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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
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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)

0SS i OT s 4 s 5 Shes
{(Hatfield et al., 2001) L acloes (xS 20
S 30l Slie ST (sl b 05T b
Ll T 40 s faed 4 g Ll e ol
eslizal b ()T (slaa 25 s plon S8 sba
425 plasil 5 s el SAS <olT AN le s 5l
S ealial L) Laoiledl w555 055 dle i ) e milisly
oSbols 40 As el Olbl (Univariate 45,
s Jde) GLM 455 5leslizal b isleT (slaesls
Sl oKk amlie A plnil (48l oo

cla.» 3 Og}b Slawls L O 90T IR gs‘.'“iL‘J.T

W23 5 plowil Aoy ey Jlaz|

5laS a8 5158 (Bazazi et al., 2013) Ol ,Kan
350 cdmml 5 Oliwsyl Glnd) ddis os g is o
03 55 i i mp LS Ol 53 45T (G 5 0 g
231y adls 5 &S5 P 3, Shee o by Sl )l
bl gl s ea s ml iS5 asls Sas Ll
A3 S o 5 St
3l 6V o Sl gl (5,8 05100 Sy
cu\sgﬁwd\ﬂju\aﬁogﬁj\
Cls il Sloale,y b Gle cius) 93 slaai s
s 5 ALE St 0sle (5,8 0511 (gl Lk
a3 A gled s Ladsged (bls 5 oLl
Ldd s g e bilas Cele Y Se 4 51 S sl

S S ealanl Ledlls a0l g (6l g.JT‘S))aJ._e


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

[ Downloaded from agrobreedjournal.ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1396.19.3.5.5 ]

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

AU 5 OT Qe Bl G b 5l C oS ()
Sl S cles Faus e o5 LB
s slse e il 53 0T Ul 5 oSl s
A5 5 s O o S S 5 O ey
Ol Eel y edd mdly i oSis esla
Manivannan et al., 2009; Haj ) Sy o d s CL:B)\
.(Seyed Hadi and Rezaee Ghale, 2016

oslaT dlw 95 ys il glaas i sluss
23588 51,5558 5 LT sl 36 S
S 5 Sl 85 30T e sdls pss Jw
Al Sl slaastli sl 1 5558 x ot
93 » 534S sl ol Lau,:i.»l.:a A lin LS Hls xe
Glaas s sldw ( Sis 55 Sl il 1L oJle
S Ld sl o 2aS oS gl S 4 il JhelS il
e 03 (S s i gla)les s ()
(F ¥ ladgus) db sdalin iol) 5 chos)

o e b il 45 Ls 5l o 28 YYAY Jlu s
33 5 WY Jlu s 5 AT Cvnas S gaS 05
s slsles 58 5 LT ooy DS 5 sl
Al |y oile 4l sl 9 i (O 30aS sy
Sl sles OYAF Jl 55 (F 5 ¥ L _adsd>)
LBl |y gy 45 LS S i Sl g5 sl
Sl LaS el 5158 (¥ Jsds)
0335 ol L 3w g plisyl o St Jis
(Shafighi et al., 2014) L o _2alS dilis oS
S o lesls OLE Sl Ll
ol Slaast b SIus (o 5aS my 9 2
s s (Manivannan et al., 2009) Lol S
13 il 811, (Eskandari and Astarayi, 2006)
o135 (Shafighi et al., 2014) Ol Les 5 iid
_;a.l:su@l@..,; s ) 35S Sl eslial a8 ASsls
dlis ys Sl 4t Ls sl Jill el oo lT

(Khosravi et al., 2014) O,LSea 5 (69 st A3 S

G o S 058 O e Sl &S W5 ST I8

Sl el 53 n 534S 5l 0L gl
355 L T iSenp Sl 5358 ook gla)les
Lo S0 dglie 23 g 1 e abis 6 g1
S il L Wl 93 a3 S sl 0Lt
153 Bl eSS gLl Sk i
0395 35S Slesliul (o5l s LS 5
b &y il Sl sl (Cn 58 059 50,3
St A5 Ogk ssles 53 0yl 555 &S Sle S
ad e o Cads 25 ol OLS 5 ST 5 5 ()
b as s gLyl YL s 512) (=215 5 (o)
33 é_;'a- Ll b gla i 5y Hgan als
sl—sles ls 5 le) (—iol) 5 b sy At 1o
el |y a8 g Ll ot (o a5 ST
Ve

Sl (Bazazi et al., 2013) 0, Kan 5 <5l
Sl palS Lol (St S S W S
(oo Dl I L g el ((Gliwsyl s 59) alds
J:Uﬁtwjiﬂgw.wgsﬁiﬁﬂg
OT Cdlaze 5 ol Hlas zals ( S a5 Lyl o
.\_;pu_ﬁudjx_w,\_‘:afu_g,ﬁ_@umj
5 ol s il L (Baghalian et al., 2011)
Coldn ca5jgy Lilowe slad o Wl Hlis 2als
2 Td.3) OT J1 s gasl 2alS gla)s,
b or LS oLS B35 S s e gd Al
0313 Ol Soladdss cu .(Baghalian et al., 2011)
i 6 pli )l pals Sl Shs 15 oS
Khosravi et al., 2014; Dadrasan et al., ) 555 o
.(2015; Baradaran et al., 2013; Shafighi et al., 2014

853,755 555 o pan o los S ) Ol
Dadrasan et al, 2015; 4l « 4 tLé:,\ ol Bl el
Sil3S monen .5 45 e (Baradaran et al., 2013)
gl Sl Col S 5aS 05 555 &S ol 0
(Manivannan et al., 2009) 555 s Lo as s


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

[ Downloaded from agrobreedjournal.ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1396.19.3.5.5 ]

035 35S 55 Do pan 1"

355 5okl bl iSen o3 s s See (gl 5 4ls 5 Shos 65 ¢ i | Ole gl ¥ J g

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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