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ABSTRACT

Diosgenin (a steroidal saponin of fenugreek) hag lo@en used as a raw substance for the manufacturing
of steroid drugs. In order to evaluate the nutrdiceffect of different nitrogen (0, 50, 100, 15@&00 kg hd)

and copper (0, 10, 20 and 30 kg'hdoses on the diosgenin content, growth and yielemugreek (var.
Ardestan), an experiment was carried out in a fagt@afrangement based on complete randomized block
design. The diosgenin content in the plant was mogit by a high performance liquid chromatography.
Lower doses of copper increased yield, yield compbramd diosgenin content, but its higher level
(30 kg hd) had negative effects on the plant yield. The #iameous application of nitrogen and copper
ameliorate the diosgenin production, yield anddyigbmponent. The result obtained from correlatiod a
stepwise regression analysis showed that traits asdeaf area index, pods number per plant, and dry
weight have significantly direct relation to dios@eproduction levels in plants, while dry weight hbe
highest effect on diosgenin production compareather traits. According the results, we also can kaiec
that nitrogen application can decrease copperitgxit fenugreek in the contaminated soils.
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INTRODUCTION

Copper is one of the essential micronutrient, reand development [Panou Filotheou et al. 2001]. Cop-
quired for several different physiological and hiem- per through fertilization, pesticides, municipal
ical pathways in plants as well as mammalian notrit wastewater and industrial wastewater may contaminat
[Stern et al. 2007]. Its deficiency has an adveffect soils. However, it has been reported to be a comple
on human being [Stern et al. 2007]. In fact, copper interaction between nitrogen and copper in legumes
one of the essential nutrient required for seconda[Marschner 2012]. Marschner [2012] determined that
metabolite production, but its higher concentratiothe toxicity of copper could be decreased as rginog
cause some pr oblems in soil and restrict plamtvfr  supply increased.
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Nitrogen is an essential element for plant growtMATERIALS AND METHODS
and reproduction, which is a component of chloro-
phyll and thus necessary for photosynthesis Chemicals and materials. Acetonitrile (HPLC
[Alburquerque et al. 2013, Britto et al. 2014].idt grade, Merck, Darmstadt, Germany) and deionized
also the basic element of plant and animal proteirwater purified through a Millipore system (Milford,
including the genetic material DNA and RNA, and i€Connecticut, USA) were used. All other reagents
important in periods of rapid plant growth. Presdouwere of analytical grade and used without further
studies indicated that nitrogen applications inseela purification. Diosgenin was purchased from Sigma
the number of pods per plant, seeds per pod a(Buchs, Switzerland). Seeds of fenugreek (Ardestan
1000 seed weight in fenugreek [Tuncturk et al. 2011variety) were obtained from the Seed and Plant Im-
However, high levels of these elements, copper aprovement Institute (SPII) of Karaj, Iran.
nitrogen might have toxic effects on plant growth Field experiments. Field experiment was carried
[Britto et al. 2014]. out at the research station of Zanjan Universign-Z

Fenugreek belongs to the Fabaceae family; ijan, Iran, in 2009 and 2010. Soil was sandy loath an
leaves and seeds are used as a source of hehtih in contain 1.65% organic matter, 0.08% of total nitro-
and used as a spice. It has three main componegen, 29 mg kg of P,Os, 285 mg ki of KO,
such as steroidal sapogenins, galactomanans .26 ppm of Cu, 20% of CaGO1.72 ppm of Mn,
isoleucine, which has pharmacological charactéd ppm of Zn, while soil saturation extract (ECe)
[Aradhana et al. 1992]. The presence of saponiss thad value 1.01 dS Tand pH value was 7.66 on
been reported in most species. Diosgenin belongstop soil.
the steroidal saponin group which is the startiry m  Seeds were sown at Y@f April 2009 and 2010
terial of industrial interest in the synthesis odmg in 2 x 3 m plots and the plant density was about
steroidal drugs. Fenugreek with its easy cultivatioS0 plant nf. The Sprinkled irrigations were supplied
has considered as a source for diosgenin productiregularly and the weeding operation was conducted
[Sautour et al. 2007]. However, the plants yield demanually. Treatments included nitrogen application
pends on environmental condition such as abiotit aN1 = 0, N2 = 50, N3 = 100, N4 = 150 and N5 =
biotic factors [Berova et al. 2000, Nufiska- 200 kg hd of Urea 46% N Fertilizer) and copper
-Wierdak et al. 2015, Shams et al. 2016, Sorkheh (Cul = 0, Cu2 = 10, Cu3 = 20 and Cu4 = 30 k'<j ha
al. 2016]. The abiotic factors such as copper, wethof Copper Sulfate (CuSbH,0)), both mixed with
jasmonate (MeJA) and ethylene can influence tttop soil before seed planting.
diosgenin production in plants [Narula et al. 2005, Data collection and analysis. The experiment was
Diarra et al. 2013, Chaudhary et al. 2015]. conducted in a factorial arrangement based on

Copper is one of the factors in the production ca complete randomized block design with three repli
secondary metabolites and performance of the plancates for each treatment. In order to diminish mnarg
High levels of this element in plants can be toxieffect, samples were selected randomly from the
[Roy et al. 2016], but nitrogen has an importaré ro middle of the plots. Sampling was performed in five
in reducing the toxicity of copper in the fenugreekdifferent growth stage (25, 45 and 65 days oldtslan
A review of literature reveals that there is no mucfull bloom and pod ripening) to determine and calcu
investigation on copper acclimation of fenugreelate dry matter content, leaf area index and diosge
treated with nitrogen fertilization. Also thereligle = The seed number per pod and pods number per plant
knowledge in the field of copper and nitrogen interwere measured at full maturity. The Pearson correla
action on fenugreek yield and steroidal sapogention and stepwise regression analysis were used to
production. Therefore, the purpose of this studg weetermine important characteristics affecting (inde
to evaluate the effect of different rates of nigng pendent variables) diosgenin production rate (de-
and copper on the growth and yield of fenugreek arpendent variable). Statistical analysis was caroieid
the diosgenin production. by SPSS version 19 at P > 0.05, and the mean separa
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tion was done following Duncan's Multiple Rangetration in culture medium increased, productiore rat
Test. of diosgenin enhanced. Moreover, nitrogen at third
Extraction and determination of diosgenin. The level (N3, 100 kg ha urea) had a significant effect
diosgenin content of leaves and fruits was measuron diosgenin and increased its content up to 32 per
by the methods of [Saxena et al. 1996, Shams et cent compared to control (tab. 1). Higher concentra
2013]. HPLC analyses were performed on a Knautions of N (150 and 200 kg“hurea) in the media
(Berlin, Germany) HPLC system equipped wittdecreased diosgenin production.
a Wellchrom K-1001 pump, a Wellchrom K-2600 Simultaneous application of nitrogen at third level
UV-Visible detector and a Nucleosil RP C18 columi(N3, 100 kg h& urea) and copper at forth level (Cu4,
(125 mm length, 4 mm internal diameter and 5 P30 kg had CuSQ) had the highest effect on diosgenin

particle size, Knauer, Berlin, Germany). in 45-day old leaves and improved its content up to
88 percent compared to control group (tab. 3).
RESULTS There was a significant correlation between dios-

genin production and dry weight (tab. 5), but the

Growth, yield and yield component. The result correlation between diosgenin production and leaf
showed that the separately application of copper area index, 1000 seed weight, number of pods per
third level (Cu3, 20 kg h copper sulfate) and nitro- plant was not significant. The Results of stepwise
gen at third level (N3, 100 kg'furea) had the high- regression analysis showed that among all independ-
est effect on increasing LAI, dry weight, number oent parameters, dry weight had a direct relatiosh an
pods per plant and number of seeds per pod (t&)s 1,the highest effect on diosgenin production.

Copper at forth level (Cu4, 30 kg'ttopper sulfate)

had a negative effect on yield and yield componerpISCUSSION

However, simultaneous application of Cu4 (30 Kg h

copper sulfate) and N3 (100 kg brea) had the most ~ Growth, yield and yield component. Our find-
significance effect on the investigated characteings pointed out that lower levels of Cu increaded
rather than control (tab. 4). The copper had noikig matter, but upper levels of Cu decreased dry matter
icant effect on 1000 seed weight (tab. 2) accumulation due to its toxicity effect. This mag b

The results obtained from our study showed thidue to preferable inhibitory effects of Cu on leaf
as the nitrogen level increased in the soil (up telongation [Alaoui Sossé et al. 2004]. This result
100 kg K urea) the number of pods per plant, seeconfirms previous findings about toxicity effects o
number per pod and 1000 seeds weight increased, Cu in cucumber Alaoui Sossé et al. [2004] and beans
high application of nitrogen in the soil (150 anc[Elleuch et al. 2013]On the other hand, dry weight
200 kg R urea) decreased them (tab. 2). decline is attributed to the effects of copper and

According to the regression analysis, dry weigkantagonist eventually, which causes chlorophyll de-
(independent variable) had the greatest effect «composition and reducing plant total photosynthesis
diosgenin production (dependent variable), andrthefMarschner 2012]. By increasing the copper concen-
relation was direct (tab. 5). This means that iasre tration (70 um) in the Murashige and Skoog medium
ing the plant growth and dry matter accumulatiom cein Dioscorea bulbifera L. the dry weight decreased
ameliorate the diosgenin production of in plants.  [Narula et al. 2005].

Diosgenin. The increasing of concentrations of Increasing leaf area index, number of pods per
CU” in the media ameliorated the accumulation cplant, seed number per pod and 1000-seeds weight
diosgenin, but upper levels of Cu (30 kg topper by nitrogen application at optimum level (N3) is
sulfate) caused a decline in the production of -dioconsistent with the findings of [Mehta et al. 2010]
genin in fenugreek (tab. 1). but its higher concentration had a negative effect.

Nitrogen application had a significant effect orHigh levels of nitrogen enhanced vegetative growth,
the production rate of diosgenin. As nitrogen conce which inhibited light penetration into the canomda
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Table 1. Effects of nitrogen and copper nutrients on diosgenin production in 25, 45 and 65 day old leaves (DOL), leaves at flowering stage (LFS) and in
fruits of fenugreek. Data followed by a different letter were significantly differest @®5) according to the Duncan Multiple Range Test. DOL (day
old leaves), FS (flowering stage) and SRS (seed ripening stage). There were no significant differences between 2009 and 2010

Dry matter yield (g nf) Diosgenin content (Lg% dry weight

Treatment
25DOL 45DOL 65 DOL FS SRS  25DOL 45DOL 65 DOL FS SRS
N1=0 27E 76D 166C 413D 3825D 6833D 8070D  7106D 5673D  3613D
_ N2 = 50 31D 805C  171B  4425C 397C  9610C  12530C 10326C  7593C  4730C
?:;“:gf)n levels N3 = 100 34B  845A  184A  4885A 437.5A 13043B 14483B 13746 A 13230A 7020 A
N4 = 150 34B 8B  1715B  457.5B 422B 13096 AB 14596 AB 12690B  7953B 4853 B
N5 = 200 38A 77D  1645D  402E 377.5E 13166A 8103D  7093D  5693D  4710D
Cul=0 27C  76C 166 C 413C  3825C 6833D 8070D 7106 D  5673D  3613D
Copper levels Cu2 =10 31B  84B 183B  4535B 437B  11443C 15760C 11850C 9096 C 5270 C
(kg hal) Cu3 =20 34A 85A  187A  643A  554A  18523A 29803A 22696 A 20790 A 10430 A
Cu4 =30 315B  84B 167C 408D 381D  13056B 23563B 20213B 16270B 5946 B

Table 2. Effects of copper and Nitrogen nutrients on leaf area index, pods'pieeds pod 1000 seed weight of fenugreek. Data followed by a
different letter were significantly different @0.05) according to the Duncan Multiple Range Test. DOP (day old plants), FS (flowering stage) and SRS
(seed ripening stage). There were no significant differences between 2009 and 2010

Leaf area index

Pods Seeds 1000 seed
Treatment )
25 DOP 45 DOP 65 DOP FS SRS plant pod weight (9)
NL=0 0.102 D 0.402 D 0.611 D 112D 0.388 D 10C 13C 1634 C
Nirogen level N2 =50 0.125C 0.426 C 0.631 B 122 B 0428 B 12 B 15B 17.75 B
(kg ha N3 = 100 0.146 B 0.438 A 0.635 A 1.26 A 0.440 A 15 A 17A 18.84 A
N4 = 150 0.147 A 0.434B 0.631 B 1.23B 0.428 B 13B 15B 17.76 B
N5 = 200 0.146 B 0.428 C 0.614 C 1.15C 0.385 C 11C 13¢C 1622 C
Cul=0 0.102 D 0.402 D 0.611 D 112C 0388 C 10C 13C 1734 A
Copper level Cu2 =10 0.113C 0418 B 0.624 B 1.15B 0.427B 12 B 15A 17.84 A
(kg ha) Cu3 =20 0.127 A 0.433 A 0.675 A 1.25A 0.467 A 14 A 16 A 17.14 AB
Cu4=30 0.118 B 0.406 C 0.621C 1.07D 0.428 B 1¢C 13C 1733 A




Table 3. Effects of copper and nitrogen interaction on total diosgenin content and dry matter of fenugreek. Data followed by a different letter were
significantly different (P< 0.05) according to the Duncan Multiple Range Test. DOP (day old plants), DOL (day old leaves), FS (flowering stage) and
SRS (seed ripening stage). There were no significant differences between 2009 and 2010

Nilt;\cl)glen Capper level Dry mater yield (g i) Diosgenin content (ugy dry weight
kgha) @M 25pop  4spOP  65DOP  FS SRS  25DOL 45DOL 65DOL  FS SRS
Cul=0 27G 76 G 16617  413MN 3825N 6833N 80700  7106N  5673Q 3613 N
_ cu2=10 31FG 84 CDEF  183EF  4535K 437J  11443L 15760L 11850K 9096 N 5270 K
MO =20 34EFG ~ 865CDE 187DE  643C 554D  18523G 29803F 22696 C  20790D 10430D
Cu4 =30 31L5FG  B4CDEF 16710 408N 381N  13043J 23563H 20213E  16270H 5946 J
Cu1=0 31FG 805EFG  17LHI  4425L 397L  9610M 12530N 10326M  7593P 4730 M
__ cu2=10 355DEF  BODEFG ~ 180EFG 5031  439.5) 11800K 17023K 12733J 12453 7146 G
N2=90 cus=20 36.5 CDEF 88 CD 190.5CD 6435C 573C  20466F 31080D 17710G 21366 C 10686 C
Cud =30 37CDEF  875CD  191.5CD 566H 525F  17333H 27333G  21360D  17740F 6990 G
Cu1=0 34EFG ~ B845CDE 184EF  4885J 4375J 13056) 14506M 137461 132301 7020 G
_cu2=10 39CDE  88CD 1935C  6065F 534E 156001 23610H 19343F  17853F 10116 E
NS=10 cus= 20 395BCDE 9858 2105B  687.5B 6785B 25443C 34633C 275408  23503B 12376 B
Cud =30 415BCD  103A 2705A  762A  7065A 261568 64966 A 41100A  34213A 14623 A
Cu1=0 34EFG ~ BL5DEFG 1715HI  4575K 422K  13006J 14506 M 12690J 79530  4883L
__cu2=10 415BCD 8L5DEFG 1745GH 577G 4591 155001 228501 17046H  11640K 5946 J
N4=190 cus=20 425C 875CD  1825EF 6135E 4835G 25033D 30760E 20180E  17120G 7010 G
Cu4 =30 57 A 89 C 186DE 635D  472H  27243A 42560B  22773C 18586 E 8560 F
Cu1=0 355CDEF 775FG ~ 1645J 4020  3775N 13166J 81030 7093N  5693Q 4710 M
__cu2=10 39CDE ~ 80EFG  178FG  411MN 38L5N 155761 15793L 10340M 9073N 62031
No=290 cla=20 425C 8L5DEFG 179FG ~ 4145M 389M  24310E 21426J 11716L 10846 M 6303 HI

Cu4 =30 48 AB 82.5 CDEFGL79 FG 414 M 389 M 26133B 227801 11940 K 11130L 6323 HI




Table 4. Effect of copper and nitrogen interaction on leaf area index, pods' ps@eds pod and seed 1000 weight (g) of fenugreek. Data falblvy
a different letter were significantly different €20.05) according to the Duncan Multiple Range Test. DOP (day old plants), FS (flowering stage) and
SRS (seed ripening stage). There were no significant differences between 2009 and 2010

Nitrogen}llevel Copper_llevel Leaf area index Podsiplant  Seeds/pod Secled 1000
(kg ha’) (kg ha’) 25 DOP 45 DOP 65 DOP FS SRS weight (g)
Cul=0 0.102 N 0.402 Q 0.611 N 1.12L 0.388 K 10J 13G 16.34 EFG
_ Cu2=10 0.113 M 0.418 O 0.624 K 1.15K 0.427J 12 HI 15 EF 17.84 EFG
N1 =0 Cu3 =20 0.127J 0.433L 0.675C 1.25G 0.467 D 14 FG 16 DE 17.14 EFG
Cu4 =30 0.118 L 0.406 P 0.621L 1.07 N 0.428 J 111 13G 17.33 EFG
Cul=0 0.125K 0.426 N 0.6311 1.22 H 0.428 J 12 HI 15 EF 17.75 EFG
_ Cu2=10 0.1421 0.437 JK 0.642 G 1.28E 0.452 H 14 FG 17D 18.13 CDE
N2 =50 Cu3 =20 0.154 G 0.455 G 0.654 F 1.32CD 0.464 E 16 DE 20C 19.42 CB
Cu4 =30 0.168 D 0.468 C 0.662 D 1.12 M 0.454 G 18 BC 14 FG 19.15CBD
Cul=0 0.146 H 0.438J 0.635 1J 1.26 FG 0.441 15 EF 17D 18.84 CD
Cu2=10 0.163 F 0.466 C 0.657 E 1.33C 0.473C 17 CD 19C 18.72 CD
N3 =100 Cu3=20 0.177C 0.482 B 0.688 B 1.39B 0.477B 19B 23B 20.18 B
Cu4 =30 0.185B 0.515 A 0.722 A 143 A 0.483 A 22 A 25 A 23.72 A
Cul=0 0.147H 0.434 K 0.631J 1.23H 0.428 J 13 GH 15 EF 17.76 EFG
Cu2=10 0.166 E 0.457 F 0.641 GH 1.27 EF 0.451H 15 EF 17D 17.14 FGH
N4 =150 Cu3=20 0.178 C 0.464 E 0.655 F 1.32 CD 0.462 F 17 CD 17D 18.15 CDE
Cu4 =30 0.196 A 0.483 B 0.661 D 1.31D 0.465 E 17 CD 19C 18.14 CDE
Cul=0 0.146 H 0.428 M 0.614 M 1.15K 0.385 M 111 13G 16.22 H
Cu2=10 0.167 DE 0.433 L 0.623 K 1.181 0.384 M 111 13G 16.7 GH
NS =200 Cu3=20 0.177C 0.448 H 0.64 H 1.17 13 0.391L 13 GH 15 EF 17.72 EFG
Cu4 =30 0.184 B 0.446 | 0.641 GH 1.16 JK 0.392 L 13 GH 15 EF 17.71 EFG
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Table 5. Stepwise regression analysis between diosgenin Copper is required for several biochemical and
production (dependent variable) and dry matter pod.  physiological pathways and thus is considered essen

plant” (independent variable) at final model tial for carbohydrate production and plant growth
[Veeresham and Kokate 2004]. Therefore, increasing
Unstandardized Standardized accumulation of CuSQin media enhanced the dios-
Model coefficients coefficient ¢ Sig. genin production.

Higher concentrations of €lin the media inhib-
ited the formation of diosgenin in fenugreek. Our
Constant -16.63 1.77 _ -9.03 0.00 results reflect the impact of copper on diosgemot p
duction in okra Klibiscus esculenthus) reported by
[Narula et al. 2005]. Due to complex interactior be
Pod 053  0.20 0.27 2.63 0.0l tween nitrogen and copper in legumes, the simulta-

neous application of higher level of copper andonit

gen, improved steroidal sapogenins production.
therefore reduced photosynthesis rate. As a result, Higher concentrations of NGn the media sup-
lower leaves become wilted, lose their chlorophyllported the increased accumulation of diosgenin in
and fall down, therefore, leaf area index and ie&ly Vitro cultures of fenugreek [Ravishankar et al. 1j99
capacity of plants is decreased [Mehta et al. 2010] In contrast, in this study higher concentrationnof

The interaction of copper with high concentrationtrogen at field conditions, along with increasedfle
of nitrogen (30 kg f copper sulfate and 100 kglh area index (Cell size expansion and not significant
urea) increased the growth, yield and yield compe€ffect on dry matter accumulation) declined diosgen
nent. It is due to Céd accumulation in fenugreek in production.

Rhizobium's and reduce the toxicity of copper in
plant. CONCLUSIONS

Increase in the number of pods in fenugreek is at-
tributed to Cu active role in flower formation and High copper amount in tissue culture surveys has
avoiding flower abortion. Copper at its optimurrbeen shown to induce lower yields and secondary
level, by increasing carbohydrate content in plantmetabolite accumulation. On the contrary, in field
prevent flower abortion and pods number per plaicases with situation respect to the extreme deroéind
[Marschner 2012]. root to Cu for nitrogen-fixing, nodules partly redual

Diosgenin. According to the findings of our study, copper toxicity so copper had no significant effet
there was a direct relation between dry matter pryield decline. As the dry weight of plant increased
duction and diosgenin production. This means thsecondary metabolite production elevated, it istdue
the diosgenin production would increase in playts kthe increase of carbohydrate accumulation. It is- ne
means of the accumulation of dry matter. Similarlyessary to conduct further researches to evaluate th
the secondary metabolic production in ginger weeffects of other nutrients on the yield and proatunct
increased by the accumulation of dry matteof secondary metabolites in plants.

[Ghasemzadeh et al. 2011]. There was an evident

relationship between carbohydrates production alACKNOWLEDGEMENTS

dry matter accumulation in plants [Ghasemzadeh and
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Dry matter accumulation occurred at the samvanced Studies in Basic Science and Zanjan Univer-
time with the carbohydrate production of plantst-Casity for the financial supports. In addition,
bohydrates are among the constituents of pyruvDr. Behzad Nikkhah from Biology Department of
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B Std. error Beta

Dry matter 4.34 0.68 0.65 6.34 0.00
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