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ABSTRACT

This experiment was carried out at Sari, Mazandaran, Iran in 2012. This experiment was done as split plot in
randomized complete blocks design based three replications. Zinc fertilizer application was chosen as main plots (0,
20 and 40 kg/ha) and genotypes as sub plots (Tall cultivars: Sang Tarom and Mahalli Tarom; Short cultivars: Neda
and Shiroodi). The results showed that the most panicle number per m? and harvest index had observed in 40 kg Zn
ha and the least of those was obtained in control treatment. Mahalli Tarom cultivar had the maximum panicle
length and plant height, but the maximum panicle number per né, grain yield and harvest index were produced for
var. Neda and Shiroodi. The highest Zinc content in grain, zinc uptake in grain and straw, and nitrogen uptake in
grain were observed in 40 kg Zn ha, as the most zinc content in straw, nitrogen content in grain and straw, and
nitrogen uptake in straw were observed with application of 40 and 20 kg Zn ha. The maximum zinc content in grain
and straw and zinc uptake in straw was obtained for var. Sang Tarom, but the most zinc uptake in grain and
nitrogen uptake in straw had produced for var. Neda and Shiroodi. The highest nitrogen content in grain and straw
and nitrogen uptake in grain was obtained for var. Shiroodi. The most zinc content in grain and straw were
produced at interaction of 40 kg Zn ha and var. Sang Tarom and the highest nitrogen content in straw and nitrogen
uptake in straw had produced under interaction of 20 kg Zn ha and var. Shiroodi. So according to the results 20 and
40 kg Zn ha was the best treatment.

Keywords: Genotype, Grain yield, HI, Rice, Zn.

INTRODUCTION

Rice Oryza sativa L.) is the main staple food of around half of the Vsr population. On a global basis, rice
provides 21 and 15% per capita of dietary energlymotein, respectively [1]. Rice is one of higkbnsitive crops
to zinc deficiency [2, 3], and zinc is the most orant micronutrient limiting rice growth and yield]. Zinc is one
of the necessary miciutrients both for the growth of plants and for lmmbeings. Reports showed that 30% soils
in the world exhibit Zinc deficiency to differenktents [5], and more than two billion people canbetsupplied
with sufficient Zinc. Zinc is one of the most impamt micronutrient essential for plant growth esglgcfor rice
grown under submerged condition. Zinc fertilizendse applied as ground fertilizer, root dippingedeocking,
seed dressing and top dressing. The critical irdfeeffective Zn in the soil suitable for rice grdwis 1.5 mg kg
(DTPA solution lixiviated), [6]. Zinc deficiency iprevalent worldwide in temperate and tropical elies [7, 8].
Zinc deficiency continues to be one of the keydegin determining rice production in several paftshe country
[9]. Combining Zinc fertilizer with N@ and SG can improve the effect of Zn fertilization, reduadverse impacts
of a single-form Zinc fertilizer on crude proteindastarch accumulation in rice seeds, and strengtlce against
disease or adversity, thereby improve quality afjated rice and increase yield [10]. Zinc defigernn rice has
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been reported in lowland rice of India [11], andaBl [12]. Zinc deficiency in plant is noticed whéme supply of
zinc to the rice plant is inadequate. Among the yn&attors which influence zinc supply to the plans,
concentration of zinc, iron, manganese and phosishiarsoil solution are very important. Zinc dediecy is usually
corrected by application of zinc sulphate. Zincidehcy and response of rice to zinc under floodeddition have
been studied by many workers [12, 13, 14, 15]. Zénessential for several biochemical processdlsanice plant,
such as cytochrome and nucleotide synthesis, ameitabolism, chlorophyll production, enzyme actiomti and
membrane integrity [16]. Soil application of Zn aiba@ mg kg' and 6 kg ha in pot culture and field study gave
maximum vyield in calcareous soil [17]. It has beeported that rice yield was 427 and 983 kg higher5 %
NPKSZn and 100% NPKSZn treatment over control ded ancreased the growth parameters in field tija8.
Complete doze of NPKSZn fertilizer with and witharganic amendments increased the grain yield aef aind
increased or maintained the sustainability of riceat cropping system [19]. Soil or foliar applicas of Zn may
also increase grain zinc concentration and thugriboe to grain nutritional quality for human bgé In rice, soil
zinc application has been reported to increasa giald whereas foliar Zn application increasedrgncentration
of Zn [20]. Zinc deficiency is a well-documentedtritional and health problem in human populatiomsriost of
Asian countries where rice is the dominating stéptel crop [21]. Higher grain Zn concentration iscaimportant
for better seedling vigor and field establishmeuatrticularly on Zn deficient soils [22]. Zinc defaicy in crops is
widespread, largely reflecting the regions of low availability in soils and crops [3]. As a restle introduction
of aerobic rice on low Zn soils places the probl&rian deficiency in rice in a new perspective [2Z8hc deficiency
in common in rice soils. The availability of Zn the soil varies widely depending on the soil prtipsr Zinc
contents in soil and leaves of rice were directjated to the increased application of these el&snefinc
deficiency is usually more prevalent in rice seiith a high pH and high content of organic mattewben organic
manures are applied [24]. According to the impazeaaf zinc fertilizer for rice genotypes, also extie role of zinc
fertilizer on qualities parameters, an experimeiats veonducted for study role of zinc fertilizer apglion on
agronomical traits and some quantities and quslfiErameters of Iranian rice genotypes.

MATERIALSAND METHODS

In order to evaluation of role of Zn fertilizer djgation on grain yield and some qualities paramsete Iranian rice
genotypes, an experiment was carried out at Sadazakdaran, Iran in 2012. The experimental farm is
geographically situated at 36°, 4' N latitude aBd, %' E longitude at an altitude of 13.2 m aboweamsea level.
The soil was analysed and the soil of field way-tdam (Table 1), weather conditions were also messb in
vegetation period (Table 2).

Table 1. Selected soil propertiesfor composite samples at experimental sitein 2012.

Soil texture K P N OoM Mn Zn pH EC Depth
(ppm) (ppm) (%) (%) (ppm) (ppm) (umohs/cm)  (cm)
Clay-loam 182 8.8 018 1.2 16 22 7.2 0.22 0-30

Table 2. Weather condition in experiment sitein rice growth stagesat Sari in 2012.

Variable Jan. Feb. March Aprii  May June July August
Minimum tem. (°C) 2 4 9.3 7.5 14 18.8 231 23.7
Maximum tem. (°C) 12 14 15.2 16.4 24 278 32.6 33.2
Evaporation (mm) 40 50 43 58.1 758 1351 1282 152.6
Precipitation (mm) 62 85 78 1249 26.9 294 8.1 11.9

This experiment was conducted as split plot in camided complete blocks design based three remitsitiZinc
fertilizer application was chosen as main plots30,and 40 kg/ha applied as zinc sulphate (Z)S®Dtillering
stage) and genotypes as sub plots (Tall cultiv8eng Tarom and Mahalli Tarom; Short cultivars: Nedal
Shiroodi).

Seeds were soaked fi to 24 h and emergence date was consideredfteebgays after sowing, when 90% of the
seedlings showed coleoptiles. Seeds spread witttshiato an area of 1012 x 5). Sowing arrangement was 20 x
20 cnf. The water depth was controllat3 to 5 cm. Nitrogen, phosphorous and potassenilifers were used at
the rates of N 150 kg Haurea, ROs 100 kg hd triple superphosphate and® 100 kg h# potassium sulphate.
Basal fertilizers were applied in all plots 1 dagfdre transplanting. Nitrogen was applied by desigmmap
arrangement. Nitrogen was applied three timest (fitsplanting time, second at tillering time andrdhpanicle
imitation, using 33.3%, 33.3% and 33.3% in eaclgesta plot. Phosphate and potassium fertilizersewérused
during of growth stages. Zinc levels used were@agd 40 kg/ha applied as zinc sulph&teeding was made 22
days after sowing by hand. 10 hills were randoezollected at harvesting time from each plot to meagrain yield
and agronomical traits. Grain yield and straw yielks harvested from 4 m2 from the middle of the glats with
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12 % humidity (Yoshida, 1981). Zinc concentrationtihe digested material was estimated in atomiorgkion
spectrophotometer (AAS) ICP-OES (Inductively CodpRlasma-Optical Emission Spectroscopy), as thaiake
was computed by multiplying zinc content (mg/kg)ttwDMP. Nitrogen concentration in grain and stra@sw
determined by Kjeldahl method. All the data werbéjscted to statistical analysis (one-way ANOVA)ngsiSAS
software [25]. Differences between the treatmergsvperformed by Duncan’s Multiple Range Test (DNIRT5%
confidence interval.

RESULTSAND DISCUSION

Panicle length

Results in table 3 showed that panicle length gmifscant effect under genotype treatment in 1 Bébability level
(Table 3). Maximum panicle length (28.78 cm) wasealed for 100 var. Mahalli Tarom and minimum phmnic
length (23.89 cm) was obtained for var. Neda, thesies for Sang Tarom and Shiroodi was 26.33 ah&& cm,
respectively (Table 4). The most panicle length2%m) was observed at interaction of 40 kg/haa@plication
and var. Mahalli Tarom and the least panicle lerf@8133 cm) were obtained at interaction of contreatment and
var. Neda and Shiroodi (Table 5). Panicle lengfbca$ in grain yield by more transport of photosysis material
[26]. The low size of panicle length was observedvithout Zn application [27]. The present studyirispartial
agreement with the results reported by [28, 29].

Table 3. Mean sgquar e of zinc fertilizer application on agronomical traits and quantitiesyield in rice genotypes.

Panicle  Filled spikelet

Panicle Plant Grain Straw Harvest

S.OV. DF  ength  height ~ "umber  percentage yield yield index
per nf per panicle
Replication 2 0.028 226.58 11418.69 71.03 624185.33 2762272.69 7.75
Zinc (A) 2 20.06 186.33  7076.69 452.69 22307.25 4251808.53 46758
Error 4 24.44 14.79 90.53 47.49 994290.08 1210351.53 1.46
Genotype (B) 3 128.89 255351 19382.40 5.58 33351055.81 5129436.63 525.41"
AxB 6 3.94 29.37 669.51 10.92 88984.81 672969.71 3.21
Error 18 8.17 8.39 899.58 12.22 280583.94 1272885.21 911.8
C.V. (%) - 12.60 12.37 9.04 3.96 10.42 14.15 9.07
** and * respectively significant in 1% and 5% level.
Plant height

This character was significant under effect of Ziextilizer and interaction of zinc and genotypesifo probability
level and genotype treatment in 1 % probabilityelgable 3). Minimum plant height (118.3 cm) waxted for 20
kg/ha zincs application and maximum of that (126n1) was obtained for control treatment. The high#ant

height (140.4 cm) was observed fir var. Mahallidrarand the lowest plant height (105.9 cm) was akthifor var.
Neda (Table 4). The most plant height (147 cm) blskerved at interaction of control treatment and Mahalli

Tarom and the least plant height (102.3 cm) waaiobd at interaction of 20 kg/ha Zn application aad Neda
(Table 5). Plant height response to Zn applicati@s more pronounced, significantly higher growirficiency

was recorded with Zn and the lowest without Zn mapilon [27]. Significant effect of Zn on plant géi of rice has
been observed by many others in the past [28, 3B3.

Panicle number per m?

Panicle per rhwas significant in 1 % probability level under cifertilizer and genotype (Table 3). The most
panicle number per (357.8 panicle) was shown with 40 kg/ha zinc agpion and the least panicle number per
m? was obtained in control treatment. The maximumiggamumber per fwas demonstrated for var. Neda abd
Shiroodi (369 and 374 panicle, respectively) ararttinimum of those (294.7 and 288.6 panicle g) vpeoeluced
for var. Sang Tarom and Mahalli Tarom (Table 4)e Thost panicle number permvas observed at interaction of
40 kg/ha zinc application and var. Neda and Shir(@d.3 and 359.7 panicle) and application of gthk zinc and
var. Neda and Shiroodi (380.3 and 370.7 panicld)tha least panicle number pef was obtained at interaction of
20 kg/ha zinc application for var. Sang Tarom areth®li Tarom (275.7 and 283 panicle) and interactibcontrol
treatment with var. Sang Tarom and Mahalli Taro®b(and 269.7 panicle) (Table 5). Panicle numbemupérarea
was the most important component of yield [33, 8Merall, panicle number increased with the appticaof Zn in
the growth medium. With the application of Zn, ab&@&o increase was observed in panicle number as compared
with the control treatment [33].

Filled spikelet percentage per panicle

This trait showed significant difference in 5 % Ipability level under Zn fertilizer (Table 3). Theasaimum filled
spikelet percentage per panicle had obtained wgti@ation of 40 and 20 kg/ha Zn fertilizer (90.8@d 90.92 %),
and the least filled spikelet percentage (81.33w#$ observed in control treatment (Table 4). Thghdst filled
spikelet percentage per panicle had shown underiction of 40 kg Zn hafor Mahalli Tarom, Neda and Shiroodi
genotypes (92.33, 91.67 and 90.33 %, respectiva$y)nteraction of 20 kg Zn Hdor Sang Tarom, Mahalli Tarom,
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Neda and Shiroodi genotypes (91.33, 94.33, 91.6I79%33 %, respectively). The least filled spikgletcentage
had obtained at interaction of control treatmemt\far. Mahalli Tarom (80.33 %) and control treatiéor var.

Shiroodi (79.33 %) (Table 5). Results showed, apilbn of Zn fertilizer was effective in improvirrgce growth

and subsequently main yield components such asl fipikelet per panicle [35].

Grainyield

Grain yield demonstrated significant differencelido probability level under genotype treatment (€&k). The
maximum grain yield because of increase paniclebmimper M was produced for var. Neda and Shiroodi (6680
and 6810 kg/ha, respectively), and the minimummgyald had produced in var. Sang Tarom and MaHRatom
(3288 and 3546 kg/ha), that the cause of this ress decrease panicle number pérfon these cultivars (Table 4).
The most grain yield was obtained under interactibd0, 20 and 0 kg Zn Hafor var. Neda and Shiroodi (6601,
6679, 6789, 6906, 6650 and 6846 kg/ha, respecjieelg the least grain yield was observed at intenaof 40, 20
and 0 kg Zn ha for var. Sang Tarom and Mahalli Tarom equal to343767, 3186, 3338, 3202 and 3533 kg/ha,
respectively (Table 5). The superiority of Zn apgtion for grain yield may be due to improvementsioil
properties to support the roots of treated plants td Zn supply. Grain yield of field crops is estted by various
yield components. The important yield componentsdareals are panicle number per unit area, nunfbspikelet's
per panicle, and spikelet weight [36]. It has beeported that rice yield was 427 and 983 kg highe?5 %
NPKSZn and 100% NPKSZn treatment over control ded encreased the growth parameters in field tria§.
The vyield of rice was increased significantly by&itreatments compared to control without fertiliapplication.
With the increase in dose level from 20 kg to 30Zy ha', there was corresponding increase in grain yield
regardless of the two varieties [27]. The grainidjiper plant in rice is associated with heterosig tb panicle
length, number of productive tillers per plant, menof grains per panicle and testweight [37].

Straw yield

Straw yield showed significant difference in 5 %pimbability under genotype treatment (Table 3)e Hiaximum
straw yield equivalent to 8601 kg/ha was producedvbr. Neda and the minimum straw yield equal 6447 and
7209 kg/ha was obtained for var. Sang Tarom andalllaharom, respectively (Table 4). The most strgieid
(10100 kg/ha) was observed under interaction ofroband var. Neda and the least straw yield waslpced at
interaction of 40 kg Zn hafor var. Sang Tarom, Mahalli Tarom and Shiroodiieglent to 7129, 7200 and 7388
kg/ha and interaction of 20 kg Zn héor var. Sang Tarom and Mahalli Tarom (7571 an@%R&g/ha), as under
interaction of control treatment for var. Mahallkfdm equivalent to 7751 kg/ha ( (Table 5). With dipplication of
Zn, Sinha, (1985) observed a progressive increasi®ei dry matter production of rice at critical @th stages [38].
Researchers reported a significant increase istthg yield of BR11 rice due to application of 28] 39].

Harvest index

Harvest index showed significant difference undec fertilizer and genotype in 1 % probability Iévespectively
(Table 3). Highest harvest index (40.08 %) was olesk with 40 kg Zn h4 also least of that (36.17 %) was
observed for control treatment. The most harvedxrwas observed for var. Neda and Shiroodi (4ar8946 %)
and the least harvest index equivalent to 30.113hé6 for var. Sang Tarom and Mahalli Tarom (TableThe
maximum harvest index (47.67 %) was obtained fteraction 40 kg Zn hhand var. Shiroodi and the minimum
harvest index was observed under interaction dfgtan ha' for var. Sang Tarom (32.67 %), as 20 kg Zit Far
var. Sang Tarom and Mahalli Tarom equivalent t@2%nd 33.33 % and control treatment for var. Seargm and
Mahalli Tarom equivalent to 28.33 and 31.33 % (€ab). Sinclair (1998) stated that harvest index leen an
important trait associated with a dramatic increimserop yield that has occurred in the twentieémtary [40].
Harvest index reflects the partitioning of photaéytic between the grain and the vegetative plamigl
improvement in the harvest index emphasizes th@itapce of carbon allocation for grain productiStandpoint,
increasing harvest index should be emphasized wteeabjective is to select for increased graindy[8B].

Table 4. Mean comparison of zinc fertilizer application on agronomical traitsand quantitiesyield in rice genotypes.

Panicle  Plant Panicle Filled spikelet Grain Straw Harvest

Treatment length height number percentage ield (kg/ha) yield (kg/ha) index
(cm) (cm) per nt per panicle y 9 y 9 (%)

Zinc fertilizer
40 kg Zn ha 26.92a 1229ab 357.8a 90.67 a 5131a 7418a 40.08 a
20 kg Zn ha 2558a 1183b 3274b 92.92 a 5055a 7896 a 37.75b
Control 25.17a 126.1a 309.8c 81.33 b 5058 a 801 36.17c
Genotypes
Sang Tarom 26.33b 1329b 294.7b 87.33 a 3288b 644 30.11b
Mahalli Tarom 28.78a 1404a 288.6b 89.00 a 3546 7209 b 33.00b
Neda 23.89d 1059d 369.0a 88.89 a 6680 a 8978 a42.89 a
Shiroodi 2456¢c 1104c 374.0a 88.00 a 6810 a 6 805 46.00 a

Values within a column followed by same letter are not significantly different at Duncan (P < 0.05).
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Table5. Interaction effect of zinc fertilizer application on agronomical traitsand quantitiesyield in rice genotypes.

Panicle Plant Panicle Filled spikelet Grain Straw  Harvest

Interaction  length height  number percentage  vyield yield index
(cm) (cm) per nf per panicle  (kg/ha) (kg/ha) (%)

ZnV, 27.67b 133.7b 3433ab 88.33 ab 3477b  7129b .673P
ZnV, 29.67a 1383b 313.0bc 92.33 a 3767b 7200 b 333
ZnVs 24.67de 105.7ef 379.3a 91.67 a 6601 a 7955 ab.674b
ZnVy 25.67cd 1140d 395.7a 90.33 a 6679a 7388b 674v.
ZnyVy 2533cd 126.7c  275.7c 91.33 a 3186b 7571b 3329.
ZnyV, 28.67ab 136.0b 283.0c 94.33 a 3338b 6675b 3338.
ZnyVs 23.67ef 1023f 380.3a 91.67 a 6789 a 8883 ab.334h
ZnVy 24.67de 1080e 370.7a 94.33 a 6906 a 8455 ah00 45
Zn3Vy 26.00c 1383b 265.0c 82.33 bc 3202b 8231 ab .3328
ZngV, 28.00b  147.0a 269.7c 80.33 ¢ 3533b 7751b 3.3
ZngVs 23.33f 109.7de 347.3ab 83.33 bc 6650 a 1010(8.67 bc
Zn3Vy 23.33f 109.3de 357.3ab 79.33 ¢ 6846 a 8325 ab.334b

Values within a column followed by same letter are not significantly different at Duncan (P < 0.05).
Zny, Zn, and Zng: 40, 20 and 0 kg/ha zinc application, respectively.
Vi, Vs, V3 and V,: Sang Tarom, Mahalli Tarom, Neda and Shiroodi genotypes, respectively.

Zinc content in grain

This parameter was significant in 1 % probabiligvdl under zinc fertilizer and genotype (Table Wjith
application of zinc fertilizer zinc content in gnaivas increase equivalent to 49.32 % that the mastcontent in
grain (27.25 mg/kg) was observed with 40 kg Zit had the least of that had obtained control treatnghe most
zinc content in grain equivalent to 27.56 mg/kg wedsained for var. Sang Tarom and the least of (Bat33
mg/kg) had obtained for var. Neda (Table 7). Theimam zinc content in grain (32.67 mg/kg) had oftai under
interaction 40 kg Zn hhand var. Sang Tarom and the least of that equivate 16 mg/kg was observed at
interaction of control treatment and var. Neda (&&8). Soil or foliar applications of Zn may alstciease grain
zinc content and thus contribute to grain nutrigdloguality for human beings. In rice, zinc applioathas been
reported to increase grain content of Zn [20].dp@ared that the Zn content in grain varied fronB3#o 32.51
ppm. The highest value was obtained in the &md the lowest value was found in control ZiAll the treatments
responded better over control. In case of straw,Zh content varied from 37.46 to 61.57 ppm. Ttghést Zn
content was observed in Zit also showed that all the treatments respotaidr over control [28]. Hossain et al.,
(1989) found that Zn concentration in grain inceshsonsiderably due to application of Zn to soll][4

Zinc content in straw

As we can see in table 6, zinc content in straw gignificant under simple effects of zinc fertilizaen 5 %
probability level and genotype in 1 % probabiligwél (Table 6). The most zinc content in straw walserved with
application of 40 and 20 kg Zn haquivalent to 9.62 and 8.52 mg/kg and the least zbntent in straw (6.48
mg/kg) had obtained for control. The highest ziontent in straw (9.88 mg/kg) was shown for var.gs@arom and
the least of that was produced for var. Tarom Mahdéda and Shiroodi equivalent to 8.19, 7.28 @&mB mg/kg
(Table 7). The maximum zinc content in straw (121@kg) had obtained under interaction 40 kg Zi &ad var.
Sang Tarom and the least of that equivalent to B@/kg was observed at interaction of control treatt and var.
Neda (Table 8). The highest Zn content was obsedrvéh. It also showed that all the treatments resporwdibr
over control [28]. As well as, Zn content in strengreased considerably due to application of Zsdib[41].

Zinc uptakein grain

Statistically, zinc uptake in grain was significamder genotype in 1 % probability level (Table Bie maximum
zinc uptake in grain (13.48 kg/ha) was obtained4ikg Zn ha and least of that (6.48 kg) had produced in contro
treatment. The most zinc uptake in grain was obthfior var. Neda (13.30 kg/ha) and Mahalli Tarod §X kg/ha),
the minimum of those was observed for var. San@maf9.05 kg/ha) and var. Mahalli Tarom equivalen®t26
kg/ha (Table 7). Highest zinc uptake in grain wased under interaction of 40 kg Zn hé#or var. Neda and
Shiroodi (16 and 16.27 kg/ha) and 20 kg zi' iar var. Shiroodi, as the lowest zinc uptake imigrwas noted
under interaction of control treatment for var. @dmrom (Table 8). There was a significant variaiio Zn uptake
by grain due to different rate of Zn applicatiomnCerning Zn uptake by the crop, the maximum upte&e due to
the application of full dose of recommended Zn #raminimum was due to no use of Zn. Such resudt egaally
true for grain [28]. Salam and Subramanian (19@®prted that Zn application increased Zn uptakelapt [31].
Significant correlation between grain yield and ufpitake at tillering stage [42]. The main reasorikatted for this
increase was the pattern of root distribution @ ghysiological or morphological characteristicsrigle roots
growing in the moist or flooded soil conditions J445ingh, (1995) reported that when Zn accomparigd
significant increase in grain yield was observedap50 kg N h# [45].

Zinc uptakein straw
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Zinc uptake in straw was significant under genotiyp& % probability level (Table 6). With zinc ajgation zinc
uptake in straw was increase in ratio 29.93 %, tiirtmaximum zinc uptake in straw (7.12 kg) wasaoigd for 40
kg Zn ha" and minimum of that (9.65 kg) was produced fortomrtreatment. Mahalli Tarom, Neda and Shiroodi
cultivars had the least zinc uptake in straw edaiviato 5.86, 6.40 and 5.98 kg and Sang Tarom lmasetst zinc
uptake in straw in ratio 7.40 kg (Table 7). The maxm zinc uptake in straw (8.56 kg) was recordeiht@raction

of 40 kg Zn h& and var. Sang Tarom and the minimum of that lradyzed under interaction of control treatment
for var. Mahalli Tarom and Shiroodi equivalent t83land 4.88 kg (Table 7). Singh, (1995) reported when Zn
accompanied N, significant increase in grain yigls observed up to 150 kg N'haYields obtained with 150 kg N
ha' alone were statistically at par with those at kN ha® with Zn. The addition of Zn at all four N level, 50,
100, 150 kg N h) increased Zn uptake and chlorophyll content $icamtly over the corresponding N levels
without Zn [44].

Zinc harvest index

According to table 6, zinc harvest index showeadhifiicant difference by interaction of zinc fertidiz and genotype
in 5 % in probability level (Table 6). The maximwimc harvest index was noted at interaction of 4@k ha-1 for
Sang Tarom, Mahalli Tarom, Neda and Shiroodi (7278973, 74.87 and 74.48 %, respectively, as 2Arkpa’ for
Sang Tarom, Mahalli Tarom and Shiroodi genotypasvedent to 74.17, 73.81 and 74.33 %, and contedtment
for var. Sang Tarom and Mahalli Tarom (73.95 and94%), as the minimum of that (71.05 %) was oladinnder
interaction of 20 kg Zn hafor var. Neda (Table 8).

Nitrogen content in grain

This parameter was significant in 5 % probabilgydl under effect of zinc fertilizer and showedngigant in 1 %
probability level under genotype (Table 6). The tmiBogen content in grain depicted with 40 anckg®n ha' in
ratio 1.61 and 1.48 % and the least of that (1.)2v#s observed in control treatment, also the mimirmitrogen
content in grain 1.33 % was obtained for var. SAagpm and the maximum of that 1.49 % had obtaimed/&r.
Shiroodi (Table7). According to table 8 minimumragen content in grain was found for interactioncofitrol
treatment with Sang Tatom, Mahalli Tarom, Neda &@fdroodi genotypes (1.10, 1.18, 1.03 and 1.17 %,
respectively) and maximum of that was obtainedifoeraction of 40 kg Zn Kafor Mahalli Tarom, Neda and
Shiroodi genotypes (1.60, 1.64 and 1.66 %) andant®n of 20 kg Zn hafor var. Neda equivalent to 1.63 %
(Table 8). Hasan, (1997) studied the responseaaf tdh Zn application as Zng@nd found that application of Zn
with recommended NPK resulted in significant insean grain yield over control [45]. Application @h at 9 kg
ha' yielded 5.8 t hd compared to 4.6 t Hawith NPK alone, which was attributed to improvedtilizer NUE from
Zn application. Nitrogen content in grain variededw application of Zn supplied from fertilizer, ieever this
variation was not significant, but the grain N amnttvaried from 1.27 to 1.34% over the treatmehite highest N
content (1.34%) in grain was found in thesZAll the treatments showed better effect on N eonhof rice grain
over control [28]. Hoque, (1999) reported that &glon of Zn showed a decreasing effect on theofcentration
of rice grain while an increasing effect was reearth case of rice straw [46].

Table 6. Mean sguar e of zinc fertilizer application on some qualities parametersin rice genotypes.

Zinc Zinc Zinc

Zinc Zinc Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen

S.0.V. DF content coinntent upitr;':\ke upitr;':\ke harvest content content uptake uptake harvest
in grain . index in grain in straw ingrain  in straw index

straw grain straw

Replication 2 85.36 7.18 28.35 1.03 7.33 0.23 0.141 292.16 726.26 66.13
zZinc (A) 2 24636 30.32  44.10 8.53 1.39 0.78 0.203 225519 791.30  41.10
Error 4 11.74 2.55 31.83 5.24 193 0.05 0.029 357.15 8.919 18.80
?B'“;”Otype 3 9789 1256 7287 439 184 0.04 0.011 7307.02 22191  2.83
AxB 6 2.81 1.01 5.25 0.98 457 0.01 0.005 15533 82.72 3.94
Error 18 9.83 1.20 5.01 1.00 2.01 0.01 0.003 77.69 538.8 2.06
C.V. (%) - 13.60 13.36 19.35 15.60 11.93 6.38 9.17 12.34 4.521 11.99

** and * respectively significant in 1% and 5% level.
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Table 7. Mean comparison of zinc fertilizer application on some qualities parametersin rice genotypes.

Zinc

Zinc Zinc Zinc

Zinc

Nitrogen

T contentin contentin  uptake uptake harvest Nltrogen . Nltrogen uptake in Nitrogen uptake in Nitrogen
reatment h . . . . content in grain  content in straw - harvest
grain straw in grain  in straw index (%) %) grain straw(kg/ha) index (%)
(mg/kg)  (mg/kg)  (kg/ha)  (kgrha) (%) (kgrha)
Zinc fertilizer
40 kg/ha 27.25a 9.62a 13.48 a 712a 74.02 a al.61 0.62a 82.78 a 45.78 a 72.40 ab
20 kg/ha 23.67 ab 8.52a 11.58 ab 6.63 ab 73.34 a A48 al 0.63 a 75.37 ab 49.22 a 70.12b
Control 18.25b 6.48 b 9.65b 5.48b 73.65a 1.12b 0.40b 56.21b 33.75b 73.79 a
Genotypes
Sang Tarom 27.56 a 9.88 a 9.05b 7.40 a 73.40 a 3cl.3 0.52b 43.74 c 38.58 b 72.30 a
Mahalli Tarom 23.33b 8.19b 9.26b 5.86b 74.04a 143ab 0.55 ab 50.63 ¢ 38.68b 72.79 a
Neda 20.00 ¢ 7.28b 13.30 a 6.40 b 73.02a 1.36 bc 0.53b 90.43 b 46.71 a 7151a
Shiroodi 21.33 bc 7.48 b 14.67 a 5.98 b 73.90 a 944 0.59 a 1010 a 47.69 a 718l a
Values within a column followed by same letter are not significantly different at Duncan (P < 0.05).
Table 8. Interaction effect of zincfertilizer application on some qualities parametersin rice genotypes.
. coﬁgﬁt in coﬁgrcn in uf)ltr;(lie uf)ltr;T(e Zinc Ni"ogef‘ Nitroger_] llj\lrl)ttre;)kgee% Nitrogen Nitrogen
Interaction grain Straw in grain in straw _ harvest content in content in grain uptake in _ harvest
(mg/kg) (mg/kg) (kg/ha) (kg/ha) index (%) grain (%) straw (%) (kg/ha) straw(kg/ha)  index (%)
ZnVy 32.67a 12.10 a 11.25 bed 8.56 a 72.99 a 154ab 5910 53.30 cde 42.32 cde 72.22b
ZnV, 27.67 ab 9.87b 10.41 bed 7.09 ab 73.73 a 160a 6410 60.24 cd 45.92 bed 71.77 bc
Zn;Vs 24.33 bc 8.17 bed 16.00 a 6.51 bc 74.87 a 1.64 a 611 107.2 a 48.35 bc 72.88 ab
Zn V4 24.33 bc 8.33 bc 16.27 a 6.32 bc 74.48 a 1.66 a 63 9. 1104 a 46.54 bcd 72.73 ab
ZnyVy 28.00 ab 9.77b 8.91 cd 7.10 ab 74.17 a 1.36¢ 5.5 42.84ef 40.57 c-f 71.41 bc
ZnyVs, 24.00 bc 8.47hb 8.02 cd 5.65 bc 738l a 1.50abc .60 49.93 def 40.19 c-f 71.56 bc
ZnyVs 19.67 cde 7.90 bed 13.42 ab 7.02 ab 71.05b 42b 0.61b 96.40 a 54.43 ab 68.31d
ZnV, 23.00 bc 7.93 bed 15.96 a 6.74 abc 74.33 a 163a 0.74a 112.3a 61.67 a 69.20 cd
ZngVy 22.00 bcd 7.77 b-e 6.99d 6.53 bc 73.95 a 1.10d 400 35.08 f 32.86 ef 73.28 ab
ZngVs, 18.33 cde 6.23 cde 9.36 bcd 4.83c 74.59 a 1.18d 0.39¢c 41.72 ef 29.93f 75.03 a
Zn3Vs 16.00 e 577e 10.47 bed 5.67 bc 73.16 ab 1.03d 370 67.72 bc 37.35c-e 73.56 ab
ZngVa 16.67 de 6.17 de 11.79 bc 4.88c 72.90 ab 1.17d 42 @ 80.33 b 34.87 def 73.49 ab

Values within a column followed by same letter are not significantly different at Duncan (P < 0.05).
Zny, Zny and Zng: 40, 20 and 0 kg/ha zinc application, respectively.
V1, V2, Vs and V,: Sang Tarom, Mahalli Tarom, Neda and Shiroodi genotypes, respectively.

Nitrogen content in straw

As we can see in table 6, nitrogen content in stnad shown significant under simple effects of ¢ggo® in 5 %
probability level (Table 6). The maximum nitrogesntent in straw was related to with 40 and 20 kghzh (0.62
and 0.63 %) and the least of that (0.40 %) wasrgbgen control treatment, also the minimum nitnog®ntent in
straw 0.52 % was obtained for var. Sang Tarom aedmaximum of that 0.59 % had obtained for varrd&idi
(Table7). The maximum nitrogen content in straw40%) was produced under interaction of 20 kg Zh foa var.
Shiroodi and the least of that had observed underaction of control treatment for Sang Tarom, MARTarom,
Neda and Shiroodi genotypes equivalent to 0.4®,@37 and 0.42 %, respectively (Table 8). Nitrogentent in
straw varied due to application of Zn supplied fréertilizer, however this variation was not sigoént, but N
content in straw ranged from 0.625 to 0.768%, flgbdst value being in Zrand the lowest in control [28]. Hoque,
(1999) reported that application of Zn showed aekesing effect on the N content of rice grain whiteincreasing
effect was recorded in case of rice straw [46].a#a$l997) studied the response of rice to Zn &ppibin to soil as
ZnSQ, and found that application of Zn with recommendi®K resulted in significant increase in grain yieker
control. Application of Zn at 9 kg Hayielded 5.8 t hd compared to 4.6 t Hawith NPK alone [45].

Nitrogen uptakein grain

Statistically, nitrogen uptake in grain was sigrafit under effect zinc fertilizer and interactidreimc fertilizer and
genotype in 5 % probability level, also this paréendave showed significant under genotype in 1rébgbility
level respectively (Table 6). The most nitrogenaltptin grain (82.78 kg) was observed with 40 kghan and
minimum of that (56.21 kg) was obtained for contt@atment. The maximum nitrogen uptake in grairs wa
obtained for var. Shiroodi (101 kg) and minimumtludit was observed for var. Sang Tarom and Mahalioih in
ratio 43.74 and 50.63 kg (Table 7). Highest nitrogptake in grain was noted under interaction okg@n ha' for
var. Neda and Shiroodi (107.2 and 110.4 kg) andg?@n ha' for var. Neda and Shiroodi (96.40 and 112.3 kg), a
the lowest nitrogen uptake in grain (35.08 kg) waen under interaction of control treatment for. &ang Tarom
(Table 8). Hasan, (1997) studied the responseaaf to Zn application as Zng@nd found that application of Zn
with recommended NPK resulted in significant insean grain yield over control [45]. Application @h at 9 kg
ha yielded 5.8 t hd compared to 4.6 t Hawith NPK alone, which was attributed to improvedtilizer NUE from
Zn application. Nitrogen content in grain variededw application of Zn supplied from fertilizer, ieever this
variation was not significant, but the grain N amnttvaried from 1.27 to 1.34% over the treatmehite highest N
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content (1.34%) in grain was found in thesZAll the treatments showed better effect on N eonhof rice grain
over control [28].

Nitrogen uptakein straw

Nitrogen uptake in straw was significant under Zeilizer and interaction of zinc fertilizer arggenotype in 5 %
probability level, also this parameter have showiggificant under genotype in 1 % probability levespectively
(Table 6). The highest nitrogen uptake in straw whserved with 40 and 20 kg Znh#5.78 and 49.22 kg,
respectively), and minimum of that (33.75 kg) wasained for control treatment. The most nitrogetakie in straw
was obtained for var. Neda and Shiroodi (46.71 4n&9 kg) and minimum of that was observed for &Gang
Tarom and Mahalli Tarom 38.58 and 38.68 kg (TableThe most nitrogen uptake in straw was shown unde
interaction of 20 kg Zn hafor var. Shiroodi (61.67 kg) and the least nitnoggtake in straw (29.93 kg) was seen
under interaction of control treatment for var. MkhTarom (Table 8). Nitrogen content in straw iedr due to
application of Zn supplied from fertilizer, howewtis variation was not significant, but N conté@mstraw ranged
from 0.625 to 0.768%, the highest value being ig &md the lowest in control [28]. Hoque, (1999) mpd that
application of Zn showed a decreasing effect onNheoncentration of rice grain while an increaseftpct was
recorded in case of rice straw [46]. Hasan, (199u}lied the response of rice to Zn applicationdibas ZnSQ and
found that application of Zn with recommended NRiSulted in significant increase in grain yield oeentrol.
Application of Zn at 9 kg Hayielded 5.8 t hd compared to 4.6 t Hawith NPK alone [45].

Nitrogen harvest index

According to table 6, nitrogen harvest index showigghificant difference by zinc fertilizer in 5 % probability
level (Table 6). The maximum nitrogen harvest ingéX.79 %) was noted for control treatment and minn of
that (70.12 %) was observed for 20 kg Zi' lf@iable 7). The most nitrogen harvest index (794)3was found at
interaction of control treatment for var. Mahallkf®m and the least of that (68.31 %) was obtainéuteraction of
20 kg Zn ha-1 for var. Mahalli Tarom (Table 8).
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