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Article Info ABSTRACT
Article type: Background and Objectives: The yield stability of red bean
Research Full Paper (Phaseolus vulgaris L.) in many regions of the world is seriously

threatened by environmental stresses, especially drought. This stress,
by affecting key physiological processes of the plant such as
photosynthesis and nutrient uptake, causes a significant reduction in
grain yield. In arid and semi-arid regions such as Iran, the water crisis
resulting from climate change and excessive exploitation has created a
serious challenge to the sustainable production of drought-sensitive
crops like red bean. In response to this challenge, the use of low-cost,
sustainable, and environmentally friendly agronomic practices has
become increasingly essential. Humic acid, as an organic compound
derived from the decomposition of natural materials, is among the
emerging options considered in the management of abiotic stresses. By
improving the physical and chemical properties of the soil, increasing
water-holding capacity, facilitating nutrient uptake, and enhancing the
plant’s defense mechanisms, humic acid plays an important role in

Article history: improving plant tolerance to water stress. Therefore, the present study

Received: 2023-05-02 44 conducted to evaluate the effect of foliar application of humic acid

Accepted: 2025-09-30 ) some physiological and nutritional traits of red bean cultivar
Yaghoot under deficit irrigation conditions.

Materials and Methods: This field experiment was carried out in
2023 in Boyer-Ahmad County (southwestern Iran). The experimental
design was a split-plot arrangement based on a randomized complete
block design with three replications. The main factor consisted of three
irrigation levels based on the percentage of crop water requirement
estimated through reference evapotranspiration using Class A
evaporation pan: full irrigation (100% of crop water requirement),
moderate stress (80% of crop water requirement), and severe stress

E?{ivrvl:rdsz (60% of crop water requirement). The subplots included foliar
Chlorophvll Ind application of humic acid at four levels: 0 (control), 2.5, 5, and 7.5 L

TPy e ha", applied at t th stages—six-leaf st d beginning of
Grain Yiold a”, applied at two growth stages—six-leaf stage and beginning o
Deficit Irrigation flowering. The evaluated traits included proline, soluble sugars,

Seed Nutrient Content  superoxide dismutase, chlorophyll a and b, chlorophyll index, seed
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nutrient contents (nitrogen, potassium, and phosphorus), and grain
yield.

Results: The results showed that 60% irrigation increased leaf soluble
sugar content by 33.94%, while reducing chlorophyll a and b content
by 46.15% and 52.71%, respectively. The simple effect of severe stress
also reduced seed phosphorus by 6.54% and increased seed potassium
by 45.91%. Application of 7.5 L ha™! humic acid increased chlorophyll
a, chlorophyll b, and chlorophyll index by 65.62%, 52.38%, and
9.49%, respectively. The significance of two-way interactions
indicated that under 60% irrigation, application of 7.5 L ha™! humic
acid increased proline by 56.97% and superoxide dismutase activity by
70.43%. Overall, higher levels of humic acid application improved
grain yield by 37.41% under full irrigation and by 20.66% under severe
stress.

Conclusion: The findings showed that deficit irrigation in red bean
disrupts physiological balance, reduces photosynthetic efficiency, and
decreases nutrient uptake, ultimately leading to yield reduction.
However, foliar application of humic acid, as an effective biostimulant,
enhanced the plant’s physiological and nutritional capacity, increasing
stress tolerance and improving yield-related traits. Therefore, foliar
application of 7.5 L ha! humic acid, by strengthening the defense
system and improving nutrient uptake, improved the final yield of red
bean cultivar Yaghoot under deficit irrigation conditions in Boyer-
Ahmad County. To validate these findings, multi-year experiments are
recommended.

Cite this article: Nikoeinejad, R., Latifmanesh, H., Moradi, A., Alahdadi, H. 2025. Evaluation
of physiological and nutritional responses of red bean to different irrigation regimes
and humic acid foliar application. Crop Production Journal, 18 (2), 155-174.

© The Author(s). DOI: 10.22069/ejcp.2025.23737.2690
BY Publisher: Gorgan University of Agricultural Sciences and Natural Resources

Vol


https://doi.org/10.22069/ejcp.2025.23737.2690

. \@\\ =515 Ol ] g
= Yrax le LS /4

/

2
( (o ] §'&§ s oy WP
(53 G e 20 A h
= YerA-YEoT 1 Kig 5N LLY é’iCLVQ,)!v”‘.:E‘"-

ol Sl piat g e p gl anil

S5y 4 g8k pd 5 3099 gl (Slitl g 3989 md S Ewl (L) 5!
S0 gud Sl iy J oo g (55l T ilido

Eeshsdl daam Meal o o T acida) dicow Jal5 g oK Lo,
Ol ‘C)—"‘Ll ‘Cyli Sl (g5,5laS s diils (LS C\.Lpl el es S (ol 0LlS (5581- (654 5T 5 81 adl pwlid,lS u}ffﬁls !
Aryobarzan3197@gmail.com :«.lL,
h.latifmanesh@yu.ac.ir :asbll, .01 g sl sl ol (63,5158 0aSils (Db FUol 5 aelys 05,8 bl ( gime ol 3 7
amoradi@yu.ac.ir :asblls 01zl izl ozl o2 (53,58 s aSCails (LS sl 5 el 505 8 Ll T
Ol ezl sl oK (83,5l Sl (L Ul 5 el e S 5 DWLS (63 5) s b= (355555 ST i) oS IS st ol 23l ¢
hamid.alahdadii@gmail.com :4.tL1,

a.L:Sf e Slelb!
L Ol gblw 31 (ol > (Phaseolus vulgaris L.) 5» 5l 5 Slas goll tdan 5 ailow Wlis g5

L T N T D P s
2l 6l 5 Shas 3 (6 Sadir JalS (gl ole Clar 5 s ool SulS S5) 5
G120 3 ool Dl 51 3 T e Ol 01l s S 5 oS bl 3 LS e
03,5 3wl 5u 3 Ly le (Sist a el Sl gaame A 5 (I Soe 5o i il s o
T Jama L5l 5 L w008 o5 le s e s Ml cal 4 el 3o
S slge 4 Sl ol TS 5 S Ol Soosen dol ol 4Bl Sy, 5 i
S S35 250 b osle (nl il s 8 GO ES S s 3 a5 3550 8 Slaa S e
s 5 glE i ole Gl S (Cushs I S b IS plar 3 5 SO
A s Gl 2l G5 4 LS Jood 35 53 655 A elS s slaylS 5L
by Gl 5 (SSdnid Glatld (& Seoser el (3bd e 36 Sl Sua b

1235 plowil ()leS Lyl 5 o vl 35 50 8

VECE/TY sl s '@)L".

VEREVNA Gy e

L (Ol o o) dasl g Ol g5 53 V60T Jlaw 55 Gl se Liags opl il jog,y g 3l g
ST e b sl JalS (glacS sk B s sdis 2 o S oty o iileil - b s S
5 Gl 3l edd sl L Ao s sl ] e 4w Bl Jool e it (s3luesly
ALY Sz 55 (oS T 5L Vo) L}»\swg;;ﬁAwus,;a;&;__:;j\a;u@np@fg,,;

Sl 3 Seosen Al S 5 3bd sl 8 o gla S 3 (T 5L W) s a5 (T

5 leel A US SLT 5 (S b e g5 (b S 55 V/0 50 /0 (Uald) i Jols e PRI T
(Jos S i b 58 L5 IS b s eS| s shome SlaiB ol Slis oSl ol 53 oSan
23S 3 ol ase s 5 Slas 5 (hed 5 el O350 Jold) wls polis (sl s s ls el

$ls 5 Slos

sly (2515 S o Jlows (a3 (gl gims Ao p3 TY/AL Olie 40 Ao yn Ve (lul o 5ls LS b lawdl SleS
i el il pioman s (55 Aoy OYVY 5 EUV0 LS b sa i JS sl s (55 1 Al jole gl

VoV


mailto:Aryobarzan3197@gmail.com
mailto:h.latifmanesh@yu.ac.ir
mailto:amoradi@yu.ac.ir
mailto:hamid.alahdadii@gmail.com

S glone 3 58 3 g ol o &l nly (Sho ;3 £O/AY L1331 5 iy id (sdwo s VOE Al L s
oals o b sa s IS (sas s A/E4 5 OYIA O/ lsil o se 50 S j3 Sngd Al 2JV/0
Al 2IVI0 5 )8 o3 T (bl a3 313 DL 15 4l 53 (sla_iiSan  (ol3 e Ah b JS
ATy s o 5T e A3 VAT 5 sy (g3 OVAY [l o g S 53 St
3kt 4 e S sed Aol 38 a1 UL Jlasl S35 5 58 Sl 40 samme ulghss A S6 e

AE L 55 5 s Ve ol o als 3 Shes (g s Yo 5 TV/E

(S5 P 3l 03508 1 b e 3l olS 3 (LTS 5 oS sl DLt Gl ol 1 S Ao
Dol b i3 Shas 28l corpe e ol Sl bl b GLLS fals
olS Gladis 5 (S5 015 sl L e s S S Olpe e Senpen ded 3L e
Aol ZIVI0 il sl senl 5l s S 6 Slas Slio s s 5 5 4 Jeod SRl o e
e el ol l 3 s gl obie e 3 g s o Wlile o g s S 3 S sn
S At el Ol g 53 S8 A5 o DL o8 e 3l ol 0 Slas s

il G dlo ki b ialesT 1SS baal 1 Olalbs!

e h byl Glads 5 5458 I il (080 8) e (oobsdl ¢ e (6l o sl recala sy ol5 4 oK sl
(Fli DLl s als Soagr Al e 5 ol s sl a3l o
Noo-\VE (Y) A

@ DOI: 10.22069/ejcp.2025.23737.2690
u@.,\.,w.i}.:© J@ﬁMchd))ij}ba&w\aﬁb

VoA


https://doi.org/10.22069/ejcp.2025.23737.2690

Olye 9 31352985 LS, [ 3o yd lug) Sl3R 9 Sy jglg b lagwly (b))

B u:*'“LgL’ui‘:"'u:"‘; V) culen s gl s
L e - JIL g
aslsl ;3 A8 o Joa 1) oLS Sl slas S5LS
4 e (6 R b 3l pe JWEEN 5 s g > Sl
(Ye¥0) O 5 polle ((A) 353 0 5 Shas
53 kb L) S 58 Olje als oL
53 Ao y3 £V/08 Ol 4 5SS 5,V ol
Gl SRl GLS 5o A oleD) dald banylie
a Jd5,lS Glymes Slspme (RalS rmen ((4)
Sl (e )3 YAM) b Lo IS 5 (a—s 55 A/09)
Sl 02 Oy 55 303 Lol s olleS i bl 2
ol sds o e 5 S ple b ol L.(Ve)
55 0l 5 ,Shas Calg 53 o tals Lkl (sl
OLer 5 i,y oS sl S by o ials
Ly als 5 Sae (gdwoys ¥o/o Y 2als (YoVY)
Wlos S 18 Sl o3 00 A5 ly 5
OV
() S35 S Ol e e S g Aol 58
5SSl sas nolhe DI e e L
23 Bl e e Jaec sy gladly 05
OT) LS il (5550 o OlaliS 5 Shas [l 3!
BY o IS0 055 b I o5 5 ¢« S A
OrelSda g a3 Jol> 0l LS Y
23 GMlS B S el g5l 5 S slle
Ll e Ll S lan 355058 sla S5 s et
ol Bl S sl wsse LS 5 ol (V)
Sl ol s (s 5 g (S
Gk 3l 35l e gl gl e a5
b 0L o3 womsh, oSS e b
3 S S1OE) il o A AE (s
S OldienS ol 00 SOUS L d ol Sasen
oled mla—a Gl S de glaesl gl

by S olge Cdor (S50 e e oME olie bl

yod

doddo

So Olsea (Phaseolus vulgaris L.) L
Sl 3 Gl 8 (Sl 25 e
S o Wl Olgr L3 L Ogdee Yoo 51 i Slie
23 C.E_M Yoy Jw 5o b slaesls Wlul
LU Ok YVIV 4 Jsmaee ol Sler i
o) 3 Ol e 8 Ay 1 Dk YAO S5
25 g S 5 AV/Y Sl e VOVY g
& ol s LS L 4 S1.00) 5 cis
Ol bl 51 ol 53 Lol 33,8 o Al S
53 (1) syt eniS o 25 dal 2 53 Ol
Slapdss 8 5 Sas 785 ol 0l Oly s
23 Blse s - 5% 5 5mS ehisa — S
ol ol 2 (1) g oo o pime L) GE 50 228
sl by 5 ol GL*”’ Cdgdmme 5 5 50
S 2B s (Kix 5 6l (amer

ol g mly Sos e b s
ol 4l coby Sl L (Ko LS
5035 OLLS 5 Sas 5 A2; 55 SloudsSs 5o
o 1 Oler siusliS bl ol G a5
3 O S . &
sl S )5 O, JLisl o ey s JUles]
Ml L olS a5 Bl (2ol 331 Jlad O3S
Sl ol CBUl O pmen 315 Lo lS 5500
5 sl bl lw lul cor e OS5
Ole tal 53 (0) 553 0 sillenST Dyl 1alS
O3 o) 5ls plp s bl 28 slal b s
5w 3T ML 5 Syl Jsla Lo da s 5
sl ie Kol bis L gl slouss
e o 3k g3 IS (Sl ) e s
s L;)L"J(,S Gl ol a8 (N i e
EVEE 5 £V/A8 Il e e ol 5L oo

Jolome Glaslyln 0 S 5 g Glpoes Gy



AEXT AN b)l.o.n.:} A 0,93 “:ﬁ‘))’ ul.hlﬁf .\,\‘J,}

00 5az,30) 5 Jld 5,0 4ids\4 5 azn T
ok calllan ol 3 LBl 5 3,k b <
gl e 3 ol bele Ol w0 ol il
1L Ao Ve b ) S LT s e
5 (L o3 A) e 25 b 5T (LS
ol S (ol b o ) s i Lol
MAJUSMJ\WO\J@QQI:J%:L&
e 53 Seosen Al (S0 el opizman LS
Olgeas (LS 5o 2JV/o 50 .Y/0 Lj,i_.p)cla_d
Sanser el (S35 I s sm 2 el
Sl s S 3 5l JalesT pl s esliul 54
3 S S O 53 s e
T sl g5 Dlles el 5l ey
el 3T G S w O (s 5 (oo
Sl ele byl oy e s plonil 7 b 2
o Ao L S sy e b 4y oS i
K 8,5 3 Sl e S 00 i
s kol G S (o b s S s 108 sl
B e V0 5) /0L Ll s San LaS sl
il S oS LT 5l s e 8
S plese S g3 5 S5 gle Sho
DA s s 5 Sl (St Sl Y Gas
3lie () Jsa) 0sa31 cnl s el 238
53) o5l S o fﬁj—k:s Voo el oS 5l 5
Sl s e 3 p S S V00 5 (e
S50 p3lie JS Hsba ia Sesg bl S a5
53 S paneS 5 G raey 2HE i ole Sl S5l
ol ke ¥ Jdr o Loy a1 e

(Ye) el

"l

ol 00) das el lslime sbasy LS s
e oL &) S gemme 53 a5
osls ol 1 ibard slas S 4 Sl daeslys
23 oladl psmad o 5 Ik s o se s
Sl el 5 01 20 5 e o5 slapls
S o e Soased ol 5 LS (o lays
ol o L) S5 b 5 SIS (sl e s
Wsls Gl (10Y8) 0L 5 sl s )r
Sl o e Snged Aol IS s 2 Vs 08
a s IS gl gme o3 AL/VA 5 VV/EQ AYNA
OF) Gl sl 30 3 L) ls 5 Slas 5 b
Sl Sl Seeser Ll ote 6 ronen
OV) s o) 55 b gpewus a STy o (’iJj
35555 55 a0l O s 9 Jds IS el 2l
USL 55 NPK G pme s, olic (slsime 35 5 OA)
el 0 S (V)
5 SO as mel bl Saa b sk o)
Ol e Bl o3 e 3 L) (60 Shas
53 St el e 3 IS 5 St
Sl slabod | htens ool s g Ol g

-)\i;ﬁ‘)}‘-)to:s‘j; 6))5;@4;@)\6\;}}}»69\))4;

W y9,9 S0
O 5 5l Jsad b sV E0Y Sl s
Ao 5 Ol g 5 sladlats ) Glas 5o lass
ol A il = Sitas 53 e B 5l —
s S S T b Sl eslital L s
IS an by dolas LS a5l B s e
gl 53 bl gzl s 3 8 (g3lmesly



Olye 9 31352985 LS, [ 3o yd lug) Sl3R 9 Sy jglg b lagwly (b))

ST sl Joes S plend 5 (K58 Dl gt ) Jx
Table 1. Physical and chemical characteristics of the soil where the experiment was carried out.
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Table 2. Optimum concentration of some macro- and micro-nutrients at different growth stages of bean.
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Figure 1. Meteorological information including the mean temperature and total rainfall during the 2023 crop year.
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Table 4. Comparison of means for the interaction effects of irrigation regime and humic acid foliar application on
proline content and superoxide dismutase enzyme activity in red bean cultivar Yaqout.

) Son gt o odsn U s Ay s Mld
Sl 2 (e s D) (G O3 e8 R dsms S (423 53 p 8 5 dsebes)
Irrigation regime J, ) ) 0 Prolin SOD activity
Humic acid (L ha™) (umol ¢ FW) (mmol - min)

0 2.37% 1.324
il 3l e Ve 2.5 2.42% 1.53¢
100 % water requirement 5 2.58% 1.73b
7.5 2.42° 1.892
0 2.92¢ 1.324
el L Loy A 2.5 3.31° 1.83¢
80 % water requirement 5 3.892 2.12°
7.5 4.03? 2.37°
0 3.444 1.86¢
PN 2.5 3.77° 2.61°
60 % water requirement 5 4.55° 2.83b
7.5 5.4° 3.17°

Al (gols pae LBzl Y0 éa.« s Soslie g (gl yls L;LAL,:QL:‘: Ogw A 3

In each column, the averages with different characters are significantly different at the 5% level.
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Table 5. Comparison of means for the effects of irrigation regime and humic acid foliar application on the content
of soluble sugars, chlorophyll a, b, and chlorophyll index in red bean cultivar Yaqout.

05 ) ol o Sk a S JS ¢S b il

; ; c . . s S yamla
e e (G SsseS 2 (G SsseS 2 (5 isseS 2 Chlorophyll
Treatment Treatment levels Soluble sugar Chlorophyll a Chlorophyll b Index
(mg g' FW) (mg g' FW) (mg g' FW)
uj BRI EE
100 % water 14.11¢ 0.169° 0.129* 43.44*
requirement
Sl s sl A A
b b b b
Irrigation 80 % water 16.55 0.114 0.105 41.96
regime requirement
BRI
60 % water 18.9* 0.091¢ 0.061° 39.95¢
requirement
Sz ol 0 14.31° 0.096° 0.084¢ 39.71¢
O 5> ) 25 16.33° 0.104¢ 0.08° 41.29%
Humic acid 5 17.03% 0.139* 0.102° 42.65%
(Lha™") 7.5 18.42° 0.159° 0.0128* 43.48*

Als (gls aae Bl Y0 cla.w): Ol By, gl ls L;La&:f.}l.f Ogiw A 3

In each column, the averages with different characters are significantly different at the 5% level.
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Table 6- Analysis of variance (mean square) of the effect of irrigation regime and humic acid on seed
macroelement content and grain yield in red bean cultivar Yaqout.

Sk milie o151 a4y £ls G558 £l s w13 ol Gls s Shes
S.0.V df N Seed P Seed K Seed Grain Yield
IS «
i 2 0.00011"s 0.0001 0.00004"s 1738™
Replication
‘L“T 5 TS TS TS EES
Sl ) 2 0.06 0.015 0.61 164923
Irrigation regime (I)
| gl
sl 4 0.00015 0.00006 0.003 1526
Main plot error
&"‘ \ *k ko * k%
=t 0.05 0.003 0.11"% 502681
Humic acid (H)
IxH 6 0.001" 0.00003"s 0.0038" 24264
5 glas
FrE 18 0.0005 0.00002 0.005 2399
Subplot error
Ol pds s
(L) Sl e 2 1.17 0.51 6.06 221

CV (%)

,M:@QL@_}\)X\ j-/,O Jla| CJJAM:)J 6};&.4})‘:;;&.4&_53’\;5-' S>3 f“\“ %JJA.{*&) .

# ns

ns, * and **: Non-significant and significant at the 5% and 1% probability levels, respectively.
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Table 7. Comparison of means for the interaction effects of irrigation regime and humic acid foliar
application on seed nitrogen content and grain yield in red bean cultivar Yaqout.

6JL__;TPJ_)") OLSs 5o 1) Sosen Al (1) «ls 05 5 (J\;‘in)Amf)l:S) als > Sas

Irrigation regime Humic acid (L ha!) N Seed (%) Grain Yield (kg ha)
0 3.9¢ 20104
PBERITR N 25 4¢ 2110¢
100 % water requirement 5 4.14° 2301°
7.5 4.24° 27622
0 3.78¢ 20214
B NERN 25 3.84¢ 2181¢
80 % water requirement 5 3.92° 22830
7.5 4.08* 25132
0 3.524 1907¢
IR 2.5 3.74° 1976¢
60 % water requirement 5 3.86 2110°
7.5 3.96% 23012

Al (g ls s Sl 0 ch.w 53 oslize G ghils (b Sl O gt A s
In each column, the averages with different characters are significantly different at the 5% level.
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Table 8. Comparison of means for the effects of irrigation regime and humic acid foliar application on seed
content of phosphorus and potassium in red bean cultivar Yaqout.

Sl Sl sl (1) «ls jaud (1) &ls poly
Treatment Treatment levels P Seed (%) K Seed (%)
150 doys Vos
o 1.07* 0.98¢
100 % water requirement
(P 150 Ao ys A
S 20 o e 1.05 1.2°
Irrigation regime 80 % water requirement
154 dwys s
oo e e 1.43
60 % water requirement
Son yo 0 1.023¢ 1.07¢
2.5 1.033¢ 1.15¢
e 02 #2) 5 1.049° 1.24°
Humic acid (L.ha") 75 1 .0673, 1.343

Al (gols pae LBzl Y0 éa.« s Soslie g (gl yls L;LA&:QL:« Ogw A 3
In each column, the averages with different characters are significantly different at the 5% level.
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