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ABSTRACT

One of the very important determinate methods ieoito better use of nitrogen fertilizers is comsidg the

differences belonging to growth period length inleand late maturing varieties. Surly, two diffategroups of
potato including early and late maturing varietie®uld have different needs from the aspect of fitenom use
rate of nitrogen fertilizer aspect. This experimeatried out in 2004 crop year in agriculture resel station of

Ardabil city, stated in 10kilometer far from thigycin the east (Alarug village). The factors ing&d four levels of
nitrogen fertilizer (0, 80,160, and 200kg net nifem per hectare) in main plots and two varietiespotato

including Agria (late maturing) and Satina (earhyataring) in secondary plots. The experiment wasdcoted as
split plot with randomized complete block desigrthwiour replications. The results of variance arsidy

demonstrated that the main effects of nitrogen aaiety was significant in most of the measuredtdrauch as
tuber yield per plant. By increasing fertilizer use 160kg net nitrogen per hectare, tuber yieldréased

significantly in Agria variety comparing to Satinand the most tuber yield in final harvest of lataturing Agria

variety with 160kg nitrogen per hectare was estedatbout 39.43tons per hectare. By increasing gérouse to
200kg nitrogen per hectare, tuber yield decreasgdificantly in both varieties. Results demonstdatbat early

maturing Satina variety has more tuber and shotstbgen percentage and uptake value compared tontetiring

Agria variety. Protein percentage in Satina varietyd protein yield in Agria variety had the highestue. By

increasing nitrogen fertilizer levels, we obsenadignificant increase in the traits including mitren percentage
and uptake value of tuber and shoot and also pngtercentage.

Key words: potato, nitrogen, yield, protein

INTRODUCTION

Potato is one of the main food stuffs in peoplelfition regime all over the world. Most of the ptiis used
directly or in secondary products. In many coustrigotato has been used as a main source of pngwdhiergy for
human during long years. Potato contains 17 pex@iohydrate, 1 percent solutions, 2 percent prodel percent
fat and 0.6 percent fiber. Potato is also sometiosesi to produce alcohol (khajehpoor, 1996). Ad fnoduced
potato isn't used forhuman nutrition, but some $&dias livestock food, some as seed and some ddugng

starch. Using potato for producing starch is vesynmon in Holland, Eastern Europe and Japan (Anketah,

2003).

Nitrogen is necessary for growth and productionigr@he of the main components of proteins. Whpntato plant
grows in aberrant conditions, protein productiogrdases and nitrogen accumulates in plant in thesfexcept
protein. Nitrate is one of these forms which itsr@xuse in plant nutrition regime would result wti. Nitrate
toxicity is due to forming met.Hemoglobin which sa&s erythrocytes to lose their ability to transpmtygen
(Hernands, 2000). Tubers are transformed stemddiratthe main parts of nutrient reserves in potdémt. On the
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tuber surface eyes are disturbed spirally. Eaclissgensisting of two or three buds and severdlaayibuds, which
are in the axil of primary leaves (scales). Terimal is in the middle of eyes, which is surroundgdwo leaves
and some leaflets. The number and depth of the ey&s depth, color and form of tuber vary in diéet varieties
and cultivars of potato.

Carter and Busma (1974) reported that there ivarsed relationship between plants shoot and tgimwsth. For
example the factors like early irrigation and nigga use which promote growth of the shoot, postjober setting.
Different nitrogen levels have different effects the tuber. Number of tubers (Prosba, 1988), tuodor, tuber
average weight (Cool, 1975), tuber size, even tibermal compounds and dry and humid weight of teilakifer
influenced by the amount of nitrogen fertilizer dsamong various experiments done (Berga and Kalg80).

Cleanhenz and Benit(1992) declared that, nitro sgereases the yield by its effect on the numbelaafe

size tubers. Seed size effects vegetation vigowoohg potato plants. By increasing seed tuber, st yield

increases (Martin, 1995). Decreasing number of rtibedue to decrease in number of stolon, gettingugh

nitrogen results in stolon number increase (MdHegen, 1993). An experiment demonstrated that tegsing of
nitrogen doesn’t have a significant effect on nurmdfeubers but increases tuber weight and subselyuhe yield

significantly (Bohrani and Hooshmandi, 1998).Begigntubers growth, the growth of other plant orgdasrease
and tubers are the only meristemicregionswhere nalirssxd organic materials accumulate. Growth cuafvpotato
tuber is a sigmoid shapecurve and it usually ctsmsiba long linear phase(Heris, 1982). The readiioday length
is usually highly adjusted by impact of other fastoespecially by the amount of fertilizer. High @mts of
fertilizer, especially nitrogen fertilizer, floufies the growth of plants shoot and delays tubendtion verymuch
(Ghasim, 1382). Tuber is the part of potato plahicv is considered more than other organs of pkmd, in fact
organizes economic yield of this crop. A larg numbkstudies have been conducted on the way nitrdexilizer

affects the number,size, dry weight and humid weafhtubers. All of these studies have impressedignificant

effect of nitrogen fertilizer on these traits. Basa of different reactions of potato tubers toeddht levels of
nitrogen fertilizer, an adequate fertilizer reconmaiation is very difficult. In other hand sensitiof this issue
increases by interference of varieties considetinge of maturity(early or late maturing variety)datength of
growth period. Jozel(1989) reported that usingogien fertilizer increases the weight of the latdumiag varieties
more than early maturing varieties, but if nitrogemount exceeds the optimum range, humid weightuloérs
decreases severely. This decrease though willeetgnificant in early maturing varieties. The drgight of tubers
is less affected by amount of used nitrogen. Thabrar of tubers shows a significant positive relatidgth total dry
weight(Sadeghzadeh, Hemayati, 1996).

During short day conditions, formation of tubemrst earlier, stolons remain shorter and the shsratdler. In long
day conditions, the formation of tubers startsrlagtolons grow longer and the shoots more. In soareties,
during long day conditions, growth of tubers doestcur (SadeghzadehHemayati, 1996). Each variaty &
unique critical day length. Since formation of tubés also influenced by temperature, day lengthEofopean
varieties changes less than critical day lengtbasfy maturing varieties (Biokma and Anderzag, J98hort day
length and low temperature usually promote tubemédion. In average and low temperatures, the efiécay
length is much more on tuber formation time and ats effect on late maturing varieties is morenttearly
maturing varieties. In high temperatures high an®wf nitrogen use can result in late tuber fororativhich can
decrease the yield very much (HashemiDezfuli e1293).

In some varieties with long tuber forming time, dopment and growth of tuber occurs in differeagsss of plants
growth (Ankoma et.al, 2003). There is a correlatmtween number of stolons and number of tuberdatin
maturing varieties that tuber formation periodosd, growth and development of tuber occurs iredéifit stages of
growth. Most of tuber primordials remain in very @ahsizes and resorbed by the plant after a wiitce the
number of tubers may reduce during the growth peiri@erast and Jozel, 1996). Underground nodes alter
considering the environmental conditions and var{gtvans, 1963). In the other hand it is influenbgdagronomic
practices such as cultivation depth, ridging andhé#zg up (Biokma and Anderzag, 1990). The numloérsibers
that grow on a plant are determined in the begmoingrowing season. By increasing the yield dutimg growing
season, average tuber size increases, too. Iretfiariing of the season, when the yield is low, agertuber size is
small. The yield increases afterwards, but itséase isn’'t as much as average increase of tuleerBigkma and
Anderzag (1990) concluded that in the varietiehuatv yield, average tuber size is small, whilend@reases in high
yield varieties. Using nitrogen has an importartosglary effect and that is a delay in increaseubgt bulk.
Different experiments demonstrate that averagertulmght in late maturing varieties is more thawe tkarly
maturing. Although there are some reports thatagetuber weight doesn’t follow the time of matuand mostly
depends on amount of fertilizer used, genetic featisoil texture, amount of water used etc. (Gaypa995).
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Studies of SadeghzadehHemayati (1996) demonstifaa¢dn different levels of variety, average tubie differed

significantly in probability of 1 percent, excepirfthe fifth sampling (127 days after sowing). Ither word

different varieties differed significantly from daother in average tuber weight. This difference @ much that it
was seen in the beginning of the growing period.

Foranze (1990) reported that the increase of tyiedst and tuber dry weight by increasing fertilizevel from 80 to

120 kilograms net nitrogen per hectare was sigmifiand by less than this amount the increaseetd wnd tuber
dry weight was insignificant. By increasing fetdr level from zero to 100 kilograms net nitrogen pectare, tuber
yield and tuber dry weight increased 2000 and 4R@kams per hectare, respectively. An experimemindj three

years on Diamont, Aola and Moren varieties demaiestr that the best amount of nitrogen fertilizeolider to dry

matter increase is 80 kilograms net nitrogen petane. Using nitrogen fertilizer can increase dtter to a limited

extent (Maghrur, 1997). The more dry matter pemgat the less water evaporates. Almost all thefacffecting

total dry matter reserved in tubers, influencetthoer yield, too. The ratio of total dry mattertober to total weight
of tuber is called dry matter percentage of tuldenkins and Nelson, 1992). If a definite factoréases total dry
matter of tuber more than its total dry weight, dmatter percentage will increase. In the oppositedition, dry

matter percentage will decrease. Extra amountsitadgen especially if causes harvest of crop befuméural

maturity, may result a decrease in the amount pidatter, increasing amount of reduced carbohydratel may
increase protein and nitrate (Falahati, 1997). Tulbg matter differs about 13.1-36.8 percent (agerda4 percent)
of tuber humid weight. In different late maturingdaearly maturing varieties, separately, the amadintitrogen

used, has less effect on tuber dry weightrpérand dry matter percentage of tubers and thisreifiee isn’t usually
significant (Rajana at.al, 1987). SadeghzadehHeth&y896) reported that the value of tuberdry weigad a

significant positive relationship with total dry ight during the growing period. This trait has aksaignificant

positive relationship with harvest index By expesints conducted on four varieties of potato with texels of

nitrogen fertilizerZerast and Jozel (1996) indidatbat leaf area duration and vegetative growtheiased by
increasing nitrogen fertilizer used. According tee tresults of these experiments tuber dry weight tatal dry

weight increased in all varieties due to the amadimtitrogen used. So that the most values forethests acquired
with 120 kilograms net nitrogen per hectare whicdmswhe last level of nitrogen fertilizer (Sadegletdtemayati,

1996).

MATERIALS AND METHODS

The experiment carried out in 2004 crop year incadfural research station of Ardabil, stated irkildmeters far
from Ardabil in the east(Alarug village). It wasrmhucted as split plot with randomized complete bidesign.

A. Isin main plot which includes: fertilizer with folevels: 0,80,160,200 kilograms net nitrogen pestare

B. Isin secondary plot that includes: variety inchgliSatina(early maturing) and Agria(late maturing)

By considering to soil propertises and accordinght test which was done, in 0-30 centimeters depthe soil,

salinity of about 0.932 desyzimens/m, soil PH &00.soil saturation percentage of 2sp, calciumarate of about
3.5 percent, organic carbon of 0.7 percent, toiabgen of 0.07 percent, absorbable phosphorusld33Lppm,
absorbable potassium of 395 ppm, clay amount d g@rcent, silt amount of 27.5 percent, sand amo@r6

percent and clay soil texture was recorded. Inotdeneasuring the traits, the sampling was donedstructive
method with a regular timing of respectively 57, 88, 94, 105and 116 days after sowing and a teimatording
was done, too.

The data recorded in eachsampling was tested byASbftware for each trait. If the primary data redormal
distribution, the data that are acquired by thepdang were analyzed as split plot design using suftware. The
variance analyses and means comparison of maiotefed interactions were done as split-split-fdotsamples
that were collected during the time (which werang}. In this experiment, the factors N and V aitogen
fertilizer and variety respectively and the fac®iis the time (number of sampling). Mean compassohmain
effects and interactions were done by Duncan'sipheltange tests with probability of 5 percent.

RESULTS AND DISCUSSION

Tuber yield per plant

According to results of variance analysis the fectbat were studied including variety and nitrodertilizer and
also the interaction of these two factors wereifigant in probability of 1 percent. Mean comparisa probability
of 5 percent demonstrated that in main effect ofety, Agria variety was in the superior group atsdtuber yield
with 981.69gram per plant, was more than yield afirta variety and also it's significant. Differe@periments
done (Carjady and Gaus, 1989), (Hossein et.al, )1888 (Mollergan, 1993), indicate a significanteirction
between potato varieties in different levels ofagen and different traits, specially yield. Thestntuber yield per
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plant is acquired with 160kg net nitrogen per hexthat in addition to having the highest valueswathe first
group(a)and had a significant difference with ottireatments. These results were reported by SidgSamg(1994)
and they expressed that the yield in fertilizeelesf 180kg net nitrogen per hectare is 28.4 pdro@wre than 60kg
net nitrogen per hectare. 80 and 200kg net nitrgggrhectare fertilizer level s were in the sanmgrtogether and
there was not a significant statistical differete#ween them. The interaction of vari#tyitrogen indicated that
the most tuber yield was acquired for Agria variefgh 160kg net nitrogen per hectare which hadgmificant
difference with other treatments. Furthermore iasneg fertilizer level from zero to 160kg net ngem per hectare
had a significant positive effect on these traitboth varieties. But above this level a negathggnificant effect is
resulted in both varieties. In variance analysithef trait during the time, the factors includivayiety and tripartite
interaction of variety<nitrogen<sampling was significant in probability of 5 pertesiso nitrogen factor, nitrogen

Xvariety interaction , sampling, and nitrog&ampling interaction were significant in probalildf 1 percent, but
varietyxsampling interaction showed no significant effébnsidering the mean comparison of the main efféct

factors during the time, Agria variety showed sfigaint difference and is in the superior group ®%2.60geram per
plant). Furthermore, fertilizer levels of 80,1601da200kg net nitrogen per hectare with significdifference
compared to control were in the same and first gr@) together. But 160kg net nitrogen per hedtanee had the
most yield with 609.4 gram per plant and ultimatélg most yield per hectare in final harvest waguaed in this
fertilizer level.

Tablel.Variance analysis of morphological traits oshoot in final recording

Mean Squares (MS)

Tuber Number of Number of Number of Number of
Variati Degree of Tuber yield tubers per tubers tubers in the tubers larger
ariation sources f average p
reedom weight per plant plant smaller than size of than
mm28 28-55Mm mm 55
Replication 3 80.120 9987.666 5.126 0.081 2.742 0.273
Nitrogen fertilizer(N) 3 3373.105** 324136.398** 22.388** 1.324* 15.737* 4P18**
Error 9 63.178 18402.634 2.529 0.215 2.403 0.709
)V (Variety 1 637.156** 132168.683 ** 1.488 ns 1.240** 8.090** 0.813ns
Vxinteraction N 3 57.705* 59131.290 ** 1.916ns 0.134** 0.382** 07f%
Error 12 13.902 6814.050 1.662 0.014 0.064 0.498
Coeﬁ'c'e?f,/;’)f variation - 4.0 9.00 13.37 10.59 4.93 16.78

Ns, * and ** are insignificant and significant irgbability of 5 and 1 percent, respectively

The control had the least effect on yield per pkard also per hectare which was significant. Cangig the effect
of nitrogen levels on the yield it can be concludeat increasing the amount of nitrogen causeqiamase in the
yield with a significant difference. But this yieldcrease occurs up to 80 kg net nitrogen per hedtatilizer level
and extraordinary use of nitrogen and in other woodte than 80kg net nitrogen per hectare has mifisignt effect
on increasing the yield per plant and the yield alasost the same. So increasing nitrogen fertilimzronly did not
cause an increase in the yield but also resulésloss due to fertilizer buying, soil environmentlption and more
nitrate accumulation. Studying the growth procetkampling) shows that tuber yield per plant incesas
significantly from the beginning of growing periahd its highest value is acquired in last samplihg¢ays after
sowing). The fourth and fifth samples were respetyiin 94 and 105 days after sowing in the sanoegyr

The mean comparisons of vari&tyitrogen interactions during the time demonstréttes in Agria variety, fertilizer

levels of 160 and 80kg net nitrogen per hectarehaasa significant positive effect on these traitsl they are
placed in the same group. So that, by increasiritjZer level up to 160kg net nitrogen per hectarégria variety
the yield increases but by further increase ofilieet(200kg net nitrogen per hectare) the yield anly doesn't
increase but also decreases and has had a sighifiegativeeffect on this trait. This might be dioeextra
vegetative growth, putting some leaves in the staadkalso, coincidence with high temperatures and summer
days and reduction of tuber reserves(the leavésathan the shade become the consumers of aswmitsstead of
collecting them in tubers). The procedure of nigedevel variation indicates that 160kg net nitroger hectare in
the last sampling(118days after sowing) has hamjr@fisant statistical positive effect on tuber lgieand was in
superior group with 931.5 grams per plant. Fromkaginning of growth period to the end, in all iierer levels,
tube yield per plant increases. Also the procedireariety variation indicates that by increasitg tength of
growth period from the beginning to the end, tujeid per plant increases significantly in bothigties. So that
both varieties Agria and Satina are placed in sapgroup in the last sampling (118 days after smyiand has had
a significant positive effect on this trait. But Mgriavariety fifth and sixth sampling (105 and ldl@ys after
sowing) are placed in the same and insignificaatigr

4267
Scholars Research Library



number of tubers per plant

Ali Barghi et al

Annals of Biological Research, 2012, 3 (9):4264-4275

Figourl.Difference procedure of number of tubers peplant in different nitrogen levels(a) and studied

varieties (b) during the time

24 - . 25 -
20 - 2 20 - _
= LAgria
16 - + NO S 45
1 2 N NS0 g 10 m Satina
B antgol| 5 s
@
7 K -oem | R T '
0 . . . . . . r Z 50 &0 T0O 80 90 100 110 120 130
50 G0 70 80 90 100 110 120 130 days after sowing
days after sowing
£l i~
Figour2.Variation in average tuber numbers smallerthan 28 millimeters intested nitrogen fertilizer levels
22
T 1B -
= 14
Z 10! R =09781 &time
50 60 70 S0 90 100 110 120 130
days after sowing
-
Figour3.Variation in average tuber numbers of 2-55 millimeters in tested nitrogen fertilizer level:
2.5 1
] L
E 2
0o 1.5 4 .
n g 1 * Agria
3 g
25 1 Sati
= = atina
S Ep5 A -
2%
§E 0 . T
= 0 1 160 240
different fertilizer levels
-
4268

Scholars Research Library



Ali Barghi et al Annals of Biological Research, 2012, 3 (9):4264-4275

Figour4.Variation in average number of tubers large than 55 millimeters in tested nitrogen fertilizer levels
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Figour5.Variation in average tuber yield per plantin tested traits during the time
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Figour7.Variation procedure of tuber yield per plant in different nitrogen levels (a) and the studiedsarieties
(b) during the time

Tuber dry weight

By the varianceanalyses during the time, the main factors inclgdrariety, nitrogen, sapling and interactions
ofnitrogenxvariety and nitrogesampling had a significant effect in probability bfpercent on this trait. Als
interaction of varietysampling and tripaite interaction of varietyxnitrogessampling he had a significant effect
on this trait in probability of 5 percent. The mezmamparisons omain effect indicated that in the main effect
variety, Agria late maturing variety will15.3 gram per plant i isuperior group comped to Satina variety and
has a significant positiveffect on this trait. About the maieffect of nitrogen the levels of 80, 160 and =
kilogram net nitrogen per hectare the best effectrotuber dry weight per plant and a significant difference
with control and were placed itng same superior group. The higl value for this trait was acquired in 1
kilogramsnet nitrogen per hectare with 121.9 gs per plant and the lowest value belc to the control (zero
kilogram netnitrogen per hectare) with 78.44 gis per plant. Number of samplimglemonstrates that fr« the
beginning of growth period tositen(, tuber dry weight per plant increassignificantly so that its highe value was
acquired in 118 days after sowing with 162.7 grangant. Butthe 94 and 105 days after sowing (the th and
fifth sampling) arein the same group. Procedure of variation in niérodevels was 80 kilogram net nigen
fertilizer per hectare from thigeginning f growth period tathe fifth sampling. After this period 160 kilogramet
nitrogen per hectare preceded them but totallyethe® levels anthe 200 kilogramset nitogen per hectare all
were in the samgroup according to the ain effect of nitrogen. The highesiber dry weight in final samplinwas
in 160 kilogramset nitrogen per hectare with the value of 192&rs per plant. The procedure of variation amc
the varieties in this trait indided that Agria variety w better than Satinduring growth peod from its beginning
to the end, and the highest value of this traitu@egl folAgria variety and 118 days after sowing with 16§cans
per plant but it was in the same group with 94 408 days afte sowing. In both varieties fro the beginning of
growing period to the endhe value of this trait increased significar

Table2. Variance analyses of morphological traits of plant during tte time

Mean of squares
Number of tubers per plant  Tuber yield per plant (gr)

Source of variation Degree of freedor

replication 3 13.527 4052.6¢
Nitrogen (n) 3 171.607 ** 562754.7**
error 9 13.182 24100.8:
Variety (v) 1 95.89 ** 77966.61 *
Interaction nxv 3 2.479ns 77451.2**
error 12 2.772 11795.0:
Sampling (s) 5 763.638** 1923618.5**
Interaction nxs 15 28.318* 36429.4*
Interaction vxs 5 8.956ns 18029.7:ns
NXvxs 15 5.379ns 26796.3*
error 120 6.668 12830.6.
Coefficient of variation 23.49 21.2

Ns, * and ** are insignificant and significant irgbability of 5and 1 percent, respectivi
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Table3. Mean comparison of tested main effects onarphological traits of plant

Mean of traits

Tested levels Number of tubers per plant  Tuber yield per plant

. Agria 10.29b 552.60a

varieties Satina 1170 a 512.29b
control 10.52b 372.9b

Nitrogen fertilizer 80 kilqgrams 12.51 a 587.4a

160 kilograms 1243 a 609.4a

200 kilograms 8.52 ¢ 560.2a

57 days 6.97 d 121.8e

70 days 7.36 d 360.8d

Sampling (days after sowing) gi g;}g Zolggcj: g%gg
105 days 14.83 b 683.7b

118 days 18.77 a 769.2a

The values with the same letters didn’t show agwificant effect in probability of 5 percent

Table4. Mean comparisons of varietyxnitrogen, nitrgenxsampling, varietyxsampling interactions on stued traits

Mean of traits
Number of tubers per plant  Tuber yield per plant (g)
varietyxnitrogen (kilograms per hectare)

Source of variation

controlxAgria 9.60c 3446 ¢
controlxSatina 11.43b 401.1c
Agriax80 12.08ab 636.9a
Satinax80 12.94a 537.8b
Agriax160 11.81b 665.9a
Satinax160 13.04a 552.8b
Agriax200 7.65d 563.0b
Satinax200 9.39c 557.5b
varietyxsampling (days after sowing)
Agria x 57 6.63ef 125.1f
Agriax 70 6.19f 354.6 e
Agria x 83 6.94ef 609.1 cd
Agriax 94 10.63d 694.0bc
Agriax 105 14.06c 745.8ab
Agria x 118 17.28b 787.0a
Satina x 57 7.32ef 1185 f
Satinax 70 8.53 e 367.0e
Satinax 83 7.35ef 553.2d
Satinax 94 11.16d 662.0 c
Satina x 105 15.59bc 621.6 cd
Satinax 118 20.25a 751.4ab

Remain of table 4
Mean of traits
Number of tubers per plant  Tuber yield per plant (g)
Nitrogen (kilogram per hectare)x sampling (days ar sowing)

Source of variation

control x 57 4.32] 61.69 |
control x 70 7.199.j 268.3 k
control x 83 6.88hij 398.6ij
control x 94 9.25gh 526.2fgh
control x 105 17.06bc 463.8hij
control x 118 18.38 b 518.5ghi
57x80 7.69ghi 137.31
70x80 9.19gh 401.0ij
83x80 7.76ghi 612.8efg
94x80 12.25ef 800.6bc
80x105 16.94bc 807bc
118x80 21.25a 765.5bcd
57x160 8.25gh 149.6 1
70x160 7.94ghi 410.5hij
83x160 7.75ghi 670.5 de
94x160 12.81 de 687.4cde
105x160 15.31cd 807bc
118x160 22.50 a 931.2a
57x200 7.60ghi 138.7 1
70%200 5.13ij 363.3jk
83%200 6.19hij 642.8def
94x200 9.25gh 697.8cde
105x200 10.00fg 657 de
118x200 12.94 de 861.6ab

The values with the same letters didn’t show aggificant effect in probability of 5 percent
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The interaction of varietyxnitrogen during the tirmglicated that in Agria variety fertilizer levetd 160 and 8(
kilogram net nitrogen per hectare had a signifiqaoditive effect on tuber dry weight with probatyilof 5 percent
So that these two lels was arranged in the same group. In Agria walbgtincreasing fertilizer level up to 1t
kilograms net nitrogen per hectare the value of thait increased, but above this level (200 kimgs net nitroge
per hectare) had a significant negativeect on tuber dry weight. In Satina variety by iragi@g fertilizer up to 8
kilograms net nitrogen per hectare the value of ttgit increased significantly, but other leveisibrogen (160 an
200 kilograms net nitrogen per hectare) are insdmae roup with 80 kilogram nitrogen per hectare. Forét90)
reported that the increase of tuber yield and talpgweight was significant by increasing fertilizevel from 80 tc
120 kilograms net nitrogen per hectare and below lvel the increase inield and tuber dry weight we
insignificant. By increasing fertilizer level fromero up to 100 kilogram net nitrogen per hectabeityield anc
tuber dry weight increased 2000 and 420 kilogram lpectare respectively. A thi-year-long experiment on
Diamont, Aola and Moren demonstrated that the bestuamof nitrogen fertilizer used in order to increadry
matter is 80 kilograms net nitrogen per hectare $e of nitrogen fertilizer can increase dry migitgcentage to
limited extent (Maghrur, 1997).

Figour8. Variation in average tuber dry weight perplant in tested nitrogen fertilizer traits during t he time
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Figour9. Variation in average tuber dry weight perplant during the time
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Figour10. Variation procedure of tuber dry weight per plant in different fertilizer levels (a) and studied

varieties (b)during the time
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The products that are supplied with high levelnitrogenproduce their maximum yiellater than products that are
faced with low nitrogen levels. Nitrogen promotaswth of shocs and although tuber formrg in both high and
low nitrogen levelsmay begin almost in the same time but in the begqof growing period, there is lesry
matter in tubers. It is provetiat using high amounts of nitrogen and high intgmaay cause the shcs to develop
very much, delaying tuber formation, reducing theldsand forced harvest of raw tubers, and also effsct
quality of tubers. Variance table representeit experimental factors and their intetian (varietyxnitrogen) we
significantin probability of 1 percent. The mean comparisonariety main effect shows the significant supétyo
of late maturing Agria compared to early maturiradisa. Thestudies omitrogen levels stated that 160 kilogra
net nitrogen per hectare fertilizer level is in stipr group and has a significant difference with tontrol and th
80 kilograms net nitrogen per hectare, but \ in the same groupiith 200 kilograns net nitrogen per hectare.
Increasing fertilizer level up to 160 kilogrs net nitrogen per hectatége value of this trait increased significal,
but going beyond this level it doesn’t h. any significant effect on this trait. In other wdt best fertizer level in
order to acquirenaximum vyield, is 160 kilogram net nitrogen pertaee. Increasing fertilizer level more ththis
amount, not only doesn't haamy significant effect on increasing the tubeeld (tone per hectare) but & caused:

1-Extraordinary growth of shoots

2-More nitrate accumulation in the tuber which isaarhful trait for huma

3-Pollution of soil and water environmi

4-Increasing the costs by using r nitrogen fetilizer that is more than plant requirem.

Fertilizer level of 160 kilograsinet nitrogen per hectare with a value of 34onsper hectare arranged in first
group (a). Man comparison table of nitrogevariety interaction represents that the most tyledd by 39.43tons
per hectare belongs to the tmantAgriax160 kilograms net nitrogen per hectarbisTtreatment has a significe
difference with all the groupslso it is arranged in superior group. The least amount & ttaitis acquired in
control treatment of both varieties which are ia #ame coup. In both varieties by increasing fertilizerééwup to
160 kilograms net nitgen per hectare (except Satil60 treament) the value of this tit increased and by
increasing fertilizer level more than this levdile tvalue for this trait decreasegain. It shows superiority of Agrii
variety compared to Satina and Superiority of 180gkans net nitrogen per hectare fertilizer level compate
other nitrogen levels on this trait. By using natifizer the yield of Satina variety was more thagria (their
difference was about 3 toper hectare) but by increasing fertilizer le,Agria variety preceded from Satina anc
fertilizer level of 160 kilogramset nitrogen per hectare their difference was e maximum amount. So it can
concluded that by consideritige more growth peod length of Agria varietyits need to fertilizer is more. It mea
Agria is more sensitiveo nitrogen fertilizer. In lo\ fertilizer level, Agria has feweryiel and in 160 kilograms net
nitrogen per hectare (optimufartilizer level for this trait) it hashe most tuber yield per hectare compared to S
early maturing variety. But incasing fertilizer level aboy this amount decreased the vyield in both varie
Regarding thidvlolergan (1990) reported that by reasing nitrogen levels in Bita variety, the yiélttreasec
whereas tuber yield increase for Danlo variety owmlin fertilizer levels more than 100 kilogrs net nitrogen per
hectare. Furthermore Piter and Arse (1998) demonstrated that using niteogfertilizer increased total yield a
economical yield of potatonlthis experimenthey concludedhat by using 135 kilogras net nitrogen per hectare
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the most tuber yield is acquired and in this letle¢ percentage of large tubers is in maximum amauod also
tuber average weight is the highest value comptarether levels of fertilizer.

Nitrogen and protein

Table of variance analysis (table5) represents thatmain effect of variety and nitrogen was sigaifit in
probability of 1 percent on traits including shaoid tuber nitrogen percentage, nitrogen uptakéadots, tuber and
whole plant, protein percentage and protein yi@lde effect of interaction of variety and nitrogeertilizer was
significant on traits including tuber nitrogen pemtage, nitrogen uptake in tubers and whole plantein
percentage and protein yield. Mean comparison t@hlde6) represents that between two varietiesn&aariety is
better than Agria because of its early maturity asatapacity for high amounts of nitrogen uptat@inciding the
traits including nitrogen percentage of tubers ahdots, nitrogen uptake in tubers, shoot and wptdet and
protein percentage. Agria is in a better group tBatina only in the case of protein yield becadsesdiigh amount
of dry matter production. In all the measured $réitiber and shoot nitrogen percentage, nitrogéakepn tubers,
shoots and whole plant, protein percentage anciprgteld) by increasing fertilizer level a sige#int difference is
distinguished, so that in the treatment of usindentlizer, all the traits are in the lowest lewaid in the use of 200
kilograms net nitrogen per hectare they are irhigbest level.

Table 5. Analysis of variance of effect of N fertizer level on N uptake and partitioning and proteincontent of potato cultivars

Sources of £ Total shoot Total tuber  Shoot Tuber  Whole plant Tuber protein Tuber protein
variation N content N content absorbed Nabsorbed N absorbed N content (%) yield
Replication 3 0.08* 0.29** 21.66* 27.01 3.71 11.64** 8451.5**

Cultivar (V) 1 0.24* 0.25** 160.52**  1150.6**  2170.7** 9.76** 25428.06**
Nitrogen (N) 3 1.29* 1.13* 975.07* 9898.78* 17059.4** 44.43%* 33860.82**

VxN 3 0.03 0.08* 1.75 76.36* 78.93** 3.21* 1070.4*
Experimental error23 0.01 0.01 4.46 17.27 12.08 0.63 288.03
C.V. (%) 5.18% 4.77% 7.36% 5.55% 3.36% 4.77% 4.25%

Table 6. Means comparison of effect of different Nertilizer levels on different traits of potato culivars

Source of Total shoot Total tuber Shoot Tuber Whole plant Tuber protein Tuber protein
variations N content N content absorbed N absorbed N absorbed N content (%) yield
Cultivars
Agria 247D 257b 26.10 b 67.84 b 93.95b 16.10 b 431.18 a
Satina 2.67a 2.78a 31.28 a 81.69 a 112.97 a 17.38 a 366.08 b
N fertilizer levels

0 kg/ha 1.99d 2.15d 15.29d 30.75d 46.04 d 13.47d 317.55d
80 kg/ha 243c 249c 21.90c 5252¢c 7442 c 15.59 ¢ 361.63 ¢
160 kg/lha  2.85b 2.95b 33.39b 95.21b 128.60 b 18.43 b 42593 b
200 kg/ha 3.03a 3.11la 44.18 a 120.58 a 164.76 a 19.45 a 489.41 a
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