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Water Stress phosphatase of the soil were investigated. The results showed that under no
Water Use Efficiency stress conditions and mycorrhiza fertilizer, the most shoot dry weight,
- water use efficiency, chlorophyll a, mean diameter weight and urease
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stress conditions increased shoot dry weight, water use efficiency,
chlorophyll a, b, soil electrical conductivity, aggregate stability, urease
enzyme, and acidic and alkaline phosphatase, while it decreased soil pH
compared with not using biofertilizer in these conditions.
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this stress is more severe. Therefore, in water
shortage conditions, changing the management
pattern towards drought-tolerant plants can be a
good solution to deal with the effects of water
shortage. Because of its remarkable adaptation to
different climatic conditions, Fenugreek can be

Introduction

Drought is one of the most important non-living
stresses and it is the cause of yearly damage to
the crops and orchards in the world. However, in
Iran, due to its geographical location, definitely
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considered a cost-effective crop in water scarcity
conditions. On the other hand, the use of
biofertilizers to deal with abiotic stresses has
been proposed Biofertilizers such as mycorrhizae
increase plant tolerance to dehydration to some
extent, and for a long time, in sustainable
agriculture, the use of mycorrhizal fungi to
improve the physical, chemical, biological, and
fertility properties of soil has long been
suggested. In  general, considering the
environmental dimensions, the study of the role
of biofertilizers such as fungi and algae in
improving the soil's physical and chemical
properties. In some cases, Biofertilizers (can
guarantee sustainable production in agriculture
systems as an alternative method and a
supplement for chemical fertilizer. Therefore,
this study was conducted to investigate the effect
of mycorrhizal fungi and two types of seaweed
extracts on some soil physicochemical properties
under fenugreek cultivation in dehydration stress.

Material and Methods

This research was conducted as a factorial
experiment based on randomized complete
blocks with three replications, in 1400 in pot
form in the research greenhouse in the Faculty of
Agriculture and Natural Resources, Lorestan
University. Experimental factors included five
irrigation levels (100, 90, 80, 70, and 60% soil
moisture  depletion) and four levels of
biofertilizer (without fertilizer, extracts of algae
and cocci and algae 5 I/ha and mycorrhiza 50
g.pot?). According to the instructions of the
fertilizer Company and previous research,
amounts of used fertilizers were considered. The
pots (17 and 30 c¢cm in diameter and height,
respectively) were filled with 3 kg of soil and
were inoculated with 50 g of mycorrhizal fungus
(Rhizophagus irregularis) with 60 spores/g dry
soil and then eight seeds were planted in the pots.
Myecorrhizal fungi and control plants were
irrigated with ordinary water. During the
growing season, 11 pl alga extract was added to
the soil four times in a week intervals. At the end
of the growing season (70 days after planting),
the plants were harvested and some of
characteristics such as plant dry weight, water
use efficiency, chlorophyll a, b, EC, pH, mean
weight of aggregates diameter, urease enzyme
and phosphatase were measured.

Results

According to the results of variance analysis
showed that the main effects of different levels
of water stress and biofertilizer application on
shoot dry weight, water use efficiency,
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chlorophyll a and b, soil EC, soil pH, aggregate
stability, urease enzyme, acidic and alkaline
phosphatase enzyme were positive and
significant while their interactions on all the
mentioned traits were significant except
chlorophyll b, soil EC, soil pH, acid phosphatase
and soil alkali. The results showed that the
maximum shoot dry weight, water use efficiency,
chlorophyll a, mean weight diameter of
aggregates, and urease of soil were obtained
under stress-free  conditions and  using
mycorrhiza fertilizer. The application of
biofertilizers increases the growth characteristics
of fenugreek in drought stress conditions, which
can probably be attributed to their role in
increasing root growth, increasing
photosynthesis, and nutrient uptake. It seems that
due to less nutrient uptake, a decrease of soil
moisture after the crop harvesting in the soil
solution, the nutrition concentration will be
replaced with hydrogen ions on the soil collides
so hydrogen ions will be increased the cations in
the soil solution will be released and the soil
reaction will be decreased. It seems that because
of less absorption of soil nutrition and after the
plant harvesting, the soil moisture will be
decreased, so hydrogen ions will be increased
and the cations will be increased and the soil
reaction will be decreased. The electrical
conductivity of a soil solution which is
proportional to the concentration of ions,
increasing the average of the weight of soil
aggregate are related to fungal hyphae effects
which develop in the soil to form a skeletal
structure and keep the aggregation together
physically so improve aggregation in the soil.
The urease and phosphatase enzymes activity
will be reduced. One of the most important cases
in the plant physiology inoculated with
mycorrhiza fungi is the amount of nutrients
absorbed by these plants along with measuring
their dry weight. Today we know that the roots
of mycorrhizal plants receive more phosphorus
and some other elements than the roots of non-
mycorrhizal plants. Improving the absorption of
nutrients, especially phosphorus by mycorrhizal
plants in drought stress is the most important
factor in vegetative growth. Its reasons can be
considered as the strong bonding of inorganic
phosphate ions with soil colloids and its
stabilization in the form of iron phosphate or
aluminum phosphate, which in any case causes
the immobilization of this element. In addition,
large amounts of inorganic phosphate are
naturally insoluble, so they are practically
unusable for plants. The production and secretion
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of the enzyme phosphatase by mycorrhiza
filaments causes the insoluble and stabilized
phosphate in the soil to become soluble and to be
adsorbed to the root.

Conclusion

Due to the present study, the main effects of
different levels of water stress and biofertilizer
application on shoot dry weight, water use
efficiency, chlorophyll a and b, soil EC, soil pH,
aggregate stability, urease enzyme, acidic and
alkaline phosphatase enzyme were positive and
significant while their interactions on all the
mentioned traits were significant except
chlorophyll b, soil EC, soil pH, acid phosphatase
and soil alkali. The results showed that the
maximum shoot dry weight, water use efficiency,
chlorophyll a, mean weight diameter of
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aggregates and urease enzyme of soil were
obtained under no stress conditions and using
mycorrhiza fertilizer.
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Table 1 Some physicochemical properties of the final soil used for cultivation

EC k p Total Organic Sand Clay Silt
(dS/m) pH (mg/kg) (mg/kg) Nitrogen (%)  Carbon (%) (%) (%) (%) Soil Texture
0901 7.95 270.01 19 0.095 1.28 63.84 16 20.16  Loamy sand
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Table 2 Results of analysis of variance of the effect of different treatments on some soil and plant characteristics

Source of Degree of  Dry weight Water use Chlorophyll  Chlorophyll EC
variations freedom of aerial efficiency @ (b)
parts
Water stress 4 8.3975" 0.1817* 51.9" 14.2* 0.0563™
Bio-fertilizer 3 1.1898™ 0.0478™ 25.8™ 4.62" 0.0222"
Bio-fertilizer 12 0.1605" 0.0025" 1.73" .018" 0.0003.™
Water stressx
Error 40 0.0610 0.0022 0.46 0.32 0.0058
Source of Degree of pH Mean weight Urease Acidic Alkaline
variations freedom diameter phosphatase  phosphatase
Water Stress 4 0.0575™ 0.3008™ 1114™ 310764 1275934™
Bio-Fertilizer 3 0.0243™ 0.0832" 4373" 447345 1556756
Bio-Fertilizer 12 0.0005" 0.0073" 92" 6652 " 34621 "
Water Stressx
Error 40 0.0047 0.0031 8.91 72166 86994
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*And ** are statistically significant using the Tukey test at the level of five and one %, respectively. ns is not statistically
significant.

5 el ale Sl yole fin Ol puwgd
slapgerge g lieS rolie (il uizmen 9 4 b
318 s SO Tl g S g (ST 05 LS
ey sogS | eolawl .(Haghparast et al. 2012)
ollS wi, mals 3 (6 ,.F > g ol Caaglio Liuljsl el
Esmailpour et &g o S o5 balps o o)l
- i 45 X50,5 L Mardani et al. (2017).(al. 2021)
o pa Jalb oS plea plail S 039 S 5
—a oS o 5L UF g el 6ylT (slales 4 by

S)ls Slezep Giogh oul i b as ol Cewd

Environment and Water Engineering

7,8 sloasss il 3 ws S L Badvi et al. (2016)
U 45 ols i galS o)l ls S (59 p T )sSole
Loosd rysle lals o Sis o5y Hlade (p )
sols olls o Jlade p5eS 3 GlOmus mosseae 445
8,5 o,155 Esmaielpour et al. (2020) .owl cows 4
alS o, oLS wd, j (Sas (s oad il b as
OLalS 4 Lo aSgr SAS ()39 9 (i g 00
Golel llpd 5o 2lye Sl ojlac boads 5L Jslxe
sl olS Ol Rl 4 Gl |y cnl o OlalS” elS
Ol (IRl o) by (IR Goyb 5l A b ablis

Vol. 9, No. 1, 2023

\/ ¢
\/

\f’Y)LQg‘\ c)Lo..‘::A 0,99 \_/‘f


bshahmorady@gmail.com
Typewritten text
35


Ys

VY GLlSen g dighug jonde

ab

Dey Weight of aerial parts
(9 /pots)

100

90

defge

= Mycorrhizae m Alga m Wokozim = Control

M9 efg £gh efghfghfghifghi

80 70 60

Irrigation levels (% of soil moisture depletion)

(il oo o gime Sglas W8l S5 a0l bl 10 mhaw yo (g k] Ll
Fig.1 Interaction of moisture levels and biofertilizer on shoot dry weight (columns that in each treatment have a
common letter, are not statistically significant at the 5% level based on the Tukey test).

SOl Olie (S 9 waad (25 lulyd g dge ugaslS
el Cawds 4 1S e Il il o &0 sald gleary
aS 2is,S 158 093 kg ,o Mardani et al. (2017)
i a Jal oS Ol Brae SIS e g o ey
g olS @l 5l T g S gkl Glejles 4 bgye
Loy ol Bpae o115 s 5 L Feizian et al. (2016)
coi gy oolanl BB O AL Fe e sl iles o
Khazaei  iagh gl o9 £10 YAY £F-g/m® i,
al ol Gpae oI5 Sis i olas et al. (2018)
@S GRalS 2 (slssae b Jg ols 2alS T, 03

ORI RURR 4 S INURSR (PSP B JOOR

ol G pao Iyl -Y-¥
2 ssby GRS g g ledsS (Sl anslie mls
a yeSele )6 5 sgby (25 e Jlesd 5o ol Gpae
4 by gJ 3 ae 631)15 RS yuiored Sl Cwd
355 00,5 (g g S cugb, adss % £ sush ) mhaw
2 Sy 995 )5 ols laS rioren bl Log (S
et ol ol Brae oI5 ol58l caw Sas s bl
lrsle zal ws,S L Shahhosseini al. (2012)
Sl das LI )l s jsbay Soagen sl 055

0.8

0.7

0.6

0.5

0.4

0.3

Water use efficiency(g/l)

0.2

0.1

a
-

a

ab

100

bc

a
- |

Environment and Water Engineering

u Mycorrhizae ®=Alga ®=Wokozim = Control
bcd
cde
cdef
ﬂCdEfcdefdef r_‘.cdei:defdef def o
er e

90

70

Irrigation levels(% of soil moisture depletion)
5 ediind S i By S o Jless o 50 a8 glargie) Of Gras LS 5 s 055 5 kel ol hlixe SI-Y S
Aol oo o cne glis 93l S5y (bl 2 70 grans 3 (5 Ll Ll

Fig. 2 Interaction of moisture levels and biofertilizer on water use efficiency (columns that in each treatment
have a common letter, are not statistically significant at the 5% level based on the Tukey test).
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Fig. 3 Interaction of moisture levels and biofertilizer on chlorophyll a fenugreek (columns that in each treatment
have a common letter, are not statistically significant at the 5% level based on the Tukey test).
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Table 3 Comparison of the main effects of water stress and biofertilizer on Chlorophyll b, EC, pH, Acidic
phosphatase, Alkaline phosphatase

Treatme Level Chlorophyll b EC pH Acidic Alkaline
nt (mg/g leaf wet  (dS.m™) phosphatase phosphatase
weight) (ug pNP/g.h) (ug pNP/g.h)
100 5.42a 0.9377c 7.9108a 1377.5a 1800.75a
§ 90 4.92a 0.9608c 7.8383ab 1308.95a 17.4.20a
a 80 3.93b 0.9940bc  7.8033bc 1207.02ab 1609.68ab
g 70 3.4bc 1.0566ab 7.7775bc 1091.93ab 1485.18ab
@ 60 2.76¢ 1.1033a 7.7241c 977.93b 1366.43b
- Mycorrhiza 4.82a 1.05840a 7.7606b 1825.60a 2228.40a
S fungi
3 Seaweed alga 4.07b 1.0193ab 7.8013ab 1225.38b 1630.98b
® Seaweed 3.98bc 0.9976ab 7.8246ab 1115.40b 1547.33b
woknzim
Control 3.48c 0.9668b 7.8566a 604.28¢ 966.28¢

*Numbers that have a common in each row are not statistically significant at the 5% level according to Duncan's test
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Fig. 6 Interaction of moisture levels and biofertilizer on weight average diameter of aggregates (columns that in
each treatment have a common letter, are not statistically significant at the 5% level based on the Tukey test)
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Fig. 7 Interaction of irrigation levels and biofertilizer on urease activity (columns that in each treatment have a
common letter, are not statistically significant at the 1% level based on the Tukey test).
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