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Effect of application of zeolite and nitrogen fertilization on growth, seed yield
and water productivity of fenugreek (Trigonella foenum-graecum L.) under
drought stress conditions

Tyl S| Gl 3 gmen (55U eye deses o e ST SLEL Ju2dll gl
Fﬁ@&oukslpj

oS

il 5, Shas ey 5 05555355 5 S 55 o pman 1ATAS L (ST 0 (i £ 9 lrgr w571 Sgie .p (Sl i p . E L il (ST SLEL
JYA-YOF (MR .00l (8155 pole dlomo . S i Ll s s (Trigonella foenum-graecum L) sz T 6550 4

(S i Ll 50 i (2155 9 G 59898590 (0 Selgid Dldo p 059 395 9 Culgi) Bpan JT (LI Hgkied

3 1TAF 9 ITAY Sl Jlaw 38 5 1T dw Ly B0l ol 5 gy 5k LIB 53 b 3971 ol 8 5 SD O yg0d Shilo)T
Jol 0 38 i i (i 09um) SoleT et g Jold (alo3T (s slo b [ e o OIKEIS Sng% 4530
ot 1 (S35 Sad A o 3935LS S 5 5 ol ale Olgiet (015 9 (095 S50 95 Md 5 9 13 9 S
2laio 93 9 (LKL H3 9L 1) Ol a0 490390 395 9 JED 33 (5 TIY Ol 30 4 SawganS” (059 «dLh) ol L5 3590 (339 4o
Sl el s i ilodT Jlo 93 g 50 457 318 O gl . Widgr (£ 9 Jole Olgisd (HUKR 33 oF 4 9 i) Culgl)
) (i G (i P g’ (5039 § Sl g8 B pn § 0D (5 g ML & e ddlllan 3590 (AL Dlho 4l 10 S
L oy i 90 sLbsd 33 (03955 995 b Sl 93 9 ST (Sl slowd i 5 55 Al 4515 3 JKhow o gy 31D S
Lol Candd (SIS 53 p T als” OFA/+) CawgunS” 039 b of yoid Cudgi) slowd 13 9 (KU 33 £ T o™ A+1/)) Cawgmes” 09
TV e ped Jlo 53 9 Moy YF o TF Cud jau Jof Jlo 50 415 8 ylos (15 9 (g Ao o 38 (KiS il Ol Ml 31
9 Clgi B e (Sl T Slslosd 571 50 457 310 O aslodT ool S .8l Bl (5 Oguy wLh 4 i o3 OF 9

W3 Al 615 ST (5390 4@ 9 3 Khos (STl Khos il B s (10 ol 9 ST (cw jid a1 381 b CawgnoS” 2039

S 5dhos (151 9 3 Khos 1T (5390 5@ 0391 (g™ 039 ¢ i i (sl (slolg

by oo I3l o588 (6875 b 3l o tens i WAFAVA B D fu )l YRS Y 8L, b
e S5 ol 5 (6 T3 (6 sl -

(modaresa@modares.ac.ir 1 s S o) (oS 45180) e o5 o881 (55 5LS” 0aS il sl Y

ol oty HLals ¥

e a3 oy (6555188 0K ils skl F


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.3.5.5
http://agrobreedjournal.ir/article-1-792-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-10-18 ]

[ DOR: 20.1001.1.15625540.1396.19.3.5.5 ]

A48 5l o ol A(,M,',;.u?‘"a\x\ o5 pole dems”

I3 ASTE 5,50 Sl (5,5LiS drn s 5 T O3 puae
asile T glasS Sloslicwl .o wla s S
S Ll 2 Esl S S e
OT A Jdoay S 55 O e rizpas 5 0 ST
Loty omtl o 5o TS 25 1 JalS 55
el Cd ) wibe and Sdae slge 1 eslinsl .l
G e 4SS oled 5 Kb ol 3
Sl S s O K s b sl
5 bord BLas ST G pan 5o g e 5 SYb
s ams S Sla ST 5l 6,8
¢SS s (Ippolito et al., 2011) Cowlodd 4o
S5 08 B O e S ol 0L LT
WJob ool l5l el S o S oLS a5
05565 s gl 5 atyy oS 0555 5 0js ¢
s s oS olea slaphisl SCis 0555 5
3545 W53 S 5 NS iises (Karimi et al., 2013)
P | [P PR g ) W IS S B B ] W1 PN
ol sl sl OT gl K e b
Gl (AT sl 53 a8 Cial s lsT SLS 5 bl
s g iy I g5 ol esde (Lima et al., 2009)
515 S8t asle il 3 g e 35t |y SLaLE
Aas o il 05 s Dde GV b cenl b 5 b
L el 5lasd 53 VL OT O e Oledily o 5l
0313 el 5 Al 55 e ol ad> 0 95 ja g
53 352 3 DS 5 Jsa OT (146K 3150
A5 s Jaw ol g sed 5 a5 JT ol
.(Gholamhoseini et al.,2013)
dy gy s aldid o)l ol ) o e o
(sl 355 (o oS (gh )5 (b Silibes Lol 2
e Sl § oy g (63 gdmee Slalllan oI 55
355 (St RS 3 ey e Easn ol 6l )
L bas e Slio  WOT 8 5 S 85 0035 25
338 gl 5 wls 3 Sas (65585 50 0055453

.bﬁW&‘agT;'}de}oﬁ

doAdo

@Lf (Trigonella foenum-graecum) 4l
WS OV sE el gl e 5 AleeSs ol
St S 5 ddime Gblis 3 s Hsbas
BSadon CiS e 3T 5 LnT gl sl e
SLaokeul )3 5355 &) poin Ol 53 oLS
3 Ol «Ole ST ¢ )l Ol J ¢ Ja )l cOlgio!
5 ot A0 3T (Ol Ol 5 (Ol
O e o gde il Ol 5o o) 00 (5
9013 5 Sl 531 oL Ol sy (S e D) s
osliwl 550 ialyT 5 (s Culis (05 Hlis A5)
Olg5 o 5 s 355 Olpeas osdn 5 48 8 13
sl oS 5 cL.u 3,5 eslaul OT 5
A OT AN a5 5 LS Fer s> 0l o
J\_:QAJ:CJ;,J:{A“ 5 (St asla) LS s
.(Sadeghzadeh-Ahari et al., 2010) 3L . (aSl>)
SOl palde s esS S aass L
o) b Calidee la i Ly olS sl Olgr
Jas J b 53 (St i ada I o laes
Dadrasan et al., 2015; ) 3 b gmn dorl g Ay
> C’L" .(Sadeghzadeh-Ahari et al., 2010
35S 3l iU T a8 Conlesls OLi b il 3T
AU 5, sluw galS Esballes js OT
glis,l als S e alS (S
5 Laas )y 0wy ol S oSt 05 5 4T
s dal g alls g able s, Shas 5 i g 2alS
.(Bazazi et al., 2013; Dadrasan et al., 2015)

Sl gl e g S (S 0505
63,5 3gdmee |y OLALS dnw g g iy O 5 4maS &S
3 Sas 4o e 6l OT Sl aslisul
b slas S e Sl ()5 8 mlie
Calod s oyl 58 alle s s, See 1 55555
.(Tunctirk et al., 2011; Dadrasan €t al., 2015)

S Sy pdee g Slsu gla iy, )l eslizal


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.3.5.5
http://agrobreedjournal.ir/article-1-792-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-10-18 ]

[ DOR: 20.1001.1.15625540.1396.19.3.5.5 ]

w035 75 358 5 S5 S pan

o310 (TRIM-FM TDR 10776, IMCO, Germany)
it o By adolen S s 5 A 68
T JE N . 6J_:fejl.\_§\ slsosls 3l (g ,—w 93
5 5 1,5 0slizul 3, 90 TDR o&iws 05,8 o, I
o593 Jsb o TDR oKws Lol Lg}:fo)'\.,\;l ol
s om) S h S 4l b oS s
Cmsby a9 J 8 (55 ha S esliwl Lo
2l 3 e T e s 8 bis e
OLSen 5 Sy amen iy il s
49 4 9 4wl (Mokhtassi-Bidgoli et al., 2013)
o3l 513 olE Sl s slanty 5 s
293 Cigun I ¥ @Jujac_&fgjl_w):ra):
Ot Aeol) ao o e 53 4S5 YV (S5 L ol e
Bl VY/0 1 5 o alols ¢ e Bl Yo o,
YoV o0y ol b S ool
Ca LYYID LT a8 slal b planil (e
4_1>J.a)>u.§_.3.>'-uu§u)k§.aﬁ¢_&5,k_>'-
do o G (313 5 V) ol JalS™ 1 il 31 ¢ o)
iy e ey S 25 ks 5 (5V9) aullS
el ol sy 55 GLesl B il oK s
Sie e sl b3 F Jlasl (STl ol) ood b
Slgmn (3,5 Ja5 )3l S g ay5 355 5L 35
055,78 355 Jlae c (V Jgdr) 58 5 &S O 28
e 5 (S 3 0 8 S 6 ) allas olS (sl p5Y
(Ao )3 Y'0) s gaS a5 355 OS50 s5LesliT
e Wbl oot o (Mehrafarin et al., 2011) s 5
e DL 53 TN 58 y5 355 5L 355
503 S shn 5SS ae S 5 S
Wmlods 1y Y Jgds 53 0T glewd gl S35
AL el S S e s 5 S
glacade L ojyle idd bslies LS jbay & 5
iale 3T 95 plal s Oy s § a
4S540 (Glws )l 0355) Olgawol adbts oo i S|
568 A 4 Ol 4 08T, &S 51 0T

b 9, 9 3lge

SIVAYSAY el sladla 5o LilasT ol

Sy ol SaalaS 0aSiils asy5e 4> \VAY-AF
2 S U 0SNG e dS 53 ably ey
5B Jsb 4B Y 5 a3 0 LUl Sl
e V0 gl 5 s 5 e aBSA 5 ax YO
il g LT bl s |l L s e
325158 S il 4y kil n ol oy 5S35
Yo FU5L e oo YPY L st ol oK)
L e 503 9 Sl ans sl 5 T w5 sl
Wl 51,8 sl 4,3 YY 0T AUl &l 4y
53 AT Joun S ol 5 (S35 Sl s
Slass S s a SiuleT .l ol 4151 J gt
ot oIS S b B s S e s 2
= ol aleiT slasles s o 1SS an b
5 sy i e 55 25 050 =) (oLl el
B Casby oy ¥ sy S e LT 5
Ao ys Froades 5l ey ool =l S osliul
(ot g Ao a3 ST sl ul B Sy s
o3lizal b5 Cugby Aoy Froadss Gl o 5T =l
s 1 e o=l (il s ad 0 53 ST
4_l>fjag55L5-o>Lé;_,~\J_{L§C~_{}b)~\.¢)>9~
Carsby do )3 70 s 5l ey LT =ls 5 s,
Joole Ol e an (il adom o 55 ST eslinal |6
ol 2 6355 Hles w51 ST S 5 5 el
(23 35S O3y =F) o8 S5y 5l
52 53 5 VY Ol e s S gaS ey 5=F2
e 33 5 LSS 55 6 5 4SOl 40551 =Fs
Oleas QLS 43 5 4=22 5 40 =71) CI 5
ST sl S B s g (e Jile
L ccatites gladla) js eSLs 5l gls it sas U
Csby ez Aoy (s gy )l esli
5 (Mokhtassi-Bidgoli et al., 2013) 4 s &S L
TDR 6s 3l o3lizal b ¢St o gby oz oy


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.3.5.5
http://agrobreedjournal.ir/article-1-792-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-10-18 ]

[ DOR: 20.1001.1.15625540.1396.19.3.5.5 ]

AP 5ol oF opled o) 55 ol Kol o5 psle Al

s 30aS a5 g2 loond Sl g 5 iulo3T as )50 S land 5 (SK5d o S i) Jsur

Table 1. Physico-chemical properties of soil in the experimental site and chemical properties of vermicompost

S il S s JTslse i O omS b - AT &3
Soil texture  EC (dS.m™?) pH Organic matter (%) N (%) C:N P(mgkg?) K(mgkg?) Fe(mgkg?) Zn(mg.kg™?)
s A 1.82 7.35 1.98 0.06 0.099 35 320 3.86 0.84
Soil Sandy loam
e - 9.25 7.65 - 084 165 48 72 14000 170
Vermicompost
(Ao 3) ooliil 5550 S 55 53 592 50 (ploand SLS 5 =Y Jgulr
Table 2. Chemical composition of the used zeolite (%)

s ST GBSt aTaSTes N S S ASI A STly e ST e TSI ST mle S| g dnS| S ST
TiO2 MnO Fe203 Cl SO3 P20s SiO2 AL203 K20 Na20 MgO CaO
0.03 0.04 1.5 _ _ 0.01 65 12.02 3 1.08 0.1 2.3
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Fig. 1. Maximum and minimum air temperatures (°C) and precipitation (mm) during the growing season of

fenugreek (2014 and 2015)
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Table 3. Mean comparison of plant height, seed yield and yield components of fenugreek in irrigation x fertilizer treatments

yrqy \FF
2014 2015
dﬁtwj ﬁl:;ﬁh& 4;,3@5;)1 d\;:ﬂ«;
swbiTel,ls  Plantheight 6wy s odeslaw O pabslaw Seed yield Plant height ol 4l sl Gy OMEsla O s als sl Seed yield
Treatments (cm) Pod.plant ! Seed.pod (kg.ha't) (cm) No. of branches Pod.plant ! Seed.pod ! (kg.hat)
11F1 42.2cde 17.5b 5.5ef 605.2b 40.9def 13.3bc 16.7ab 6.1bcde 714.8b
11F2 46.7ab 20.3a 7.7ab 903.1a 45.0bc 14.2ab 19.5a 7.7a 959.6a
11F3 47.2ab 17.3b 5.4ef 554.6b 46.2ab 14.2ab 15.3b 6.0bcde 601.2c
12F1 39.7def 13.2c 7.2abcd 502.4bc 38.9efg 10.5def 14.5bc 5.8cde 481.1d
I2F2 43.3bcd 17.0b 6.1cde 604.9b 41.8de 11.7cd 14.7bc 5.8cde 495.6 cd
I2F3 48.0a 17.8b 5.8def 442.2¢ 48.4a 12.2cd 14.5bc 5.3e 415.4 de
I3F1 39.3ef 6.2¢e 4.4f 124.2f 36.6gh 12.7bc 9.7ef 6.8abc 329.6efg
I3F2 43.8bc 10.8d 5.7¢f 301.8d 39.8def 15.3a 11.8cde 5.8cde 420.0de
I3F3 44 3abc 10.5d 5.3¢ef 273.2de 42.4cd 10.8de 10.3def 5.5de 278.2fgh
1aF1 36.7fg 9.7d 7.9a 416.24c 34.9h 8.8fgh 11.5cde 5.4de 330.2efg
laF2 42.7cde 14.7c 7.3abc 515.4bc 38.9efg 9.7efg 13.5bcd 6.3bcde 394.9de
laF3 37.3fg 11.0d 5.4ef 306.5d 40.5def 8.8fgh 10.0 ef 6.4bcd 340.5ef
IsF1 34.7gh 3.7f 6.2cde 147.5f 33.5hi 7.7h 6.29 5.8cde 141.7i
IsF2 41.8cde 7.0e 6.2bcde 266.2de 38.1fg 10.5def 6.29 6.9ab 224.3ghi
IsF3 31.2h 6.8e 5.2¢f 181.7ef 30.8i 8.5gh 7.0fg 5.9bcde 195.5hi

oo s (St s 25 =15 514 ¢ e alinal JB Cogby Ao pn Froadis 1 e )W T (cal) 5 oo gs Al e po (St Cads 25 s Sa=13 512 ¢Sl aslinal BB Cub )y Ao pa T alss 1 ey ol T 25 =l
(a))\)l'_(n):@f,l_.(\\ (s 3aS n 9 S 55 5 YV (058 55 555 03) Fay F2 s FraSTs astinal i o by do s $+ adisd 51 s 6)WT el 5 oo s)
Ll (5 ls e gl M}J@J\a}\c’a.a):&g\:d‘ulﬁ.L'.?.Q‘,AjTunLa\j.!4.\51‘:.,\..5a:':bﬁd{ﬁﬁug})f\fgd‘hﬁ\:na}wfjﬁ
11: unstressed at vegetative and reproductive stages, Irrigation at 60% of ASW; Iz, Is: mild stress and irrigation at 40% of ASW during the vegetative and reproductive stages
respectively; ls, Is: severe stress irrigation at 20% of ASW during the vegetative and reproductive stages respectively; Fi, F2, Fs: (Zero nitrogen, 2.7 ton.ha! vermicompost, 11
kg.ha Urea)
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
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Table 4. Means comparision of seed yield and yield components of fenugreek in irrigation, zeolite and nitrogen fertilizer treatments

il glasles Sl L sl Cls p Larls P NS T) als 5 Sles T s, Sh, b s,
Treatments No. of branches Harvest index (%) 1000-seed weight (g) Seed yield (kg.hat) Water productivity (kg.ha t.mm™) Days to maturity
ray \raF \ray \raF \ray \raF ey \reF yray \Ya¥ yray gl
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Ih 15.4a - 35.4a 48.5a 9.0a 9.9a - - 1l.1a 1.2a 105a 99a
I2 13.6a - 37.5a 42.9b 7.9b 8.9b - - 1.0ab 0.9b 97b 99a
I3 15.7a - 17.9b 30.7¢c 7.5b 7.9c - - 0.6¢c 0.88bc 92c 94b
la 10.1b - 37.3a 35.7b 7.8b 7.9c - - 0.9b 0.8c 92c 99a
Is 10.6b - 18.8b 19.6d 8.7a 7.5¢ - - 0.6¢c 0.59d 83d 94b
Z1 - 10.5b 27.4b 33.4b - - 372.5b - 0.7b 0.7b - -
Z - 12.0a 31.3a 38.3a - - 446.9a - 0.9a 1.0a - -
=1 13.3a - - 30.4b 8.5a - - - 0.7b 0.8b - -
F2 13.8a - - 39.9a 8.4a - - - l.1a l.la - -
F3 12.1b - - 34.2b 7.7b - - - 0.7b 0.76b - -

(el s ey A e s (S s 25 =5 5 14 Ss aslinal LB by o ys Bk 1 e LT ool 5 (e o e s (S G 25 G ga= a5 la oS slinal BB Csby do s Y adi 1 e (oleT 2 05 =l
(0,9 5t s pf,l_.( VY (Cn gaS” oy S8 53 5 YAV 0552 58 09b):F3 5 F2 5 FLeS T oslizal 16 o sby doyn 94 alss 51 g s)lT
Ll (5 ls pme gl M);@Jblcﬂaﬂ): ;SJ\; slals JJ%Q_,;)TJL«\J.!“UH.LL 31> Olas &S e J)fbfs_\.au._il.f O & )3
I1: unstressed at vegetative and reproductive stages, Irrigation at 60% of ASW; Iz, I3: mild stress and irrigation at 40% of ASW during the vegetative and reproductive stages respectively; I,
Is: severe stress irrigation at 20% of ASW during the vegetative and reproductive stages respectively; F1, F2, Fs: (Zero nitrogen, 2.7 ton.ha* vermicompost, 11 kg.ha* Urea).
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
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Table 5. Means comparison of number of pod.plant? and number of seed.pod! of fenugreek in

irrigation x zeolite treatments

b3l sl \ay \¥a¥
Treatments 2014 2015
&gy O slus 0 T HE NP Gy 5> N Sluay e s als sl

I1xZ Pod.plant Seed.pod ** Pod.plant Seed.pod !
11Z1 17.7a 5.8bcd 16.1a 6.8ab
112> 19.1a 6.6abc 18.2a 6.4abc
1221 14.4b 6.5abc 12.8b 6.1abcd
122> 17.5a 6.3abc 16.3a 5.2e
1321 8.0e 5.4cd 9.9¢c 5.6cde
1322 10.3d 4.9d 11.3bc 6.5abc
1421 12.0c 6.4abc 11.2bc 5.9cde
142> 11.5¢cd 7.4a 12.1bc 6.1bcd
IsZ1 5.8f 4.9d 6.5d 5.4de
IsZ> 5.9f 6.9ab 6.3d 6.9a

5 ey ade e pn (Sist Gt i cd =13 512 ¢ ST eslinal BB Cu sk deoys Yo adss I ey 6T (i Os =1
3o ol T il 5 oy o a3 (S ks (25 =15 514 ¢ oS il L o gby doyn Fr adss 1 ey oW T (il
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Ll (5,15 ma

11: unstressed at vegetative and reproductive stages, Irrigation at 60% of ASW; Iz, Is: mild stress and
irrigation at 40% of ASW during the vegetative and reproductive stages respectively; la, Is: severe
stress irrigation at 20% of ASW during the vegetative and reproductive stages respectively; Z1 and Z2

(0Oand 9 tha™).

Means in each column followed by similar letter(s) are not significantly different at 5% probability

level, using Duncan's Multiple Range Test
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Fig. 2. Interaction effect of zeolite and fertilizer on seed yield of fenugreek (2015)
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Effect of application of zeolite and nitrogen fertilization on growth, seed yield and
water productivity of fenugreek (Trigonella foenum-graecum L.) under drought
stress conditions

Baghbani Arani, A.%, S.A.M. Modarres-Sanavy 2, M. Mashhadi Akbar Boojar 3
and A. Mokhtassi Bidgoli*

ABSTRACT
Baghbani Arani, A., S.A.M. Modarres-Sanavy, M. Mashhadi Akbar Boojar and A. Mokhtassi Bidgoli. 2017. Effect of
application of zeolite and nitrogen fertilization on growth, seed yield and water productivity of fenugreek (Trigonella

foenum-graecum L.) under drought stress conditions. Iranian Journal of Crop Sciences. 19(3): 239-254. (In Persian).

To study the effects of drought stress, nitrogen fertilization and zeolite on some morphological, phenological
and agronomic traits of fenugreek, a split factorial experiment was laid out in randomized complete block design
with three replications in 2014 and 2015 growing seasons at research field of Tarbiat Modares University,
Tehran, Iran. Five irrigation regimes (non drought stress; mild drought stress during the vegetative and
reproductive stages, respectively; severe drought stress during the vegetative and reproductive stages,
respectively) were randomized in main plots. Subplots were six factorial combinations of three nitrogen
fertilization levels (untreated plots, vermicompost fertilizer at a rate of 2.7 ton.ha* and Urea fertilizer at rate of
11 kg.ha'l) and two zeolite levels (0 and 9 ton.ha). Results showed that in both growing seasons, drought stress
significantly decreased all traits in comparision with control, and vermicompost fertilizer and zeolite reduced the
negative effects of dought stress. The highest seed yield was obtained in non-water stress with vermicompost
(903.1 kg.ha'l) and application of zeolite and vermicompost (568. 09 kg.ha?). In the first growing season, grain
yield declined by 24% and 76% with increasing deficit water stress in vegetative and reproductive stages,
respectively.In the second growing season, these decreases were 31% and 54%, respectively. It was concluded
that application of vermicompost and zeolite extended the duration of availability of water and nitrogen and led

to increase seed yield and its component as well as water productivity in fenugreek.

Key words: Drought stress, Seed yield, Urea, Vermicompost, Water productivity and Yield components.
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