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Number of Stomata Stomata width Number of Pods
per Pod
Block S'gly 2 5.61m 0.0001 " 0.21m 0.54 s
Irrigation s ,Lo] 1 33.36™ 0.021%* 62.02%%* 58.39%*
e 2 729.7%* 0.003** 46.88%* 17.04%*
Bio fertilizer
i)l 2 13.08 ™ 0.0002 s 15.77%* 1.33%*
Irrigation* Bio fertilizer
Error Uas 10 25.83 0.0002 0.62 0.14
S ey 2oy - 5 3.71 5.79 3.58

CV%

Dbl g do )0 S mhaw 0 0g I8 gae g o0 iy e [0 BT og Jls S (8 I g [Silo oS 5 4y s g 5,18
Ns; Non-significant; * Significant at P<0.05, ** Significant at P<0.01
s s adlas 3,0 Slho p mew) 355 5 ol ol SIS Jga

oy
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Table 3. Main effect of Irrigation and Bio fertilizer on traits of fenugreek
(“L”ﬁ;faﬁm:/uw lodijg, olue Stomata le4ij;, 5,
content ) Number of Stomata (mm? width m)
Irrigation ¢, Lo/
FE sl (1) 85.44 a - 0.44a
Full Irrigation
k! o5 25 () 77.01b - 0.37b
Low Irrigation Stress
Bio fertilizer . j 055"
(ald) 355 G (1) 77.23b 92.99 b 0.38¢
Control
Lystes 255°(1) 80.52b 114.03a 0.43a
Mycorrhiza
Sl oyl (1) 85.92a 97.79b 0.41b
Algae extract

A (6l e gl 1 10 Lzl el 3 LSD (ys0)] obusly st 5 e Gy sl a5 olainSiba Jols o 4o
based on LSD test. In each factor, means with the same letters, were not significant at the 5% probability level

s 55 andllas )90 Slho () 355 X 5okl Jilise ol J1F Jga

Table 4. Interaction effects of irrigation x biological fertilizer of studied traits in fenugreek
i S sl i o )lly jaxls A9 FOj9

) 3¢5 Chlorophyll Index Membrane Stability Index (%) Fresh weight (g)

Bio fertilizer GRS g9 O GRS g9 oS OmS 9de oS
non-stress stress non-stress stress non-stress stress

355 Oy 40.87 a 384b 71.52 ¢ 51.05¢ 6.65d 478 ¢

Control
5258500 595 4247 a 41.83 a 81.55b 55.44d 18.06 a 13.53b
Mycorrhiza
Sl o las 353¢ 31.7d 86.29 a 54.41de 9.68 ¢ 7.83d
Algae extract

s (5,0 ire Dglas g1l 0 Jleimt mhaws 0 LD 5031 ulsl s oS e G, sh)ls slopnSilie o yo 40

based on LSD test. In each trait, means with the same letters, were not significant at the 5% probability level

FJgas alol

Continue Table 4.

&l o Slos OHle sloas AU o ails slaws
Grain Yield (o) Numher of Pade Numbher of Seeds ner Pad

Sy 355
Bio fertilizer S O OWS O O oS S 9N oS
non-stress stress non-stress stress non-stress stress

355 Vg 191 ¢ 0.87 ¢ 11.22de 9.83¢ 10.54 ¢ 749 ¢
Control

BosgSes 355 455a 238b  19.67a 12.25 cd 14.69 a 10.00 ¢

Mycorrhiza

Solz ol 2.53b 144d  15.56b 13.22 ¢ 11.77b 8.7d

Algae extract
Al (5,0 gime gy slyls 70 Jlaxs o ;0 LSD (5037 ulal oS jiiie Bgym shyls sl puSilo o y2 50
based on LSD test. In each trait, means with the same letters, were not significant at the 5% probability level
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(Asadi and Mozaffari, 2006) Ly, » K4 > Shee
Wb s Sas gl 8 4 8 05 S5 5l ol w8
2 e s O kil s ea aS o 0L (Vi)
Sy Geie L O 5y als sl (IS O el 3
3 AY) e a5 1wl o Shes Dk 2 &S
22 (RS 5 5 O Bl s S 5w A s AVIY
ple Ll pd s Al lonil Al 55 45 (03 rasn
Sl slax 5 €l Sl O3y (Wald) Slas Sl eslizad
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Wl ol Gl L e e o Shee
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s8e b oV Soen 5 gpbilly S ol
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Lol 8 3 o i 5 5 Shas (1l 5 3 ,Shos il
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53 SISl G e ol (S s Dlio
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(Aydin et al., 2010)
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Table S. Correlation between traits in non- stress conditions (lower part of the table diameter) and stress (upper part
of the table diameter)

Traits wlaw Chl RWC MSI PFW GY NS SW NP NSP
Chl 1 -0.67°  -0.003™  0.46™  0.44™ 042" 0.49™  -037™  -0.33™
RWC -0.63™ 1 0.48™  0.17%  0.19™  -0.01™ 0.17m 0.77%  023™
MSI -0.57m™  0.82%* 1 0.86%*  0.82%*  (.78% 0.72% 0.67%  0.9%*
PFW 0.45™  0.1™ 0.41m 1 0.96%*  0.87**  0.90%*  046™  0.9%*
GY 0.47™  0.07™  0.36™  0.99%* 1 0.87*%  0.85%%  (0.54™  (.95%*
NS 0.51™  -0.09™ 033"  0.94%%  (.93** 1 0.62™  0.51™  (.89%*
SW S0.11™ 043 0.72% 0.76%  0.74*%*  0.69%* 1 033™  0.77*
NP 0.18™ 027"  0.63™  0.95%* (0.93%*  (.9%* 0.88%* 1 0.62
NSP 042" 0.16™ 043"  0.98%%  0.99%*  0.91%*  (.72%+  (.93%* 1

il oo Ao 0 SO g oo iy ()bl s jo o pime Dol lo sixe Dglds pae il ol 5 4wk g wMS
ns; Non-significant; * Significant at P<0.05, ** Significant at P<0.01

Membrane Stability Index :MSI «5 , i oI 0l Relative water content :RWC ¢ Lé5 IS 2Lz Chlorophyll Index :Chl
sl4es Number of Stomata :NS <4ls 5 ,Sles Grain Yield :GY ¢ /5 plail 5035 « Plant Fresh Weight PFW:Lie ¢ lul axls
53 415 3l Number of Seeds per Pod :NSP ¢ sluxs Number of Pods (NP <lasi3s, 5 ¢ Stomata width :SW las 3,

R
S g s gy dal b s &l > Shes (6 rlf c\..»flf P il Jyd>
Table 6. Results of stepwise regression for grain yield under non- stress and stress conditions
ERUEL e . non- stress s gy stress s
& °J'U5L5‘wd’“'"’ Ponand [ )fu | | - ; |2
B : e Qg r ) e el OF ) 22
Predictive variable
Dependent o5,  Standard s st O3S Standard s ute!
variable Regression regression Regression regression
coefficients coefficients coefficients coefficients
als o Slee Intercept fuws 3l (5,e -4.92™ - -3.25™ -
Grain Yield e o Gl slass 0.64** 099** 0.55** 094**
Number of Seeds per Pod
00 )l e o
(ho2) 035 ol s ir s 97.0 87.7

Adjusted R?

wo s K Jlaisl s o o e ¥
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** Significant at P<0.01
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Table 7. Results of stepwise regression for plant fresh weight under non- stress and stress conditions

QLS oy paihe noN- Stress il g stress a5
&b Predictive variable walre Ose Sy e S e O il
Dependent variable os5,  Standard s st Regression  Standard s st
Regression regression coefficients regression
Intercept o J o 3298" - ~46.04" -
“9r FO59 4535, Slass 0.43* 0.94* 0.21% 0.51%
Plant fresh weight Stomgta n}lmber
39y 2 - 91.29" 0.58"
Stomata width
(222) 0a DLl G 5 87.1 95.6

Adjusted R?

oy S Jlozsl w55 s ae™*
** Significant at P<0.01

55 oLS (Hetherington and Woodward, 2003). . ls
a1y 2 gl Solde e 4 L 5 bl ol
Bolam sl ails b g Sl edle b S
(Hyeon-Hye et al., aib axils 1, Ol 2, cows 5l
Ll 3 o8 oS Op S, mls oLl .2004)
ol S Bl s s s as, alas Al RS O
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e 533 0311 5 3l Rl G ol 3 ol b
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Table 8. Path analysis for plant fresh weight under stress conditions

o peiione 31 ' s 5 (Sen

= Direct Effect Indirect Effect S e

Traits P09

Ajg, ol iy o Total Correlation with
Stomata number Stomata width plant fresh weight

a9, Slows

> 0.51" - 0.36 0.87"

Stomata number

Gl

090 PIE 058" 0.32 ) *0.90"

Stomata width

oy S Jlol o jo s cae®*
** Significant at P<0.01
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ABSTRACT

Introduction: Fenugreek (Trigonella foenum-graecum L.) that belongs to the Fabacecae
family, has been commonly used as a traditional food and medicine (Mehrafarin er 4l.,
2011). Several experimental and clinical studies support beneficial effects of fenugreek in
the management of metabolic diseases and inflammatory disorders. Water shortage is one
of the most important limiting factors which reduces the growth of fenugreek and other
plants around the world and the most common environmental stress (Abedi and
Pakniyat, 2010). In recent years, the excessive use of fertilizers and chemicals in
agricultural production systems has increased the risk of environmental pollution and
agricultural products. Bio-fertilizers as an alternatives or supplementary for chemical
fertilizers, can guarantee the sustainability of agricultural production systems (Han ez 4.,
2006). Therefore, considering the importance of bio fertiﬁ)izers and water shortage, this
experiment was conducted to study the effect of mycorrhizal and green algae bio
fertilizers on morpho-physiological traits and the relationships between these traits
under low and conventional irrigation regimes.

Materials and Methods: In order to study the effect of bio fertilizers on reducing the
impact of drought stress in fenugreek, an experiment was conducted in_two-factor
factorial format in a randomized complete block design with three replications in
greenhouse conditions. The first factor was irrigation at two levels comprising without
stress (irrigation based on 100% soil capacity) and low irrigation stress (irrigation based
on 40% soil capacity), and the second factor was biological fertilizer at three levels
(without bio fertilizer, use of mycorrhiza fungi and use of green algae). The studied traits
included chlorophyll, leaf relative water content, membrane stability index, plant fresh
weight, grain yield, number and width of leaf stomata, number of pods and number of
seeds per pod.

Results and Discussion: The results of variance analysis showed that irrigation effect was
significant for all traits except for the number of stomata. The effect of bio fertilizer on
all traits was significant, and interaction between irrigation and bio fertilizer was
significant for most of the traits except for the relative water content of the leaves. The
highest grain yield (4.55 g. plant”) and the highest plant fresh weight (18.06 g. plant™)
respectively, were obtained under non-stress conditions and using mycorrhiza. Using
mycorrhizal bio fertilizer under stress conditions improved the majority of traits
compared to non-use of bio fertilizer. Under stress conditions, plant fresh weight had
positive and significant correlation with the membrane stability index, grain yield,
stomata number, stomata width and number of seeds per pods (Table 6 above the
diameter of the table) Under non- stress conditions, the correlation of plant fresh weight
with grain yield, stomata number, stomata width, number of pods and number of seeds
per pod was positive and signiﬁcant (Table 6 below the diameter of the table). Under
stress conditions, positive and significant correlation was observed between grain yield
with membrane stability index, plant fresh weight, stomata number, stomata width and
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number of seeds per pod (Table 6 above table diameter). Under non- stress conditions,
there was a positive and significant correlation between grain yield with fresh weight of
plant, stomata number, stomata width, number of pods and number of seeds per pod
(Table 6 below the diameter of the table). The stepwise regression showed that the
number of seed per pod in stress and non-stress condition had the highest effect on grain
yield, while the number of stomata in non-stress conditions and the number and width
of stomata in stress conditions had the highest effect on plant fresh weight.

Conclusions: A significant increase in quantity and quality of yield is achieved by paying
attention to the relationships between yield and yield components and their effect on
each other. The number of seed per pod; and the number of stomata and stomata width
can be respectively used to improve grain yield and fresh weight of fenugreek under
stress conditions.
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