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Introduction

The increasing demands for pulse crops and the lack of water resources in most parts of Iran, especially in dry areas,
need to employ new strategies to increase water productivity of pulse crops. One of the new methods in managing water
and soil resources is the use of zeolite as a storage tank, which prevents wastage and increases the efficiency of
irrigation water particularly in light soils. The purpose of this research was to determine the effect of different amounts
of zeolite and irrigation interval on growth and yield indices in Pak cultivar of white beans (Phaseolus vulgaris L.).

Materials and Methods

This research was conducted in order to investigate the effect of different amounts of zeolite and irrigation interval on
the growth and grain yield in Pak cultivar of white bean (Phaseolus vulgaris L.), in a split plot design based on
randomized complete block design with three replications in a farm located in the bojnord city - north Khorasan in the
agronomic year 2023-2024. The study factors mcluded 7, 10 and 13 days irrigation interval in the main plot and three
levels of zeolite in the soil (0 (no use), 5 and 10 t.ha™) in the sub plots. Data were analyzed using SAS 9.4 statistical
package and figures were drawn by Excel program. Mean comparison were arranged by least significant differences in
the 95% probability.

Results and Discussion

The results revealed that the white bean plants attained their shortest helght across all three irrigation levels when
zeolite was not applied in the plots. Conversely, when a zeolite level of 10 t. ha™ was introduced, there was an observed
increase of 18.15% in the number of nodes per plant compared to scenarios where no zeolite was utilized. The highest
level of zeolite consumption caused an increase of 13. 88% in the seed weight compared to the level of no zeolite
consumption. The hlghest seed yield of 4651.5 kg.ha'was recorded in the 7 day irrigation interval and zeolite
consumption of 10 tha The lowest amount of electrolyte leakage related to irrigation interval of 10 and 7 days and
consumption of 10 t. ha™ of zeolite was 14.8 and 12.34%, respectively. The consumption of 10 t. ha™ of zeolite caused a
21% increase in protein compared to the non-use of zeolite in white beans, and with the increase of the irrigation
frequency from 7 to 10 days, although the amount of seed protein decreased, it did not have a significant difference with
the level of irrigation once every 7 days. And when the irrigation cycle reached once every 13 days, the amount of seed
protein decreased significantly by 6.8% compared to the irrigation cycle once every 7 days. It was also found that the
addition of 10 tons of zeolite per hectare to the soil caused a 41.5% decrease in the amount of proline in white bean
leaves compared to the absence of zeolite. In this research, it was found t.hat the level of 10 t.ha™ the highest biological
yield of 13475 kg.ha™ recorded and it increased by 29.2% compared to the no zeolite consumption. By reducing the
irrigation interval to 10 and 7 days, with the increase of zeolite consumption, the harvest index increased, and in the
meantime, the highest index related to the irrigation cycle of 7 days and zeolite consumption of 10 tons was 35.5%.

Conclusions
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Based on the obtained results, it can be concluded that water stress resulted in a reduction in the growth characteristics
and overall performance of white bean plants. The lowest values of parameters calculated in this research were observed
at the level of no zeolite consumption and irrigation cycle of 13 days, and their highest values were observed at the level
of zeolite of 10 t.ha™ and irrigation cycle of 7 days, which shows that Zeolite, help more water absorption and water
return when the plant needs water, and increase the growth of different plant tissues and production of more products.
Overall, it can be inferred that applying zeolite at a rate of 10 t.ha™, particularly in conjunction with a 7-day irrigation
cycle, can optimize the yield and growth characteristics of white beans, specifically the Pak cultivar. However, we
recommend further investigation into higher levels of zeolite application across various soil textures to enhance our
understanding and refine cultivation practices.
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Soil
T s ot S S MO S| PIC IR Yo /JH FEHW
Clay Silt Sand K p 2
Texture N (% O.C (% EC (dS.m H
(%) (%) (%) (ppm) _ (ppm) o) o) (@smy P
! 26 50 24 225 3.60 0.056 0.757 1.26 7.87
Loam
o
Water
(020 + oS 20w wlbey o Syl colus s dgunl PEURRUINE QLW
Ca+ Mg (g.I'Y) Na (g.I'"h HCO; (g.1) EC (mS.cm™) pH S.A.R

0.022 0.014 0.015 1076 7.33 111




VA . s Logl 0 )Shas 5wy sl asls p culgi) polio g )bl 599 i1 anlllao ol 50n g Silged

Awle oS 5L 0,90 O jlaie o0 A0 5 Lol el
Goll Cogi Ve ) 090 oo y0 .2 18 olS L
Y 6)l:9.] ol ol y Lg)l,,;l Gt Egazmo ;o a5 W plodl
o sbeo YAVIY 5 OVVIY FOVIO i yiay 59, VY 5 V¢
20,5 350
ETy =K E; (V) doles
Kp=+/A (g0 oLS 5,5 g e ETg )] o a s
LI TS0 LI 1 RVE T SN SUONE = P E 0 LI ST
ET. =K. .ET, (V) dolas
K awiw Logl oS 5,05 9 55 ETe o] )0 S

ol s L) ALS
Sy Jolye alS i Lagd o 5 05 0590 Jobo 5o

5 ST L 05 e o iSitals oy slacile g ol
S5 SheSy ©ygoa Ghaleil glac S (sl lacs Lo
ad> o 50 (S b Sla SRy S ol slp 288
Ols= slacs 5l Ghalesl slajless 5l plaS o 5l om0 5
S Sy Gl 4o i plesil (6,18 paiges aidliarwss MalS
g N slaw gy el )l 1 pled Sl 5l Gy 9 So5elg 58
Rl g pSoslasl als o Slae dils Voo y5g g o als
B e I e e
g el g Clousl Bolai & jod g Ve ol il
50 &ls slaws g, 05lasl gl g o 00 peis Loyl LM Slaws
5 300,8 hiled 1S e M e Ve slaasls olass (M
g Ve et Gjg adld Ve e (g9 (Sl (6l
S5 ol Jluzms 595l abewgar &5 o 5l oad cunls
leaised 5l cubls y (Siz il o Sloe a5l 0
"Hged g D plnil ey a5l ST O g0 S
o, 5 il az,0 Ve slao b celn FA Goedy (gl o o
B b Jloous 59315 b baals (59 L g 230l o0ls )3
5S4 sa sl slacl s 5 s 0,5 050 SO
WS pateie G O 8es plaiea 5 fas S o
ALt Gy 0, Shee il o Slos e | Grizeen
Aoy Gygods ol axlg a5 (F dlolee) al dwlore Culilo

Sloslawl b b Jlw b 0 S gjlweslel sl

5o Jlesl 5l s Jlie 53 9 o5 (e Sla0le 5 alls
=ty Hgd 0 oouTwc«PMﬁow S al> e
b mlin g (65,5liS Oladon oS! 3 s Loy S
oot (Byme SLy slagl 03, b i 9 0om (liw 02
Il Mol Sl S o 55 sl b iz ke
asls sla S5g slyls Navy S,los WIS L CIAT
c(Y w) de_?bol.; J_.i))sool.';_u...l‘ 4.194 ﬁ)sjkji“"ts"'e’“"
<39) ﬂf's.‘us..\.m) 0,99 .E.w}».a e).».au;uLwA‘ &LM)‘ .E.w}».a
e 999 A 4 poliie @ )5 VA il Voo (59 Lyt
clin ( Jle gy 5L CMV s BYMV.BCMV Loo
(_g|)_: wbﬁ5§£}ﬁ‘ﬁ)éwso)’¢.§&a w‘\)).g &‘ﬁ
S5 Y sV V) el o el Gtalejl sl les

POV 90 o) Cg; Gras g Lol slan S 8 (L
o Vx ¥ oolawlblbo,S g 28 sl ,S o ([LSe
Gos 4o cdlS 5 8 e v ylieds Sdgsy g o ookl
=8 b yin wals o oS 0 S (g e gl Yo
Jol o byd wiad Jeaca s Jowsin Sz, L8 L cils
S5 &g s S g, VFY L ols 0lo >
ol il g el e By Ges (0 5 il
o (@ 3 89 )0 clis o515 & o, 12
085 S5 Slles wolS (S ke U 9o al> e 4 o
alold g e ile Yo a0, (59, braig alold .28 5 ploxl
sloo, S alols b a8 )3 Jlai o e il 00 (@8, o
2 ria 38 ool Sla S o Alolh 5 e S, a5l 23
sl Plas g iSlas (Sl ol sbowl aiiy does S
o, 5 il az 0 VF 5 YA i ey cisls log ,o Lawgie
55,V Lsea s Srolz U s alepo il s)lnl 550 05
39y \Y 9 \- ‘V)_E»’o”.a 6[.@}.0.._' QO A ;Q..f;‘o)..s )ld.d
L syl 5L s il aslsl Lol slacs S 0 LSS
plodl e io ;0 0ol el A WIS e cutd ool
).:ol_u )‘ ooLQ.._u‘l_aP).o °L.S d)_us)_oh.)‘d.u‘ A
L e 3 3590V alolae 5l ooliil b g s ) s
5 Sl ool Jolie glp cadhaie oldl oyl ol
YIRS SR ARPIR VA TARPLY L USRS % SRR PRy W d |
Ol dslre Vo adoles b wibs Lg) (5,05 5 yn
9 &bl sla,les 4 a>g5 L (Nasrollahi et al., 2019)

2o 9 g Lug) clyy oud ) alS culpo 5l oolicul



VP Jgl dowd o 3 Lot VO oo ()l ol Wligus g3y 4 i Ae

R3]

g ;0 gy Bran g 5ylol He0 Bl aS ol plas s
(V Jga2) 092 loine S (g m liee p o0 SO
Wdgiy Bran 31 0 a S ol lis Lo Sl s lie
Sy Bran pae whaw 4 Loy pe oy e G i
OBl g 09 S (359 05 2 Jgeg,See WWIAZ (lieeay
Sl me RS S g Gl (g 5l whaw o 50
oealS g cdgiy Ol i samslid jal cpl a5 clils
Sr Gl Ole ey FID oS o wcdgl; LS
Ao imizmen (1 Jga2) ad Sy Sras pas 4 Sl
459, Vil bl jeo &5 (Sloy a5 wb svaline (gLl 0

30 o8 Ve 50958 .l 00gs oLS Wl Lazme (0 B9z g0 il

S dan Oliee 50 Sl s et o8l al3l 59, ) ¢
Ol 59 WY dm bl 90 (IR L (Jg o355 snaline
VIV Gl e gl (il g 0 i S g
(¥ J3a2) 0 55, i g )lal 590 4 s (g (000
Siomal il oobas jplareay (S22 25 llyd o
o 9 Jodome 9 aile SLoS 5 s loalS o
Stz bl St 5o gy 4l sl e Gl
OF—eST a5 b ablie 5 sl (S LS P! 5l cnilow
5 s ,SLooly (Rejeb et al., 2014) sgi o Jlxb 30
i a8 o (Zadehbagheri et al., 2012) ) LSen
an |y (Sis G cov sloyd Sy e dyn ges Sle
0~y dhe—wgan Gl T Gl Rl
ST gy w3l e rals Gl PSS

S g il Gl sl o 51

ool

Q1S (pig
30 Cadghy Bran Slas ol lis bools il lg 4500 s
Ol 2 S0 s e 10 (65lol 490 5 wops S mhan
Ol dlie (Y Jguz) sl (g)lo g Sl asls psig
asls g (S o Cudeiy Bras b as ol lis bl
Cudgdy LS j0 5 Ve 50 mhaw o dils g Gl 5o
)38l o (ad sy LSy oF Ve G yan ais soalie
Lyl 5o Codssy OBran pae 4y Cons &ls (5855 5 duoyo T
pduo&mdkiﬁajuﬁs}ow.mw

O Olee Sz e ey Ve 4 Y gl jes a8l

Hi = (E%') x 100 (F) doles

By g asls o, Shee By wwitls p ol Hi (ol o a8
el g 0 Slae

5 plrbe Gho) 5l cdg 2SI et (e Sromi S
bl ol ol sl (Sairam et al., 2002) ., Kon
g ol 8L 51 p,8 /) 05,5 12 50 .0l oolsl diged 09,5 4o
A ool 18 ool o3bgs Sl il e Ve j0 olS S o3l
o5 ol plom 10 aiBo Yo Sowas Jgl 09,5 Linle;l slaalg)
Ol e 230 00ls 13 01,8 ol a0 e gles L
P95 09,5 9 9B (6 Sojlail abged adyl (S S colaa
az Ve gles LppS Ol ples jo aids Ve oy
gl SO S colas ol g i ools 1,3 o5 le
adolre bl g cudg mSUl il az 0 0l (6 S o3l diged
IRV ¢

El = 1-(2—:} x 100 (F) aolas

Coloae i € wdg pSl cis a0 El ) jo a8
sl (S Colas (e o g asged adsl (S S
el Al

ot slaasses jladhos bugd alls a5 olej 5o
£S5 o1+ Y il osleal g 05l (sl Lagd o sl0S
PSR NP W PN SN OIS
T Doy ol olas 5 (e sl Seluclugilse
O S 0300 18 Sk il S Ve e 3 adido
Sl Sl g sl (ppa 5 b (229 e Sl ol
a0 Ve leo o celn SO Guwdan g bl all>
895 3l ey AlalBd )5 158 s ylecn o oIS Sl
5 s il s ez 00,8 Wlal b O s ST,
zs= Jsb oo ol i (gly (S, 56 e (dsn JWe
UNICO, 2000, ) yiegibs xSl olfiwss Lawgs yiogilh OY -
L «wwolys o (Bates et al., 1973) oi s (Germany
ool s o Jlaie codg g 1o laibl (imis v
Oegm mo)d b Sl S S (9 )5 » Jeg S
oS ows jl eolaiwl b g Jlad=xS oy, Jawgs aasls
PV G IR ERSU P /51 R IRCIICK SR Tt I
95 &35 plaml Gl 5 g el (2138 oole an al> e
Magomya et al., ) a_i oduziw J5 g 59,0
&olol l8le 5 5l ooliiwl b laosls o g 45325 (2014
aolie os alol EXCel 3300 5 L o logei aes, s SAS 9.4
S = WS Plas g0l 5l ool U Lo Silo
A Al do o gy sl mlaws ,o (LSD)



A e S Lol o yShos g adhy s Ly Calgiy »olio g 6 kel y99 51 anlllao oyl )lSed 3 (Silgd

O Ve ol oS wisls (Lis 5e 8 Lagd 5o Cudgiy 00, L
PO EOW N JPU PO VS S JOTSTWON KR P
@hS g asls 3, Slas aSs el )| (ormb S5 008
Lo s S5t e 5 35 o sime )8 Ol By

(Ahmadi et al., 2014) a.& oLS -l o o,

ol a8l o 0,5 sy
slaces aS ol s iala;l slaools 5l sasl canvsas bl
Jssz) 8,5 )18 )lal y99 5 Colgiy Span il coo)8
Cdgiy Brae Saulidl b as ol lid b Sl auglie (Y
Bpan poe & Cod 5500 (S LS8 50 o gk ety
0,5 Slasi (udgiy B pan pac mhaw 4 Cod LS o
O3l JoVe 5l SO a8l o8l as o VAND gy yo
A5 Conils g e 0,5 Slaws iolidl 4 lgi oo |y aigy glis )|
Lo agr j0 0,5 slaw (S 0 codgsy Brae 038l L
] od_l»))f ASg yYlon ) o as ML: wbs‘ Sl
g Bl malS 0,5 slaws (g kol alold iol8l b yuimen
5555 (s 5 e Dol s )bl gsb sy
Ahmadi ) le_i.a@ 9 )f)" oo (Y J9.\_>) A oddlive
Malva ) S, olS (g9, a5 audzs o (Azaretal., 2015
Solml aals mha v 0 45 W S Lo axals (sylvestris
720 S S g (el cdb cgb; o3 Ve )
135 055 Sl Sash iy sy SLS 055 LS
pose g (8l Cedyb Cush) oy ) ol (Sis
Cde a S il onnlive 0,5l lasi 1 yieS (ad oS Dg2g
Coasb; 50 ol gz Gl ady) anug o Gl ], O]
slasllas o (Mehrabi & Ehsanzadeh, 2011) oolj L 4
2S 03, o 3Skae 5 il sloShy sin b
Sl kol msy Sl aS aaals bl « LleS i Cou
d=do a5 w0 )5 Lo uizren 0gs o Se gy gl ) g 0
Gl aS 05wz A nl Gl e 1) g gl S
0 oo )5 ol dlold g 0,5 slaws oljal 5l Lol aigs glas )|

] A g

Sglas e, ctn g Lol mhw b Ty w3l ioljél ails
w59, VW an ()bl 90 a5 Sloj g clls (g0 sixe
ot gyl 590 an Cad do s LA &ls g liee
G=tzd ] 50 (Y Jgam) bl (gl e ial38l (5,
oo EH] SO PRI SOOI N L | I AU SR TS0
5o adls olaw lawgs ails & Slos a5 0 ,bl> (il 4y S
ST ol (St i Gl (Il L g ol sl A
cls olaws ol S b coled [0 cdl rals ase o il
5 olos o ool plaisl aiils a6 i ion (uig,m
Lyl o 0 45 wsged )bl (Emadi etal., 2013) ), Sen
&l 039 3lge S (liee cinlplis il oo 20 Lo,
59 mms ddzme Jlasil a5 Jbjo sl oo ralS ails o

09'“4&5" ailo g Jo 0

590 J=liie ,alas ols flzs Lacols il ylg 4y 5205 ol
g o sire aig )] ao o Sy mhaes o g 5 o)l
a8 0b samline Sudgiy g kel Heo blite 31,0 (Y Jou)
G595 VW 9V ol sloygo 5o Sy (e Sal¥l b elis |
352 53 ol ol 5 32 165 o a8 2l il
O Codgiy a5 auo oo AT 4y L0gs cais colall cldgs; oS
il gyl jg0 an Cans wg glas | auli8l s o i
by ye lalajl ol 5o adg gL (e e
AP) 395 ki bl 190 33 iy e ol YL
Slognds olS el Sas o5 () JS8) 098 (o sl
(S S JeoS (sl ol S S 3 g 09 b e (Job
algr el )| amm o 5 as alS ) 053 sl W)
L 00,5 o a8l alex 3l ae el slocond 0
ol 30 ST S 5 iz cobl 5 cug) B pan il
Al S glgieds Wlgs oo cudgi o St s Ll d jo
)‘)5 oL:f )LA.A}‘ 5 ‘) R_JT 5 J9l.>w &5"")“; 0‘9& 9 UT TN
Khashei Siuki et al., ) sgi aig glay )| iol38l oo g a2
(Zamani Nouri et al., 2014) -)|,Ke2 5 5,5 silo; (2020



V¥ ol fos o) 6)los 8 il o1 Sligas b Sidgy 4 i AY

i Lgl (59 5kos 9 gody S S 3 32 Cadgi 9 )T 190 T iyl 3o Y Jgu
Table 2- Variance analysis of irrigation intervals and zeolite on growth and yield performance of Navy bean

oyl g ax)® oo Gl piigy  aig gl o F olaw Aig i ()9 Ay 0y90 Job
SO Vv ) sl Pr:)Iir;;e Seed Plant Number Plant dry Length of
T d.f protein height of nodes weight growth period
Sk 2 2.323™ 2.553™ 12.03™ 3.37™ 21.36™ 12.44"™
Block
“99,55 2 125.9" 36.38" 678.03**  28.48* 119.3%* 4.111ns
Zeolite
6{9' )9 2 8.186™ 17.18" 72.14* 97.14%* 122.31%* 96.44**
Irrigation
gy x skl e
7T S 0.723"  0.892" 93.70**  2.87ns 1.815ns 0.555ns
Zeolite x irrigation
e 16 0.878 3.93 14.57 4,78 10.79 8.77
Error
1) Sl ks g
) Sl o2 - 6.65 9.40 5.34 12.28 9.06 3.50
C.V (%)
o, S g gy Jliol mhaw jo I e lo pae e (oS Sy g % NS

ns, * and **: are non-significant, significant at the 5% and 1% probability levels, respectively
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Table 2- Variance analysis of irrigation intervals and zeolite on growth and yield performance of Navy bean, continued

SME Slawy

Al Sl

09 <4 s(s e
ax o o s e 1 Yoo S ySlos 2 et
Ol S 2o 0 S Y @ . g cdle g cudg sl
SOV ¢! Number  Numberof  100- “l o
ULV . . Biological Harvest Electrolyte
d.f of pods seeds per grain  Seed yield - -
: yield index leakage
per plant plant weight
<k 2 1445™ 5.25® 0250 57227  3333433°  1528™  0.607"
Block
‘”9_35 2 36482** 354.8**  30.48" 3112586~ 377311037 168.12" = 66.49"
Zeolite
@_lﬁ*' )9 2 40285** 640.3**  43.81" 8245139 12943719 105.14" = 66.58™
Irrigation
v‘-‘-ljj) x LS)L.‘.'.‘—‘ 092 ns s ns ok *
e i 4 695.2ns 49.82* 1.592 391568 134005 56.23 7.002
Irrigation x zeolite
las
16 1253 13.55 8.13 13200 1534849 2.08
Error
) Sl 2 - 1154 9.52 11.54 3.75 10.47 8.43

C.V (%)

Aoy Sy g do,o gy Jliol maw jo o Jse )l Je e oS Sy kg % NS
ns, * and **: are non-significant, significant at the 5% and 1% probability levels, respectively
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Fig. 1- Interaction effect of irrigation interval and zeolite on plant height of Navy bean
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Fig. 2- Mean comparison of the interaction effect of irrigation interval and zeolite on number of seeds per plant of

Navy bean
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Fig. 4- Mean comparison of interaction effect of irrigation intervals and zeolite on harvest index of Navy bean
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