 0 s

Caled )3 5 S p gl Gl e ST 018 (ST 50598 g 50 pate (nl &S Cenl B Cle ) (59, Coen
o AL Gl slaole ime Colgd 55 5 458l Sl S s (83, o b 5se S50 40 45 ogee 3 Shac
S5 5 0t 53 e e sl e 51 S (63 Sybism opme iS5 3,Shae Tl el 5 4l Sl oS 0
oho 2LS loan T ol by Wil (BLS Slaw il 5l )k (ol glacaS 5 3l 55, (V) caal LS lsLo
el ogee adgi g U5 LSS )0 e slosdiogs; 5l gs) paie (0F) 3yl il o | St | Jganl (9090 cle
oS ool oS (gtwgd slocdl ann 50 5ol St S 3l 5l (pisu 0 jeh> a4 bare Fiwsid ) (55, 357y ot
2 OBy aiel wsl ol 5o C8 0 ol 5l ST 0 50 Grizes 59y paie Sl LS 0550 g5 CS L

Q) 8yl el oL

TAA (Indole acetic acid) -\

YFY


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.1.6
http://journal-irshs.ir/article-1-453-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-29 ]

[ DOR: 20.1001.1.16807154.1400.22.3.1.6 ]

w899 5 2l a5 Il byl

S
L 2bdsle 5l (p Sk YAT) 2350 S5 o Shoe (e 25 Gtz 5 (25 YVA) 09 (39 awgie diden
) 5 el 5 Jslore walz glaosls liee 0 VL wd ol (i pop,5) 95 5 081 5 03srd (o 5 Slale VL
Olies it 5 595 3 05955 9355 3 il yop S 0 ol e 5l eslinal ;o (redyop S s VA 5 00)3 V IPY iy
Voo g0 oS ke OFIAY Jlade ar 2jon S0 (53, 5 5o o5 Y 2l 5 03555 (S e 3l eolinul L C el
s oumline ogee T i Ls

References &bw

.

1. Adamski, J.M., R. Danieloski, S. Deuner, E.J. Braga, L.A. deCastr, and J.A. Peters. 2012. Responses to excess
iron in sweet potato: impacts on growth, enzyme activities, mineral concentrations, and anatomy. Acta Physiol.
Plant. 34(5):1827-1836.

2. Ahlawat, V.P. and R. Yamdagni. 1988. Effects of various levels of nitrogen and potassium application on
growth yield and petiole composition on grapes. Perlette. Pro. Hort. 20:190-196.

3. 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. Sci. 30(4).880A

4. Albrigo, L. and N. Syvertsen. 2001. What about foliar NPK on citrus? Fluid. J. 9(3):8-11.

5. Amaliotis, D., D. Velemis, S. Bladenopoulou, and N. Karapetsas. 2002. Leaf nutrient levels of strawberries (cv.
Tudla) in relation to crop yield. Acta Hort. 567:447-450.

6. Asadi Kangarshahi, A., Akhlaghi Amiri, N., Malakouti, M.J. and Moradi, B. 2005. The effect of zinc sulfate
consumption amount and method on yield and quality of unshi tangerine. J. Soil Water Sci. 21: 1-12. (In
Persian)

7. 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 J. Hort. 24:33-35.

8. 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. Neuropsychol, 44(2):229-237.

9. Castr, J. and C. Sotomayor, 1997. The influence of boron and zinc sprays bloom time on almond fruit set. Acta
Hort. 470(55):.402-405.

10. Conradie, W.J. 2001. Timing of nitrogen fertilization and the effects of poultry manure on the performance of
grapevines on sandy soils. I. Soil analysis, grape yields and vegetative growth. South Afri J. Enol. Viticul.
22:53-59.

11. Crespan, G., C. Zenaroda, G. colugnati, F. Bregant, E. Gallas, and I. Tonetti. 2000. Fertilizer procedures and
response of vine, preliminary results of an investigation in cabernet sauvignon. Notiziario-ERSA. 13:21-24.

12. El-Kassas, S.E. and S. El-Shasly. 1987. Effect of certain micro nutrients on the yield and fruit quality of
Balady mandarin. Assiut. Agric. Sci. 18(4):135-153.

13. Englbrecht, C.C., H. Schoof, and S. Bohm. 2004. Conservation, diversification and expansion of C,H, zinc
finger proteins in the Arabidopsis thaliana genome. BMC Genom 5:9.

14. Ghasemnezhad, M., S. Zareh, M. Rassa, and R. Sajedi. 2013. Effect of chitosan coating on maintenance of
aril quality, microbial population and PPO activity of pomegranate (Punica granatum L. cv. Tarom) at cold
storage temperature. J. Sci. Food Agr. 93(2):368-374.

15. 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 Sci. 14(4):289-294.

16. Hassan, H.S.A., S.M.A. Sarrwy, and E.A.M. Mostafa. 2010. Effect of foliar spraying with liquid organic
fertilizer, some micronutrients, and gibberellins on leaf mineral content, fruit set, yield, and fruit quality of
“Hollywood” plum trees Agri. Biol. J. North Amer. 1(4):638-643.

17. Keller, M., M. Kummer, and M. C. Vasconcelos. 2001. Reproductive growth of grapevines in response to
nitrogen supply and rootstock. Australian J. Grape Wine Res. 7:12-18.

18. Klug, A. 1999. Zinc finger peptides for the regulation of gene expression. J. Mol. Biol. 293: 215-218.

19. Khayyambashi, B., Tadayon nejad, M. and Akhotian Ardakani, A. 2007. Evaluation of changes in yield and
quality of pomegranate due to zinc, iron and boron elements. Abstracts of the 5th Iranian Horticultural Sciences
Congress, Shiraz, Shiraz University, September 6-12. (In Persian)

20. Lovatte, C.J. 1999.Timing citrus and avocado foliar nutrient application to increase fruit set and size. Hort
Technology, 9(4).

21. Marschner, H. 1995. Mineral nutrition of higher plants. 2nd ed. Academic Press, San Diego.

22. Mengel, K. and E.A. Kirby. 1987. Principles of plant nutrition. Inter. Potash Inst. worblaufen-Bern,
Switzerland.

YFY


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.1.6
http://journal-irshs.ir/article-1-453-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-29 ]

[ DOR: 20.1001.1.16807154.1400.22.3.1.6 ]

23.

24.

25.

26.

27.

28.

29.
30.
31

32.

33.

34.

Ohlas g sopp> (sharxo

Mohamed, F.A., AN.M. Shraf, and A.M. Mohsen. 1995. Response of orange to foliar application of
manganese. Agric. Dep. of Soil and Water Res. Cario. Egypt.

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.

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 J. Agri. 35(4):1247-1258.

Orboric, V., D. Achor, P. Petracek, and J. Syvertsen. 2001. Air temperature, humidity, and leaf age affect
penetration of urea through grape fruit leaf cuticules. J. Amer. Soc. Hort. Sci. 126:44-50.

Piri, H., G.R. Moafpouriyan, and M. Dorostkar. 2005. Effect of nitrogen, phosphorus, potassium and some
micronutrients on quantitative and qualitative characteristics of grape varieties Asgari. In: Proceedings of the
Fourth Iranian Horticultural Science Congress. Mashhad Univer. Mashhad, Iran. pp. 271.

Salem, AT., AE. Kilany, and G. Shaker. 2004. The influence of N, P, K P sources and potassium foliar
application on growth and fruit quality of Thompson Seedless grapevines. XXVI Int. Hort. Congress:
Viticulture-living eigth limitations. 31/Aug/2004. Toronto, Canada, Actahort, ISHS. 640:163-173.

Shiemshi, D. 2007. Leaf chlorosis and stomatal aperture. New Phyto. 166:455-461.

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

Tadayon M.S.and H. Rastegar. 2005. Effects of zinc, manganese and magnesium sulfate foliar spray on the
yield and quality of 'Jahrom local' orange (Citrus sinensis Swing). Iran. J. Hort. Sci. Technol. 5(4):201-214.
(In Persian)

Taghavi, G.R. 2000. The effects of macro nutrients and foliar application of zinc sulfate on the yield and
quality of pomegranate. In: Proc the 2" National Conference on the Optimum Utilization of Chemical
Fertilizers and Pesticides in Agriculture, pp. 230-231, January 24-26, Karaj, Islamic Republic of Iran.

Xiao, W.Z., Q. M. Lena, Q. Rong-Liang, and T. Ye-Tao. 2010. Effects of Zn on planttolerance and non-protein
thiol accumulation in Zn hyper accumulator Arabis paniculata Franch. J. Enviro. Exp. Bot. 70:23-34.

Zhou, T. 2003. The characters and effect of potassium in the aeolian sand soil on growth and quality of wine-
grapes in Ningxia. J. Agri. Sci. China, 2(12):1345-1350.

\fai


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.1.6
http://journal-irshs.ir/article-1-453-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-29 ]

[ DOR: 20.1001.1.16807154.1400.22.3.1.6 ]

Iranian Journal of Horticultural Science and Technology 22 (3): 253 -264 (2021)
Research article

Effect of Foliar Application of Nitrogen, Iron and Zinc Before Flower
Induction on the Yeld and Quality of Sweet Lime (Citrus limettioides Tan.)
Fruits

S.A. Mohammadi Jahromi, A. Aboutalebi Jahromi®, V. Abdossi and A.R. Talaee!

This study was conducted to investigate the effects of nitrogen, iron and zinc on the fruit
quantity and quality of the 6-years-old sweet lime trees budded on Mexican lime rootstock in
the research orchard of Jahrom Islamic Azad University. For this purpose, nitrogen, zinc and
iron elements (from sources urea, iron sulfate and zinc sulfate, respectively) were foliar sprayed
at concentrations of 0, 3 and 5gL-!, alone and in combination, before flower induction, in
October 2017. The experimental design was factorial based on the randomized complete block
design with 27 treatments and three replicates. Each replicate includes one sweet lime tree from
both parts of the garden at two separate locations in the orchard named groups A and B (each
group included 81 trees). Based on the results, different amounts of nitrogen, iron and zinc,
individually and in combination, had significant effects on all quantitative and qualitative traits
of sweet lime fruit at P<0.05. The effect of location was significant only on the total acids,
vitamin C and fruit juice percentage. The highest average fruit weight (228g) and yield of a
single tree (313kg) was obtained from the combined application of N, Fe and Zn elements at
the highest concentration (5gL-!"). The highest TSS and total acid (10.62% and 0.208mgL!,
respectively) were observed by application of 5gL-! Fe without N and Zn. The greatest vitamin
C content (56.93 mg/100ml) was in application of combined 3gL-' N and Fe and 5gL"! Zn
treatment.

Keywords: Urea, Micro nutrients, Citrus, Flower induction, Fruit yield.
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