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To evaluate the effect of different application rates of zeolites under drought stress conditions on the
protein and biomass production, and zeolite use efficiency in grass pea (Lathyrus sativus L.) and lentil
(Lens culinaris L.), two-way ANOVA based on randomized complete block design was conducted at
Research Farm of Urmia University in 2012. Two levels of irrigation (irrigation at field capacity (FC)
and 50 % FC) and four levels of zeolites (0, 10, 20 and 30 tons/ha) were applied. Results of ANOVA
showed the significant effect of zeolite application on protein yield, protein harvest index, and zeolite
use efficiency for protein and biomass production and significant effect of irrigation regime on protein
yield, protein harvest index and zeolite use efficiency for grass pea protein production. There were
significant effects of zeolite application on the biomass, protein yield, and protein harvest index, and
significant effects of irrigation regime on protein yield and protein harvest index of lentil. However
significant interaction effect between zeolite and irrigation on zeolite use efficiency for protein and
biomass production in lentil was obtained. The results indicated that water deficit stress significantly
decreased these traits, whereas the application of zeolite compensated the negative effect of the drought
stress. Zeolite use efficiency for grass pea and lentil biomass and protein production decreased in high
rates of mineral application (30 tons/ha). The highest protein yield (307.12 kg/ha) and protein harvest
index (14.2 %) of grass pea, and protein yield (222.59 kg/ha), biological yield (2587.6 kg/ha), and
protein harvest index (8.6 %) of lentil were obtained when 30 tons/ha of zeolite were applied. These
findings strongly suggested that the irrigation intervals of grass pea and lentil could be extended by

application of zeolite.
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HN3meneHue 3pPeKTHBHOCTH IPUMEHECHUS LE0JIUTA
IPU BBIPALIUBAHNM YMHBI I0CEBHOU
U YeueBHUIbI B YCJIOBHSIX BOAHOI0 CTpecca
Anupesa [Tupsan, Cena Moxammanzaaex

Vuusepcumem 2. Ypmus
2. Ypmus, Hpan

s oyenxu enusmus 6HeCeHUsl 8 NOYBY PAIUYHBIX 003 YEeOIUmos Had NpooyKyulo Oenxka u
OUOMACCHL 8 CIMPECCOBBIX YCILOBUSX 3ACYXU, d MAKI’CE IPHEKMUSGHOCHU UCNONb30BAHUSL YEOTUNMOE
npu evipawusanuu Hunsl nocesnou (Lathyrus sativus L.) u ueuesuywr (Lens culinaris L.), na
ucciredosamenvbekoi gepme ynueepcumema 2. Ypmus ¢ 2012 200y ovin nposeden 08yxghaxmopHuwiil
oucnepcuonnviii ananus (ANOVA) na ochoge noinocmuvio paHoOMuU3UpoBaHHo20 0104020 naand. buiiu
UCNONIL308AHBL 084 YPOBHS OpoueHUs (nonesas enazoemrkocms u 50% om nonesoil gnazoemkocmu) u
uyemoipe pesicuma enecenus yeonumos (0, 10, 20 u 30 m/ea). Pezyromamol Oucnepcuonno2o aHaiusa
NOKA3AIU OOCMOGEPHOE GIUsIHUE NPUMEHEHUs. YeOIUmos HA 6biXx00 OelKkd, colepicanue Oelkd 6
edunuye cyxou nHaozemnou maccol (CB) u agpghexmusnocms npumenenusi yeoaumos 0iisi NOSbLULEHUS
npooyKyuu 6eaka u OUOMACCHl, d MAKdice OOCMOBEPHOe GIUSHUE PENCUMA OPOULEHUS HA GbLXOO
oenxa, Cb u a¢hpexmusnocms ucnonb3osanus yeorumos 0Jis NOGblUeHUs NPOOYKYUU OeIKa YUHOU
nozesoii. OmmeueHo 00Cmo8epHoe aUAHUE NPUMEHEHUS YeOIUmoe8 Ha buomaccy, gvixoo oeaka u Ch,
a maxaice 00CmosepHoe 8030eUcmaue peicuma opouenus Ha 6vixo0 oeaka u Chb ueuesuyvi. Oonaxo
maroice Hab00aN0Ch OO0CMOBEPHOE COBMECMHOE GIUHUE NPUMEHEHUs YeOIUmos U OpOULeHUs.
Ha (hpexkmusnocms UCNONb308AHUS YEONUMO8 OJisl NOGbIUUEHUS NPOOYKYUL OeaKa u OUOMACCyl
yeuesuyeil. [lokazano, 4mo npu 6030elicmeuu 600HO20 CMpeccd MU NOKA3amenu 00CMOGePHO
CHUDICAIUCH, 8 THO 8PEMsL KAK NPUMEHEHUe YeOoIumos KOMNEHCUPOBAN0 He2amusHblil d¢hgexm 3acyxu.
Ohpexmusnocms ucnonrb308anus Yeoaumos Ois NOGbIUUEHUS NPOOYKYUU OUOMACCHl U DeaKa YUHOU
N01e8OU U YeuesuUyell CHUICANACH NPU 8bLCOKOU 003¢e eHeceHus Mmunepanos (30 m/za). Camwiil 8bicoxuil
8v1x00 beaka (307,12 ke/ea) u CE (14,2 %) uunvl nonesoil, evixo0 beaka (222,59 ke/ea), buonrocuueckuil
ypooicaii (2 587,6 ke/ea), a maxoce CH (8,6 %) ueuesuywt Oviau nonyuenvt npu enecenuu 30 m/ea
yeonumos. IOmu OauHvle YOEOUMENbHO CEUOeMeNbCMEYION, YMO UHMepEdalbl OPOUWEHUs YUHbL

nonesoll u uevesuyvbl mocym Obimb yeeauduenvl npu 6HeCeHUU 6 noUsy Yeoaumaoe.

Kunrouesvie crnosa: Lathyrus sativus L., Lens culinaris L., 600nbitl Oepuyum, ypooicail, yeoaumol.

Introduction
Legumes (Fabaceae) are protein rich
plants (Van Ek et al, 1997). Grass pea

(Lathyrus sativus L.) contains 20-32 % protein
(Ramachandran et al., 2005) and lentil (Lens
culinaris L.) is one of the major legume crops all

over the world including Iran. It is a cheap source

of high quality protein in diets of millions people
in developing countries (Karadavut & Palta,
2010).

Water availability is one of the most limiting
environmental factors affecting crop productivity
and it is a well-known fact that crop growth is

frequently subjected to water stress during its
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lifetime. Water stress drastically affects crop
growth, ultimately leading to a massive yield and
quality loss (Govindarajanetal., 1996; Habibzadeh
et al., 2013; Hudak & Patterson, 1996; Faver et al.,
1996). Drought stress is one of the most important
abiotic stress factors which are generally
accompanied by heat stress in dry season (Dash
& Mohanty, 2001). In recent years, it has been
shown that proper supplemental irrigation can
increase crop yield by significantly improving
soil moisture conditions and efficiency of water
use by the crop (Deng et al., 2002). Improving the
efficiency of water use in agriculture is associated
with increasing the fraction of the available
water resources that is transpired because of the
unavoidable association between yield and water
use (Jaleel et al., 2007). Due to water deficits, the
crop physiology is disturbed which causes a large
number of changes in morphology and anatomy
of plants.
Natural zeolites are hydrated
aluminosilicates consisting of a stable three-
dimensional framework of silica and aluminum
This

generally very open,

tetrahedra. honeycomb structure is
containing channels
and cavities, which are filled with cations and
water molecules (Karapinar, 2009). Zeolite is
a group of natural minerals with physical and
physicochemical properties that can be utilized
in various areas such as construction and
agriculture. They are capable of absorbing part
of the excess nutrients and also water, resulting
in more balanced macronutrient cation ratios in
the root environment and can keep water in root
zone (Savvas et al., 2004). These results suggest

that soil improvement with zeolites is important

in plant management for sustaining a high yield
production under water deficit conditions. Moser
etal. (2006) reported that biomass was reduced by
moisture stress and stated that yield was strongly
related to biomass accumulated especially after
flowering stage. Biomass was also reduced by
water deficit. Zeolite application had desirable
effects on protein content in medicinal pumpkin
under all used irrigation regimes, so that, it
decreased the adverse drought stress effects
and caused to prevent loss of protein content in
drought stressed plants by 23.01 % (Eskandari
Zanjani et al., 2012).

The main purpose of this study is to evaluate
reducing biomass production in Lathyrus sativus
and Lens culinaris under water deficit stress,
and compensate of this damage by zeolite usage.
Furthermore, we will find the optimum amounts
of zeolite and determine zeolite use efficiency
for enhancing protein production in these two

plants.

Materials and Methods

The study was conducted as a factorial
experiment based on randomized complete
block design (RCBD) with 8 replications. The
experiment was carried out at the Agricultural
Research Farm of Urmia University, Iran
(37.53°N, 45.08°E, 1320 m above sea level) in
2012. The physical and chemical properties of
soil are listed in Table 1.

Irrigation treatments including irrigation
at field capacity (FC) and 50 % of FC were
(Table 2).

Application of drought stress was initiated at

considered as the first factor

two-leaf stage. Four levels of zeolite including

Table 1. Basic physical and chemical properties of the experimental field soil

Soil depth . Silt-Clay-Sand ~ Organic o P K S
(cm) Soil texture %) carbon (%) N (%) (mg/ke) (mg/ke) ECx10 pH
0-30 Loam 35-39-26 0.6 6 10.4 250 1.1 8.2
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Table 2. Irrigation schedule used in the experiment (FC — irrigation at field capacity)

Date 29-Aug 31-Aug 2-Sep 4-Sep 7-Sep 11-Sep 14-Sep 18-Sep
Evaporation 8.1 6.2 7.9 6.2 8.5 7 4.9 4.8
FC N N N J J v v v
50 % FC V V ol V

Table 3. Chemical and mineralogical composition of
natural Western Azerbaijan zeolite (XRD analysis)

Parameter %
SiO, 67.5
Al O, 12.5
Na,O 3.1
K,O 44
CaO 1.6
Fe,0, 0.2-0.9
Loss on ignition 10-13
Major mineral:
Clinoptololite-Quartz-
Cristobalite

Minor mineral: Calesite-
Montmonlonite

0, 10, 20 and 30 tons/ha were considered as the
second factor. Zeolites were distributed in the
soil layer 0 — 30 cm before sowing (Table 3). Plots
were 100 cm long and 50 cm wide. The grass pea
and lentil seeds were disinfected and sown on
31 July in five lines (10 cm inter and 5 cm intra
row space). The plots were at enough distance
from each other that triggered no competition
for light absorption. Crops were harvested on
231 September.

To evaluate leaf dry weight, samples (leaves)
were dried in an oven at 70°C and weighted. Leaf
nitrogen content was determined by the micro-
Kjeldahl method (Jackson et al., 1973). About
25 mg of samples were transferred to a micro-
digestion tube and digested with 1 mL of low
nitrogen concentrated H,SO, and a few mg of
3:1 CuSO4K,S0, mixture (Stuart, 1936). Leaf

protein content was calculated by multiplying
total nitrogen content with factor 6.25 (Shahidi
et al., 2001). Protein yield (PY) was calculated
using the equation: PY= leaf biomass (kg/ha
dw) x leaf protein (%). To determine biological
yield, above-ground biomass (included leaves
and stems) was harvested, dried at 75 °C, and
then weighted. Harvest index was calculated as
protein yield divided by biological yield. Zeolite
use efficiency (ZUE) was defined as yield of plant
product (kg/ha biomass or protein) per unit of
used zeolite (kg/ha of zeolite):

ZUE for biomass=biological yield/zeolite
per unit area of obtained biomass

ZUE for protein=protein yield/zeolite per
unit area of obtained protein

Data analysis was carried out using SAS 9.1
software. Student-Newman-Keul’s test (SNK) at
P<0.05 was used to test for the significance of a

difference between means.

Results

Lathyrus sativus

Results of ANOVA showed significant effect
of irrigation on protein yield, protein harvest
index and zeolite use efficiency for grass pea
protein production. Significant effects of zeolite
application on protein yield, protein harvest
index and zeolite use efficiency for protein and
biomass production of grass pea were obtained
(Table 4).

The minimum value of leaf protein yield
of grass pea (107.1 kg/ha) belonged to control

treatment and did not differ significantly from
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Table 4. Results of two-way ANOVA testing the effects of different irrigation regimes and zeolite application

rates on Lathyrus sativus physiological traits

MS
Variation source df Biological L Harvest index ZUE for ZUE for
. Protein yield . . .
yield of protein biomass protein
Replication 2 0.0602" 0.0921" 2.3403 0.0007"s 0.00002"
Zeolite 3 0.1457m 0.2657" 33.7071" 0.0101™ 0.00007"
Irrigation 1 0.0395m 0.2060" 41.6646™ 0.0017™ 0.00009"
ZeolitexIrrigation 3 0.0181" 0.0179~s 1.7723 0.0009 0.000007™
Error 14 0.0476 0.0418 2.0276 0.0006 0.000009
“ns”: non-significant, *: significant at P<0.05, **: significant at P<0.01, df: degree of freedom.
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Fig. 1. Protein yield of Lathyrus sativus grown in soil treated with different amounts of zeolite (I) under various
irrigation regimes (II). Bars labeled with the same letter are not significantly different at P<0.05 after SNK test

values obtained in the 10 and 20 tons/ha zeolite
treatment. However, the higher amounts of
zeolite caused significant increase in this trait.
The maximum leaf protein yield (307.12 kg/ha)
was obtained in the 30 tons/ha zeolite treatment
(Fig. 1-I). In irrigation treatments, a maximum
value of protein yield was obtained under
normal irrigation regime whereas water stress
significantly decreased protein concentration in
plant leaves (Fig. 1-II). The maximum (12.93 %)
and minimum (10.3 %) harvest index of grass pea
protein were obtained under irrigation at 100 and
50 % of field capacity, respectively (Fig. 2-II).
Application of zeolite significantly increased
harvest index of protein. The minimum harvest

index of grass pea protein (8.7 %) belonged to

control treatment, but the higher amounts of
zeolite caused significant increase of this trait.
The maximum harvest index of grass pea protein
(14.2 %) was observed in the 30 tons/ha zeolite
treatment (Fig. 2-1).

Comparison of means between variants
with different levels of zeolite application
indicated that the highest amount of ZUE
for grass pea biomass production (0.138) was
obtained when zeolite was applied in the amount
of 10 tons/ha. On the other hand, the lowest
value of ZUE for grass pea biomass production
(0.62) was found at the highest dosage of zeolite
(Fig. 3). The maximum zeolite use efficiency for
protein (0.014) was obtained in the 10 tons/ha

zeolite treatment, but it was reduced at higher
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Fig. 2. Protein harvest index of Lathyrus sativus grown in soil treated with different amounts of zeolite (I) under
various irrigation regimes (II). Bars labeled with the same letter are not significantly different at P<0.05 after

SNK test
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Fig. 3. Zeolite use efficiency for biomass production by Lathyrus sativus grown in soil treated with different
amounts of zeolite. Bars labeled with the same letter are not significantly different at P<0.05 after SNK test

amounts of zeolite. So, the minimum value
of zeolite use efficiency for grass pea protein
production (0.0085) belonged to the 20 tons/ha
zeolite treatment and did not differ significantly
from the value obtained at 30 tons/ha (Fig. 4-1).
These trends for zeolite use efficiency were due
to decreasing protein content and yield under
drought stress condition (Fig. 1 and 2).

There was positive significant correlation
between biological and protein yield (r>=0.89),
ZUE for biomass production and ZUE for
protein (r>=0.91), protein harvest index and
protein yield (r>=0.74), and protein harvest index
and biological yield (r=0.41) of Lathyrus sativus
(Table 5).

Lens culinaris

Biological yield, protein yield, protein
harvest index and zeolite use efficiency for
lentil protein production were affected by
zeolite application. There were also significant
effects of irrigation on protein yield, protein
harvest index and ZUE for protein production,
and interaction between zeolite and irrigation
on ZUE for biomass and protein production
(Table 6).

The lowest biological yield of lentil (2131.6
kg/ha) was observed when 10 tons/ha of zeolite
were applied and the highest value (2587.6 kg/ha)
was observed in the 30 tons/ha zeolite treatment

(Fig. 5).
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Fig. 4. Zeolite use efficiency for protein production in Lathyrus sativus grown in soil treated with different
amounts of zeolite (I) under various irrigation regimes (II). Bars labeled with the same letter are not significantly

different at P<0.05 after SNK test

Table 5. Correlation coefficients between analyzed traits of Lathyrus sativus

Biological Protein harvest ~ ZUE for protein ZUE for biomass
yield index production production
Protein yield 0.89™ 0.74™ 0.43m 0.11m
Biological yield 0.41" 0.46" 0.30"
Protein harvest index 0.04 -0.35"
ZUE for protein production 0.91"

“ns’: non-significant, *: significant at P<0.05, **: significant at P<0.01.

The lowest leaf protein yield of lentil
(146.57 kg/ha) was obtained in the control
(without applying of zeolite) and the highest
leaf protein yield (222.59 kg/ha) was obtained
by applying of zeolite in amount of 30 tons/ha
(Fig. 6-1). Drought stress significantly decreased
protein yield in leaves. The maximum yield of
protein was obtained under normal irrigation
whereas water stress (irrigation at 50 % FC)
significantly decreased protein concentration in
plant leaves (Fig. 6-11).

The highest protein harvest index of lentil
(8.6 %) was obtained under irrigation at 100 % of
field capacity, and the lowest protein harvest index
(6.6 %) was observed under irrigation at 50 % of
field capacity (Fig. 7-11). Application of zeolite

increased the protein harvest index. Whereas

the lowest protein harvest index of lentil (6.6 %)
belonged to control treatment, higher amounts of
zeolite significantly increased harvest index and
the highest protein harvest index of L. culinaris
(8.6 %) was obtained by applying 30 tons/ha
zeolite (Fig. 7-1).

Considering the results of analysis of
variance (Table 6), comparison of means between
different amounts of zeolite application showed
that the highest amounts of ZUE for biomass
production of lentil plants (0.21) was obtained by
applying 10 tons/ha zeolite and irrigation at field
capacity (Fig. 8). The increase of zeolite amounts
caused ZUE reduction. The lowest ZUE (0.084)
was found at the highest zeolite amounts (30 tons/
ha) under irrigation both at field capacity and
50 % FC (Fig. 8).
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Table 6. Results of two-way ANOVA testing the effects of different irrigation regimes and zeolite application
rates on physiological traits of Lens culinaris

MS
Variation source df Biological Protein Protein ZUE for ZUE for
yield yield harvest index biomass protein

Replication 2 37871.312" 484.8401™ 0.1569 0.000006™  0.0000007™
Zeolite 3 338516.635"  7447.5455™ 4.0887" 0.0252" 0.0001™
Irrigation 1 21266.594™  16464.2920™ 35.4962" 0.00004™ 0.00004™
ZeolitexIrrigation 3 50116.216™ 462.5094" 0.2080 0.0002" 0.00001™
Error 14 68058.923 665.5373 0.1561 0.00005 0.0000006

“ns”: non-significant, *: significant at P<0.05, **: significant at P<0.01, df: degree of freedom.
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Fig. 5. Biological yield of Lens culinaris grown in soil treated with different amounts of zeolite. Bars labeled with
the same letter are not significantly different at P<0.05 after SNK test
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Fig. 6. Protein yield of Lens culinaris grown in soil treated with different amounts of zeolite (I) under various
irrigation regimes (II). Bars labeled with the same letter are not significantly different at P<0.05 after SNK test
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Fig. 7. Protein harvest index of Lens culinaris grown in soil treated with different amounts of zeolite (I) under
various irrigation regimes (II). Bars labeled with the same letter are not significantly different at P<0.05 after

SNK test
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Fig. 8. Zeolite use efficiency for biomass production by Lens culinaris grown in soil treated with different amounts
of zeolite under various irrigation regimes. Bars labeled with the same letter are not significantly different at

P<0.05 after SNK test

Under both irrigation regimes, the highest
ZUE for protein production of lentil was obtained
by applying 10 tons/ha zeolite and it was higher
under irrigation at FC for all zeolite treatments.
The maximum ZUE for protein production
(0.01846) belonged to normal irrigation regime
and the 10 tons/ha zeolite treatment, and the
minimum ZUE protein production (0.00646) was
obtained under irrigation regime at 50 % FC by
applying 30 tons/ha zeolite (Fig. 9).

ZUE forbiomass production showed negative
correlation with both protein yield (r>=-0.63)
and biomass production (r*=-0.64). Zeolite use

efficiency for protein production had negative

correlation with biological yield (?=-0.57).

However, there were significant positive
correlation between protein and biological yield
(r*=0.69), protein yield and protein harvest index
(r*=0.88), and zeolite use efficiency for protein and

biomass production (r*=0.86) in lentil (Table 7).

Discussion

The above results clearly indicated that any
decrease in the amount of irrigation reduces
traits of Lens culinaris and Lathyrus sativus, but
the irrigation intervals for these plants could be
extended by application of zeolite without great

reduction of plant productivity. The maximum
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Fig. 9. Zeolite use efficiency for protein production in Lens culinaris grown in soil treated with different amounts
of zeolite under various irrigation regimes. Bars labeled with the same letter are not significantly different at

P<0.05 after SNK test

Table 7. Correlation coefficients between analyzed traits of Lens culinaris

Biological yield

Protein harvest

ZUE for protein  ZUE for biomass

index production production
Protein yield 0.69" 0.88" -0.23m -0.63
Biological yield 0.28" -0.57 -0.64"
Protein harvest index 0.07"s -0.39ms
ZUE for protein production 0.86™

“ns”: non-significant, *: significant at P<0.05, **: significant at P<0.01.

plant protein content and yield, as well as zeolite
use efficiency for protein and biomass production
were observed under irrigation at 100 % field
capacity.

Drought-induced decrease in total protein
percent in safflower (Carthamus mareoticus
L.) has also been reported (Abdel-Nasser &
Abdel-Aal, 2002). The highest protein content in
medicinal pumpkin was obtained after application
of zeolite under normal irrigation (without
disruption) and the lowest one was obtained
when zeolite was not applied and irrigation was
withheld at the fruit formation stage (Eskandari
Zanjani et al., 2012). The decrease in plant
protein contents might be due to increased
photolytic activity. Proteins are hydrolyzed
by proteases to release amino acids for storage

and/or transport and for osmotic adjustment

(c.g. proline) during drought stress in plant.
Osmotic adjustment, cellular macromolecules
production, storage form of nitrogen, cellular
pH maintenance, cells detoxification and free
radicals scavenging are proposed functions of free
amino acid accumulation (Parida et al., 2007).
The accumulation of dehydrin-like proteins was
detected inthe roots and leaves of drought-stressed
maize plants, which could protect plants from
further dehydration damage (Mohammadkhani
& Heidari, 2008). The changes in total soluble
proteins under drought stress were in accordance
with the findings Riccardi et al. (1998) and Ti-da
et al. (2006) in maize.

Stone et al. (2001) stated that the yield was
related strongly to biomass, especially which
accumulated after flowering stage. Moser et al.

(2006) also reported that biomass was reduced by
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moisture stress. Chimenti et al. (2002) reported
that despite significant effect of water deficit
stress on total above ground biomass reduction
at the end of flowering stage, zeolite consumption
prevented severe reduction in biomass and harvest
index.

Protein yield, biological yield and protein
harvest index did not differ significantly in
control and in the 10 tons/ha zeolite treatment,
but increasing of the amount of applied zeolite
had significant effect on these traits. Reducing
of zeolite amount also increased zeolite use
efficiency for biomass and protein in lentil and
grass pea plants. Koljajic etal. (2003) reported that
the increase of the amount of zeolite significantly
increased the dry matter, protein and crude fiber
contents in fresh beet pulp. Zeolite application
had positive and enhancing effects on protein
production in all irrigation treatments decreasing
the adverse drought stress damages. It has been
reported that mixtures of zeolite with other

substrates increased plant yield in many species

References

such as gerbera (Issa et al.,, 2001), cucumber
(Gtil et al., 2007), tomato (Al-Ajmi et al., 2009).
Zeolite in substrates mixtures may promote
anion and cation exchange capacity (Issa et al.,
2001). Mixtures of zeolite and fertilizers also had
positive effects on lettuce (Giil et al., 2005) and
tomato yields (Valente et al., 1982).

In conclusion, it was observed that, under
drought stress conditions, Lathyrus sativus and
Lens culinaris demonstrated the lowest protein
and biological yield, protein harvest index, and
zeolite use efficiency for biomass and protein
production. Zeolite application in regions which
are exposed to late season drought stress can
keep soil water content and improve plant growth
and production. In general, zeolites as soil
amendments improve water retention capacity,
soil cation exchangeable capacity which leads to
higher yield under drought stress conditions. Both
zeolite use efficiency for biomass and for protein
production were lowered with higher amount of

applied zeolite.

Abdel-Nasser L.E., Abdel-Aal A.E. (2002) Effect of elevated CO, and drought on proline
metabolism and growth of safflower (Carthamus mareoticus L.) seedlings without improving water
status. Pakistan Journal of Biological Sciences, 5: 523-528

Al-Ajmi A., Al-Karaki G., Othman Y. (2009) Effect of different substrates on fruit yield and
quality of cherry tomato grown in a closed soilless system. Acta Horticulturae, 807(2): 491-494

Chimenti C.A., Pearson J., Hall A.J. (2002) Osmotic adjustment and yield maintenance under
drought in sunflower. Field Crops Research, 75: 235-246
Dash S., Mohanty N. (2001) Evaluation of assays for the analysis of thermo tolerance and recovery

potentials of seedlings of wheat (Triticum aestivum L.) cultivars. Journal of Plant Physiology, 158:

1153-1165

Deng X., Shan L., Shinobu I. (2002) High efficiency use of limited supplement water by dry land

spring wheat. Trans. CSAE, 18: 84-91

Eskandari Zanjani K., Shirani Rad A.H., Naeemi M., Moradi Aghdam A., Taherkhani T. (2012)

Effects of zeolite and selenium application on some physiological traits and oil yield of medicinal

pumpkin (Cucurbita pepo L.) under drought stress. Current Research Journal of Biological Sciences,

4(4): 462-470

Faver K.L., Gerik T.J., Thaxton P.M., Elzkm K.M. (1996) Late season water stress in cotton. II.
Leaf gas exchange and assimilation capacity. Crop Science, 36: 922-928

— 301 —



Alireza Pirzad and Sevil Mohammadzadeh. Zeolite Use Efficiency Variation under Water Deficit Stress in Grass Pea...

Govindarajan M., Rao M.R., Mathura M.N., Nair P.K.R. (1996) Soil-water and root dynamics
under hedgerow intercropping in semiarid Kenya. Agronomy Journal, 88: 513-520

Gil A., Erogul D., Ongun A.R. (2005) Comparison of the use of zeolite and perlite as substrate for
crisp-head lettuce. Scientia Horticulturae, 106 (4): 464-471

Gil A., Kidoglu F., Anag D. (2007) Effect of nutrient sources on cucumber production in different
substrates. Scientia Horticulturae, 113(2): 216-220

Habibzadeh Y., Pirzad A., Zardashti M.R., Jalilian J., Eini O. (2013) Effects of arbuscular
mycorrhizal fungi on seed and protein yield under water-deficit stress in mung bean. Agronomy
Journal, 105(1): 79-84

Hudak C.M., Patterson R.P. (1996) Root distribution and soil moisture depletion pattern of a
drought-resistant soybean plant introduction. Agronomy Journal, 88: 478-485

Issa M., Ouzounidou G., Maloupa H., Constantinidou H.I.LA. (2001) Seasonal and diurnal
photosynthetic responses of two gerbera cultivars to different substrates and heating systems. Scientia
Horticulturae, 88(3): 215-234

Jackson N.E., Miller R.H., Franklin R.E. (1973) The influence of VAM on uptake of 90 Sr from
soil by soybeans. Soil Biology and Biochemistry, 5(2): 205-212

Jaleel C.A., Manivannan P., Kishorekumar A., Sankar B., Gopi R., Somasundaram R.,
Panneerselvam R. (2007) Alterations in osmoregulation, antioxidant enzymes and indole alkaloid
levels in Catharanthus roseus exposed to drought. Colloids Surf. B: Biointerfaces, 59: 150-157

Karadavut U., Palta C. (2010) Chemical performance of multi environment trials in lens (Lens
culinaris L.). Journal of Science Food Agriculture, 90: 117-120

Karapinar N. (2009) Application of natural zeolite for phosphorus and ammonium removal from
aqueous solutions. Journal of Hazardous Materials, 170(2-3): 1186—1191

Koljajic V., Djordjevic N., Grubic G., Adamovic M. (2003) The influence of zeolite on the quality
of fresh beet pulp silages. Journal of Agricultural Sciences, 48(1): 77-84

Mohammadkhani N., Heidari R. (2008) Effects of drought stress on soluble proteins in two maize
varieties. Turkish Journal of Biology, 32: 23-30

Moser S.B., Feil B., Jampatong S., Stamp P. (2006) Effects of pre-anthesis drought, nitrogen
fertilizer rate, and variety on grain yield, yield components and harvest index of tropical maize.
Agriculture Water Management, 81: 41-58

Parida A.K., Dagaonkar V.S., Phalak M.S., Umalkar G.V., Aurangabadkar L.P. (2007) Alterations
in photosynthetic pigments, protein and osmotic components in cotton genotypes subjected to short-
term drought stress followed by recovery. Plant Biotechnology Report, 1: 37-48

Ramachandran S., Bairagi A., Ray A.K. (2005) Improvement of nutritive value of grass pea
(Lathyrus sativus) seed meal in the formulated diets for rohu, Labeo rohita (Hamilton) fingerlings
after fermentation with a fish gut bacterium. Bioresource Technology, 96: 1465—-1472

Riccardi F., Gazeau P., Vienne D., Zivy M. (1998) Protein changes in response to progressive
water deficit in maize, quantitative variation and polypeptide identification. Plant Physiology, 117(4):
1253-1263

Savvas D., Samantouros K., Paralemos D., Vlachakos G., Stamatakis M., Vassilatos C. (2004)
Yield and nutrient status in the root environment of tomatoes (Lycopersicon esculentum) grown on

chemically active and inactive inorganic substrates. Acta Horticulturae, 644: 377-383

— 302 —



Alireza Pirzad and Sevil Mohammadzadeh. Zeolite Use Efficiency Variation under Water Deficit Stress in Grass Pea...

Shahidi F., Cavan U.D., Naczk M., Amarowicz R. (2001) Nutrient distribution and phenolic
antioxidants in air-classified fractions of beach pea (Lathyrus maritimus L.). Journal of Agricultural
Food and Chemistry, 49(2): 926-33

Stone P.J., Wilson D.R., Reid J.B., Gillespie R.N. (2001) Water deficit effects on sweet corn. 1.
Water use, radiation use efficiency, growth, and yield. Australian Journal of Agricultural Research,
52(1): 103-113

Stuart N.W. (1936) Adaptation of the micro-kjeldahl method for the determination of nitrogen in
plant tissues. Plant Physiology, 11(1): 173-179

Ti-da G.E., Fang—Gong S.U.L, Li-Ping B.A.l., Yin-Yan L.U., Guang-Sheng Z.H.O.U. (2006)
Effects of water stress on the protective enzyme activities and lipid peroxidation in roots and leaves of
summer maize. Agricultural Sciences in China, 5(4): 291-298

Valente S., Burriesci N., Cavallaro S., Galvagno S., Zipelli C. (1982) Utilization of zeolite as soil
conditioner in tomato growing. Zeolites, 2(4): 271-274

Van Ek G.A., Henriet J., Blade S.F., Singh B.B. (1997) Quantitative assessment of traditional
cropping systems in the Sudan savanna of northern Nigeria. II. Management and productivity of major
cropping systems. Samaru Journal of Agricultural Research, 14: 47-60



