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Abstract
Background and objective: One of the most critical factors influencing the production of
agricultural products is the proper nutrition of plants. In addition to its positive role in increasing
quantitative yield, it also affects the quality of various products. Roselle (Hibiscus sabdariffa
L.) is a medicinal plant and an annual, short-day, self-fertilizing species sensitive to cold and
frost. More than 300 Roselle species exist worldwide; like other plants, their growth and yield,
both quantitative and qualitative, can be influenced by genetic factors and environmental
conditions. Moreover, due to the importance of the quality of extracted compounds in all types
of medicinal plants, greater care is required when using chemical fertilizers. This study was
conducted to develop a suitable integrated nutritional program using organic and biological
fertilizers to replace chemical fertilizers in Roselle cultivation.
Methodology: The field experiment was conducted using a randomized complete block design
with three replications in Jiroft during the years 2021-2022 and 2022-2023. The experimental
treatments included 14 nutritional sources: control (T4), inoculation with arbuscular mycorrhizal
fungi (T,), application of Azospirillum (T3), simultaneous application of arbuscular mycorrhizal
fungi + Azospirillum (T,), 100% recommended poultry manure (Ts), 100% recommended
chemical fertilizer (T¢), 50% poultry manure + 50% recommended chemical fertilizer (T-), 50%
poultry manure + arbuscular mycorrhizal fungi (Tsg), 50% poultry manure + Azospirillum (Ty),
50% poultry manure + arbuscular mycorrhizal fungi + Azospirillum (Ty), 50% chemical
fertilizer + arbuscular mycorrhizal fungi (T11), 50% chemical fertilizer + Azospirillum (Ty),
50% chemical fertilizer + arbuscular mycorrhizal fungi + Azospirillum (T3), and 25% poultry
manure + 25% chemical fertilizer + arbuscular mycorrhizal fungi + Azospirillum (Ty,). Planting
was done on June 12, and harvesting took place on December 1 in both years. Traits measured
included wet and dry yield of Roselle sepals, anthocyanin content of sepals, and Hunter’s color
indices (L*, a*, and b*). Additionally, to evaluate color quality and purity, three indices-hue
angle (degrees), chroma, and redness—were assessed. Data analyses were performed using SAS
v. 9.1, and means were compared with Duncan’s test.
Results: The findings showed significant differences among fertilizer treatments for all traits.
The highest Roselle sepal yield was obtained from 50% poultry manure + Azospirillum (Tg) and
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50% poultry manure + 50% chemical fertilizer (T), with a 55% increase compared to the
control (T1). The highest dry sepal yield was also observed in 50% poultry manure + 50%
chemical fertilizer (T-), with no significant difference from 50% poultry manure + Azospirillum
(Tg). The highest anthocyanin content, with increases of 36.26% and 34.97% over the control,
was recorded in poultry manure + arbuscular mycorrhizal fungi + Azospirillum (T1) and 50%
poultry manure + Azospirillum (Tg), respectively. These two treatments also produced the
maximum red-green color index values (25.292 and 24.960), color saturation (39.980 and
39.403), and redness (10.769 and 10.282), respectively.

Conclusion: The results indicate that combined nutritional treatments containing poultry
manure and biofertilizers can enhance both the quality and quantity of Roselle sepal yield.
Sepals from these treatments exhibited the highest values for the measured quantitative traits. In
color attributes, the highest values were also obtained from poultry manure and biofertilizer
combinations. Therefore, integrated nutritional treatments involving these fertilizers appear to
be a suitable alternative for reducing chemical fertilizer use while improving both the
guantitative and qualitative yield of Roselle.
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Table 1. Meteorological statistics of the study area during two crop years
Average maximum Average Average maximum Average total Average total sunshine
Year temperature temperature relative humidity evaporation hours
(o) (o) (%) (mm) (h)
2021-2022 38.48 32.61 39.50 293 219.53
2022-2023 38.74 32.93 37.44 323.86 237.35
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Table 2. Characteristics of the farm soil in depth of 0-30 cm during two crop years
Total Organic Available Available
Year EC (dS.m’ pH nitrogen matter phosphorous potassium Texture
) (%) (%) (ppm) (ppm)

2021-2022 15 7.1 0.027 0.34 21 100 Loamy-Sandy
2022-2023 1.8 7.5 0.075 0.52 22.4 145 Loamy-Sandy
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Table 3. Chemical properties of poultry manure used in the experiment
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Table 4. Bartlett test (Chi-Square values) results for variance homogeneity of Hibiscus sabdariffa traits during two
consecutive crop years

Chi-Square
Sepal Sepal Sepal Lightness Blue- Chroma b/a Hue Redness
fresh dryyield anthocyani () Greenness  Yellowness angle
yield (kg.ha®)  ncontent (b)) (degree)
(kg.ha™) (umol.g*
dry matter)
Year 0.076™  0.021™ 3.28™ 2.01™ 5.35" 1.76™ 126" 3.56™ 3.47™

" and ": not significant and significant at 5% probability level, respectively.

(P Jsas) as Jols (Ty) wale 51 ol ol onzeS
50% ) Llas 3l e S S8 s Sas ol Slos
S 4 cus Ll 3l as s ¥4/F0 L T7 (PM+50%CF
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Table 5. Combined ANOVA of nutrition effects on Hibiscus sabdariffa traits during two consecutive crop years

M.S.
S.0.V. Sepal fresh yield Sepal dry yield Sepal Lightness Red- Blue- Chroma b/a Hue angle Redness
d.f. anthocyanin () Greenness Yellowness
content @) (b
Year 1 524204.500™ 2571.340™ 0.010 1.666" 22.872" 0.203" 68.846" 0.0003™  0.759" 0.015™
Block (Year) 4 1485797.162 969.462 0.001 3.843 3.201 0.021 9.397 0.0002 0.701 0.272
Nutrition 13 30932597.390™ 512720.571" 0.031” 14.156™ 35.620™ 0.267" 104.483™ 0.0042™  13.190™ 13.814™
Year x 13 452871.549™ 1997.513™ 0.002"™ 2.637"™ 3.330™ 0.032"™ 10.110™ 0.0002"™  0.713™ 0.698"™
Nutrition
Experimenta 52 834443.380 2236.541 0.002 3.233 3.463 0.036 10.595 0.0018 0.585 0.483
| error
C.V. (%) - 8.27 3.79 8.10 8.19 8.67 7.00 9.76 10.41 10.27 8.70

and " not significant, significant at 5, and 1% probability levels, respectively.

ns. *
[
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Table6. Means comparison of nutrition effects on Hibiscus sabdariffa traits during two consecutive crop years

Sepal fresh Sepal dry Sepal Lightness Red- Blue- Chroma b/a Hue angle  Redness
yield yield anthocyanin (L) Greenness  Yellowness (degree)
(kg.ha™) (kg.ha™) content @) (b))
(umol.g™ dry
matter)
Year
2021-2022 10962.717° 1252.664° 0.483° 22.093° 20.948" 2.682° 32.441° 0.132° 7.537° 7.981°
2022-2023 11120.7122 1241.599% 0.506° 21.811° 21.991° 2.781° 34.252° 0.129° 7.347° 8.008°
Treatment

T, (Control) 6499.717" 874.500° 0.385¢ 24.080°% 16.175° 3.155° 24.424° 0.197° 11.154°  5.142¢

T, (AMF) 8810.908° 888.800" 0.415 23.352% 18.920% 2.901%°¢ 28.947% 0.153° 8.725° 6.526'

T; (AZ) 10298.66%¢ 1029.050f 0.431%9 23.205% 19.755%° 2.892%¢ 30.390¢  0.148"™ 8.402" 6.833°f

T4 (AMF+ AZ) 9399.683%¢ 1028.133 0.465% 22.758%¢ 20.230"¢ 2.852%°¢ 31.180°¢  0.141% 8.046" 7.112%f

Ts (100%PM) 13296.980% 1466.392° 0.577% 20.184"¢ 23.550% 2.599°¢ 36.931®  0.112%f 6.363%" 9.127°

Te (100%CF) 11035.110%¢ 1225.675° 0.412% 23596  20.127"¢ 2.958% 31.033°¢  0.148" 8.401%° 6.829°

T (50%PM+50%CF) 14252.06° 1729.842° 0.544%*¢ 21279 22.940°° 2.539% 35.823*¢  0.111°f 6.314°%f 9.049°
T (50%PM+AMF) 9891.475%¢ 1007.05 0.518"¢ 22.023*¢  21.181"¢ 2.729™¢ 32.816"¢  0.130"¢ 7.426"%  7.762°F
To (50%PM+ AZ) 14464.45° 1656.233% 0.592° 19.005* 25.292° 2.375¢ 39.980° 0.094f 5.504"  10.769%
T10(50%PM+AMF+ AZ) 11989.27" 1490.317° 0.604° 19.362% 24.960° 2.434° 39.403° 0.098°f 56257  10.282°
T11 (50%CF+AMF) 9342.025 1003.933f 0.465%f 22.35279  20.835"¢ 2.748¢ 32.231°¢  0.133"¢ 7.596"¢ 7577
Ti, (50%CF+ AZ) 10655.330°" 1320.183° 0.469%" 22.209*¢ 22.186%¢ 2.718"¢ 34.540*¢ 0.123°* 6.988°¢  8.188"¢
Ti3 (50%CF+AMF+ AZ) 11989.270™ 1160.317¢ 0.491°¢ 22.132%¢ 21,513 2.706"¢ 33.357°%  0.126% 7.169% 7.989"*
T1s (25%PM+25%CF+AMF+ 13444.380% 1579.417° 0.561%¢ 21.791%¢  22.914%° 2.635"¢ 35.801%¢  0.115% 6.581%" 8.749"

AZ)

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
Control: no fertilizer and microorganism application, AMF: Arbuscular mycorrhizal fungi, AZ: Azospirillum, PM: poultry manure, CF: chemical fertilizer



e S8 K caS 5 s Sas b

J.;L o b*ua_é-\.: Ol &S 0l gl (=l Jad 5o
Juo 5 (P<e/4)) s Qe mle sl a5
ol bl 3 &S ws a3 8 15 (P<-/0)
Sl Sl aSo,sba el b Ll Lasls
ol Blos 5wz s e glads [l jo j2sls o)
s To (BO%PM+AZ)  dak ads sbyls

(5 Jsus) sl sy Tio (50%PM+AMF+AZ)

o eanlie pgd Ju s b*uﬂ-é'u SlAie op il e
(7 Joax)

(L) K, wus Lasls

93 2 53 (0 Joas) besls il ly 4 5w cb s
» o sl Soels K cas ol =y Jeab
ssba s e, LBa Gl (lads @\.:.4 slalas
AP<e/40) wisly plas Odes) wele 4y cas (6)ls sixe
ol 51 Sl K5 wad ol cn i 4565 5ba
Jol> Tig (50%PM+AMF+AZ) 5 Ty (50%PM+AZ)
i ednlae wals Sl 5o Ly S gl oS 5 as
D5 e e 515U oo Lasle l laie (8 i)
Jsaz) o5 i Ky Sad )l TR WP
(F

22 &l

Jad g3 2 0 (0 o) esls sl 4
Gl wle bl Sbime b Sl (sl
sl esle 1 LPSH/0)) s e ol laiss
X5 s Ay ol Bosse ba,sst i
Soed sl Slas as b e 25 sl Sﬂ\s
55 55 o) ol il 5wl ey wale o Sl
(50%PM+AMF+Az) 5 Ty (50%PM+Az) L
(7 Joaa) as samlias Ty

S lS 5305 a3l
O Joaz) Lesls Luilly a0 c\-v ol

120

S Capo W] -2
35 2 53 (0 Jyax) besls uiloly 452 s Gl
Sy ol i Giline gl S el b
P</\) 5y Shsgme 25 sl SlS il sl
3 ol S kS 5 il 53T (S sime ol Sl
GOUPMAAMF+AZ) oS5 o les

Gao,s YE/AY 5 YE/YS 5L 5 T (50%PM+A7)

s Tu

o) e cpieS 5 del oy (35S 2 u8 pae) ol 4 s
ol opzen (5 Jsds) a2 saalie mals s 55 ol
ol 3 T Il sty s 2 e 55 il 55T 6l g

(7 Jsaz) by ol

S ls K s asls
(S, ki, WL Lasls

A 53 (0 Jsaz) besls Guilly as b el
sla S8 K, plis, pasle (sl Jab oo
38 lads e b S s i
oyl 5l K @dsy ol Sl (P<-/41)
(BO%PM+AZ) [l s Laxls o) ol J8las 5 sl
(F Joae) o sanlin Ty

(508 b 5 sli) @ pa5la

23 (0 Jsas) Wasls (bl 4520 51 Jols c\-u
2l dilire wle b5 S el Jab 5
e (P<e/oN) sl 5 sle Sl jasls
To (BO%PM+AZ) .S 5 slales 51 Lasle oyl ol
2l 5 ol ol oS s Tro (50%PM+AMF+AZ)
A exls gl o Jl 3P Joas) as Jols
o) e Ssyba (0 Jpam) (P<-/-0) ad Lls ine
Jsaz) sal s Jo) Sl 5l Sk pgd Jle 5o el
£

(5,56 oI slo) b pasls
A 53 (0 Joax) besls (bl 4529 51 Jols s



2

Sl S ay pliE Lole (in sl cpols
oosS cnl Sheslamal ol oo cnl 2l 058 o0 e 1)
25 Gt sbasS Gl el Rl ol 4
el sbagS Ol o)l Ll gl
sAd sy s Al oSy plis C’L"’ R R R
eyt A 4 owizmen ((Olaniya et al., 2010) ¢l
st 4 eat oslind oS 5 5les o sl s3] 352
G el 50 AWilE s eSSl el S
My s el jole 5 o) Gis 4 KSL o5, 8
Azarnia et al., ) byl 35 5 as, slbrgse, e
23,8 Cash |y 25 sla oS S 5 oS as, (2015
oble woolasl 5 Shae 2158l &y s0 4 ol Az oS
SAL 03 geed 252 L ocnl n oedle i ous
o @L”)WT SelS ol 5 cad L rf\e.wﬁﬂ
orl o3 Olsmsan,y crl 5L ) e 4 e 4
o 2 slse ol QU5 pas (i Sl
laet s S G ae plpe S s wlg e ol
oL 5 Marashi . » cu V.| VR R
2, S N NPEIIE oS 5 Shas L3l 56 (Y410)
4 Sl (B0 355 5 s 35S oS5 )8 Ll s

S gl bl sl

S lS il 55T ) gime
5w gk s Jes olSs bipsbes]
S s u_aLf wsl sbadale 5l gles w8
@T DN R S BT R PTYE I PH P
Alappat ) 52 o bosw 5 Sloy e a IS glsl o
Gz 5LS 3 S 5 ol o e (& Alappat, 2020
Lo o glie slpe wibe alise b b cow
Nowruzi et al., ) ¢l L5 56 5 o) 4 ol o zus
clanl 3 cyluas as S ‘Jﬁ“a sols 4 (2017
sl oo oS s 550 slee cxle s 3 Jele Ry
S ke ey BB ol e & slse cp) CuS 5 S U
ol oLE e mws o i ole Dol asle Jalse

¥ oolet Y ale ) e s sl oS Slidies anlias

osba oy Jad 5o (b s Sl g b pasla
Sk At i dlse ol 51l e
solas 5l jasle Gl olhe e (P</40Y)
Jols Tip (50%PM+AMF+AZ) 5 To(50%PM+A2)
Ao ld s g e le ol S s

{7 Joaa)

s 5 5 Sl s Shes
2 oGleds Gl wle S e 5o ol
S0 r2 k308 5 b e OWSae (K5
Jdo 4 ads glaan pp mlBl (obes slaosS gyl
Glabs s a8 5 plie ole 4y, 0 G
2 Aaaes s S el 1 el claplses
X3S ol sosleS olads Bl sl g,
St Mg S 5 (S 2 Sas s izer
& Songp dewl 5 ploand (ald 355 S 5 sl
3,8 5 adlas s (Zare et al., 2020) s 8 ik
sSee 5oad, el JT slaasS Skl
Al 5t 5,0 & comd 25 sle CuiS 5 S S
Akanbi et ) el sus 3155 e o5l e 4 s 3
S ois, s s Ses ol o Lo (@l 2009
Sl s el GlbassS adli Gae s ols Sl
o G 0lsie 4 Al Co pae &S sus adis
lard GaasS B pae ol (a8 ibie g noe
5 b Lol Wl i gl ) 68
ol calg oo s oL Glads oils (e )
Javanmard & Shekari, ) s,ls JLs 4 |, s Shas
e ol Gty s 4 a5l iy ol 5o (2016
T7 (50%PM+50%CF) _iik sla,lag cute 56
sl S8 s s ol » To (50%PM+ AZ)
o FV/Ye 5 FA/YO 3l e s 2
S oS ol olsiee b 4 Cod Cho ) Ol
O35 Dls edle (B e 058 )@)\Mrﬁ 23lg 5 ealan]



e S8 K caS 5 s Sas b

S ls K sleasls
Wl golime Jolse (gioolesS Cllize OV pame o
Cupde 5 dedoss 55 2 53 Jpama 35 I3
9 u-<3) ol cale 5 wilge oLl s
Nikkhah et ) wal 536 sas Wy Jyame 8K,
el s o e 3 b, saSslul Jele (al., 2008
b oln sl (Ol e 5 s LS 51 ol o
S Glaes 5 bads ol 4 Gl & azes
o5 5 50 oSyl é‘ﬁﬁ Al e b LSS
5 St ol Gl s es 4l el
5 e Lot paal 3 aSasb e s b 4 e o)l
5 Jsame St Sl Bl cose Al i ladis
Sz b st oge K55 ol sl olime s
gfw-w—“ 39y b OV Sl ol 5o was ol
S5, s, el u“Ler Ol om (it
A sboanle Lo e ole ol ol o e Bl
4 am g Lol sas s (RI) ogme Ky 5508 5 Ly S
AU e ol sl adlae s alie sbaasl
o s Je ALK, dreg ol i ole
G5 sl Sl s ol Gl Gl s sl s3]
ol > (Mohammadpour Vashvaei et al., 2017)
oS wi, cwlie Lyl o eal s an, o b4 g
5 To BOUPM+AZ) S5 lads slasles o

clie olis oS5 s 4 Ty (50%PM+AMF+AZ)
oS Scdlas 55 b s 255 Lol en als 58
e Ll Bl oliE ol 55 s 5 S s auke
035 YL Sssbay sl Jlis 4 1) bS8 il 5]
Jols 8 lS 5o s sl 5 b7 LT J2sls ol
258 B85 5, P Lis s 5wl ks
Jyame oAl &gbpf 5 LS 8 K, el samsgles
S5 sladm gl 3l Jols Jsame 4 o
b*uz"-\-é'& 2o 5o Vb sl e s Qﬂ sl sS
o3,y S is Jols 5 Wsad (63,5 ol saaaplas &S
sl » o (Fallahi et al.,, 2017) cul Lis,s oS

fv.

sanlie 53 sy ool Lo J(Khalil et al., 2020)
Sladin sl 5l ol sl Gls gl Slas
(50%PM+Az) 5 Ty (50%PM+AMF+Az) .S 5
23 Jses S /0AY 5 /80 Lol Lcs s 4 T
ndx 58 Fhe i s plas (Sas S8 S
oS s Shae Gl s s JI sleasS s
ol 4o S s Jpame CobS o 5 S sl
(Nemati et al., 2015) liime sle s 5olas « S0
Nl oo ot oalimal (£ 0 35S (S5 des e By
SeaSrd e 0dSUl 0lse s 53 5 LA
Saly amals Jpame ol sl ol SRl Bl 5 oland
oS s Hamedi ., » e b kel ans ol
Soolse S e (YeYN) ALFAMI 5 (Y-YY)
omilel CelS y CanS (al ) o 4 s eoland
@l lely orizes sl il gl 5 £ w8
Spms My B 4 iasn cpl Lo sad saslis
JrosSeb )ng-wy.j C)\-‘" 2 rr\e.mw)ﬂ s SL
ol s SB edols Lyl e el aly
- QT JUis 4 a8 05,8 bl |, olS 5L 5,5 =l
5 ey g5 58 oelbeysl 4l cd b ol
oL u’é‘)\j—f FITS I C\“ el
555 5 sals 558 s Slas o, 5l sl gl ol
s il (Y A) o, 5, Gomaa Ly e
ol 3l samsglas 50 (Y- F) of,Ks 5 Shabahang
slaslas oo By agsl oS eilel aS 5 oS
s sl YSasl 206 als 058 il
3 ol slos ole 5o b L5 sk o
oSl 51 25 ol s e (il ) g sl
Wingler et ) cul sals olas oS ool 5o 1, oS5 o)
Wi il 3l a8 oelel oyl @l 2020
sl S 5l Jols g8 nlS s il 5351 0555,
oSl Gl B 51 b Bl e o pes e 0 g
o5 eSS ol Sl a4 s () Joam) Lme gles

sl ol Jols sl



VA

Ay S L sAS0 e by Jsame 2ad
S Ol Il s U a4 e
wles 35 5 (2l il e 0ss s K Sl pas e
AV doam) asl pos Sl 5o LS 5 eas 5ol Jlasl
S ran W5 e 8 6l ol il 125
S it s 4 352 oleml Glgme lie o
I O NI IR0\ O W W]
s L LS, 4 by (K Glasls
P
ol cnS Gl oboslaS (i Ly Sl
o gl Hshte 4 B Ol bl p ki (o)l
Al o Jgame CudS 5 CaS il 8l 5o S5 s 2,
oS oS5 Sae Il 4 an g el (ol )
Jpame s plb S it SU iy sl s)ls
Ko o by a5y s ol R VTR W P
RANPTSIENE-SPRE JPAPLY O e R P N
K, S 2 55 Jelse b)) cwenl dewd Jsame
2 oy ol bl eols (Bl 58 ), s
Cos i sle SelS K S 5 o Shas P155)
ol Ll s b d e sl gt o lads gl sU
ol e glaglinss 5 0 8 Sl slaplinls b Sas
55 5 To B0%PM+AZ) S5 [las 5l solinal oS ol
Ol ede AMF Ll ol el Slio &
o] ol Nl ol al oS s Shes 1)
,_,‘;.%\J'é\);ij) ConS 3 5ngp o 00l L2l 81 501, thj.:.w\s
S dels Slaalas Luls sl 1) Jsame gatal5b
o215 0 s s Il ssS e i 4 cadla
o olaes @l ol linsse olie e el sk
bl e s (25058 Dok 5 oS 5 S Slas
SLS 5 4 Cud Sume lansS 5l eolimal &5 s » )l
el gl s 4 Wl owzls g mS ans I
PRIRW P aS Ry -12\,-“ A\ P B R WOR LAV S
38 (i lads gl Sl el o0
B IBLEE rr\e.mw)ﬂ s Fr S S sl

¥ oolet Y ale ) e s sl oS Slidies anlias

VY - VR [ OV Py L L P S Y
LSl alb K Lis ol ol Lam ) e,
ol e 0l ey el G5 2 sl o
Js 4 (0ale) 5,8 658 a5l pae Ll s s Yl
ol S LS 5l syse pldE sl 5sS
di Jols Jpame ol cwaS 2ol 5 csls!
5 A Lexle ol oS saslie ol Jlis 4 &5 col
L oalbee s o3 3l Lo BT Lasle Slade oy 5YU
6 e (B 1S el i ol
o2 ls ol 2l s el sl ol 28 s
2 S5 8 SLalS, ol a5 Jols b
(Da-Costa-Rocha et al, 2014) sl S, .\
I P B S E T P R -
SUHa,l 5ol s sl s L™ b" slaasle sl oo
sanlin iy, K5 b Pl 4 Cas S0 B S\
ol @l bl ol b (Khademi et al., 2022) s S
Condy S 5alS s il sl ol 215G e
Wil sp o ol gl 5l Jols (LS Lls K
» K ey sa Sy sbasle S, 5ba
s To (BO%PM+AZ) LS5 sl
sbasls 5 oloe op i Tio (50%PM+AMF+AZ)
Oole apamals Sl oS s 4l 5 B
ozl (5358 SLSH Hle 4 cod byles ol S0
b a s LU S Wy 6555 OV e i
i ool ssl Gl e lades calis mle
ol s a pasls wle K slagasle ol oy
il S5 Rl kil 5 S8 K
ol e polie 550 G3b Bl5 e JT 5 e S
saalin ozl o058 slasleg cpl cov LS S5 S5
5 oobmstl Ol Al sms 4 Ay b oans )
~ (Naderi et al., 2015) ol S)s b (550 3 jasla
Wl SSsbsm s S slassS SKle ol oen
WJyame cnl (o5 5 Shoe olime I3 5 osde colg o
2 e S parle ol LSS K, Bl



- Alizadeh, M.B., Makarian,

e S8 K caS 5 s Sas b

5 dsame o SN, case oS s i

Ky QT Gx s 5L il

References
- Abdelhafez,

O.H., Othman, E.M., Fahim, JR.,
Desoukey, S.Y., Pimental-Elardo, Sh.M., Nodwell,
J.R., Schirmeister, T., Tawfike, A. and
Abdelmohsen, U.R., 2019. Metabolomics analysis
and biological investigation of three Malvaceae
plants. Phytochemical Analysis, 31(2): 204-214.
https://doi.org/10.1002/pca.2883

- Ahmed, Y.M., Shahlaby, E.A. and Shnan, N.T., 2011.

The use of organic and inorganic cultures in
improving vegetative growth, yield characters, and
antioxidant activity of roselle plants (Hibiscus
sabdariffa). African Journal of Biotechnology, 10:
1988-1996. http://dx.doi.org/10.5897/AJB10.876

- Akanbi, W.B., Olaniyan, A.B., Togun, A.O., llupeju,

A.E.O. and Olaniran, A. 2009. The effect of organic
and inorganic fertilizer on growth, calyx yield and
quality of Roselle (Hibiscus sabdariffa L.).
American-Eurasian ~ Journal ~ of  Sustainable
Agriculture, 3: 652-657.
https://worldveqg.tind.io/record/50061#files

- Al-Amri, S.M., 2021. Response of growth, essential

oil composition, endogenous hormones and
microbial activity of Mentha piperita to some
organic and bio-fertilizers agents. Saudi Journal of
Biological Sciences, 28(10): 5435-5441.
https://doi.org/10.1016/j.sjbs.2021.06.094

- Alappat, B. and Alappat, J., 2020. Anthocyanin

Pigments: Beyond Aesthetics. Molecules, 25(23):
5500. https://doi.org/10.3390/molecules25235500
H., Ebadi Khaziane
Ghadim, A., lzadi-Darbandi, E. and Gholami, A,
2019. The effect of organic and biological fertilizers
on the quantitative and qualitative characteristics of
saffron (Crocus sativus L.) in the climate of Ardabil
region. Saffron Agronomy and Technology, 7(2):
227-244.
https://doi.org/10.22048/jsat.2018.109405.1274

- Azarnia, M., Safikhani, S. and Biabani, A., 2015. The

effect of bio-fertilizer on crop vyield, sustainable
agriculture, and organic farming. Journal of Bio
Safety, 2: 85-97.
https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.9
.6

- Babu, D.N. and Mehera, B., 2022. Influence of iron
and bio-fertilizer on growth parameters and yield of
baby corn (Zea mays L.) Prayagraj condition.
International Journal of Environment and Climate
Change, 12(10): 830-836.
https://doi.org/10.9734/ijecc/2022/v12i1030870

- Begum, N., Qin, C., Ahanger, M.A., Raza, S., Khan,

M.l., Ashraf, M. and Zhang, L., 2019. Role of

vy

A2 5 «.}"b ‘ﬁ)ﬁgik-" )\jjg-ﬂy,j C)Le gl )3 Slaw
5 ph sy Olasmaans 5 (Fe 055 2y il e
ol el b Bl sl Syl o

arbuscular mycorrhizal fungi in plant growth
regulation: implications in abiotic stress tolerance.
Front Plant  Science, 19(10): 1068-1079.
http://dx.doi.org/10.3389/fpls.2019.01068
Cely, M.V., De Oliveira, A.G., De Freitas, V.F., De
Luca, M.B., Barazetti, A.R., Dos Santos, |.M. and
Andrade, G., 2016. Inoculant of arbuscular
mycorrhizal fungi (Rhizophagus clarus) increases
the vyield of soybean and cotton under field
conditions. Frontiers in Microbiology, 7: 1-9.
https://doi.org/10.3389/fmich.2016.00720
Chattopadhyay, A., Mukherjee, A. and Hore, J.K.,
2017. Nutrient management of dill (Anethum sowa
L.) through organic and inorganic management.
Journal of Crop and Weed, 13(2): 102-105.
https://www.cropandweed.com/archives/2017/vol13i
ssue2/13-2-19.pdf
Chowdhury, T., Chowdhury, M.A.H., Qingyue, W.,
Enyoh, C.E., Wang, W. and Khan, M.S.I., 2021.
Nutrient uptake and pharmaceutical compounds of
Aloe vera as influenced by integration of inorganic
fertilizer and poultry manure in soil. Heliyon, 7(7):
64-74. https://doi.org/10.1016/j.heliyon.2021.e07464
Da-Costa-Rocha, L., Bonnlaender, B., Sievers, H.,
Pischel, 1. and Heinrich, M., 2014. Hibiscus
sabdariffa L. A phytochemical and pharmacological
review. Food Chemistry, 165. 424-443.
https://doi.org/10.1016/j.foodchem.2014.05.002
Darakeh, S.A.S.S., Weisany, W., Diyanat, M. and
Ebrahimi, R., 2021. Bio-organic fertilizers induce
biochemical changes and affect seed oil fatty acids
composition in black cumin (Nigella sativa L.).
Industrial Crops and Products, 164: 1-8.
http://dx.doi.org/10.1016/j.indcrop.2021.113383

- Dorianizadeh, M., Ghasemnezhad, M. and Sabouri, A.,

2017. The correlation between fruit mineral nutrient
content and apple fruit cv. Red. Delicious peel
pigmentation. Iranian Journal of Horticultural
Science, 48(3): 565-574.
https://doi.org/10.22059/ijhs.2017.203180.979
Fallahi, H.R., Ghorbani, M., Aghhavani-Shajari, M.,
Samadzadeh, A., Khayyat, M., Maraki, Z. and
Asadian, A., 2017. Effects of irrigation management,
mycorrhiza inoculation, and humic acid application
on color characteristics of roselle (Hibiscus
sabdariffa L.) dried sepals. Environmental Stresses
in Crop Sciences, 10(4): 571-582.
https://doi.org/10.22077/escs.2017.113.1029

Fang, J., 2015. Classification of fruits based on
anthocyanin types and relevance to their health
effects. Nutrition, 31(11-12): 1301-1306.
https://doi.org/10.1016/j.nut.2015.04.015



https://doi.org/10.1002/pca.2883
http://dx.doi.org/10.5897/AJB10.876
https://worldveg.tind.io/record/50061#files
https://doi.org/10.1016/j.sjbs.2021.06.094
https://doi.org/10.3390/molecules25235500
https://doi.org/10.22048/jsat.2018.109405.1274
https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.9.6
https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.9.6
https://doi.org/10.9734/ijecc/2022/v12i1030870
http://dx.doi.org/10.3389/fpls.2019.01068
https://doi.org/10.3389/fmicb.2016.00720
https://www.cropandweed.com/archives/2017/vol13issue2/13-2-19.pdf
https://www.cropandweed.com/archives/2017/vol13issue2/13-2-19.pdf
https://doi.org/10.1016/j.heliyon.2021.e07464
https://doi.org/10.1016/j.foodchem.2014.05.002
http://dx.doi.org/10.1016/j.indcrop.2021.113383
https://doi.org/10.22059/ijhs.2017.203180.979
https://doi.org/10.22077/escs.2017.113.1029
https://doi.org/10.1016/j.nut.2015.04.015

fvy

- Farashiani, M.E., Alinejad, M. and Zamani, S.M.,

2021. The destructive effects of chemical fertilizers
on nature and living organisms. Environment and
Interdisciplinary  Development, 5(70): 61-68.
https://doi.org/10.22034/envj.2021.181319

- Ganjali, H.R., Deljoo, A., Azizian Shermeh, O. and

Lakizahi, M., 2017. Growth and yield characteristics
of roselle (Hibiscus sabdariffa L.) affected by
different rates of nitrogen, phosphorus, and
potassium in Saravan, Iran. Agroecology Journal,
13(1): 27-35.
https://doi.org/10.22034/aej.2017.531118

- Ghamari, H., Shafaghkolvagh, J., Sabaghpoure, S.H.

and Dabbagh Mohammadi Nassba, A., 2016. Effects
of chemical and biological fertilizers on some
morpho-physiological traits of purslane (Portulaca
oleracea L.) and dragon’s head (Lallemantia iberica
Fisch. and C.A. Mey) cultivated under an
intercropping system. Notulae Scientia Biologicae,
: 112-117.
http://dx.doi.org/10.15835/nsh.8.1.9755

- Gomaa, A.O., Youssef, A.S.M., Mohamed, Y.F.Y. and

Abdallah, M.S.A., 2018. Effect of some fertilization
treatments on growth productivity and chemical
constituents of roselle (Hibiscus sabdariffa L.)
plants. Scientific Journal Flowers and Ornamental
Plants, 5(2): 171-193.
http://dx.doi.org/10.21608/sjfop.2018.18128

- Hamedi, B., Ghasemi Pirbalouti, A. and Rajabzadeh,

F., 2022. Manures, vermin compost, and chemical
fertilizers' impacts on the vyield and volatile
compounds of the damask rose (Rosa Damascena
Mill.) flower petals. Industrial Crops and Products,
187(1): 1-13.
https://doi.org/10.1016/j.indcrop.2022.115470

- Hammad, H.S., Al-Mandalawi, A.A.M. and Hamdi,

G.J., 2019. Effect of manure on growth and yield of
broccoli. International Journal of VVegetable Science,
25(4): 400-406.
http://dx.doi.org/10.1080/19315260.2018.1543223

- Heydarzadeh, S., Jalilian, J., Pirzad, A.R. and Jami, R.,

2018. The effect of biofertilizers on some
quantitative and qualitative characteristics of vetch
maragheh  (Vicia sp.) under rainfed and
supplementary irrigation. Journal of Agricultural
Science and Sustainable Production, 28(3): 187-208.
https://sustainagriculture.tabrizu.ac.ir/article 8069 ¢
c1d375f396e2dfd8cc3d3653690efe4.pdf?lang=en

- Hoover, N.L., Law, J.Y., Long, L.A.M., Kanwar, R.S.

and Soupir, M.L., 2019. Long-term impact of
poultry manure on crop yield, soil and water quality,
and crop revenue. Journal of Environmental
Management, 252: 109582.

- Houghton, A., Appelhagen, I. and Martin, C., 2021.

function in
726-748.

Natural blues: Structure meets
anthocyanins. Plants, 10(4):
https://doi.org/10.3390/plants10040726

¥ oolet Y ale ) e s sl oS Slidies anlias

Hossain, M., Jahan, I., Akter, S., Rahman, N. and
Rahman, S.M.B., 2015. Isolation and identification
of Azospirillum isolates from different paddy fields
of North Bengal. Indian Journal of Research in
Pharmacy and Biotechnology, 3(1): 74-80.

- Javanmard, A. and Shekari, F., 2016. Improvement of

seed vyield, its components, and oil content of
sunflower (Helianthus annuus L.) by applications of
chemical and organic fertilizers. Journal of Crop
Ecophysiology, 1(37): 35-56.
https://journals.iau.ir/article 521183 08935¢124d19
77e0e1a6f738a48f7175.pdf
Karagiannidis, N., Thomidis, T. and Filotheou, E.P.,
2012. Effects of Glomus lamellosum on growth,
essential oil production, and nutrient uptake in
selected medicinal plants. Journal of Agricultural

Science, 4(3): 137-144.
https://doi.org/10.5539/jas.v4n3p137
Khademi, O., Vazifeshenas, M.R. and Erfani

Moghadam, J., 2022. Investigation of quantitative
and qualitative characteristics of some commercial
pomegranate cultivars in Yazd climatic conditions.
Journal of Food Science and Technology, 19(127):
395-407.
http://dx.doi.org/10.22034/FSCT.19.127.395
Khalil, N., El-Jalel, L., Yousif, M. and Gonaid, M.,
2020. Altitude impact on the chemical profile and
biological activities of Satureja thymbra L. essential
oil. BMC Complementary Medicine and Therapies,
20(186): 1-11. https://doi.org/10.1186/s12906-020-
02982-9
Khalil, S.E. and Abdel-Kader, A.A.S., 2011. The
influence of soil moisture stress on growth, water
relations, and fruit quality of Hibiscus sabdariffa L.
grown within different soil types. Nature and
Science, 9(4): 62-74.
https://www.sciencepub.net/nature/ns0904/ns0904.p
df
Li, C., Sun, Y., Zhao, D. and Tao, J.,, 2015.
Relationship between major mineral nutrient
elements contents and flower colors of herbaceous
peony (Paeonia Lactiflora Pall.). Journal of Food
Science and  Technology, 7(5): 374-382.
http://dx.doi.org/10.19026/ajfst.7.1327
Mahbubul Islam, M.D., 2019. Food and medicinal
values of roselle (Hibiscus sabdariffa L. Linne
Malvaceae) plant parts: A review. Open Journal of
Nutrition and Food Sciences, 1: 014-020.
https://www.medtextpublications.com/open-
access/food-and-medicinal-values-of-roselle-
hibiscus-sabdariffa-1-linne-121.pdf
Marashi, S.J., Niknejad, Y. and Fallah Amoli, H.,
2015. Comparison of the impact of bio-fertilizers on
agronomic characteristics, livestock, and medicinal
Salvia officinalis. Biological Forum - An
International Journal, 7(2): 1585-1588.
https://www.researchtrend.net/bfij/bf12/250%20HO
RMOZ%20FALLAH%20AMOLI-F.pdf



https://doi.org/10.22034/envj.2021.181319
https://doi.org/10.22034/aej.2017.531118
http://dx.doi.org/10.15835/nsb.8.1.9755
http://dx.doi.org/10.21608/sjfop.2018.18128
https://doi.org/10.1016/j.indcrop.2022.115470
http://dx.doi.org/10.1080/19315260.2018.1543223
https://sustainagriculture.tabrizu.ac.ir/article_8069_cc1d375f396e2dfd8cc3d3653690efe4.pdf?lang=en
https://sustainagriculture.tabrizu.ac.ir/article_8069_cc1d375f396e2dfd8cc3d3653690efe4.pdf?lang=en
https://doi.org/10.3390/plants10040726
https://journals.iau.ir/article_521183_08935c124d1977e0e1a6f738a48f7175.pdf
https://journals.iau.ir/article_521183_08935c124d1977e0e1a6f738a48f7175.pdf
https://doi.org/10.5539/jas.v4n3p137
http://dx.doi.org/10.22034/FSCT.19.127.395
https://doi.org/10.1186/s12906-020-02982-9
https://doi.org/10.1186/s12906-020-02982-9
https://www.sciencepub.net/nature/ns0904/ns0904.pdf
https://www.sciencepub.net/nature/ns0904/ns0904.pdf
http://dx.doi.org/10.19026/ajfst.7.1327
https://www.medtextpublications.com/open-access/food-and-medicinal-values-of-roselle-hibiscus-sabdariffa-l-linne-121.pdf
https://www.medtextpublications.com/open-access/food-and-medicinal-values-of-roselle-hibiscus-sabdariffa-l-linne-121.pdf
https://www.medtextpublications.com/open-access/food-and-medicinal-values-of-roselle-hibiscus-sabdariffa-l-linne-121.pdf
https://www.researchtrend.net/bfij/bf12/250%20HORMOZ%20FALLAH%20AMOLI-F.pdf
https://www.researchtrend.net/bfij/bf12/250%20HORMOZ%20FALLAH%20AMOLI-F.pdf

e S8 K caS 5 s Sas b

Mardani, O. and Nadi, F., 2018. Comparison of the

effect of convection drying and osmo-convection
drying on drying behavior and color indexes of
peppermint leaves. Journal of Food Science and
Technology, 15(82): 405-420.
https://fsct.modares.ac.ir/article-7-13131-en.pdf
Mohammadpour Vashvaei, R., Ghanbari, A. and
Fakheri, B.A., 2017. Effect of bio-fertilizers in
combination with different rates of chemical
fertilizers on the growth characters and sepals yield
of roselle (Hibiscus sabdariffa L.). Journal of
Agroecology, 9(2): 276-295. (In  Persian)
https://doi.org/10.22067/jag.v9i2.37186

- Mousavi, S.M., Srivastava, A.K. and Cheraghi, M.,

2023. Soil health and crop response of biochar: an
updated analysis. Archives of Agronomy and Soil
Science, 69(7): 1085-1110.
https://doi.org/10.1080/03650340.2022.2054998

- Naderi, B., Maghsoudlou, Y., Aminifar, M., Ghorbani,

M. and Rashidi, L., 2015. Investigation on the
changes in color parameters and turbidity of
cornelian cherry (Cornus mas L.) produced by
microwave and conventional heating. Nutrition and
Food  Sciences Research, 2(4): 39-46.
https://nfsr.sbmu.ac.ir/article-1-105-fa.pdf

- Nemati, M., Dahmardeh, M., Khmmari, E. and Nejati,

M., 2015. Effect of bio-fertilizer and manure
application on economic vyield and quality
characteristics of roselle (Hibiscus sabdariffa L.).
Iranian Journal of Medicinal and Aromatic Plants
Research, 31(4): 610-625.
https://doi.org/10.22092/ijmapr.2015.102679

- Nikkhah, E., Khayami, M. and Heidari R. 2008. In

vitro screening for antioxidant activity and cancer
suppressive effect on blackberry (Morus nigra).
Iranian Journal of Cancer Prevention, 1: 167-172.
https://brieflands.com/articles/ijcm-80627.pdf

- Olaniya, J., Babatunde, A.W., Olaniran, O.A. and
llupeju, O.T., 2010. The effect of organo-mineral
and inorganic fertilizers on the growth, fruit yield,
quality, and chemical compositions of okra. Journal
of Animal and Plant Sciences, 9(1): 1135-1140.
http://www.m.elewa.org/JAPS/2010/9.1/7.pdf
Ozkan, S., Vitali, A., Lacetera, N., Amon, B.,
Bannink, A., Bartley, D.J., Blanco-Penedo, I., De
Haas, Y., Dufrasne, 1., Elliott, J., Eory, V., Fox, N.J.,
Garnsworthy, P.C., Gengler, N., Hammami, H.,
Kyriazakis, 1., Leclére, D., Lessire, F., Macleod, M.,
Robinson, T,B. and Kipling, R.P., 2016. Challenges
and priorities for modelling livestockhealth and
pathogens in the context of climate change.
Environmental Research, 151: 130-144.

Pathare, P.B., Opara, U.L. and Al-Said, F.A., 2013.
Colour measurement and analysis in fresh and
processed foods: a review. Food and Bioprocess
Technology, 6: 36-60.

- Prasad, A. and Babu, S., 2017. Compatibility of

Azospirillum  brasilense  and  Pseudomonas

V¥

fluorescens in growth promotion of groundnut
(Arachis hypogea L.). Annals of the Brazilian
Academy of Sciences, 89(2): 1027-1040.
https://doi.org/10.1590/0001-3765201720160617

Rahimi, A., Doulati, B. and Heydarzadeh, S., 2019.
Investigation of the effect of organic, biological, and
chemical fertilizers on quantitative and qualitative
characteristics of Thymus daenensis Celak.
Agricultural Engineering, 42(3): 79-95.
https://doi.org/10.22055/agen.2019.27350.1457

Rezvani Moghaddam, P., Asadi, G., Ranjbar, F.,
Aghhavani Shajari, M. and Shahriyari, R., 2017.
Effect of integrated organic and chemical fertilizer
on growth indices of roselle (Hibiscus sabdariffa L.)
as a medicinal plant in the Mashhad condition.
Journal  of  Agroecology, 9(4): 960-971.
https://doi.org/10.22067/jag.v9i4.42885

Rostaei, M., Fallah, S., Carrubba, A. and Lorigooini,
Z., 2024. Organic manures enhance biomass and
improve content, chemical compounds of essential
oil, and antioxidant capacity of medicinal plants: A
review. Heliyon, 10(17): £36693.
https://doi.org/10.1016/j.heliyon.2024.e36693

Rostaei, M., Fallah, S., Lorigooini, Z. and Surki, A.,
2018. Crop productivity and chemical compositions
of black cumin essential oil in sole crop and
intercropped with soybean under contrasting
fertilization. Industrial Crops and Products, 125:
622-629.
http://dx.doi.org/10.1016/j.indcrop.2018.09.044

Sadeghi, S., Heidari, G.H. and Sohrabi, Y., 2015.
Effect of biological fertilizer and fertilization
management on some growth indices of two maize
varieties. Journal of Agricultural Science and
Sustainable Production, 25(3): 43-60.
https://sustainagriculture.tabrizu.ac.ir/article 3942.ht
ml

Shabahang, J., Khoramdel, S., Siahmarguee, A.,
Gheshm, R. and Jafari, L., 2014. Evaluation of
integrated management of organic manure
application and mycorrhiza inoculation on growth
criteria, qualitative and essential oil yield of hyssop
(Hyssopus officinalis L.) under Mashhad climatic
conditions. Journal of Agroecology, 2: 353-363.
https://www.magiran.com/paper/1314171/

Sharma, J. and Agarwal, S., 2014. Impact of organic
fertilizers on growth, yield, and quality of spinach.
Indian Journal of Plant Sciences, 3(3): 37-43.
http://www.cibtech.org/jps.htm
Singh, S.P., 2012. Response of bio-fertilizer
Azospirillum on growth and yield of fennel. Asian
Journal  of  Horticulture, 7(2): 561-564.
https://researchjournal.co.in/upload/assignments/7 5
61-564.pdf
Wagner, G.J.,, 1979. Content and vacuole/extra
vacuole distribution of neutral sugars, free amino
acids, and anthocyanin in protoplast. Plant



https://fsct.modares.ac.ir/article-7-13131-en.pdf
https://doi.org/10.22067/jag.v9i2.37186
https://doi.org/10.1080/03650340.2022.2054998
https://nfsr.sbmu.ac.ir/article-1-105-fa.pdf
https://doi.org/10.22092/ijmapr.2015.102679
https://brieflands.com/articles/ijcm-80627.pdf
http://www.m.elewa.org/JAPS/2010/9.1/7.pdf
https://doi.org/10.1590/0001-3765201720160617
https://doi.org/10.22055/agen.2019.27350.1457
https://doi.org/10.22067/jag.v9i4.42885
https://doi.org/10.1016/j.heliyon.2024.e36693
http://dx.doi.org/10.1016/j.indcrop.2018.09.044
https://sustainagriculture.tabrizu.ac.ir/article_3942.html
https://sustainagriculture.tabrizu.ac.ir/article_3942.html
https://www.magiran.com/paper/1314171/
http://www.cibtech.org/jps.htm
https://researchjournal.co.in/upload/assignments/7_561-564.pdf
https://researchjournal.co.in/upload/assignments/7_561-564.pdf

Vo

Physiology, 64(1): 88-93.
https://doi.org/10.1104/pp.64.1.88

- Wingler, A., Tijero, V., Muller, M., Yuan, B. and
Munn e -Bosch, S., 2020. Interactions between
sucrose and jasmonate signalling in the response to
cold stress. BMC Plant Biology, 20(1): 1-13.
https://bmcplantbiol.biomedcentral.com/articles/10.1
186/512870-020-02376-6

- Yagoobi-Soureh, A., Alizadeh-Khaled Abad, M. and
Rezazad Bari., 2013. Application of image
processing for the determination of L*, a*, and b*
indices in color measurement of foods. Journal of
Food Research, 23(3): 411-422.
https://foodresearch.tabrizu.ac.ir/article 123 5a9a5b
4275ed866d8a448862b34cf2a3.pdf

¥ oolet Y ale ) e s sl oS Slidies anlias

- Zare, A., Asgharipour, M.R. and Fakheri, B., 2020.

The effect of combined application of organic,
chemical and biological fertilizers on vyield and
quality of seedless barberry (Berberis vulgaris cv.
Asperma). Journal of Plant Process and Function,
9(38): 19-34.
http://dorl.net/dor/20.1001.1.23222727.1399.9.38.29
6

- Zé_re, S. and Sayyari, M., 2018. The effect of calcium

ascorbate on fruit firmness, cell wall-degrading
enzymes activities and postharvest quality of tomato
cv. Rio Grande. lIranian Journal of Horticultural
Science, 49(3): 669-679.
https://doi.org/10.22059/ijhs.2017.220257.1126



https://doi.org/10.1104/pp.64.1.88
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-020-02376-6
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-020-02376-6
https://foodresearch.tabrizu.ac.ir/article_123_5a9a5b4275ed866d8a448862b34cf2a3.pdf
https://foodresearch.tabrizu.ac.ir/article_123_5a9a5b4275ed866d8a448862b34cf2a3.pdf
http://dorl.net/dor/20.1001.1.23222727.1399.9.38.29.6
http://dorl.net/dor/20.1001.1.23222727.1399.9.38.29.6
https://doi.org/10.22059/ijhs.2017.220257.1126

