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Table 1: Some of the physical and chemical properties of the studied soil

“bS  cu Mn zZn Fe K P g pH OC CEC S cdb
L ocation (dS/m) .
(mg/kg) A Soil texture
= M 0.51 7.5 0.85 2.6 124 9.8 0.43 8.05 0.23 18 2
Location 1 Loam
Jst Jl » W 0.55 9.2 0.72 3.0 159 10.0 0.39 8.13  0.30 18 pd
First year Location 2 Loam
s daba £y
] 0.54 9.6 0.70 2.6 146 245 0.39 820 026 195
Location 3 Loam
; Sy oy
= M 0.89 136 1.10 2.7 237 7.8 0.36 8.15 035 15.1 Sandy clay
Location 1
loam
P> Jl > ek b Py
0.73 10 1.00 1.9 240 8.4 0.38 8.19 040 153
Second Location 2 Sandy clay
year loam
5 ) py
it M 0.54 8.6 0.90 1.5 213 26.0 0.42 8.13 039 16.7 Sandy clay
Location 3 loam
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Table 2: The analysis of variance for measured attributes of potato during two years
i @olie @l as olusls SKis 3 Slae 0se 5 Slas oylusls (g9, e 0dé (5o s
Source of Variation Degree of freedom  Stem dry yield  Tuber yield Stem Zn uptake Tuber Zn uptake

La) k% ko
J 1 117777141 675 16825™ 158™
Year
s S5 4 15550531" 200" 14678 ™ TV
Location
1,5 sk * sk
’_)SJ ) 12 1004624 ™ 84.2 15788 6545
Replication
89 8 1019146 ™ 82.7" 98896" 7970™
Zn
Lu) *k
93 J 8 846543 ™ 36.5™ 37126 2197™
YearxZn
89y X yhuusd 32 983536™ 29.9 7299 ™ 1883 ™
PxZn
s
96 1090981 28.5 7994 2054
Error
S e (%) 21.95 14 22.5 24.3

Coefficient of Variation

TN g7 Jlass! pdaw 55 )l gime g )l el i iy s g % DS
ns, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively

ST o8 (oo s 0,Lud Ld 9 00€ 43 (59, e (5w 9 3,50 5 (59, g 395 ok il (SRl dwnliio Y Jou>
Table 3: Means comparison of zinc fertilizer levels effect on tuber and shoot yield, and Zn uptake of potato cv. Agria

3 Shos

L . o)l L (g9, s 0AE (59, i e 24 3 Slos
G SWgw Loy Stem Zn uptake Tuber Zn uptake °’L"°_L"’ Tuber yield
Zinc sulfate treatments (g/ha) (g/ha) Stem yield (kg/ha)
(kg/ha) (kg/ha)
0 190.4 d 131.8a 4303 a 34974 ¢
20 245.8 cd 169.4 be 4777 a 39198 a
40 280.5¢c 167.8 be 5055 a 40110 a
60 278.4c 175.5 be 4844 a 37828 abc
80 308.0 be 1933 a 4918 a 38190 ab
100 276.1c 187.4 ab 4661 a 39937 a
120 274.1 ¢ 183.2 ab 5005 a 38352 ab
P ) e S g9y Slilp 3 sl
Leaf spraying of zinc sulfate one week 361.1b 190.3 a 4746 a 40058 a

before flowering

PSSl dw ain S 5y Slilge (3L Jgle
Leaf spraying of zinc sulfate one week 452.5a 19352 4526 a 34305 ¢
after flowering

550 e 0 Jlass | e 50 I gime glds Syde (piY B S Bl )by b Sl (gt b )
Different letters in a column of each experimental factors show significant differences in Duncan’s multiple range test at p<0.05.
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Table 4: Means comparison of phosphor us conditions effect on tuber and shoot yield, and Zn uptake of potato cv. Agria

0 i Ll (g9, rin

A& (59 i

8 lud L SUis 3 Slos

Stem Zn uptake Tuber Zn uptake Stem dry yield “s.:
(g/ha) (g/ha) (kg/ha) Tuber yield (kg/ha)
b (g Oy yhed
Low soil P and without P 286 a 165 a 4010 b 35374 ¢
application
Low soil P and soil application of 315a 193 a 4996 a 40324 a
P
s (a9 Yy
High soil P and without P 287 a 187 a 5269 a 38619 a
application

5 Mo 0 et e 53 )y xe oy S yidie (psY By SO PBlas iy sla Sl gt & )
Different letters in a column of each experimental factors show significant differences in Duncan’s multiple range test at p<0.05.
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Table5: The analysis of variance for leaf and tuber nutrients concentration of potato cv. Agria during two years
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ource of Variation freedom Mn 7n Fe Leaf Mn Leaf Zn Leaf P
;JL” 1 259 0.066™ 13097 359957 30867 622232  0.000™ 0.114"
ear
e SlsS 4 11.2" ‘55 718" 20934™ 2800 50553 0.013™ 03"
Location
- 12 46" 5697 308 2345 1806"  22433"  0.001™  0.002™
Replication
;” 8 0.56™ 50" 165" 769" 9359" 12918™  0.001™ 0.001™
n
3 J 8 1.16™  447™ 236" 9727 2423 11334™  0.003™  0.001™
YearxZn
d;:zw 32 0.79™  253™  131™  935™ 271" 4093™  0.001™  0.001™
n
s 9 1.22 23.2 171 975 499 9514 0.002 0.001
Error
Seeis a2 (%) 15 24 267 18.9 26.7 27.2 15.0 123

Coefficient of Variation

TN 5 70 Jlaint s 3 4l3 jime 5 5 xepl oy s g % IS
ns, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively

g 35 eyl 295 on el (@b st Tal) a8 02 g 0Ll
100,55 e , 500 sla sy 4 g obile dudy 40 odd Ll (59,
» Spbie lacdld jl (S p s obj e (rimes (VY)
Lo oSl aS hm el 3 2alS )8 e sl olS 3
2 9y Logasee yolis ol Buns Jisl Jole oS T cladl
Ol g i e sl (sl (A3 plyieds Sl oo st olS
JUis) sl s jeds )3 aidl jied (VL zolaw 53 polie
A4S ol osd 5135 . Ngb o bt oLS ) o] (clmosiad
JUl 5l Laddy, )3 o @l (59) 4o o pand (oL Ll
(Y+) 295 0 HLi,5 bl S'gs 3 o ;503 doyd Yo g 0ilojls
Slas ol olis puiS 59y 2 (V) hlSes 5 sgiwge 35 @l

Byman g 2l polis cpl g jud o Jlite S1 Jdsay jud
CodMs yinls el Yol SB g3 o oY clale g jiiy jaud
GiSTy 5 (W) sd Ly gy Jeday SB > olie polis
Jate 15 (FY) g5l gjloolil Jrals s SB (glaces 5 L it
Jolomo SLa S i jid 255 45 152,555 (YY) Juio
L Yhais! yand i ol )8 Cugii |y Joloeol (sl JSi 4y pa]
o ALl s L3 (1Y) ol 005 plosl (] cud o ;5818 s
(VA) 1S o o5 1y polic ol Gl g odls imls |y adyy oy5Sn
Oial38l ol g 4 0ad g o)lusls 5 Shee iolhl el yaud WL
89 9 =S oyl yuolie cbile alS ecl ¢85l b


www.SID.ir

YWWAP g9y — 310 o ¥ 0 lols ) Wl (S5 g ol Ay i AA¥

5 ady) 59y ke g L8l oo 3B LS S 55 Haud 5 55y il

o csss JUS) > (53, 5 i Jlite sl gl dae o 25,5

LS By (o jmw 808 g b ludlis I3E polic Clile o (59, OlWgw 295 Cilides ol wil (L Sile dmylin — T Jgan
Table 6: Means comparison of zinc fertilizer levels effect on stem and tuber nutrients concentration of potato cv. Agria

P $95 o2l Hd

9y Slilgus jlod WEFNe o 2abgs) MO sledld lsls Ll
Zinc sulfate treatments Tuber Mn Tuber Zn Tuber Fe Tuber P
(kg/ha) Leaf Mn Leaf Zn Leaf Fe Leaf P
(mg/kg dw) YA
0 7.29 a 18.9d 43 a 160 a 46 d a244 0.28 a 025a
20 722 a 20.5¢cd 44 a 165 a 52c¢d a272 0.28 a 025a
40 7.50 a 19.9 cd 40 a 166 a 58 cd a244 028 a 027a
60 7.19a 22.2 bed 45a 179 a 60 cd a2l2 028 a 027a
30 7.40 a 242b 45a 174 a 67 ¢ a229 0.29a 026 a
100 749 a 21.8 bed 49a 162 a 61 cd a2l7 0.27 a 026 a
120 7.41a 22.5 bed 4l a 163 a 59 cd a237 0.29 a 026 a
S 59y Slilgw (B Jgloce
25l L aan
Leaf spraying of zinc 7.66 2 22.8 be 39a 160 a 88 b 2235 030a  025a
sulfate one week before
flowering
S g9y Sllgw b Jole
Ml sy diin
7.10 a 282 a 44 a 160 a 120 a a297 0.28 a 0.27a

Leaf spraying of zinc
sulfate one week after
flowering
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Different letters in a column of each experimental factors show significant differences in Duncan’s multiple range test at p<0.05
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Table 7: Means comparison of phosphor us conditions effect on stem and tuber nutrients concentration of potato cv. Agria

ok 5o ok g5y ol ol e 9 o 0k yiud S
Tuber Tuber Tuber ol i oyl s oyl lis Tuber o lus L
e M Zn  Fe  LeafMn  LeafZn _ LeafFe _ P Leaf P
(g/kg dw) yA
Hd gd ol yhud
Low soil P and without P 7.8a 223a 47 a 186 a 78 a 274 a 0.26 b 0.24b
application
Low soil P and soil application of 720 20.8 b 40 b 167 b 70 a 220 b 0.29a 0.26 ab
P
Shed 9 Yl yhud
High soil P and without P 70b 21.3 ab 420 141b 58b 233 ab 0.29a 0.28 a
application

Bl o) B Jleis] maw ) I3 gixe ©olts S pidie Y B S JBlas gy (oo Sle g ya )
Different letters in a column of each experimental factors show significant differences in Duncan’s multiple range test at p<0.05.
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Table 8: Means comparison of zinc fertilizer levels effect on zinc recovery and agronomic efficiency

S5) Wy Jloss 9538 =hi @S 9055 bl
Zinc sulfate treatments Agronomic efficiency of Zn fertilizer ~Recovery of Zn fertilizer

(kg/ha) (kg Y/kg Zn fertilizer) (%)

20 29.7¢ 1.67b

40 212 ¢ 1.10 ab

60 9.6d 0.71 be

80 8.6d 0.73 be

100 7.7d 0.40 ¢

120 5.2d 0.33 ¢
5 ) 8 i S, (53 Sl 3L Jgbno 1854 s

Leaf spraying of zinc sulfate one week before flowering

S Sl 3 e Sy (55, Mg 3l Jsbns sih "

Leaf spraying of zinc sulfate one week after flowering
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Introduction: Potato production has fourth rank in the world after rice, wheat, and maize with the production
of 321 million tons from 19.6 million hectares. In Iran this important crop has third rank after wheat and
tomatoes with the production of 4.6 million tons. Potato is a temperate crop, growing and yielding well in cool
and humid climates or seasons, but it is also cultivated in tropical to sub-polar climatic regions, and represents a
major food crop in many countries. Potato is sensitive to nutrients deficiency especially phosphorus and zinc. At
least one-third of the cultivated soils globally are estimated to contain too low amounts of bioavailable zinc for
optimal crop production. In Iran more than 70 percent of irrigated soils suffer from zinc deficiency. Many
reasons have role in mentioned deficiency such as calcareous and alkaline soils, lower organic carbon and higher
application of phosphorus fertilizer. So, evaluation of zinc fertilizers efficiency is essential under different soil
phosphorus conditions.

Materials and Methods: This project was carried out in order to investigate the effect of zinc sulfate levels
on yield, nutrients concentration and zinc recovery and agronomic efficiency under different phosphorus
conditions in potato (Solanum tuberosum L.) in Hamedan province (Tajarak station). The current research was
done as a randomized complete block design with 9 treatments, three replications and three locations (with
different soil phosphorus levels). The phosphorus locations were involved two locations with 10-15 mg available
P per kg of soil (without or with phosphorus application) and a locations with 20-25 mg available P per kg of
soil. Zinc treatments were consisted of soil application of 0, 20, 40, 60, 80, 100 and120 kg of zinc sulfate
(ZnS04.7H,0) per hectare and foliar spray of zinc sulfate at the rate of 5 grams per liter at one week before and
one week after flowering. After harvesting, the tuber and shoot yield, tubers and shoot zinc uptake, nutrients
concentration were measured in different parts of potato plant, and recovery and agronomic efficiency of applied
zinc fertilizer were calculated.

Results and Discussion: The results showed that the zinc treatments significantly affected the tuber yield of
potato. The application of 40 kg.ha™ zinc sulfate and foliar spray of Zn one week after flowering evidenced the
highest and the lowest yield, respectively and the difference between these treatments were 17 percent. The
differences between without Zn application and foliar spray of Zn one week after flowering were not significant
on yield which showed that the time of fertilizer foliar application is very important and by delaying of foliar
spray the yield could not increase. The zinc treatments affected significantly tuber zinc uptake and the foliar
spray of Zn one week after flowering by 80 percent increase comparing with control, had the highest tubers zinc
uptake. The tuber and shoot zinc concentration were significantly affected by the zinc sulfate levels. The highest
and lowest concentration of zinc in shoot and tubers were observed in the foliar spray of Zn one week after
flowering and control. This treatment caused 160 and 24 percent increasing in shoot and tubers zinc
concentration in comparison with control. In spite of considered increase in zinc content by foliar application of
zinc one week after flowering, the potato yield did not increase considerably. The tuber and shoot yield were
affected significantly by different phosphorus locations (p<0.01). Application of phosphorus or higher
concentration of it’s in soil increased tuber and shoot yield and decreased the most of measured nutrients
concentration. So the interaction between phosphorus and most of measured nutrients were negative. Increasing
of soil zinc fertilizer application decreased agronomic efficiency of it. The highest zinc agronomic efficiency
was obtained in the foliar spray of zinc sulfate treatments (at the rate of 5 grams per liter) especially one week
before flowering (6 times higher than the soil application of zinc treatments). Zinc recovery was lower than 2
percent for all soil applied zinc levels that increased up to 20 percent in the foliar spray of Zn levels. These
results showed that most of applied zinc remained in soil and could be used by the next season’s crops.
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Conclusion: To achieve the maximum yield of potato in similar soils and conditions, application of 40 kg
zinc sulfate per hectare would be recommended. Under Application of phosphorus or higher concentration of it’s
in soil this recommendation must be increased.
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