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Table 1. Some chemical properties of the soil at the test site(before the experiment).

e o G Dl sy Sl Jlel A el el s e e

Depth  (ds/m) pH CEC CCE oM P K Mg Fe Zn Mn Cu
le/k () ()

(cm) (cmole/kg) (mg/kg)

0-30 1.04 7.52 21.87 28 1.36 16.56 264 465 8.12 098 593 226
31-60 1.23 7.71 20.26 34 1.15 11.98 212 451 735 093 5091 1.12
STl ) 8 S e s - s
Table 2. Leaf analysis results before the experiment.

o O35 48 Aed el g S ol S PR o BP
N P K Mg Ca Fe Zn Mn Cu B
concentration
(%) (mg/kg)
leaf 2.59 0.11 0.98 0.29 4.32 138 15.73 31.15 15.54 51.13
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Table 3. Phenological stages of growth of Thomson Novell orange in East Mazandaran (5).

0 4a0 dxw 45
Fruit Development

S SRTSTL
Growth phenology

Jsb O sesls
Thomson Navell

e Sl b 65,3
the beginning of the spring flash growth

ole [J‘l’)})é Vo U el YO
March 16 - April 4

Jsl ad> e
first stage

AW g
the beginning of flowering
S ples
flowering

La\_fflf 3
petals fall

e)Lé._‘ L;L&A#Lwﬂ -Li) \)l:li
the end of the growth of spring branches

Sl o gt
the beginning of summer fall
Gl s b

the end of summer drop

eLa Lﬁ’)})é Y'—Y"
9-19 April

oo Ciguasl Ve-Vo

\-5 May

oo Cuigus,l YO-YO
May 5-15

oo Ciguasl VO-Y
May 5-20

ole sls 5 0-\0
26 may-5 June

olo,s Ve Bsls = Yo
June 15 - July 1

e}éd}f

second stage

Sk il

Cell expansion begins

ol glaasli s @ﬂ
the beginning of the growth of autumn branches

0 920 p<:) J:.:’J @}w
the beginning of fruit color break

osen S35 sk
the physiological maturity of the fruit

ol slaasls o 4, 0Ll

the end of the growth of autumn branches

oo 5 0-10
26June-6 July

Spas Ve
September 1-11

slo 5 e YouTs
September 11-21

olo QLT oY+
Octuber 27-Novl 1

ol OLT Yo-Ts
Novemberl6-21

po a0
the third stage

0308 Ok
fruit ripening

ola,3T Y a=Y o

December 1-11
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Figure 1. Symptoms of zinc deficiency in citrus trees in East Mazandaran.
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Table 4. Frequency distribution(percentage) of zinc concentration in the leaves of Thomson Novell trees in the
eastern regions of Mazandaran province.

(@f,l:s); pfdl.:a) Sy bl
CLS 5 é‘«“ Zinc concentration (mg / kg)
aaleis ()L&ﬁ) CJLSJA: ol ‘_gj‘éj_&v}«.; Lgl.&a.v Sldas ;),,QS VS u}lha
Region : ot Number of orchards sampled ’ ‘
& Citrus E}‘:h)'vatlon P Deficiency Low  Adequate
a
<15 15-25 >25
L
it 19934 137 22.47 38.20 39.33
Babol
[ a3
ImIT S A 15811 134 18.42 61.84 18.74
Ghaemshahr and Joibar
< L
s 31564 149 24.82 50.97 24.21
Sari and Neka
AK é .
A e 5204 98 6.45 37.10 56.45
Behshahr and Gulogah
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Table 5. Results of combined analysis of variance the effects of zinc application on yield and fruit quality of

citrus trees.

Sl e e
s
MS ] R
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oloms el 3lpe D el JS anal o5 kb o3 033 5 Sdas df SO0V
TSS vitamin C ~ Total acidity ~ fruit diameter  fruit weight yield
* * ok LQ«-T
2.66" 0.33" 23.14 107.26 369 6 o
Treatment
ns ns * * * )Lz.; XJL\.«
0.823 0.051 25.01 73.64 62.02 6
Treatment x Year
s e
7.98 10.03 16.32 14.38 10.81 -
CV.

.,Lp);\_g:}@JL;:;—\CE.»)J)\JL;'MJW}"})‘J&MJW}"JF%;M‘

™ * and ** non-significant, significant at 5% and 1% probability levels, respectively
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Table 6. Results of combined analysis of variance the effects of zinc application on Zn concentration in leave,

root and fruit of citrus.
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Leave Root Fruit peel Pulp
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CV.
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™, * and ** non-significant, significant at 5% and 1% probability levels, respectively
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Table 7. The effect of zinc sulfate on some quantitative and qualitative characteristics of fruit.

)LNJ J_}ﬂa& e}:.»j]dﬁ C,.wﬁ(,.aw oge 08
Trean;]em Yield  Fruit diameter  Skin thickness  Fruit Weight
(kgtree) (mm) (mm) (gr)
" O 9 [l
(st 054 J5 61.79° 73.58 2.76° 22454
first control (without spraying)
(oy9l ELJ ) Jalis . ;
2 o) g2 64.32° 72,99 279 223.97°
second control (urea spraying)
b o
S e 63.11° 74.53° 2.91° 223.16°
soil application
050 Ay Jgl L
s il e 2 el 25 74.32° 80.33 2.83° 248.97°
fertigation in the first stage of fruit growth
o5 A Jsl al> L ) ) ) )
0 092 5 Il s Sl 28 85.92° 81.49° 2,93 259.88°
fertigation in the first and second stage of fruit growth
0 g0 A | a> 5L
ot s il e 2 sl 72.47° 80.98° 2.94° 355.54°
foliar application in the first stage of fruit growth
0 g0 A > | al> 5L
e A3 053 Al e s Il al pess SLd s 3423 82.62° 2.89° 251.22°

foliar application in the first and second stages of fruit growth

wgm o )las &S b Shy Fp g sy OMWw O pae ;56 A Jpur
Table 8. Effect of zinc sulfate consumption on some quality characteristics of fruit extract.

e Joms Lol 5l & el JS el
Treatment pH Total soluble solids Vitamin C Total acidity
(%) (mg/100ml)  (mg/100ml)
5L SERY I aals
(sl 0540 s 338" 9.49" 63.47" 2.46"
First control (without spraying)
o5l 2L Asls
(05! sldslne) o2 337 9.36" 69.21° 2.32°
Second control (urea spraying)
b s
S 3.34° 9.58" 65.92° 2.52°
Soil application
o e Ly gl Al L
g2 A il o 2 0l 28 3.40° 9.62" 66.97° 2.32°
Fertigation in the first stage of fruit growth
0 s LS | > L
52 00 09 5 il 02 S0kl 25 3.39° 10.21° 69.96" 2.69°
Fertigation in the first and second stage of fruit growth
FEWIR W | >~ 5L
e A dsl el 0 e e 338" 10.19° 69.56" 2.49°
Foliar application in the first stage of fruit growth
0 ge0 A > |l 5L
st 02 o s ol el 2 B e 3.41° 10.23° 72.32° 2.29°

Foliar application in the first and second stages of fruit growth
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Table 9. The effect of zinc sulfate consumption on zinc concentration of leaves, fruits and roots.

Sy g ey oge St i e g
e Leaf Fruit peel Fruit pulp Root
Treatment
(mg/kg)
5L SERY | aals
(o 0500 ds 15.78° 7.34° 557 56.74°
first control (without spraying)
o5l 2L Asls
(ol sl 50 15.83° 7.16° 5.61° 58.34°
second control (urea spraying)
b s
S S 17.96° 7.21¢ 5.56° 65.97°
Soil application
o gm0 Ly Ul Ll
s dl e 2 ST 28 27.53° 8.97° 6.25% 71.22%
fertigation in the first stage of fruit growth
0 gm0 L | L
e s o5 e s Sl 39.63°  10.03" 638" 98.72°
fertigation in the first and second stage of fruit growth
6 g0 A | ad> 5L
s o el 2 SR e 31.72% 9.37° 6.27" 55.93¢
foliar application in the first stage of fruit growth
0 gu0 I J | ad> 4
s s o Ao s ol el 02 S e 41.92° 11.36° 6.92° 54.97°
foliar application in the first and second stages of fruit growth
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Abstract

Background and Objectives: Citrus trees are sensitive to zinc deficiency and zinc deficiency
in citrus trees is a common nutritional disorder that causes changes in the anatomy, morphology
and cytology of citrus trees, leading to reduced flowering, fruit set, performance and production
stability. Due to the limitation of zinc in the soils and the economic importance of citrus for
Mazandaran province, the study of zinc status in citrus orchards and the management of Zn
application (accordance to growth phenology) and its effect on Zn deficiency and quality of
Thomson Navell fruits were conducted.

Materials and Methods: To study zinc(Zn) status and its effect on yield and quality of
Thomson navell orange, two separate experiments were conducted in East of Mazandaran
Province, Iran. The first experiment was conducted in citrus orchards of the region, and the
second, as a randomized complete block design with seven treatments and four replications was
conducted in an orchard of Thomson navel on sour orange rootstock. Treatments included:
1- First control (without zinc); 2- Second control (without zinc and with urea spray); 3- 200 g
zinc sulfate per tree as soil application, before leaf development; 4- 200 g zinc sulfate per tree as
fertigation, in the first stage of fruit growth; 5- 200 g zinc sulfate per tree as fertigation, in the
first and second stages of fruit growth; 6- zinc sulfate spraying in the first stage of fruit growth;
7- zinc sulfate spraying in the first and second stages of growth.

Results: The first experiment showed that the orchards of Behshahr and Galogah had the lowest
deficiency symptoms and Ghaemshar and Juybar had the most deficiency symptoms. The
results of the second experiment showed that soil application before leaf development had no
effect on chlorosis, yield, fruit and zinc concentration in leaf and fruit, but its application as
fertigation and spraying increased fruit yield, diameter, and fruit weight, in leaf and fruit zinc
concentration. The highest leaf Zn concentration was obtained from spray treatment in the first
and second stages of fruit growth. Fertigation treatment significantly increased the root Zn
concentration compared to the control.

Conclusion: Generally, according to the results of this experiment, for orchards with a history
of mild symptoms of zinc deficiency or probable zinc deficiency, the application of zinc sulfate
as fertigation or spray after petal fall in the first stage of fruit growth is recommended, However,
for orchards that have severe symptoms of zinc chlorosis, two fertigation or foliar application
with zinc sulfate at the first and second stages of fruit growth is recommended.
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