Evaluation of the effect of organic fertilizer and zeolite on some quantitative and

qualitative traits of dryland barley

Introduction: Cereals, as the most important food group in the world, are a rich source of nutrients including lipids,
carbohydrates, proteins, minerals and vitamins and constitute a major part of human nutrition. Also, cereals contain
dietary fiber and bioactive components with beneficial properties for improving health. Barley is one of the most
important cereal crops grown worldwide and is rich in protein, carbohydrates, vitamins and minerals. This product is of
interest to farmers due to its special chemical composition and health benefits. Sheep manure, as suitable alternatives to
chemical fertilizers, supply plant nutrients and contribute to the sustainability of agricultural ecosystems. Zeolite is one
of the most commonly minerals used to increase agricultural production. The zeolites, due to their structure and
porosity, are well-suited for retaining the nutrients and gradually releasing them into the root zone. Therefore, this
research was carried out with the aim evaluation of the effect of organic fertilizer and zeolite on some quantitative and
qualitative traits of dryland barley.

Materials and Methods: This experiment was carried out factorially in the form of a basic design of randomized
complete blocks in 3 replicationsin 2021-2023 cropping years in the farm of the Faculty of Agriculture of the University
Azad, located in Kamalvand section of Khorramabad city. The studied factors included four levels of sheep manure (0,
3, 6 and 9 ton h™%) as a source of organic phosphorus and four levels of zeolite (0, 4, 8 and 12 ton h%). The studied
farm soil is a loamy clay soil with a high clay content, which has a high ability to retain water and nutrients,
but has poorer drainage than loamy soils with a lower clay content. The use of sheep manure as a rich source
of organic matter helps improve water retention capacity, soil aeration, permeability, and erosion reduction,
and increases soil stability. The traits studied in this experiment included measuring grain yield, number of grain per
spike, number of spike m?, 100 grains weight, harvest index, grain protein and some nutritional elements in grain and
forage (N, P and K).

Results and Discussion: The results showed that the use of sheep manure and zeolite up to moderate amounts
increased all measured traits. So that the highest weight of one thousand grain (45.62 gr), grain yield (2997.75 kg h'?)
and harvest index (34.28 %) were obtained from the treatment of 3ton h of sheep manure. Also, 4ton h! of zeolite
compared to the lowest treatment of 12ton h! of zeolite caused an increase of 11, 22 and 14% in the weight of 1000
grain, grain yield and harvest index, respectively. The interaction effect of sheep manure x zeolite showed that the
highest number of grain per spike (21), the number of spike m? (1069), grain nitrogen (2.05%) and grain protein
(11.93%) from the combination of 3ton h-2of sheep manure and 4ton h-lof zeolite. Also the most grain phosphorus (0.37
%) and grain potassium (1.78 %) were obtained from the combination of 6ton h of sheep manure and 4ton h*! of
zeolite.

Conclusion: In general, the results of this study showed that the use of manure and zeolite can increase plant yield.

Zeolite acts as a soil conditioner and manure as a source of nutrients, and the combination of the two can improve soil

quality, increase nutrient absorption, and ultimately increase plant growth and yield.
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Table 1- Metrological data including maximum, minimum temperature and precipitation during the experimental period

Jw Jw
Year 2021 Year 2022
Wb Lo )-:Sl.\> L:.\ ?}EI» L;.xs)b b Lo )-.:'Sl_\> LA_Q -J.'é‘.b ufﬁ)le
Maximum Minimum L Maximum Minimum L
Month Precipitation Month Precipitation
Temperature  Temperature (mm) Temperature  Temperature (mm)
(9] 9 (&) (9]
R R
31.3 12 9.4 19.8 5.8 52.4
October October
5 rely
23.6 6 11.6 13.4 2 105.3
November November
).f.pl.wb ){AL»J
14.4 3.6 15.3 12.5 0.2 87.2
December December
.l,, ~|:.
L 14.3 -1 4.9 2R 11.1 -0.5 51.4
January January
el 15.7 0 31.7 o 183 4.9 120.2
February February
L)")LA u,u)Lo
March 17.2 2.9 27.8 March 19.7 6.4 40.0
J! Jo!
24.9 6.9 6.52 27.2 10 12.2
April April
«® «°
32.1 12.1 2 36.6 15.5 10.11
May May
&%) 37.7 15.2 2.1 53 39.3 19.4 0
June June
as, 0 SBIUT-Y Joso
Table 2- Farm soil analysis
Colan _ p .
o SBocdly, ey Sl Odlge S5 e ol oS Oisr P iy
Year Soil sl E c Mo Zn Mn Fe C N K
texture  pH (dsm) (mgkg?) (mgkg?) (mgkg") (mgkg?) (%) (%) (mgkg?) (mgkg?)
2021 sér;g;/ 7.91 071 0.71 0.82 2.4 571 100 115 711 329
2022 SAdY- e g5 0.74 0.80 2.7 587 104 127 812 331
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Farm Fertilizer analysis-Table 3

GubegS S 4 (Susllcgha casby ppite mide el 058 pgellS 9 Fe ool oS ohas b Jlolee b Sl ey
sheep Sl EC moisture Mg Na Ca S Cd Zn Mn Fe C N P,Os O.M T.N.V K20
fertilizer  pH (ds m™) (%) ) ) %) (%) (%)  (mgkg") (mgkg!) (mgkg") (%) (%) (%) (%) (%) (%)
™
Fi}J;tL)J/ear 8.66 2.77 6.11 0.49 0.11 1.81 0.48 1.67 135.68 267.03 1124.3 211 190 0.68 67.34 5.5 1.89
P> Jl
Second 7.60 0.77 3.18 0.27 0.19 1.32 0.11 1.96 62.51 254.21 911.27 3.24 198 0.52 68.31 45 1.02
year
Culg ot lownioS a4 520 gl € Joso
Table 4 - Results of physicochemical analysis of zeolite
b diges aalS S PURWWRY POV IR WY KWWY F?:-‘#’?ﬂ oS 65 pansndins L8 eSlg 53,55 O.mT,\,J\
Sample 7.Ca0O 7ZNa,O 7K20 ZA|203 ZSiOz 7Cl 7503 7Fe;03
TWO 0.84 4.50 4.32 11.46 67.33 0.98 0.20 0.54
TW?2 1.06 3.84 3.82 10.81 68.75 0.45 0.42 0.59
TN1 0.72 3.18 5.02 10.62 69.29 0.58 0.30 1.33
TS2 0.86 3.99 421 10.87 67.93 0.47 0.34 0.72
TC3 0.73 3.73 4.65 11.00 68.32 1.44 0.56 0.53

C.E.C=200 meq 100 g*

TWO, TE2, TS2, TC3: Clinoptilotic + Cristobalite + Quartz
TN1: Clinoptilotic + Quartz + Cristobalite
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Table 5- Combined analysis of variance (MS) of Sheep Manure and zeolite on rainfed barley yield and yield

components
MS clye (il
g 5 &by sl 5 dis i BT sl
SOV o5 sbo &l Al o &l FHRRIUUINS Soiedom 3 les sy
Number e 100 Grain Biological i
df . Number of g . : Harvest
of grain spike m2 grains Yield Yield Index
per Spike P weight
Year Ju 1 1.98" 41800.10" 34.49™  2418873.77" 18756535.72™ 4,29™
RIY) Jlo 3 )15 4 30.87 15559.14 88.13 509076.55 1479818.67 106.74
zeolite c.Jg; 3 13.94" 61948.74"  111.65™  627791.95" 10023913.97™  41.12"
Shee uwgS o . - o . "
P osaidust 25 3 7.39 68411.94 255.06 2538952.69 15338335.92 44.14
Manure
sS85 X Colgi . N
9 13.16 56592.94 58.59"  491624.95"  3521905.99" 8.65"
(Z x SM)
(Y X Z) cdgsx Juo 3 0.13" 104940.02"  49.26"  53058.14™ 320.31"™ 13.66™
L;.\;.éw; J9§x JL»
15 0.87" 20267.77™ 55.15" 30098.14" 844623.95™ 8.09"
(Y x SM)
295 X Culgi X Jlo
SdiduwgS 9 2.18m 6210.07" 26.01" 91220.17" 1947.36™ 3.74"
(Y xZxSM)
(Error) sabjl slas 60 5.29 26953.03 65.64 349443.58 2513475.74 15.51
(O/)M)u o pS - 12.46 18.13 19.23 22.43 20.17 11.82
0

o) S5 g iy sl Jloin] Zolaw )d 4 pxe )b pixe s i ey ik g NS
ns, * and ** are non- significant and significant in probabilitie levels of 5 and 1 %, respectively
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Table 6- Comparison the mean interaction effects Zeolite x Sheep Manure on rainfed barley yield components and Grain

protein
Qs ol Al Sl s (g
] SidgS 38 it I Grain protéin
Zeolite (ton h™)  Sheep Manure (ton h™) _ Number of Grain per Spike  Number of spike m™
- (%)
0 16.50% 9313bc 10.62¢
0 3 19.33%® 9672bc 11.58%®
6 19. 50% 964¢2bc 10.4Q¢%
9 19.66%° 1007% 11.143bcd
0 17.82bd 799¢d 10.220%f
4 3 212 10692 10.580
6 18.332bcd 8100 11.832
9 17.660% g723bc 9.53%
0 19.83%® 9223abed 11.06°2bcd
8 3 202 8440 11.932
6 1930c 941.83%%¢ 9.57¢f
9 17.500% 8812pcd 10.58¢
0 16.51% 780 9.20¢
12 3 1920c 10462 11.08zabcd
6 18pcd 822bcd 11.55%¢
9 15.83¢ 272¢ 9.60%f

Wl K85 b gy gime wolas Jole o (gly gy aliie gy ()l (sl Sle
Means in each coulmns with the same letter in each column for each factor are not significantly different.

Table 7- Comparison the mean effects Zeolite and Sheep Manure on rainfed barley 100 seeds weight, yield
and harvest index

SEBULI

Soielgn 3 )Sles

g 4l > Slas : : Cubloyy asls
Zeolite (ton ™) cJg; 100 grains i Vield Biological Harvest Index
weight Yield
(gr) (kg h™) (%)
0 41.47% 2693.332 7888.792 34.622
4 45,128 2838.172 7947.75% 35.648
8 43.69% 2507.42%¢ 8117.792 31.75%
12 40.32° 2202.67°¢ 7135.92° 30.62°
Sheep Manure (ton h?) uawss 58
0 44.41° 2420.38" 7376.01° 32.87%®
3 45.62° 2997.75° 8728.29° 34.28°
6 41.82% 2593.920 8077.02° 31.16"
9 38.43" 2329.54° 7108.92° 32.79"

RS b g plis Jole o gl (g 8 50 Ao By S sl Ske
Means in each coulmns with the same letter in each column for each factor are not significantly different.
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Table 8- Comparison the mean effects Year on rainfed barley grain yield

Jw &l > Slos

Year Grain Yield (kg ™)
2021 Jy 2276.50°
2022 4> 2794.112

S0 K05 b gy gime @ols Jolo pa (gl e 50 wlie Bgy (gl)ly ola () Sile
Means in each coulmns with the same letter in each column for each factor
are not significantly different.
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Table 9 — Correlation between performance and performance components

6 5 4 3 2 1 Traits oluws
1 Grain yield «ls > Sloe -3
1 042 Spike number L slass =¥
1 0.52 0.36 Grain number «ls slaws —Y
1 -0.20 -0.10 0.38 Thousand grain weight «ls )l;a o34 —F
1 022 0.11 0.23 042 Harvest index cuslyy Lasls -0
1 -006 0.12 0.30 0.23 048 Biological yield 3¢y >)Slas —#

Lol s 30 g 03l ial3sl 1y S 395 9 I oS oy ciulesl pod Jlo 5D (caibussS 3¢S Gyme oS ol lis SB y90)l mls
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Table 10- Combined analysis of variance (MS) of Sheep Manure and zeolite on rainfed barley protein and some nutritional elements of grain and fodder

SOV s gl 3l 4 ails o5 ails gyt bole 50yt = dﬂi O&Lﬁ bole i 15 s : :
< df O > Ojsr gl ()39 Al i gle i > by bole mrwly
Grain protein Grain N Fodder N Grain P Fodder P Grain K Fodder K
Year Ju 1 8.64" 0.19" 0.25" 0.006" 0.00007" 0.08" 0.09"
(RIY) Jlo s 51,5 4 1.48 0.03 0.04 0.0005 0.0001 0.0001 0.04
zeolite cJy; 3 0.94" 0.02" 0.54" 0.10" 0.0004" 0.55™ 0.05"
Sheep Manure (cuiwss s 3 473" 0.2" 0.14™ 0.04™ 0.0007* 0.12" 0.60™
(Z % SM) tisS 368 x ulgss 9 6.06™ 0.14™ 0.17™ 0.08™ 0.0003" 0.20" 0.07"
(Y X Z) cddgsjx Jl 3 0.08" 0.009"™ 0.002" 0.005™ 0.00006" 0.04" 0.01"
(Y X SM) (satiuogs 598 x Jlwo 15 0.09" 0.006™ 0.002" 0.0008" 0.0001" 0.003" 0.007"
“5““(”5 s : J 9 0.15™ 001 0.004™ 00007 0.00005™  0.04" 003"
(Error) ilojl slas 60 0.96 0.64 0.03 0.001 0.0003 0.03 0.07
C.V (%) ©lypss oy - 9.24 7.10 9.23 14.93 13.99 13.40 18.19

o )d S5 g i sl Jleis] zolaw )3 4 pxe )l pixe e iy ks g% NS
ns, * and ** are non- significant and significant in probabilitie levels of 5 and 1 %, respectively.
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Table 11- Comparison the mean interaction effects Zeolite x Sheep Manure on rainfed barley some
nutritional elements

s it 555 &by s p Wsle ()39 &b jaud I by
=¥ - . .
Zeolite (ton h) Sheep Manure (ton h'3) Grain N Fodder N Grain P Grain K
(%) (%) (%) (%)
0 1.82¢ 1.53¢ 0.20¢ 0.96¢
0 3 1.99% 1.76°d 0.22¢ 1.19¢%f
6 1.78° 1.923¢ 0.30%¢ 1.53°
9 1.913¢ 1.86%0% 0.29%¢ 1.31%
0 1.74 1.91%¢ 0.30%¢ 1.45%
4 3 1.78¢¢ 1.96% 0.27%¢ 1.27¢¢%
6 2.052 1.79Pcd 0.372 1.782
9 1.63% 1.67% 0.25b¢ 1.209%f
0 1.90%0¢ 1.75¢ 0.23¢ 1.149ef
3 3 2.032 2.012 0.22¢ 1. 170"
6 1.64¢% 1.872bcd 0.25 1.18¢%f
9 1.81° 1.86% 0.25b¢ 1.14¢%f9
0 1.59¢ 1.933¢ 0.24° 1.32¢
12 3 1.90%¢ 2.042 0.22° 1.017
6 1.98% 1.74% 0.26% 1.017
9 1.65% 1.69% 0.23° 1.09¢f

S0 0S5 b gyl sime ales Jole (gl st b )0 alie By g sl 1 Slo
Means in each coulmns with the same letter in each column for each factor are not significantly different.

silodlil g (e dlse ealp o) )3 Sl lawg (5 ol o (el nl sy Jlaids 9 LS Jlog 4 Cund g alS

(Rehakova et al., 2004) s,ls [a3L5 ilejl oyl zuls b 48 il olS as, Jgbo p> o) a8

459199 N‘QM

555 51 o gl i 5 s 35 % Lo s 355 Xl 395 it Sl scssthost s shasgs S o i

6l b sk 355 % 5 395 Moo 1 5uSin sl (1 Jpin) 331 e 3 Sy slas Jlin) a5 s
ol Cowd 4 (gathwgS 3¢5 HlSa 13 5 F 3,5 b sy S 13 5 F el aoyd /XY 6 Sile b il Haud liee oy a5 3l oL
pas sl ) (kS 365 S 13 (5% 97 slajlard 5 Sl 355 Jlosd (e 5D (GiwsS 355 3 pas 5 S 53 (B Y sl les L oS
GliawsS 365 g Calgij 2y)5 pae Hlowd jd doyd /Y 1Sleo b wild jaud l5ee cpyieS &S Jbsys il (g)b dxe GBI culgi; 0,8
2 haweS 35, 2 5 Y g 005 pae slajles g Jlad ek (D (gliawsS 355 JLSe o 5 Y slales b a8 A oanlise
=25 Jlo 9 5 3 Y glo (5:83ke dumlio @l (el (M) Jgia) €85 8 (g)lel 09,8 o )3 g S )3 (5 WY 9 A (sl b
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Saobds A Cao opl Linli8l Carge 365 il 0yl aS ol LS (gdiawsS 365 calitre slacdale ) adsle yawd sy ol ioliel ]y &l
AWM S 3 5 ¥ jled b aS oy olaid] ags 4 1) ddgle yaud liae o yieS 35 deopd Ve ke b (gdiawsS 358 3p)8 pie Hlows

(WY Jsia) cunls (gyls gmo
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Table 12- Comparison the mean interaction effects Year x Zeolite on rainfed barley grain P

Jo el Y
Year Zeolite (ton h) SRAITP
(%)

0 0.22b

Jsl 4 0.31°
First 8 0.24%
12 0.23%

0 0.24%

r 4 0.27%
Second 8 0.31°
12 0.23%

B a5 b gl pime @alas Jole o gy e 50 wlie By gy la ) Sile
Means in each coulmns with the same letter in each column for each factor are not significantly different.
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Table 13- Comparison the mean effects Sheep Manure on rainfed barley fodder p and k

sagS 355 gl it gl sty
Sheep Manure (ton ht) Fodder P Fodder K
(%)
0 0.10° 1 o8b
3 0.11° 1.51%
6 0.129 1.632
9 0.11% 1.60°

L6 )05 b gyl e gles ole o gl e o 53 alie gy )y cla 1, Sibe
Means in each coulmns with the same letter in each column for each factor are not significantly different.

JB S a ]y ol g 00,8 S8 jaud (35 Same g I dlse i 4 S0 05,500 55 9 009 Gl b (saihgS 38
Sga Ll L Loy sSe 0395emmj byl (ReZa €L al., 2013) 3,l5 S5 yiud 453 33 age il 45 oS o ks blS (gl o3li
|y ey 45 394 Koo S sl a5 5 CO (sl o yomie 2ial 5 il amdsm il 38l |y yid g yis bl S 5 (SIS

9> ddole 5 &l jaud liee oy i ¢ ud>s ) (Gholamhoseini et al., 2013) s o (iolidl 1) Gl gly Cls LB jawd 5 00,8 >
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e Ll g shud & oS o yiod g & Sy ol S S8 o] gl Sl 6y slr 5 SB 5 s Lis 4 Wl e S L) ) i
ise Uil s yolis ol anld ol (Zheng et al., 2019) &S o Wl Loge L28 als LS5 5 5 45 e oS oy o
ol 4 S K8 LS elbady bus shud Cla il s ST LSl deus 4 Wlgi e bES) pimad Cosl 005 g3 &l 4 yind
mbal Gl Cute Lids cledy &S cuwl oad 5,158 (Cataldo et al., 2021) s9d 0 oo youwd 3l lalS solatwl (gilwdigs 4 ol
Sloplil 5 &> )3 waalty 5 )59y i polie LIS g Dl dgue cage ey BB gbds (ol (sladsS L olyen 2,0l (SB Azt
Cogo cyamd ablyd g CdMa il b ldes; (605, A aS Cunl oad )18 S aimgh 4o (Khalig et al., 2024) uis puS lsa

[(Amirahmadi et al., 2022) s )3 oS 13 cudeii 5,08 pas jlass 4 G (slad plusl 13 500 Hlde (gauo > VY i3580l

dbgle 5 &> sty
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e 3 5 8 205 e 13 do 3 VVA Sl b Cdn (pl 500 oy it a8 300 LS &l puanlly 9 (008 365 X o) 35S 1uSSlie
20,3 5 im0y g ihsS 055 9 Cdgp 2,05 pae e 53 o e (e 4 s o 0 oo ol SISl 1 (5 F b (siihnsS 558
L (gdidusS 395 ,lSa 13 (5 A g (xidwsS 395 38 pde Slajlad b (ks 355 5 Sl 308 pas et 3 Rl ) il ety
Jsia) Cudlss (gl sine SMAT clgiy JbSa 53 (5 WY 5,5 b (gdihnS 355 JliSe )3 (5% 5 slajlasd coudgy S )3 (5 A S
& i dop VFe g VFY SlaSilis b sble ity i st @sle il MthsS 355 5iSilo duglia bl (5
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ios gl (Perry et al., 2010) 1S o a8 lagylow g sl b ablis jd lalS sUlyy Liolisl 4 paie fpl opmiomad )15 odo (i
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