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Article Info ABSTRACT
Article type: Background and Obijectives: The study of the climatic condition of Iran
Full Length Research Paper  shows that arid and semi-arid areas are often scattered in the central areas
of Iran, and salinity in these areas is one of the limiting factors for crop
Article history: production. Fenugreek is a genus qf the ngacea_e _family an_d one c_>f the
Received: 05.28.2023 important produc_ts of seml—arld_reglons. This med.lcmal plant is used in the
Revised: 11.25.2023 treatmeqt of a wide range qf dls_eases, such as diabetes. Fenugreek seeds
Accepted: 11.28.2023 and their leaves are rich in minerals, protein and carbohydrates. The
expansion of fenugreek cultivation in the world has caused this plant to
face abiotic environmental stresses during the growing season. Silica plays

Keywords: a role in reducing the amount of sweating and preventing the side paths of
Chlorophyll fluorescence,  sweating. Therefore, this research was conducted with the aim of
Greenness index, evaluating the effect of silica fertilizer in increasing the salinity tolerance
Photosynthetic efficiency of fenugreek plants.

index,

Plant height

Materials and Methods: The present study was conducted in order to
investigate the effect of silica fertilizer on some morphological and
physiological characteristics of edible and medicinal fenugreek plant in the
fall of 2022 in Behbahan city in the form of pots in the form of a
completely randomized design with three replications in the open air. The
treatments included salt stress at three levels (0, 75 and 150 mM sodium
chloride) and silica fertilizer at two levels (0 and 3 g/l) and a total of 18
pots. Fenugreek seeds are obtained from a reputable seed store (Rahimi
vegetable seed store in Behbahan city). Fenugreek seeds were planted in
small plastic pots with a height of 7 cm and a diameter of 8 cm filled with
garden soil, leaf soil and perlite (ratio 1:1:1) so that finally there were five
plants in each pot.

Results: The results showed that in the fenugreek plant, the maximum root
length (6.95 cm) and the dry weight of the aerial parts (0.046 g) in the
treatment without salt stress (control) and the use of silica fertilizer and the
lowest root length (2.63 cm) and the dry weight of aerial organs (0.03 g)
was observed in the treatment of 150 mM salinity stress and without the
use of silica fertilizer. Also, the decrease in chlorophyll fluorescence
(Fv/Fm ratio) in response to salinity stress was lower than the decrease
observed in salinity stress without using silica fertilizer. In the salinity
stress of 150 mM and the use of silica fertilizer 3 g/liter, the amount of
chlorophyll fluorescence (Fv/IFm ratio) was 0.09 more than in the treatment
of salinity stress of 150 mM and no silica fertilizer. The highest value of
the greenness index (SPAD) was obtained in the condition without salinity
stress (11.60), and the lowest value was obtained in the salinity stress of
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150 mM (2.30), which was significant at the five percent level. Stress
causes disturbances in the path of electron transfer and destruction of
tissues related to photosynthesis, and in this way, it prevents the optimal
energy consumption of the plant. In this study, silica treatment reduced the
negative effects of severe salinity on root length, wet and dry weight of
shoot and chlorophyll fluorescence. It reduced the harmful effects of
salinity on fenugreek plants.

Conclusion: In this experiment, it was observed that the application of
silica fertilizer in severe salinity stress significantly reduced the amount of
chlorophyll fluorescence in comparison with its non-application. The
present study showed that adding silicone fertilizers to saline soils reduces
the negative effects of salinity stress in fenugreek plants.

Cite this article: Fani, Ebrahim. 2024. The effects of feeding by silica fertilizer on the reduction of
stress caused by salinity in fenugreek plants. Journal of Soil Management and Sustainable
Production, 14 (1), 115-129.
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Table 1. Weather characteristics of Behbahan city during the cultivation period.
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Table 2. Comparison of simple mean effects of morphological and physiological traits of fenugreek plant under
salinity and silica fertilizer conditions.

G gl iy Jyb e el 5 055 iy 505 el e 055
b lesd (J:"‘;:‘L‘") (j-*’u;ﬂ\«') QS}'.’)’ f)f) <4:'j'.’)3 f,s) (&){Jérﬁ>&‘ﬁ
Treatments - Fresh weight Fresh weight Dry weight
Plarzt: rf]l;lght ROO(tc:i;lgth of shoot of root of shoot

(g plant™) (g plant™) (g plant™)

0 3 5.25% 0.24% 0.07% 0.04%
Sz
(Y pn ) 75 2.52° 3.93° 0.27° 0.05° 0.04*
Salinity (MM) 45 2,63 317° 0.17° 0.04° 0.03°
ko 0 2.81° 463" 0.21° 0.06° 0.03
(252 0.9

Si (g/l) 3 2.62% 3.60° 0.25% 0.05% 0.04%

Lol (g5l pme D] Ao s o) Jlex| dﬂ.w 23 5SSl (glawsls o ;)j»ﬂ bl Ogm a5 S rie Uiy > sl 5&@?&@
Means followed by the same letters in each column are not significantly different according to Duncan's multiple range test
(P<0.05)
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Continue Table 2.

b SEE O3 L s s 2L sl o ls
sles R _ o Jg"uf‘”" o
- W20 Chiorophyll e greenness index
Treatments Dry weight of root fluorescence Photosynthetic (SPAD)
(g plant™) (Fv/Fm) efficiency index (PI)
0 0.04% 0.77% 2.48° 11.60°
Sosd
(Y50 ko) 75 0.03 0.77° 2.50° 3.90°
Salinity (M) g 0.03" 0.69° 1.16° 2.30°
e 0 0.03 0.73 1.76° 4,63
(J;:! ); r‘)f) a a a a
Si (g/l) 3 0.03 0.76 2.33 7.23

R e R e T Jlaz| cla..q 53 OS0ls (glawslsdir O o3l pwlal p Ot a3 S rie Gs o gl gl Sles
Means followed by the same letters in each column are not significantly different according to Duncan's multiple range test
(P<0.05)
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Figure 1. Interaction effect of salinity stress and silica fertilizer on root length of fenugreek plant (columns
with common letters have no significant difference according to Duncan's test at the five percent level).
The bars on the figure indicate the data changes and measurement accuracy.
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Figure 2. Interaction effect of salinity stress and silica fertilizer on dry weight of shoot of fenugreek plant
(columns with common letters have no significant difference according to Duncan's test at the five percent level).
The bars on the figure indicate the data changes and measurement accuracy.
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Figure 3. Interaction effect of salinity stress and silica fertilizer on fresh weight of shoot of fenugreek plant
(columns with common letters have no significant difference according to Duncan’s test at the five percent level).
The bars on the figure indicate the data changes and measurement accuracy.
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Figure 4. Interaction effect of salinity stress and silica fertilizer on Chlorophyll fluorescence of fenugreek plant
(columns with common letters have no significant difference according to Duncan's test at the five percent level).
The bars on the figure indicate the data changes and measurement accuracy.

1- Soil and Plant Analyser Development

VYo



EXA | a)h».fs NE D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

S35l Sk Slssme ssba SPAD) (S s
Ll s s ¥/ S eslinal ks 35 oS 3
pde Ll 2 53 VY L aelin 3 ke 55 5,008
e S5 o R (ke 255 508
SN N * Y3 R M|
e sl als Csl el IS
L 3l ek 3,08 Ll 53,5 o (SPAD)
5 S slaal b nlesl pl an A8 o b
Sl s i3l OLES &S (TeeV) O, Kas
el b a S om s Ll S
Coils gl dase LIl 1 bSOl
el oot e o3l s 0T
5 Sl S s IS Glgme 5 (S
o il sl 4SS 0Ly (YeV0) OLSGs
Slime 5 g pale ol o 6054
L oS opd @i e (b)) S s s S
oemen (YO) Sl Jlpes Shasn ol s
Er G5 p Slas (b (Y00Y) 0L Sk
e p s Gla 20 giie SIS s S 0L
A Slea OLLS (S e la 5 08
Sheslamal () Wil e LS, iy IS oLy
sl Glis 6 d3sh e ol LS S
Solssme sbar 5 esls alS 1) S slad e
el ot 5 8 Gl IS el
Ly el by sl 0T Y 55 glié Jlsla 5 ods
ot Sy pde Dose 03 5 eSSy
Wb sddly oa Sl ey i slall S kel

)

I (8 35
Corpe Gosd A5 Ad ealie el opl s

‘Lﬁ‘ﬁ 6‘.&5‘ S SETIE) u’l‘}'é fUu‘)SQ)j Aoy

"

O¥sa e 100) i (5) 58 0350 Sod A5

ol o Ly (FVIFM ) il 5ls Loy IS Ol 5
sy Al (ol e ssba dilad oS 55 il
5 Gop bl e Jials sa Llg . oS
i (8 K8) el e LS e
S0s,S Jlasl e bosasasolis FVIFM
53 el sl ol 25 (V) ol T s g8
Lok glacil oy 5 5 05,8 Uil e
olizal Sl elS (g b pl 5 s S s
sl fass (Y8 )b 5L 550 51 gl
oS oy o (VYY) OKas 5 il >
JaAS s ol ko Jles o8 5ls DL A 5
L3S Gopd 55 s (FVIFM ) uila 5l
JsAs sl el e oops 5 (Y0)
Juasl mals s (FVIFM coll)  aila b
oS ) 558 o bt 53 05,
e LS 55 gt st > Ses 35 5 e
R i P R
(FTY) OLlar 5 odls 2l s L Gyl
L ¢n‘); Gzt 5 L5 Plags 5 FVIFM Ol
(X0) 350 sl 3 358 55 3 5t
DA 4 e a) s o ST el 35 s
L dds IS Ol 2 oss 45 e Dl e
e 355 2,08 pde b aglie o alds oS 3
5 bl oS e (Y Jsd) 45 T3l 3
sy kil Cos s cwl Ll wluS,
Sl (Gosd shsa) hoe glais
e el (YA) das e Ol 1 sl
S5 5 e Shas cnl 53 et oS (SPAD)
O 03 e 355 3,08 b 23l S (58
o2l st e SIS alS el g
S Seobe s S (SPAD) K
02 ke 355 5,008 5 Vsa ke V00 (655



S el o 85355 3 5 5 R 1 s 355 5

V00 (o il 5 53 OF 5,18 pae b aculis
dsb b Jlis s pae 55w (V50 s
Jis S 5 alee Ul SEx 5 505y s
Ao S am ST s gi e aldos olS 5 il
bl g ogmime o sle Ll 0 5o s 558
oS A o S e 2 elS S Gl

.sﬁji)&_.ﬂwﬁlt.ﬂ,\;nyc;ljjl

1.Noohpisheh, Z., Amiri, H., Mohammadi
Gholami, A., & Farhadi, S. (2019).
Investigating the application of zinc oxide
nanoparticles on the morphological and
physiological characteristics of two
varieties of fenugreek (Trigonella
foenum-graecum L.) under salt stress.
Journal of Plant Process and Function,
9 (35), 423-438. dor: 20.1001.1.
23222727.1399.9.35.24.5. [In Persian]
2.Pasandi Pour, A., Farahbakhsh, H., &
Saffari, M. (2014). Response of fenugreek
to short-term salinity stress in relation to
lipid peroxidation, antioxidant activity
and protein content. Ethno-Pharmaceutical
Products, 1 (1), 45-52. dorl.net/dor/
20.1001.1.23833017.2014.1.1.7.6.
3.Bairwa, R. C., & Kaushik, M. K. (2010).
Response of fenugreek (Trigonella
foenum-graecum L.) varieties to fertility
levels and growth regulators on
productivity, profitability and quality.
Journal of Progressive Agriculture,
1 (1), 65-67. www.indianjournals.com/
ijor.aspx?target=ijor:jpa&volume=1&i
ssue=1&article=019.
4.Dadrasan, M., Chaichi,
Pourbabaee, A. A., Yazdani,
Keshavarz Afshar, R. (2015).
irrigation and  biological  fertilizer
influence on yield and trigonelline
production of fenugreek. Industrial Crops
and Products, 77, 156-162. doi.org/
10.1016/j.indcrop.2015.08.040.
5.Banakar, M. H., Ranjbar, G. H., &
Soltani, V. (2013). Physiological response

M. R,
D., &
Deficit

wy

s ool s S il (SKids s olis
Jol> s s (8ol 5,50 (S e
03 ke Lo SIS sl (s cnl
Sy e s dldid oS (gpd 25 Ll
plrdl Boi 5 b o515 (HIL D3 ek 2B
s Jl icds als Cel ads; sladshe clis

03 e 355 Sleslanal &S sy QLA LSl g

of some salt-loving grass plants under
saline conditions. Journal of
Environmental Stresses in Agricultural
Sciences, 5 (1), 55-65. doi.org/10.22077/
escs.2012.114. [In Persian]

6.Hasanuzzaman, M., Nahar, K., & Fujita,
M. (2013). Plant response to salt stress
and role of exogenous protectants to
mitigate salt-induced damages. P. 25-87.
In: P., Ahmad, M. M. Azooz, and
M. N. V. Prasad (eds), Ecophysiology
and responses of plants under salt stress,
Springer, New York.

7.Archangi, A., Khodambashi, M., &
Mohammadkhani, A. (2012). The effect
of salinity stress on the morphological
characteristics and the amount of sodium,
potassium and calcium elements in the
medicinal plant Trigonella foenum
gracum under hydroponic cultivation
conditions. Journal of Science and
Techniques of Greenhouse Crops,
3 (10), 33-40. dor: 20.1001.1.20089082.
1391.3.2.3.3. [In Persian]

8.Farhadi, H., Azizi, M., & Nemati, S. H.
(2015). Effect of Salinity Stress on
Morphological and Proline Content of
Eight Landraces Fenugreek (Trigonella
foenum - graecum L.). Iranian Journal of
Field Crops Research, 13 (2), 411-419.
doi: 10.22067/gsc.v13i2.36600. [In Persian]

9.Sorahinobar, M., Niknam, V., & Moradi,
B. (2010). Effect of NaCl salinity on
protein, pigments, sugars and phenolic
compounds contents in calli of some
Trigonella species. Journal of Science


http://www.indianjournals.com/ijor.aspx?target=ijor:jpa&volume=1&issue=1&article=019
http://www.indianjournals.com/ijor.aspx?target=ijor:jpa&volume=1&issue=1&article=019
http://www.indianjournals.com/ijor.aspx?target=ijor:jpa&volume=1&issue=1&article=019

EXA | a)h».fs NE D)sbc)l..\g.lg:.\ﬁ’jfg‘suagﬁ.\n 4.1).»»

University of Tehran, 36 (2), 53-59.
jos.ut.ac.ir/issue_2153_2164.html?lang
=en. [In Persian]

10.Chowdhury, M. M. U., Bhowal, S. K,
Farhad, 1. S. M., Choudhury, A. K.,
& Khan, A. S. M. M. R. (2014).
Productivity of fenugreek varieties
(Trigonella foenum-graecum L.) in the
coastal saline areas of noakhali. The
Agriculturists, 12 (2), 18-23. doi:
10.3329/agric.v12i2.21726.

11.Lee, M. H., Cho, E. J., Wi, S. G., Bae,
H., Kim, J. E, Cho, J. Y., Lee, S,
Kim, J. H.,, & Chung, B. Y. (2013).
Divergences in morphological changes
and antioxidant responses in salt-tolerant
and salt-sensitive rice seedlings after
salt stress. Plant Physiology and
Biochemistry, 70, 325-335. doi: 10.
1016/j.plaphy.2013.05.047.

12.Liang, Y., Sun, W. Zhu, Y.G, &
Christie , P. (2007). Mechanisms of
silicon mediated alleviation of a biotic
stresses in higher plants: a review.
Environmental Pollution, 147 (2), 422-428.
doi: org/10.1016/j.envpol.2006.06.008.

13.Seyed Lor Fatemi, L., Tabatabei, S. J., &
Falahi, E. (2009). Effect of silicon on
the growth and performance of
strawberry plants under salt stress
conditions. Journal of Horticultural
Sciences (Agricultural Sciences and
Industries), 23 (1), 88-95. doi: 10.
22067/jhorts4.v1388i1.1915. [In Persian]

14.Peyvast, GH., Zaree, M. R., &
Samizadeh, H. (2009). Interaction of
silicon and on salinity stress on Lettuce
growth under NFT system condition.
Journal of Agricultural Sciences and
Industries, Especially Horticultural
Sciences, 22 (1), 79-88. sid.ir/paper/
142239/fa. [In Persian]

15.Haghighi, M., & Masoumi, Z. (2021).
Effect of caffeic acid on growth and
reducing the destructive effects of
salinity on greenhouse cucumber
(Cucumis sativus var. Super daminos).
Journal of Vegetables Sciences,
4 (2), 35-51. doi: 10.22034/iuvs.2021.
131965.1114. [In Persian]

16.Payamani, R., Nosratti, 1., & Amerian,
M. (2021). Effect of different levels of

YA

salinity, nitrogen and Torilis arvensis
competition on growth characteristics
and leaf yield of coriander (Coriandrum
sativum).  Journal of  Vegetables
Sciences, 5 (1), 51-62. doi: 10.22034/
iuvs.2021.526940.1153. [In Persian]

17.Gholamnia, A., Mosleh Arany, A,

Sodaeizadeh, H., Tarkesh Esfahani, S.,
& Ghasemi, S. (2021). The effects of
salinity and heat stress on some
physiological and vegetative
characteristics of peppermint (Mentha
piperita L.) at different time intervals.
Iranian Journal of Plant Biology,
13 (2), 39-52. doi: 10.22108/ijpb.
2021.127818.1243. [In Persian]

18.Kalaji, H. M., Govindjee, B., Bosac, K.,

Koscielniakd, J., & Zuk-Golaszewskae,
K. (2011). Effects of salt stress on

photosystem Il efficiency and co,
assimilation of two syrian barley
landraces. Environmental and

Experimental Botany, 73, 64-72.
doi:10.1016/j.envexpbot.2010.10.009.

19.Zare, F., Khorasaningjad, S., &

Hemmati, Kh. (2018). The effect of
silicon on some morpho-physiological
and phytochemical traits of purple
coneflower (Echinacea purpurea L.)
under salinity stress. lIranian Journal
of Plant Biology, 10 (3), 55-68.
doi: 10.22108/ijpb.2018.105683.1044.
[In Persian]

20.Mancarella, S., Orsini, F., Van Oosten,

M. J., Sanoubar, R., Stanghellini, C.,
Kondo, S., Gianquinto, G., & Maggio,
A. (2016). Leaf sodium accumulation
facilitates salt stress adaptation and
preserves photosystem functionality in
salt  stressed Ocimum  basilicum.
Environmental and Experimental Botany,
130, 162-173. doi.org/10.1016/j.
envexpbot.2016.06.004.

21.Mahdieh, M., Habibollahi, N., Amirjani,

M., Abnosi, M., & Ghorbanpour, M.
(2015). Exogenous silicon nutrition
ameliorates  salt-induced stress by
improving growth and efficiency of PS,,
in Oryza sativa L. cultivars. Journal of
Soil Science and Plant Nutrition,
15 (4), 1050-1060. doi.org/10.4067/
S0718-95162015005000073.



S el o 85355 3 5 5 R 1 s 355 5

22 Jamil, M., Lee, D. B., Jung, K. Y.,
Ashraf, M., Lee, S. C., & Rha, E. S.
(2006). Effect of salt (NaCl) stress on
germination and early seedling growth
of four vegetables species. Journal
of Central European Agriculture,
7 (2). 273-282. jcea.agr.hr/en/issues/
volume/21.

23.Paknejad, F., Majidi Heravan, E., Noor
Mohammadi, Q., Siyadat, A., & Vazan,
S. (2007). Effects of drought stress on
chlorophyll  fluorescence parameters,
chlorophyll content and grain yield of
wheat cultivars. Journal of Biological
Sciences, 7 (6), 841-847. doi: 10.3923/
jbs.2007.841.847.

24.Scantsciarnugnozza, G., Deangelis, P.,
Matteucci, G., & Valentini, R. (1996).
Long term exposure to elevated CO; in a
natural quercus ilex L. community. Net
photosynthesis and  photochemical
efficiency of psn at different levels
of water stress. Plant, Cell and
Environment, 19 (6), 643-654. doi.org/
10.1111/j.1365-3040.1996.tb00399.x.

25.Haji Hashemi, Sh., Jahan Tigh, A., &
Fani, 1. (2022). The effect of silicon
treatment on improving the physiological
response of radish (Raphanus sativus L.)
to salinity stress. Journal of Plant
Process and Function, 11 (47), 21-36.
dor: 20.1001.1.23222727. 1401.11. 47.
3.2. [In Persian]

26.Mehta, P., Jajoo, A., Mathur, S., &
Bharti, S. (2010). Chlorophyll a
fluorescence study revealing effects of
high salt stress on Photosystem 1l
in wheat leaves. Plant Physiology
and Biochemistry, 48 (1), 16-20.
doi: 10.1016/j.plaphy.2009.10.006.

"4

27.Zhang, Y., Yu, S., Gong, H. J., Zhao,
H. L., Li, H. L., Hu, Y. H., & Wang,
Y. C. (2018b). Beneficial effects
of silicon on photosynthesis of
tomato seedlings under water stress.
Journal of Integrative Agriculture,
17 (10), 2151-2159. doi.org/10.1016/
S2095-3119 (18) 62038-6.

28.Amirul Alam, M. D., Juraimi, A. S.,
Rafii, M. Y., & Abdul Hamid, A.
(2015). Effect of salinity on biomass
yield and physiological and stem-root
anatomical characteristics of purslane
(Portulaca oleracea L.) accessions.
BioMed Research International, 1, 1-15.
doi: 10.1155/2015/105695.

29.Falah, A., Farahmandfar, E., & Moradi,
F. (2015). Effect of salinity stress in
different growth stages on some
morphophysiological traits of two rice
cultivars in  Greenhouse conditions.
Journal of Agronomy, 28 (107), 175-182.
doi: 10.22092/aj.2015.105720. [In Persian]

30.Yang, J., Zhang, J., wang, Z., Zhu, Q., &
Liu, L. (2002). Carbon remabilization
and grain filling in two line hybrid rice.
Subject to postanthesis water deficits.
Agronomy Journal, 94 (1), 102-109.
doi.org/10.2134/agronj2002.1020a.

31.Ghoreishiasl, S. S., Zahedi, H., Sharghi,
Y., Modarres Sanavy, S. A. M., &
Moradi Ghahderijani, M. (2016). Effect
of zeolite and calcium silicate on salt
stress tolerance of two canola varieties.
Iranian Journal of Soil Research,
31 (3), 353-362. doi: 10.22092/ijsr.
2017.113730. [In Persian]






