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Effect of Biopotase and Iron Sulfate on Physiological Characteristics and Yield of
Fenugreek under Drought Stress Conditions
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Table 1: Physical and chemical properties of soil used in experiment
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Table 1: Effects of drought stress on vegetative traits of fenugreek
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Leat area (mm?) (per plant) Plant dry Plant Fresh Number of lateral Plant height ~ Drought stress
weight (g) weight (g) branches (per plant) (cm)
278.31a 31.27b 2.66b 12.81b 9.25b 32.70b o
Stress
313.85a 36.86a 3.81a 16.33a 10.50a 35.95a OB pas
No-stress
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Table 2: Effects of biopotase concentrations on vegetative traits of fenugreek
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279.57b 30.13b 3.00a 13.07b 9.62a 32.50b 0
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Table 3: Effects of iron (11) sulfate concentration on vegetative traits of fenugreek
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Table 4: Interactive effects of biopotase and drought stress on vegetative traits of fenugreek
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Table 5: Effects of drought stress on reproductive traits of fenugreek
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pod plant weight (g) Harvest index (%)  Grain yield (kg.ha'™) B'OI(?(%'?]E;I})’ ield stress
14.16a 8.91b 9.08a 54.271a 938.54b 1661.5b o
Stress
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Table 6: Effects of biopotase concentrations on reproductive traits of fenugreek
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s dd X :9* )ab Thousand seed (3o,9) (LS ,o p,55LS) G - » ﬁl;ﬁj) (S 4o p,55LS)
eed number Pod number weight (g) . P 1 Biological yie - a1
per pod per plant Harvest index (%)  Grain yield (kg.ha™) (kg.ha®) Bioptase (kg.h™)
14.08b 9.25b 9.16b 54.836a 1017.71b 1892.71b 0
15.91a 11.00a 10.08a 56.449a 1238.54a 2200.00a 5
35,5 5Sls slarals iz g0l o j0 O mhaw jo (gl ire BB gt ;o 10 alie g >
Similar letters in each column vas not significant at 5% level based on DMRT
allos cioly Slio p el Glalgw calise glaclale ol 1Y Jgax
Table 7: Effects of Iron (11) sulfate concentration on reproductive traits of fenugreek
5o ails olaws 50 B slass als s 59 cailsp Lasls Wls 5.5 Saiglon o5 ool oladgw
T . e _ - I
s dd)&b P dmy ber  Th (ﬁ;d) d (e LESS 2 £.595) LESS )2 £.5515) | ()(ﬁ; )ol)ft
eed number od number ousand see . N 1 - . 1 ron (I1) sulfate
per pod per plant weight (g) Harvest index (%)  Grain yield (kg.ha™) Biological yield (kg.ha™) (In thousand)
14.91a 9.83a 9.08b 52.439% 1047.92b 2009.38a 0
15.08a 10.41a 10.16a 58.847a 1208.33a 2083.33a 15

35,105 S5l (slarals siz yaejl ao 0 B mhaws j0 (5,l0 Sre BB g o 10 alie By,
Similar letters in each column vas not significant at 5% level based on DMRT

Al gy Slas p (Sas 5y liysn Gl ok S e A Jeor
Table 8: Interactive effects of and drought stress and biopotase on reproductive traits of fenugreek.

(OESe ,5 0,5 9kS) ails o Sloe LS ;5 0 59k5) Sajglom o,5hee LS ;5 £ 59kS) (wluse SaS S
Grain yield (kg.ha™) Biological yield (kg.ha™) Bioptase (kg.h™) Drought stress
931.25b 1647.9c 0 e
W
945.83b 1675.0c 5 Stress
1104.17b 2137.5b 0 U pae
1531.25a 2725.0a 5 NO-stress

35,05 Sls glarals iz g0l doj0 O mhaw j0 (5l cire BB gt ,o 10 aslie g >
Similar letters in each column vas not significant at 5% level based on DMRT

lid ) 5 (ohagy Slao p (Sis 135 g ol Slilge i gzl (1iSpe A Jsux
Table 9: Interactive effects of Iron (1) sulfate and drought stress on vegetative and reproductive traits of fenugreek

() alo )l (559 (g yo heo) S o elas (o silo) aig glis )l Gl 59) ool Slidga S i
Thousand seed weight (g) Leaf area (mm?) Plant height (cm) Iron (1) sulfate (In thousand) Drought stress
8.16b 282.12b 31.66b 0
wu
10.00a 274.50b 33.75b 15 Stress
10.00a 291.98ab 33.91b 0 S pa
10.33a 335.72a 38.00a 15 No-stress

3,5 5Sls slarals iz ge;l aoj0 O mhaw )0 (g0 cixe BB ygtw o 10 alie g,
Similar letters in each column vas not significant at 5% level based on DMRT
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Table 10: Interactive effects of Iron (1) sulfate and biopotase on vegetative traits of fenugreek

(G ,0) Sy olass Glyo ,0) Q,(J Sla) gas

Iron (11) sulfate ) 39 2,5 5kS) wligm

Bioptase (kg.h™)

(o gibo) @ glas)|
Plant height (cm)

(p,5) G52 5359

Number of leaves Plant Fresh weight (g)

(per plant) (In thousand)
29.72b 11.54b 30.00b 0 0
30.55b 14.60a 35.00a 15 5
34.44b 15.96a 35.58a 0 0
41.55a 16.18a 36.75a 15 5

35,05 Sls glarals wim ge3l duoj0 O zhaw j0 (5l cime BB (gt ,o 0 alie g >
Similar letters in each column vas not significant at 5% level based on DMRT
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Table 11: Interactive effects of drought stress, biopotase and iron (I1) sufate on vegetative and reproductive traits of

fenugreek
(41 ,9) Sy olaws o e e N e g G o) ool ol olage e
%2020 () S S5 03y Gaggile) B glis)l I8 OW OB = _ JRESIEE
Number of leaves Pl - - Iron (11) sulfate (In (LS o p,55LS)
ant dry weight (g) Plant height (cm) Drought stress
(per plant) thousand) Bioptase (kg.h?)
28.77ed 2.01d 28.66e 0 0
28.44e 3.29b 34.00c 15 oS
29.22ed 3.12bc 34.66hc 0 5 Stress
38.66b 2.22cd 33.50c 15
30.66d 3.14bc 31.33d 0 0
32.66¢ 3.56b 36.00b 15 AR
39.66b 3.76b 36.50b 0 5 No-stress
44.44a 4.78a 40.00a 1.5

35,5 Sls glarals iz g0l o j0 O mhaw jo (gl cire BB gt ;o 10 aslie g >
Similar letters in each column vas not significant at 5% level based on DMRT
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(OSen 5 T iTp ) og—ina oS 50 (g5lufeds IS Sgute
Lo 155 bl o Ll i Badios ) gl L 45 (1999
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(ool G887 5155 (VFAF) Gleajs) 5 shalds adlllas

am e il | o e IS i

1. Xiao
2. Loggini

¥F

S8, gb @ Js Judg,S
Wl lo e SID Jd9 kS g S gl p (Sas
wd S 8 (Ses i 3l cow wie 5 g a by S Ll
(o Fan) ae,lS g A b IS ke (S e 4S5 5k
5 S phEpe Lulph o (0,5 )3 05 (e VY 5 Y748
13 (005 5 psS koo “IVYY 5 YI04) Slio cpl aie oS
o e Sl iz e ab saline (Sas A5 Lyl
2985 5 ool Sy 5 oo 9355 slajlosd 5 (S
o bl lld 50 6055 slajles b Sl e S
Lalyd o sald 4 Cons S 39,15 (g0 ,0 VAP 238l
(o Seid iS G S e, (VWY Jsoz) ael Cwsay s
A o xe D 9@ Jido IS iy el Sl 5 eliyse
oiitpas bl 5o ol Sldss 5 Gelyse (VY Jga)
o Somad 8 JBg IS (00 AV Bl e (SaS
A Comd (o )0 ADIF o138l s (665 jla g (St
wls alie (V0 Jyuo) od Sis i Ll b o sals
58S s, l5 Sl 2alS s (SiS A (B
4 (WWAS o)) Sen g 00lj ulie) S asgonyol o b
o L azlse plSa o 85l slgme falS w00
Ol edlie 5 O3S ol51 Lo JlGol, adgs ST s ((Sas



VFee lino) g 3 b [FA-TY Olxiio 090 5 )lods [ 650 9 Comm ol /‘sbbf Oladgs 6)57.13

Aokl olerdisn Olio p (Sis 35 ST Jooxr
Table 12: Effect of drought stress on biochemical characteristics of fenugreek

(5 P p S ades)lS (pF e S IS 39S (05 e S b S (p5 0 e S )@ Jdo)ls SES A

Carotenoid (mg.g™) Total chlorophyll (mg.g™) Chlorophyll b (mg.g?) Chlorophyll a (mg.g™) Drought stress
0.722b 5.27a 2.77a 2.50b ol
Stress
134a 5.38a 2.30a 3.09a S
No-stress

3,5 Sls glarels iz ge;l aoj0 O mhaw jo (gl cixe BB gt ;o 10 aslie g >
Similar letters in each column was not significant at 5% level based on DMRT

ALt olesdisn Olao p ulhge iz glackle Ol 51T Jgo

Table 13: Effects of biopotase concentrations on biochemical characteristics of fenugreek

S35, lS I s, b Jedg,ls a b9 k5 oLase
(5 5 p ) (5 5 p S o) (5 3 p ) (5 3 p ) OLSe ,3 p,59kS)
Carotenoid (mg.g™) Total chlorophyll (mg.g™h) Chlorophyll b (mg.g%) Chlorophyll a (mg.g™) Bioptase (kg.h"%)
1.05a 5.26a 2.52a 2.74a 0
1.06a 5.39 2.55a 2.84a 5

35,5 Sls slarals iz g0l aoj0 O mhaw jo (g0 cire BB ygiw ;o 10 aslie g >
Similar letters in each column vas not significant at 5% level based on DMRT

Table 14: Effects of Iron (I1) sulfate concentration on biochemical characteristics of fenugreek

595 )l8 IS Jedols b Jedg ls a Jed9,l5 Glys 53 ool Slidge
(5 5 p ) (#5 3 p ) (p5  p ko) (5 3 p S ) Iron (1) sulfate
Carotenoid (mg.g™) Total chlorophyll (mg.g™%) Chlorophyll b (mg.g™) Chlorophyll a (mg.g%) (In thousand)
1.04a 5.21a 2.70a 2.54b 0
1.07a 5.41a 2.36a 3.05a 15

35,5 Sls glarals iz g0l doj0 O mhaw j0 (g0 cire BB gt ;o 10 alie g >
Similar letters in each column was not significant at 5% level based on DMRT
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Table 15: Interactive effects of and drought stress and biopotase on biochemical characteristics of fenugreek

595,18 85 Jedels a Judg)ls obase Sis e
(05 0 p5 k) (55 50 pS ko) (25 3 5 k) OLSe y3 p55kS) Drought ;;’:;S
Carotenoid (mg.g™) Total chlorophyll (mg.g™) Chlorophyll a (mg.g™) Bioptase (kg.h%)
0.685b 5.52a 2.84ab 0 S
0.859 5.03a 2.16b 5 Stress
141a 5.01a 2.65b 0 i pe
1.27a 5.76a 3.51a 5 No-stress

35,105 S5l (slarals siz yaejl ao 0 O mhaw j0 (5,ls e BT g o j0 alie By,
Similar letters in each column was not significant at 5% level based on DMRT

Table 16: Interactive effects of Iron (1) sulfate and drought stress on biochemical characteristics of fenugreek

(55 2 eSS b Jdg)ls Glie el ol S S
Chlorophyll b (mg.g%) Iron (11) sulfate(In thousand) Drought stress
2.75ab 0 AT
2.79 15 Stress
2.66a 0 JERC
1.94b 15 No-stress

35,05 Sls glarals w903l o j0 O zhaw 10 (5l cime BB (g ,o 0 alie g >
Similar letters in each column was not significant at 5% level based on DMRT
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Table 17: Interactive effects of drought stress, biopotase and iron (I1) sufate on biochemical characteristics of fenugreek

- _  Ls
& debs b J,l5 Jeta s Gy ,0) QAT Sl g oo e
c c ) 7 . . - Sas
'(I'i;gl)coh;:));ﬁl) (05 2 05 o) (PC;hI;:oﬁfﬁ:) tron (1) sulfate GEse 5 9l5) Drought stress
(mg.g'l)p y Chlorophyll b (mg.g%) (mg.pg'l); (In thousand) Bioptase (kg.h™)
4.83cd 2.38ab 2.45bc 0 0
6.20a 2.97a 3.23b 15 0 RS
5.32bc 3.12a 2.20c 0 5 Stress
4.74cd 2.61ab 2.13¢c 15 5
5.57b 2.85a 2.72bc 0 0
4.45d 1.87b 2.57bc 15 0 O pas
5.26hbc 2.48ab 2.77bc 0 5 No-stress
6.26a 2.02ab 4.24a 15 5
3,5 Sls glarals iz ge;l aoj0 O mhaw jo (gl cire BB gt ;o 10 aslie g >
Similar letters in each column was not significant at 5% level based on
il 3,28 pl s Sged (5555l 3 Shos Jfs sine 218 SIS (5 paS ar
ssbieds Sfgle laagS b Bras o5 bt laogs 355 25 &5 05 o1 5 (Sl GralesT ol @l IS psbe
Oezep g adald 0 Sles 5 slug, Dlao o Sles Se slagisy o5 b ool Slidgw olpea 4 luse ()
ol oo mhee (S S Ll j0 Cgllae adgs las> Jloy @olel Llys jo s & allas olS Lauly g oius,

35 St L lalys s asl el Liglidl ] olS o Slas

&b
Loyl i co (Ocimum basilicum L) oloy y olS (o 1008 Ol g Judg IS polie ) 4o (Glomus mosseae 4 intraradices

Brassica ) o}:.‘)l.é 6‘)5 Q)S.Lo.c 6‘?‘ 9 QJS.LQ.C r» S99 LJ’QT QSMJL J}l.?bo )." R Ava¥ . su;o.wLb 9y 6L»JJM| o ngiLwS‘
OY-FY (DY ol nl ely; sloiags alze . s Lol o5 Lyl o (napus L.

ao, 5 g e « Suieled e Dlao p Sis 1S STAYAL i)l 508 v 63U oy cp 800 Jpel S oLL
YOV-YYA (V) Y2 oyl ) Share g o)l ylolS oladbss ale (Thymus vulgaris L.) opiogl ,o Joes

Lol ooyl olS o Slae sli2l 5 (5099 00 Olivgas 5 Sid iS50 AYAY L5 (sdese g . ohlolas iy sl
YY)V (M) Y el g ely; SYgame 555,08 0g5 ale (Trigonella foenumraecum)

5 Sl STy Fr 2 e ili U AYAF o (goam 5 e G kel e deizos b (G5
5,9l pole) 2lyy LS (g5e0g58sST @ pid . Sas jiis e (Trigonella foenum-graecum L) alloss o Slee
YOY-YVAY «(Y)

oligegogw o (AZOtobacter) iSLgisl ab, $ e sl mSL B AYA o (Lol 5 .5 (sl g o8 (Ko wp (JSL
OV Y 2lys pole jo rmgh dlxe . S 15 g gole Ll o (b paiS o Sl sl21 5 0 Sles o (Pseudomonas)
AV Y

S SB pilals Gl slalas b AYAY L ISg 5 S s, ) p ezale o0 (s olhe p g s
FAYNAY (V) ¥ 2l ol adss alxs .(Plantago ovata Forsk) o yawl dwse 5 SG56099,909,51 sbo S5

ST 2 Y 30k 5 ksl 9,55 lgil Sl Sl etsgraS cays 3B AT g ool 5 0 conlis Bl b Lo
(F) F (2l pole o aow o i) £l 4 o iags (Coriandrum sativum L) 5.0u3 o9 ls oLS 25 9 o5
Fee-vay

41...1.......0 ‘S)lmuﬁ.a.é 9 LSSLQ)') L)O‘P P SH9° AYAQ -C cpbu.))} 9 ) GLSOlJ—‘uJB\) ) 5L.M.M 5w 50\)‘)’&) o soé‘jwﬂ?
AY=Y:(YF) A pgyls (LS als (Fenugreek)
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@9l ol 3 Sles lizl 5 0 Shee 1 Sujglen slassS STATAY L (Sb3 5 0 (Do il 8 (ST w0 (JopS
YEFYOA (D) A o)l 2l)5 o simgsy alxs (Nigella sativa L.) ailaalow

oS o ails o Slee g K PN jolic iz 55, 2 Sjolen sogS Grae 156 ATAL B o Jlo) 5 gl o o 55,0
NV YO ! Hlase 5 g9yl (LS Clidss Jiosh- cole aslilad (Foeniculum Vulgare Mill.) abl, o4,0s

e 9,0 ok T S50 09,8 slealy s ng)ls (el cllls g colls (S AVAY L (55l 9 0 (S5 g s
Ao VWA Lol s aBiils slga ol jlacsl .ol ) 5o

Phaseolus ) ;0,8 Loy o ,Sles g (g 5tmmgid sailass) 5 gdrey, polic 5 duwlginl )8 51 AYAE T Slasss, 5.8 cglols
NONYE(YV) Y (2L (s50)9s 5855 aulilas (vulgaris L.

(Foeniculum vulgare) 4L jl, ol ;o ol So5gle b slamdli cwyp AYAY 2 o (2l g L e ol (ool jsile o,
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Ol p (Sid ps S AYAS G ediia g p (s0iS 3L >l (6,00 o ozl qeoblygile b b o ol el
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A=FA ) YE (ST 5 S pole) S sla gy als . Sis 25 Ll 15
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Effect of Biopotase and Iron Sulfate on Physiological Characteristics and Yield of
Fenugreek under Drought Stress Conditions

Aminifard®, M. H., Ghaderi Zeh?, H., Bayat!, H. and Samadzade®, A. R.

Abstract

In order to investigate the effect of biopotase and iron sulfate on physiological characteristics of fenugreek under
drought stress conditions, an experiment was conducted as split plot in a factorial experiment based on randomized
complete block design with three replications, 2017. Treatments were included: drought stress (including normal
irrigation as non-stress and irrigation in early growth for 14 days as drought stress) as main factor, biopotase (0 and 5
kg.ha') and iron sulfate (0 and 1.5 per thousand) as sub-factors biofertilizer treatments were considered. The results
showed that the effects of drought stress, bioptase and iron sulfate and their interaction on the most traits were
significant. The height and fresh and dry weight of the plant were affected by bioptase and iron sulfate. The highest
biological yield and grain yield were observed in 5 kg bioptase trainee under drought stress conditions. The treatment of
iron sulfate in drought stress conditions increased 22.54% in 1000 seed weight compared to control in drought stress
conditions. Bioptase and iron sulfate treatments under irrigation conditions increased 29.66% total chlorophyll
compared to control under stress conditions. The interaction of drought stress and bioptase caused 85.48% increase in
carotenoid than control in drought stress conditions. The results showed that biofertilizer and iron sulfate fertilizers
could modify drought stress in fenugreek strain and improve the qualitative and quantitative properties of this medicinal
plant.

Keywords: Drought stress, Reproductive growth, Biofertilizer, Medicinal plant
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