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Abstract

Introduction: The mung bean (Vigna radiate L. Wilczek) is one of the most important pulse crops in
the world. It is a protein rich staple food and contains about 25 percent protein. Producing higher
potential yield in comparison with other crops, is one of the greatest features of the mung bean crop.
The use of organic fertilizers, including humic acid, without damaging the environment, may be
effective for increasing yield. Humic acid is a natural organic polymer compound that is formed as a
result of the decay of soil organic matter, peat, lignin, etc., which may be used to increase the product
and its quality. One of the important benefits of humic acid is the chelation of various nutrients such
as sodium, potassium, magnesium, zinc, calcium, iron, copper, etc. Water deficit by affecting on
vegetative and reproductive growth period and balance between them will change yield and product
quality. Humic substances play a vital role in soil fertility and plant nutrition. Plants grown on soils
which contain adequate humic acid are less subject to stress, are healthier, produce higher yields; and
the nutritional quality of harvested foods and feeds are superior. In this regard, the present study was
conducted to investigate the effect of different levels of humic acid on yield and yield components of
mung bean under drought stress conditions.

Materials and Methods: This study was conducted as split plot design with randomized complete
block design with three replications in a field located in Firouzabad city during. Experimental
treatments included water deficit stress as the main factor in three levels: control (normal irrigation),
cutting irrigation at flowering stage and cutting irrigation at seed filling stage) and sub factor including
use of humic acid at four levels (0, 2, 4, 6 kg / ha). The studied traits were: plant height, number of
branches, number of lateral-secondary branches, number of leaves, leaf area index, pod length, number
of seeds per pod, number of pods per plant, thousand seed weight, biological yield, seed yield,
photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoid), proline and seed protein. The
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collected data were analyzed using SAS software and means were compared with LSD test at the 5%
level of probability.

Results and Discussion: The results showed that the highest amount of chlorophyll a and 1000 seed
weight was obtained in the conditions of full irrigation and the application of 4 kg/ha of humic acid,
which showed an increase of 39.65 and 35.77% respectively compared to the control treatment. The
use of humic acid in the amount of 4 kg per hectare caused a significant increase in the number of sub-
branches, sheath length and number of leaves by 34, 18 and 14%, respectively. The application of 6
kg/ha of humic acid in the stress treatment at the flowering stage increased the amount of protein by
26.45% and in the stress treatment at the seed filling stage, the amount of proline increased by 48.85%
compared to the control treatment. Also, the application of 4 kg/ha of humic acid in non-stress
conditions increased the grain yield by 13.01% compared to the control treatment. Based on the results
of the present study, the application of humic acid can reduce the negative effects of water stress and
increase mung bean yield.

Conclusion: In general, the results of the present study showed that drought stress in the stages of
flowering and seed filling caused a significant decrease in yield and yield components in mung bean
plant. Among the levels of drought stress, stress caused more damage to the plant in the flowering
stage than in the seed filling stage. The use of humic acid under stress conditions increased the amount
of proline and mung bean protein compared to the control treatment (no use of humic acid). Also, the
application of all levels of humic acid compared to the control (no use of humic acid) increased
chlorophyll a, b and carotenoids, so that the highest amount of the mentioned traits was observed in
the condition of full irrigation and the application of humic acid at the rate of 4 kg per hectare. The
application of humic acid had a positive effect on the investigated traits and among the consumption
levels, the application of 4 kg/ha was more effective. In general, it can be stated that with the use of
humic acid, the negative effects caused by drought stress can be reduced to a great extent, which can
ultimately improve the growth and increase the yield and yield components of the plant. According to
the results of this research, it can be said that in similar conditions of the research site, the application
of 4 kg of humic acid per hectare is the most appropriate treatment to deal with drought stress and
increase yield in mung bean.
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Table 2- Analysis of variance of drought stress and humic acid on studied characteristics of mung bean
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Table 3- Interaction effect of drought stress and different levels of humic acid on studied properties of mung bean
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Continued table 3- Interaction effect of drought stress and different levels of humic acid on studied properties of mung bean
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ol g Wl 3>

YYf

S g s LS

G ol @l ety el l duy gl b gllas
290y S Jliol a0 Sogasil o )5 g (Sas
aS 0 Jb jo plaus 5l s il S pans el
S S jsS e Cho (g 390 S Jele Jlite i)
3390 518l 03l Sl (rilie amlie gulis (Y Jpaz)
o Jlesl b as ols Lias F Jgao jo cia o ol o dslllas
3 (FIFY) 5y o iy g o aalS 5y ey St
2 Spmhw ke aeS 00,5 sl in i pas Lo
Slod 4 S a5 0935 osalie (205 (o 5o A5 e
S g (O Jguz) olo lis ) als aws o FYIVE salls
Oelpls g olS awgy oad i il (liee 00l s
ol slo s, 85w oz 5l ail g0 Sis oole 0gi g 5,05
G pials jsliteds Sl 28l (g kel Lyl o
28l 58 s 5l (Pandey and Agarwal, 1998) el
gl 9l o gl (alS aie) S O (o (s
sl o5 (Tas and Tas, 2007) sl o pol,8 1, S 5
o] i als oSG ] s e ial331 31 50
S Fsid alS a0 9 S o) ln ks 9)9e
o5 Sl g S p e pasld als Jliml Jle 0 S
(Tesfaye et al., 2006) ailoass ,$5 Sz

Tob S 005 0ls (i ol gl @l iz s
Sy a3 ls s e il Sl Sagad 9l
L (FI¥0) S gl (a3l o i a5 55 5bar 03 )5
a5 el s ) Seogud Sl JiS 10 0SS T oIS
OV (Sogud sl B o pae) ol [log 4y o
S9y 2 &S (gl 0 (T Jgaz) ols Ladly (iuli8l oo )s
St 3,15 Wils 3155 puliiizes oy ploxil piS
Mahmoodi Zoeek et al., ) 5o 5 5y pmlaws !5l el
(2015

s, 9 D @ Judg ls
G5 a8 ol ol (F Jga) baosls iyl 325 s
U e 1, b e 15 e (P<O.01) (sl sine psbo
(oS ot a5 0l i b Sl alide 0ls I3
aS G ygbay w0 )ls 09zg B d)lS Ll gl gme IS

S o dlass

i i ool Yl aS ol lid il g 4y 3o gl
ol o Jlepme v oo my Jloiol mla s j0 Ty olas
ool Sl Serosed dl 53 25 Blie 1S el Jloyo
S Sl dnlie doecs (Y Jgaz) il o Je o
Slass aS ols GLis F Jgaz o axlllas 3,50 5l Lo o3l us
50 5 (VOIOY) Slade aiiy (aals) i pae Lyl o0 5
Csls 1, OV 8Y) lode aieeS a3 S al e o 5 Layl,
DR awd 0 ol Slade rals aS el ol oolizel (O Jguz)
GalS cely a8 (sla sl uilws s Ltd p 3l L olS
3 S ol gyl sleas Sy slaJolos (i g 0
= (Alishah et al., 2006) il oo alS Lyl ]
Gials el (g aloye y3 ol o5 i ols (Lad ey
G0, YV/F jualS o oy dd> 0 10 5 (g0, YFIF
W05 el b jlews 4 o jw ole digr ;0 5 olaws
oals el LleS i ez (Aghdasi et al., 2018)
(RIS glins g (g i) glin 4355 A )3 5y Slows
56y 2 a5 slasllas 4o (Nezami et al., 2016) ous 5
Pl (5 oz olS 68 as (g0, Shogas 2l 1
S oy M5 Zash) (10l 3o S ol o Kgy 0
Petropoulos et al., ) o ks S, olass el cels
.(2008

5 285 )15 Sanged sl 015 b o 5 ol
i (¥ J302) 005 Jlo g auo 0 S Jlato] o o
el S 33 0 TS F 508 e 45 (VWIAR) S5 olass
Sl 3 )15 slo Lo plw b a8 0y 5 el de Seegin
wals b awolin )0 g 95 (5,18 siee ST 6l ls Seagen
olaws Gioli8l (F Jgaz) il ol o a4 1) (saoj0 VF jol33l
Sl s g2 o0 Gy s 4 Yato LS 5 5
s 353 b a8 Canl Sioged sl VL slocdale o olS
U5 45 olS e w288 polie jiin Qi gl 4
Fazel Tehrani et al., ) o5& oo S ol Lal33l )]
o A Seogud el S jo P 5 Y sle s (2018
NENCEUIE SN UV JURN IV PRUSIN { ST [ IR
Karimi and Tadayyon, ) szl sals jles b gl sxe

(2018



Yo ol add 5 Srogud sl 03,515 & Gewly 4o (Vigna radiate L.) (ke o ySlos gl521 g 8 yShos (g ymvgid bailasy b 3yl

Sy o A;S,‘;Q>|) Iy & 3iwgxd olge Jlaul g a0 ‘_,..;ljsl
Delfine et al., ) 0o 5 a3 a5 Ol zels ccels
eblS ge (S i wisls )15 8 megs (2005
Sl 38 (3,1 51 55,5 W35S 5 D@ Jud IS e
Gl 1y a9 5 B Judg 15 @ Jdg IS fsee «Sngesd

.(Dalvand et al., 2018) sls

oo

ol el 51 (7 Jguz) Loosls uilly ol b illas
1Y ool wlas 53 gl ESmm 5 Sooged sl 9 15
090 Jolse GiSeap @l oS Jlogne (lsn Ol 2
05 &l ol al>pe po s bl o ols LS g
4S5 yobar gy Saal)lS Sagad sl )i 0 0,54l 7
PSR 5 0i9 eSS 2 eSSk YY) Gdon Oliee nyiien
B an pae) wald jla 4 S 5 0305 ssalis Lo 0
(Y Jgaz) ols las 1) aolidl oo o FAAL (Singud ol
Sy g Sl 5 4 (6l el S g e
Ol 5o aS (g gbay 0l oo (SiS S alex )
Maiti et ) 353 o oS T o0 s 31 zalS csly St
a5 S o SIS olF dar g mess uizee @l 2000
Fom g le o0y (Sas i Jlasl 5l am (26sS 0598 )
Sibil Gdgp (B sl wles (SbL 1y 093 0 (15 &)
1y i ol 30 ol a4 00,15 ol ()l50 wls o 00
(Movahhedy et al., 2004) sas ials

slo,50 o1 Gl 3l Gl oo 5 lagbs, 5l (S
5 2l Brman (5550 4S9t Sty g Ol 1l ST (6L
SloceS 5 5l esliiul b plals yo (Sas 25l els
Sengaddnl 855 .ol S ogupanwl ol SIS
Se—rtp Lo lon ST T e Il ioly 8l el Wil o
90,5 (g gmoloennSTyy GralS g 1 ingis collad
(Lotfi et al., 2015)

gy oy
235 0 1 5l Y Jgoz) Geilyly 432 @l b gllas

Josire etisn o oyd i Sage dul 5 il
ls Gl baylens eSiles aglio 715 (P<0.05) w5

el ogm a1, D Jdg I Gl o VL (25 pue sl
Josime 3 Sile gy ool @l iz (O Jgaz) ol
B 5,5 liee »t Sooged sl 0 )8 (1) Jloil il
oS ols Gl b jlad (peSiloo aalie s (Y Jgoz) o2
pae) aald b aslie )0 Sogep ol zolaw 4l 0 )l
03050 by IS bl el (Songed dl &)
i a b e I8 e eS g it a5 s 5boay
seld g Seaged sl LS ;0 0,55k T 00,15 sl les
PSS P o TV (e a4 Seaged sl 95 0 sl
Ol da cadgan b 8,05 s cre Saljdl ey LS o
Jsoz) o ,F asls 4y G auoyd YVIV+ 5 YY/AY LYY/E-
(f
A Jgaz) puilyly 4o 5l ol ol pulul »
g ) ol (2w 5 Sooged ol 5 (25 £l
@ls og lgine w595l @ Jde)ls » (1) Lo
Sl oS Aol LS (o) 2 950 Jelge iSen
els 8 Jdg IS p (s o ine 5 e U Sragen
5 o bl Ll 558 Jdg)lS (liee 2 VL 4S5 5k
odalius S ;0 0,5 5lS ¥ (e 4 Seoger sl 0 )5
33 g ol s b jlass aulS L (s lo sine S| a5 o
ol el (Seaged sl 0 )5 pae) ol b b 4l
@S iz (V Jgaz) wo S 555 de Chuo (saue ) TAISO
O Sk 0395l (liee 2 Soged Sl 9 5 SiiSan
Sl YL )3 0,5 9lS £ o) S Ll b 0 a8 g
JSa 5 6 SolS F 05 s b Lol cnsl a5 Seogen
15 0,58l 0I5 s (ol ine M| Spage s
ol el JolS (gLl byl 0 Sogem ap ol 1S
0,5 pae) wall L 4y Cod 0o )0 YA (l5e 45 0358
Pl JB9,lS Gliee (2al5 (T Jgu2) w0 5 (Snged sl
Oy slaJUseol) adg Gl cle 4y Sas p
15 8 pemtliaaS Ty s S5 sl IS0l oyl a5 oy
sl (Sanjari et al., 2015) wis— o oo o555, asjos donis
s e glie ) Senged sl Cote b S0
Sl oot 0l Jd9 IS sleo S lade (381 5 (LS
Fomlio g iy 2138 dlge g O ol 8L Sogep ol

2y lS 5 b @ sl s IS el wilgs o ol L3l )



ol g Wl 3>

YYs

Ebrahimi ) sas,s 1#/Y 4 (Habibi and Bihamta, 2007)
G (St 25 Ll o Lugd M Jsb (et al., 2010
@l bl psaloas (515 5 55 g Ll 5 o
Bl Jsb yr Saaged sl 3B (F Jgaz) Guilly 4528
St ol 3,15 591 I3 s duo s S Jloil prlas o
poe) Wl &y Comnnd agy )0 BUE Jobo lo e il cely
Sl By pola s (o 50100 5 (Seged Sl B
VoS abge aig jo D Jsb on it «Seagen
2 B Jsb o3 VA il S gy Sa o o S5kS
Ly o 5 (0 Jsaz) ols Lt | aslds a4y S digy
e oS 55 Sngen a5l Sl b 5 g,
00, LT, B Jsb (P<0.05) s cies il
ot Bl Sl s oims pas ay L] iz
Geiod Gl @l b oS wop (o Seeged sl x Sas
&3, » 45 ads>s o (Bandani et al., 2014) s ls céllas
(St i wsle 515 ol S ob ploxl L (sley!
b J s sF e b ralS Sl (5 stee psbas
Gialdl el B Jobo e 13l b Sagad sl 3 )18

(Beheshti etal., 2017) o e Jobo

YL 45 wld dlaws

5 S A5 (T Jgaz) (il )ly 4528 mls el 2
M o ails olaws (6, re il Seogud auwl 8IS
S Oy L;LQJ.ALC k.J"““ffV‘b)“' 90,0 Lol (P<001) bl
Lo ealie jo0e cdo Ll 5l o)l o sme DS
(i At slople; slp (eSle amlie @l 4 az g
Bl (s pae) aald [les 4y (B (o wils slawy oy iy
gasly o s ol e 0 i cud S ol 5l e g Sedls
Ol Ghsi ple (B Jgoz) wls )18 oo I8 al> o 25
5o il cewlio olaws JSis gl ole oLS jo wisls i 158
29 e Sid g, b 4 i (205 £9,0 B o
Ol 0guaS i 4 (o, Al o (T el &ils o
(Pirzad et al., 2015) sl o
35,5 Jlewd 51edde o wlo slass oy iy ol lis .Sl

Oklgﬁlg;&SjMTQMop&rnwwl)b&m)oﬁ;}lJf

oYL S o 0 SelS o) L (oo JS al> e jo S
YEIFO Luolidl el g ols plaislogs 4l ey ol
(Sooged Sl 0,515 pae) vl Lo 4y Cod (g0 )0
Y Jguz) o 8

4 o kel o5 Il )0 g 9o y0 (pog SV
503 9 9y 0590 Jsbo (2alS L Lo e Wil oo s Lol Ll
G oS Czge a5 oSl a1 slo,las jo
3 eFgp o) Gl e )3 g (ptigp 4 Sliaaag S
b 39,0 (Jalilian et al., 2005) sgi o b )less oyl
)‘5MOL5..\_N)6|)J;5)_@.A)J)_¢>L~C;).>Q;;9
29 eSen oleitlw ;0 &8 8 yolie (ol R 0n s
ul_uS).s 9 sS—»A}.Jb «.\.»_w‘ Mbsn "L.’.f uLo.».’>l_~J Ao
g olie ol Cdz jo bbady ;) B aol38l & b3l va ]
5O gy i lg ol 38l e olS gl o]
Saruhan et al., ) o555 oo lals & o JLasl g oL5
u‘s-‘-“ TR L) fm.\.zf S9y g 00— ﬁl.?ul BTN (2011
Yoo e Sohs ) Ca i ) Seogud ol 0,5 wiaged
2ol jlesd 4 Coms il (o8 Gl el Gy p S5l
b Jsle il ciulesl jo .(Mohebbi et al., 2022) oy 5
B e 0590 P99 PSS 2 (9 9 Saaged Sl
9 &»A}.ub A.»_wl «b)..v)ls aS Sl oolo ul_...u C.:L».) o] A.oﬁ)f
Sl 00l il OS9Gy )‘ou’_udo U’“‘)B‘ o (g
(Delfine et al., 2005)

AN Jgb
o 1) B Job (5)lo s by s ols s gl
Sl aaslie gl Lolwl 5 (F Jgoz) ols 1,3 3k
Sl AIY g V10 polie b B Jsbo o a8 g o i
@35 dl> e y3 A g (uald) 15 pae el cad 54
e85 b S Sy 4 ax g b (F Jgoz) sl cewony o
O Do al38l L O slaws elS g (Sis s
A 50 9 4l els (Sojgls s slogasl b ((S—is
DS o0 g § 7S S (g Slge Lars
Sl Jlss an 1, B Job rals Jg5 adg) ali e
G0, D o se zals (Beheshti et al., 2017)



Yy ol add 5 Srogud sl 03,515 & Gewly 4o (Vigna radiate L.) (ke o ySlos gl521 g 8 yShos (g ymvgid bailasy b 3yl

Ohlo 3,5kac (51521 53, 5kac 33 Snogad sl 5 (Sl i il g 42525 —F o
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Table 5- The simple effect of drought stress and different levels of humic acid on the studied characteristics of mung bean
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Means with similar letters are not significantly different at the 5 % probability level based on LSD test.
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