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ABSTRACT

In order to determine the effect of zeolite mineral, bio-fertilizers and different levels of chemical nitrogen fertilizer
under limited irrigation water management on peanut yield and its water use efficiency , a field experiment was
conducted at Astaneh Ashrafiyeh province located at North of Iran. In 2010 growing season, Factorial split-plot in
randomized complete block design with three replications was used. main plot was consisted of water regimes
treatments (I;=dry land and 1,=12 day Interval Irrigation) and sub factor was consisted of combination treatments
of zeolite mineral (Z,= 0 and Z,=7 ton ha'), bio-fertilizers and different levels of chemical nitrogen fertilizer (N,=0,
N,= Azospirillum + Azotobacter, Ns= 30 kg N ha™+ Aazospirillum + Azotobacter, N,= 60 kg N ha™+ Aazospirillum
+ Azotobacter and Ns= 90 kg N ha'+ Aazospirillum + Azotobacter) was performed. The results of thisinvestigation
showed that all traits (seed yield, pod yield, biomass yield and water use efficiency based on seed, water use
efficiency based on pod and water use efficiency based on biomass) were significantly affected by applying the
suggested treatments. The highest seed yield was found to be on 12 day interval irrigation (2561 kg ha™),
application of 7 ton ha™* zeolie (2726 kg ha™®) and application of 30 kg N ha™+ Aazospirillum + Azotobacter (2345
kg ha®). The highest water use efficiency based on seed was found to be on 12 day interval irrigation (1.88 kg/m®),
application3 of 7 ton ha! zeolie mineral (1.73 kg/m?) and application 30 kg N ha+ Aazospirillum + Azotobacter
(2.03 kg/nT’).

Key Words: Peanut]rrigation, Zeolite, Bio-fertilizer, Yield, Yield amponents.

INTRODUCTION

Peanut after soybean is one of the most importiaseed plants in tropical and sub-tropical regitmat is planted
often for its seeds rich in oil and protein. Thé afi peanut is one of the most important vegetaiilén regions
where other oily vegetables cannot grow up [llkréasing of global demands from one side and variou
productions and by-products from the other sidereine the economic importance of this crop [16].

Surface irrigation is one of the oldest irrigatimethods in which water is distributed as an opew throughout a
field. In fact, influenced by the gravity, wateofs and moisturizes the whole surface of the faglgart of it [18].
Infiltration is considered as one of the importg@rameters for designing irrigation systems basedwvhich
irrigation management and planning is done [17]th&tbeginning, the infiltration rate is high, aitthe long run, it
gradually decreases until it reaches an approxlgpnatenstant rate. Hence, the infiltration rate i great
significance in terms of irrigation because it ideiermining factor for storing a certain amountvatter in the soil.
Final soil infiltration is the permeability whiclhé soil shows in long durations. Moreover, duriag\estages, soil
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moisture is more effective on the infiltration raMhen air becomes stuck between the wetting feontt the
confining layer, its pressure increases and in, tigduces the infiltration rate [18].

These properties have spurred their use for agramand horticultural applications as well [5]. Zie$ are natural
minerals first discovered in 1756 by Swedish milogist, who named the porous minerals from the Greerds
meaning "boiling stone" [10]. They are hydratednalwsilicates, characterized by three dimensiomévarks of
SiO4 and AIO4 tetrahederal, liked by the sharinglbbxygen atoms. The partial substitution of Sks4Al+4 lead
to an excess of negative charge which is compeshésteations. In structure of natural zeolite thetev and cations
can be reversibly removed or replaced by otheonat[14]. Clinoptilolites are one kind of zeolitadich are not
the most well known yet, but are one of the mostfulszeolites. Extensive deposits clinoptilolitee dound in
Western United State, Bulgaria, Hungary, Japantralis and Iran [10]. The size of clinoptilolite aitmels controls
the size of the molecules or ions that can passugir them and therefore a zeolite like clinoptiitan act as a
chemical sieve allowing some iones to pass througle blocking others [10]. Amendment of clinoptite zeolite
to sandy soils has been reported to lower nitrogamcentration in the leachate and to increase oreisand
nutrients in the soil due to increased soil surfaa and cation exchange capacity [8]. Additignalinoptilolite
zeolite is a more permanent addition to the roatezalemonstrating good stability in weathering, actpand
absorption tests [12].

Nitrogen has a critical role in producing agricufluproducts and selecting the amount of nitrogemtaining

fertilizers is necessary for having the highestdpiation level. Absorption of adequate amounts ¢fogen by a
plant leads to more protein content and largerateaad legume seeds. Generally, the more the ctratien of

nitrogen in leaves, the more the intensity of carbking would be because aside from being foungplretein in

plants, nitrogen is the main element in the chlogtipsynthesis and its fixation could lead to mgrewth of aerial

parts. Usually, nitrogen shortage is observed whlant nutrition is not managed properly and thengnt is not
provided in adequate amounts, which could resulthan older leaves to turn yellow and eventuallg fHant’'s

growth stops. In other cases, when too much nitrageprovided for the plant, it normally leads tatering of

protoplasm and brittleness of the plant itself ahweould result in becoming vulnerable to diseases @ests [4].
Use of soil microorganisms which can whether finaspheric nitrogen or solubilize phosphates ottsssis of
growth promoting substances or by enhancing th@rmdposition of plant residues to release vital eutis and
increase humic content of soils, will be environtadliy begin approach for nutrient management armbyestem

function [21]. Effect of inoculation on soil: Soidse one of the most important resources a farmer $oil health is
fundamental to profitable and sustainable productiod most important resource we use in agricultBreper

management of the soil is a key to plant healthaod productivity. Soil structure has a strong atipon a range of
processes in xuencing crop yield. It refers to rienner and stability with which individual sandt,sand clay

particles are bound together into units called eggtes. Soil aggregation is an important charatierof soil

fertility. Aggregates determine the mechanical ahgsical properties of soil such as retention armyement of

water, aeration, and temperature. Aggregate foomais an important factor controlling germinationdaroot

growth [14].

The present research was done to study the efféaesolite mineral, bio-fertilizers and differemtviels of chemical
nitrogen fertilizer under limited irrigation wateranagement on on yield and yield components of iRd@machis
hypogaea L.) at Astaneh Ashrafiyeh province atiweh of Iran.

MATERIALSAND METHODS

In order to determine effects of zeolite miner&ig-fertilizers and different levels of chemicatrogen fertilizer
under limited irrigation water management on vyieldd yield components of peanut, a field experimeas
conducted at Astaneh Ashrafiyeh province. It lodadé the north of Iran situated at-3¥6' and 46 56' with an
average altitude of 3m above the sea level usicipfial split-plot in randomized complete block @gswith three
replications in 2010 growing season. In this stodin plot was consisted of water regimagsgdry land and 12

day Interval Irrigation and sub factor was coregistof combination of zeolites {Z 0 & Z,=7 ton/ha),
bio-fertilizers and different levels of chemicatrogen fertilizer (N=0, N;= Azospirillum + Azotobacter, i 30 kg
N ha'+ Aazospirillum + Azotobacter, J¥ 60 kg N hd+ Aazospirillum + Azotobacter andsN 90 kg N hd+

Aazospirillum + Azotobacter) was performed. Base&dsoil analysis (Table 1), phosphorous and potesdtlizer

were applied for all treatments. At first, the diebas submitted for a complete tillage on May 7.@2@nd followed
by creating ridges and furrows, cultivation of N®@ariety seeds started. Prior to cultivation, thedsewere
disinfected in 2:1000 carboxin thiram as a fungicjd]. Crop management operations included wee@ngontrol

weeds) and side dressing around the root. Harvastdene on September 22, 2010. Surface irrigatiethod used
in this research was of the ridges and furrowsesgdi/pe where the distance between the ridges wasawith the
distance between plants in each ridge being 30Aauntobacter and Azospirillum used in this experitmenere in
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the form of powder containing 108 Azotobacter armbgpirillum cells per 1 gram and packed in 1 kgesagor
applying Azotobacter and Azospirillum: First, a 2@4lution of sucrose was made. Powder of Azotolzate
Azospirillum was added to it and completely mix8eécond, seeds were inoculated with such mixture.

Consumed water level during the growth period wetemined through measuring the amount of irrigati@ter
and the precipitation level. In order to measure @mount of water for irrigation for each experita¢munit, a
contour was used. For 12 days irrigation managesnéhirrigation frequencies was considered, resgaygtin

which 350 mm water was consumed. To determinedts biomass (dry matter) at maturity, after exahgdtwo

rows on both sides in each plot, 12 plants weréoarty selected. Then, pods, leaves and stems Wecedin a
70°C oven for 48 hours. When dried, initially, nratypods' weight for each plant was measured byatie of
mature pods weight to the number of mature pod4d pgalants. To estimate seed and pod yields, tfeeexclusion
of two rows on the sides, mature pods and seedsweighed using an accurate laboratory scale.

In maturity time plant height, 100 seed weight, Ni@mpod per plant, Number seed per plant, pod tergged
length and harvest index were measured. Relatiterweantent (RWC) was measured following Kramer [&jing
the second fully expanded leaf from the top of ithen stem. For variance analysis and the compal$éanean
values (Duncan test, probability level of 5%) andider to draw relevant diagrams, SAS and Exciélvaoe were
used.

RESULTSAND DISCUSSION

Results show that irrigation water management (0 application of zeolite (P<0.01), bio-fertilizeand different
levels of chemical nitrogen fertilizer (P<0.01) hadignificant effect on the seed yield (TableT)e highest seed
yield were found to be on 12 day interval irrigatig2561 kg/ha), application of 7 ton haeolite (2726 kg/ha) and
application 30 kg N ha+ Aazospirillum + Azotobacter (3345 kg/ha) (Table Results, also, show that irrigation
water management (P<0.01), application of zeokte0(01), bio-fertilizers and different levels ofechical nitrogen
fertilizer (P<0.01) had a significant effect on ted yield (Table 2). The highest pod yield wererio to be on 12
day interval irrigation (4370 kg/ha), applicatiohdton ha' zeolite (4703 kg h8 and application 30 kg N Ha
Aazospirillum + Azotobacter (5644 kg/ha) (Table Besults show that irrigation water management ()0
application of zeolite (P<0.01), bio-fertilizer amifferent levels of chemical nitrogen fertilizeP<0.01) had a
significant effect on the biomass yield (Table Bhe highest biomass yield were found to be on B2ideerval
irrigation (12986 kg hd), application of 7 ton hhzeolite (13596 kg/ha) and application of 30, 66 88 kg N ha+
Aazospirillum + Azotobacter (Table 3). Results shthat irrigation water management (P<0.05), apfpibcaof
zeolite (P<0.01), bio-fertilizer and different lés®f chemical nitrogen fertilizer (P<0.01) hadign&icant effect on
the harvest index (Table 2). The highest harvedé)xnwere found to be on 12 day interval irrigati®3 %),
application of 7 ton hazeolite (34 %) and application of 30 kg N*aAazospirillum + Azotobacter (40 %) (Table
3). Results show that irrigation water managem@&ws0(05), application of zeolite (P<0.01), bio-fiezér and
different levels of chemical nitrogen fertilizer{®.01) had a significant effect on the plant hei(fable 2). The
highest plant height were found to be on 12 dagrim irrigation (74.55 cm), application of 7 toa‘tzeolite (72.54
cm) and application of 90 kg N & Aazospirillum + Azotobacter (86.29 cm) (Table Results show that irrigation
water management (P<0.05), application of zeoRt€0(01), bio-fertilizer and different levels of chieal nitrogen
fertilizer (P<0.01) had a significant effect on thember of seed per plant (Table 2). The highesthar of seed per
plant were found to be on 12 day interval irrigat{89), application of 7 ton Hazeolite (91) and application of 30
kg N ha'+ Aazospirillum + Azotobacter (108) (Table 3). Riésshow that irrigation water management (P<0.01),
application of zeolite (P<0.01), bio-fertilizer amfifferent levels of chemical nitrogen fertilizeP<0.01) had a
significant effect on the number of pod per plarakle 2). The highest number of pod per plant ieued to be on
12 day interval irrigation (47.21), application @fton ha zeolite (51.33) and application of 30 kg N'mra
Aazospirillum + Azotobacter (61.74) (Table 3). Resshow that irrigation water management (P<0.8pjplication
of zeolite (P<0.01), bio-fertilizer and differemviels of chemical nitrogen fertilizer (P<0.01) tadignificant effect
on the 100 seed weight (Table 2). The highest #@d sveight were found to be on 12 day intervagation (38.58
g), application of 7 ton hazeolite (39.72 g) and application of 30 kg N'haAazospirillum + Azotobacter (42.11 g)
(Table 3). Results show that irrigation water mamgnt (P<0.01), application of zeolite (P<0.01-tairtilizer and
different levels of chemical nitrogen fertilizer<4®.01) had a significant effect on the root lenffable 2). The
highest root length were found to be on 12 dayriateirrigation (22.08 cm), application of 7 ton*haeolite (22.13
cm) and application of 0 kg N & Aazospirillum + Azotobacter (26.25 cm) (Table Besults show that irrigation
water management (P<0.05), application of zeokte0(01), bio-fertilizer and different levels of chieal nitrogen
fertilizer (P<0.01) had a significant effect on $eed length (Table 2). The highest seed lengtle feemd to be on
12 day interval irrigation (4.08 cm), applicatioh Dton ha zeolite (3.88 cm) and application of 30 kg N'ha
Aazospirillum + Azotobacter (4.2 cm) (Table 3). Ré&s show that irrigation water management (P<Q.05)
application of zeolite (P<0.05), bio-fertilizer afifferent levels of chemical nitrogen fertilizeP<0.01) had a
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significant effect on the seed width (Table 2). Highest seed width were found to be on 12 dayvaterrigation
(2.32 cm), application of 7 ton Haeolite (2.2 cm) and application of 30 kg N'taAazospirillum + Azotobacter
(2.72 cm) (Table 3). Results show that irrigatioatev management (P<0.05), application of zeolite0(@1),
bio-fertilizer and different levels of chemical maigen fertilizer (P<0.05) had a significant effeatthe RWC (Table
2). The highest RWC were found to be on 12 dayrvaleirrigation (85.6 %), application of 7 ton haeolite
(86.4 %) and application of 0, 30, 60, 90 kg Nhaéazospirillum + Azotobacter (Table 3).

Songsri et al. [19] observed that moisture contéffiérence in surface layers was quite apparentlewh lower
layers this difference for irrigation managemeneswegligible in a way that moisture rates wereesponding
during the growth period. The processes of biolalgiixation of nitrogen by organisms of the Rhizbspe play an
important role in increasing crop production witldd@ion amount of nitrogen in soil around plant t20This
nitrogen have helped in improving growth and heimuereased leaf area that intercept light and irszda
photosynthetic rates resulting in the accumulattbrmore dry matter by the crop. Inoculation Azosjpim and
Azotobacter along with 30 kg Hanitrogen application cause to increase of nitrogensumption efficiency and
preparation better condition for nutrient uptakeptgnt and also optimum growth and developmentrofigdnut. A
number of bacterial species belonging to generaspizlum, Alcaligenes, Arthrobacter, Acinetobact8acillus,
Burkholderia, Enterobacter, Erwinia, Flavobacteriitseudomonas, Rhizobium and Serratia are assbeidte the
plant rhizosphere and are able to exert a benkéffiact on plant growth [6, 20]. The importanteds played by
plants in selecting and enriching the types of érié&tby the constituents of their root exudateausTlthe bacterial
community in the rhizosphere develops dependinghennature and concentrations of organic constituen
exudates, and the corresponding ability of thedsi&cto utilize these as sources of energy [3].r&lea continuum
of bacterial presence in soil rhizosphere, rhizopland internal of the plant tissues [7]. Rhizosigchbacterial
communities however have efficient systems for kptand catabolism of organic compounds presenpat r
exudates [1]. After establishing in the rhizospheékeospirillum and Azotobacter usually, but not aj®, promote
the growth of plants. Although they possesfiding capability (~1-10 kg N/ha), the increaseyiield is mainly
attributed to improved root development due to theduction of growth promoting substances and aqunesetly
increased rates of water and mineral uptake [1B6& dpproach to revegetation described here useslitezknown
as clinoptilolite to raise shallow groundwater Iapitlary action to or near the soil surface for bgeplants.

Table 1. Some chemical and physical properties of soil of the experimental location

Potassium Phosphorus (ppm) Nitrogen (%) pH  Organic carbon (%)Soil texture

(ppm)
215 1.12 0.074 6.5 0.67 Sandy Loamy

Table 2. Results of variance analysis for effects of zeolite, bio-fertilizersand different levels of chemical nitrogen fertilizer under irrigation water
management on yield and yield components

) . . . . Plant Root

S.0.vV DF Seed Yield Pod yield Biomass yield Hanredex height Length
Replication (R) 2 342.07 414.05 765.27 16.18 70.23 247.252
Irrigation (I) 1 1269.6 1782.15 3088.82 80.99 328397 16.579
RxI 2 22.05 10.55 135.27 22.55 99.72 0.147
Zeolite (2) 1 2208.27 3697.35 5208.02 344.4% 174517  19.906
Nitrogen + Bacteria (N) 4 987.57 1611.79 2876.6' 361.26' 1704.92  170.195
IxZ 1 13.07 16.02 814.02 121.39 712.56 0.01
IXN 4 27.6 50.02 54.44 38.09 208.50 0.101
ZxN 4 65.52 73.8 24.89 92.46 430 0.14
IxZxN 4 22.15 40.8 16.55 19.32 91.15 0.00005
Error 36 47.52 70.68 133.51 27.76 134.19 2.094
CV 2 15.16 14.07 10.82 16.9 17 6.7

. Seed Seed

S.0.v DF  Number of seed per plant  Number of podptent 100 seed weight length width RwWC
Replication (R) 2 4.46 455.20 59.4 0.04 0.06 76.12
Irrigation (1) 1 34.2 1257.1T 776.01 7.42 2.6 2937.2
Rx| 2 1.11 20.96 69.07 0.48 0.13 178.3
Zeolite (Z2) 1 43.33 4540.35 1341.9 1.48 0.43 3669.45
Nitrogen + Bacteria (N) 4 23.74 2118.26 337.55 1.56 1.72 535.54
IxZ 1 0.07 53.39 114.15 0.06 0.08 281.58
IXN 4 1.06 22.71 8.27 0.004 0.04 260.7
ZxN 4 3.76 218.70 14.78 0.02 0.46 61.642
IxZxN 4 0.02 56.85 3.71 0.04 0.06 17.167
Error 36 1.27 109.523 11.03 0.07 0.1 139.95
CcVv 2 11.97 20 9.49 7.4 15.14 15

ns, ** and * respectively: non significant, significant in 1% and 5% area
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Table 3. Comparison among means of the obtained-outputs of zeolite, bio-fertilizersand different levels of chemical nitrogen fertilizer under
irrigation water management on yield and yield components

SOV Seed YF"OI(cji Biomass yield ']Ia;VESt leant:t lRootth
© Yield (Kg/ha) (ngh a) (Kg/ha) ’(‘%‘gx (219‘) 'fgr?])
Irrigation (1)
I1 1726B 3065B 10263B 29B 59.75B  21.02B
12 2561A 4307A 12986A 33A 7455A  22.08A
Zeolite (2)
Z; 1661B 2733B 9653B 29B 61.75B  20.97B
Z, 2726A 4703A 13596A 34A 72.54A  22.13A
Nitrogen + Bacteria (N)
N1 1174C 2082C 7363C 29CB 55.06C  23.96B
N2 1468C 2062C 9203B 29CB 63.24CB  26.25A
N3 3345A 5644A 13889A 40A 63.24CB  20.86C
Na 2256B 4508B 13533A 32B 69.9B 18.92D
Ns 2174B 3753B 14135A 25C 86.29A 17.36E
. Seed Seed
Number of seed per plant  Number of pod per plar%‘too seed weight length Width R})//VC
) (cm) (cm) °
Irrigation (1)
11 62B 38.05B 31.39B 3.37B 1.9B 71.6B
12 89A 47.21A 38.58A 4.08A 2.32A 85.6A
Zeolite (2)
Z1 60B 33.93B 30.36B 3.57B 2B 70.8B
Z2 91A 51.33A 39.72A 3.88A 2.2A 86.4A
Nitrogen + Bacteria (N)
N1 49C 29.98C 29.06C 3.3D 1.76C 68.9B
N2 52C 31.27C 30.59C 3.47B 1.85C 75.3A
N3 108A 61.74A 42.11A 4.2A 2.72A 86.3A
N4 91AB 49.15B 37.64B 3.94B 2.18B 80.8A
N5 77B 41.31B 35.53B 3.71C 2.03B 81.7A

Within each column, means followed by the same | etter do not differ significantly at P<0.05
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