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Introduction

Apple (Malus domestica) belongs to the Rosacea family and is one of the most important fruit trees in
temperate regions. Apple fruit is a rich source of vitamins, sugars, organic acids, minerals, fibers, and bioactive
compounds and is widely cultivated due to its pleasant taste, aroma, and texture. Due to the rising need for food
and fiber per unit of land area, chemical fertilizers are becoming increasingly popular to increase yields from
small plots of land. Chemical fertilizers pose significant health risks and can damage the environment when used
excessively. As a result, research in this field increasingly focuses on identifying and evaluating more
sustainable alternatives. One promising approach involves the use of biostimulants, which can enhance the
effectiveness of conventional mineral fertilizers. Plant biostimulants contain some nutrients (marine plant
extracts, humic acids, amino acids and other natural products such as saponins and compost teas) that stimulate
plant growth, even when administered in small amounts. Foliar application of seaweed extracts at 0.2% recorded
maximum no. of fruits/tree, fruit weight, and yield/tree in valencia orange.

Materials and Methods

In order to investigate the effect of biofertilizers on growth, yield and leaf nutrient contents of apple under
climatic conditions of Zanjan, the experiment was carried out in a completely randomized block design with
three replicates in 2023. Different concentration of seaweed (Alg; 0.075 and 0.15%), amino acid (GF Amino; 0.1
and 0.2%), humic acid (HA; 0.3%), commercial fertilizer Homarang, (Homa fert; 0.5%), combined chemical
fertilizer (nitrogen, zinc and boron (Combinate fert; 1% urea, 0.3% zinc chelate and 0.1% boric acid)) and
distilled water as a control were sprayed on the trees at 40 days after full bloom stage until runoff using a
mechanical mist sprayer, and repeated three times with an 30 days interval until the physiological ripening of
fruits. The experiment was carried out on 10-year-old Red Delicious apple trees grafted on M9 rootstocks. Shoot
length, chlorophyll index, fruit drop percentage, yield efficiency, leaf area, leaf dry matter, leaf macro and micro
nutrient were measured. The analysis of variance (ANOVA) and least significant difference test (P< 0.05) used
to compare means within each sampling date. The Statistical analysis and standard error calculation were carried
out using SAS software (V. 9.3).

Results and Discussion
The results showed that the foliar application of bio and chemical fertilizers significantly increased growth
and fruit yield. So that, the highest increase in shoot length (39%) and leaf area (74.30%) compared to the
control was obtained with application of seaweed 0.075%. Also, seaweed 0.15%, amino acid 0.2%, humic acid
and amino acid 0.1% caused a significant increase in leaf area (42.02, 35.57, 22.27 and 16.20%, respectively)
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compared to the control. Foliar spray of seaweed, amino acid and chemical fertilizer increased chlorophyll index.
The highest increase in chlorophyll index (50%) compared to the control was obtained with application of
combined chemical fertilizer at 130 days after full bloom. These results are in agreement with the outcomes of
other experiments conducted with seaweed on apple and on other crops such as grapevine. Therefore, this
represents a further evidence of a possible role of seaweed extracts in the reduction of chlorophyll degradation
and in delaying leaf senescence. The highest amount of nitrogen (1.66%), potassium (1.03%) zinc (150 mg.g*
DW) and boron (82.5 mg.g™t DW) and the lowest amount of phosphorus (0.44%) were obtained with application
of combined chemical fertilizer. The highest value of iron was observed in leaf of trees treated with seaweed
0.15%, humic acid and commercial biofertilizer. Based on the results, it was observed that the amino acid,
seaweed and combined chemical fertilizer have the greatest effect in reducing fruit drop (36.97, 33.37, 29.07%,
respectively) compared to control) and increasing yield efficiency (respectively 2.75, 2.73 and 2.8 compared to
control with 0.22 fruits No.cm2 SCSA). These results partially are in agreement with another research performed
on apple, where the use of a similar seaweed extract (Ascophyllum nodosum) was found able to induce a higher
final yield. The hormonal components found in the extracts, particularly cytokinins, are assumed to be
responsible for the increased yield in plants treated with seaweed. Previous studies mentioned that the
application of biological fertilizers alone or in combination with the mineral fertilizers had positive influences on
the leaf plate area, mean fruit weight and fruit chemical composition.

Conclusion
According to the results of this research, the use of biofertilizers, especially seaweed (0.15%) and amino acid
(0.1%), are suitable and nature-friendly substitutes for chemical fertilizers and can play a significant role in
increasing growth indices and yield of apples.

Keywords: Amino acid, Chlorophyll index, Fruit drop, Yield efficiency, Seaweed



Sl pole 4yl
https://jhs.um.ac.ir

0\V=-0AY P Need g_)L:.w.A) & n)Ls..f: ALY .U.;-

S, lde ol glemme () Olo s 5 Sws) sl sS 3 S U )
(Malus domestica cv. Red delicious) cuw o gw 5 Shos

S S p =" L S ekl -l wil
VYNN8l 55 b

YRRV 5 G s6

»..Cz"b;u’,cz»

LRV

Malus domestica ) cuw sgpe ,Skos 5 (53) Sluogas i) s3sS | (S (S p (Bhdlns Sl oy poliatons ol gl
ol bl elslo (o8 5 plol (o (alsmac] Lailys 53 )55 a5 dslat ol slacSsh 2 )b J6 55 (cv. Red delicious
(oyd +10) Kt (65155 355 (o pd +/+¥) Ssogadiuunl (o y> +/Y g +/V) digalil (2o )d /N0 g +/-VD) oLy Sl Sy 5L glxe
sy (1818) e T Ly (8l Jpbee 5 (30> +/) Syl 5 23 /¥ 55 5 ko> V o) 31 5 i i) (o5 (oo 355
By Gl e Ayt il Gl egpe 3, Shes 5 5 ()00 psboar plierd 5 () 35S (S )l oS A ol gl
Cred el Cawd & doyd o/ VO cdale b ol Sla 565 Jlael b anli 4 Coand (o> VEIY) Sy pdaws g (200 ¥2) (g)ls Jlo a5Ls
o pian) Sy a5 ime a8 Cel o yd oY diseliunl g o] whoyd o/ aiselipnl wuoyd V0 cdale b b,d Sl 298
il 8l 1y JdolS (asls  olowd oS )5 5 alsalipul ¢ b y> Sils (5L Jaloe 050 Sals &) Coms (o> VEIY - g YY/YY O/OV SY/-Y
ol Caws 4 5 JolS ol8oSl 1 am 595 VW j0 S5 olouwd 358 0,8 b sl 4 Cand (1o yd 0+) Judg S et L (iol58) piSlus sl
o3lo p)S9 kS’ 1 p S o AVID) y52 5 (S 03lo p)SokS” )3 )5 oo VO+) (595 (34053 VoY) foliy 803 VIEF) (5ot ke oy
355 L ol iS50 S p> ool slgime iy ol Cesd 4y (S5 (liens 355 (S 08 b (oo /FF) jaud e (508 g (S
395 o ol Sols cieliul 5)LS 45 1 sanlive goli ywlolpy ol s a4y (6)b5 ) 355§ Suogudinnl duoyd +/ND Hbys Sl
i i) 2,8dee L) Sl 5 (485 &) G 22y VRISV g YYIY PRV o5 ity) 030 (i) GlS 53 1) 5586 (st (S 5 (oloord
aS i e Libgs ol ) edelcusdsd guls olwlp il (Anls )3 43L5 alade pdaw Jolg )3 ogee +/YY b duglie )3 Y/A o Y/VY 4 V/VD
— o 9 i olowd oS (cly canlio oy Kols ((doyd +/V) disaliwnl 5 (1o )3 +/V0) obyd Sils Logadds ) sladgS 3,8
bl 423> Cannj bae g ope Sl g g 3,8os 5 (645 lapadll Gl ) pljed 18 Al

3,8las W) Jubg IS atls wgme (i) ¢ 2byd Suls cialil 1 g0S” oWojlg

oIty Cul S ml) g slaptens b awlis > Jeaxe
Juisay pglie jobay o Slee (a1 jolateay SGB) (gy5liS
CuiS Glaplugs Copde 3 pledl Cua (o)) b Slaoged
.(Soppelsa et al., 2018) .l
0235 Jlgsal 9 wlyslys (sloylSaly alos I s (sl e
e sl SSB (65,9L88 (6yglsgm g 50l 290 sl
Seglgd 5 Swmger gladeul s (LS ) S e
Battacharyya et) b, slacSils o)las ¢ g p (slojdg,an
s (Rouphael et al., 2015) 1},550 slag,8 (al., 2015
il e (RUzZi & Aroca, 2015) olS sy S e (sla s STL

dodlo
2 S GlB cams plhord oS I sy o3latsl o594l
005 il b &S Cunl il G lasre g sl codus 90
b il SLS ol e U plge JI sleagS
(Malus domestica) cuw Mg dex I SSB (555l
38es olewd pgows g LadgS 5l ooliul pae cdeay (S

Oyl eyl e lon; ol8uiily ¢(g gl 0uSiily ¢ SLeb pole 09,5 —)
(Email: nekounam@znu.ac.ir 2 s 01 5 — )
https://doi.org/10.22067/jhs.2024.87166.1329


https://jhs.um.ac.ir/
mailto:nekounam@znu.ac.ir
https://doi.org/10.22067/jhs.2024.87166.1329
https://orcid.org/0009-0003-5977-1504
https://orcid.org/0000-0002-5847-0684

VEoF i) o 0 ko FR ol (5555LisS qslio 3 polke) SLEL pole 4 pli OV

L anaeel e g J5 Jobre del> lge 0gee 3 Slas aox
Ameri &) 3 gl 5 sl o> dkgh jo b el
Coge Sogaddawl 258 48" 1008 saalie (Tehranifar, 2012
SSAOF Syp JdglS g hed (e Slyme il
SbJsle 5,5 (Fragaria ananassa var. Camarosa)
Jobre (slooyhad @y (b Sts JRal o Suagenionl
G o Slgie Colid > & dpde Sy e > e
s5b sk L(Neri et al., 2002) wsb awsls 56 lie slge
(Jsbre sals Slge Sl o ST 08,7 )5Sl 53 Spogensn]
Rl iy g s ojlul (Rl eores g dbsl i
.(Ferrara et al., 2008) . »,Sles

g SpasS Wyacy yolie jl )l by Sl ojlac
Sy (xS it e 4 5 ool a3 s dplis
Jumadi et al., ) ool oad i oy g (Slogee Y guas
e B3 38 (5550 sk (2b)> Sul> ojlac 55 (2023
Sy e g2 JB psbar 5 05 S ]y Tl o8)
it dgmc ) Sy > Gilwesle Gl 9 S Jdg)lS (Slyme
Lyl ye ol Kls oylac 5,48 (Soppelsa et al., 2018)
coly 5 o Gl 1y g lyie Sy issis e 9
51 eolazwl (Sabir et al., 2014) ab soe (435 5 3,Nles douo
o8 e B 3 by Sk Wil e gl e
ol al8l ) (95 9 ool) sdangs) 5l (S clale E UL
Shahetal.,) ,Ken 5 ol yicen (SOppelsa et al., 2019)
Gl Sl olas (B & S350 S 55 (2013
Wb (Triticum aestivum) pus 5ySlas 9 by Gilidl cel
Oryza ) g, ,» (Sunarpi et al., 2010) ., Ken o (o,bgu
Woy elas)l by Sds oylac L5 Jalore o w0y lis (sativa
Sl ilial ]y g6 Sy olaw g dony dlaws

Sopos b oS aiten ) sdgS cja 50 dinel (slas]
Rouphael et ) 8gi 0 05l § S oolo yinl3dl el ol A,
b ddo)y pimaw 32yb ) alel slaswl &S LK (al.,, 2017
&5y 5 ool dox I gdie dse o wigd e odlatul (5 i
.(Mohammadipour & Souri, 2019) wb o s Sy 4o
Grgore 5 ) Gl col abel (glasl (3L Jglxe
Arablo ) -, 4 sbyye (Souri et al., 2018) > 0 Jguarco
1 el Sy ol sl o 15,5 555 (et al., 2014
531> Rl JS Jdg)lST ljse s 085 92

Flnp G b pob Glagh (59 Alae 4 29 L
395 b dwglie 3 g g 5l ol (S (oShgbre

s S ool (i) SS oo 5l Slgs oo S (559l
9 SEE ipglaS 3 0o o SIS Wil dlge ]
s > (De Pascale et al., 2017) s> ials' |y Jsoxo
b sy GSsn gt o ' (Seaged g Ailo
Cad )b Gl ) SBobend 5 (Spd Sl SRy e
b plagpsdes’ JSts by (8 slasl Gesls ls
Canellas et ) was ili8l 1) (sdae dlge dy o yiwd o gdie s,
wibe) s Sy j) edlinal ool pegde (al., 2015
(2by> oS ojlas 5 LSy jg)id «Seogn sladul
Sdae dlgo O Aol y3 g MIS Cogll |y Ay geighd) Ml e
cald ioli8l e (Colla et al., 2017) wias dg0 |y
J dlge 51 odlazul Jlisay (S92, s wile) S (sl il
Spogadyy & (2by S ojlac 5 foyhn (uSgp) ()
oliel cplpls J(Schiavon et al., 2008) cuwl suds oal> lis
Wb cov Wl e ) Sy dlge g sdie dge Ll
—ay 1y LS U5 ¢ i) cB3sS 595 plomi] aliee (o g5
oo g talsdl (o slgo 1 odlizul oS o s 3smy aliuss
(Amlani, 2022) iy o dame 55wl 1) olals

Gble 281 (S L Sl g pide Ll 4 295 L ( )b ]
Gpaoy polie | (S le Jalid opiz 3 sl Sl ]
L dgs (S ap)lf 5 whee (il BpaseS polie 51
0ol sShdobre Ghgy dgS Bpae b dalye Sl
bow bis coge i)l 5 ladl sbais bis
w2 29 SE plend 5 (38 Gleitlo 055 jl Calos o
biwly 3 byl oles a5 33,5 0 S olie dlge Jol 53,65
Staki et al.,) wsb o dodgw Hlaw Sl gyl & s
3 ) S (S g Sypons a5 (2015
Lanauskas et ) 33,5 o Cuwj bume S3gll Cvge bl SB
Srads b jl glie polie Qla cuibge 1oy (al., 2006
alyy Gub jl 4d5 ey > polie la g 2o)d A0 29
Veodgas p3 g pte Jlen SB (S5 g (abewd ulpd 4 diey
.(Desouky et al., 2009) cusl o)

S dlse olar 4 e Greily S5 oy Sopmil
dge a0 (s Sye poled Gl &5 cwl (g
25 g el hed (g Wl LS Sl 0y5e ol g3k
5 |)l,3 (Pizzeghello et al., 2020) &S o o2l,8 1) olS yipo
b slbre &8 WS o)l58 (Ferrara et al., 2008) S
5 s ojlul (Vitis vinifera cv. ltalia) ;o1 )5 Seogunipu!

1- Humic substances



ovy e S 2108 jolic glgixe gy Gluogas p ) OS5I & ).u‘;li' i ohKes g Ao

) Ssler (55l 355 o Sy Al mrely dopd Cula
(Ol 598 oo ~Sojlon sojl ol S5 alg
Slaizs & 18be T 3 olal U ol by glo Cgods
Jolis (6908 i polis | gy 5 Soglsh sl caipol s
2oy +foY ol ) Jgle muwlt doyd BV (59555 oy Y/
doyd o[ Ol jd Jolme al oy +/AY ol > Joloxe o juie
36 o Sy kbbze 1 oy deoys VA al 5 Jglona 5o
223 V) sor 9 9y OFprs e polis ool (S5 olend
aald g (Soygdawl doyd /) g g9y SN Loy /Y )l
Jol BsSs 5l any 9) ¥+ 2930 3 (e Ol b (o3l Jsloo)
Oy olej U jgy Voo alol by gl (b Jslre S
aode o3jl lEl lp S LSSl dw bogee (0S5l i
13,5 plodl 5o, S ool 53 g il gyl Pl LSl sl
B3 g9y Livlejl s uad JolS jobas €8> oSy plos
MO g, (sladly g9y odbisy 5> 3) o8y e Al V-
plod 1> oy g (23355 0355 g )lul i 51 EL oo S plosl

Dy gleSy b3

slaadll deme 53 3 9 9y WIS sl (S5 abesd
byl s ) 3y 5y 08 s 3 Sdas 5 (S dlge (glgioe (g
A plodl o algmec]

L g, 9 319
oy ol&isly Caws gL, VFLY elys o j0 pobs iagh
Wl (2)s g Jlad dddd ¥V g 22> FA oLl Cusdoe L
Il by pdaw 1 g0 VPOUY slasyl o Bo5 ddBd YA 4 a0 YA
Vg 3 Gilef] e SB pliand 5 (S5 sla Sy 05
woo by ol JolS elacSly b B 55 tlo] .l 0 )
Shdgbre lajlas b Tl S5 50 3 cap Sy LS
- T S0 W) b Sl gl > ol
b Sl ojlas wop AV/D gl a8 (WU ei8 cal
Sewlgioel Gl > o ¢ il o Ascophyllum nodosum
1D (sl o (o 525 CElo— IS 0B )5 5,5l )
3151 sl giel do )3 B g IS Sl ginal o )3 ¥ g 159,55 Loy
)9S CElo = Spe 88 W) Senpardenl o Sy sl
5 Soglgbiw] 1oy VY (Seogamiunl Joyd YA lyls a8 (L]

olesl (glpal Jome S orlownd 9 (Ko 3ud Glwogad =Y Joua
Table 1- Physical and chemical properties on the site of experimental field

. Wy e <t o - . _—
N Ehicd B Granic el gaul GlS peds P by 0395
Texture FC (%) matter EC (dS.m™) Ca(COs), (%) P (mg.kg™) K (mg.kg™) N (%)
(%)
S (o P9
Sandy clay 13 1.14 1.32 275 15 145 0.07
loam

Bl aw dolojl anly ya 5l dbogee iy oy pus sl
15 laogee Slasi 5 45 Ll Ly g0y b 5 ol eylad b
Catloy, ooy 3 5 0 ) o i s (8l o 1 U5 4615
Aol ogme iy doyd ¥ bl edlael b g 00,8 ke
o 5> ogre D (adls wlulp 3Ses 1) Cpioren
A dgusleo (¥ aloleo) 4305 alais
()
daopd = (LBl 53y ogue dlas/ oud b jlas bgee dlaad) XV o
Wogse (552)
(")
3 8hos 1)5= LS )3 0500 3lasi b 0gee (g /45U claiie prlau

L)) 90 Ol

Pl Jlo glasls Job gy 8 2Lyl pslaten;
Ol ol s o] 53k g (6ol €853 cax S
DELTA-T) Sy o 5,50jl olftws | Sy s 5
aslies g0yt 5l sy (DEVICEC LTD, ENGLAND
iolosl asly a5l Sy Ve (Sl odle o pd el G S
o9l 0 F ol anyd Fe gl > celo YA Cdeds g o9
(V) doles 5l ool b g Wad (pjg5 oo g 48)S )15 a5
Aol Candds Sy KiiS yj9 doyd
Sy Sutd o3lo 12> = (S SiS (jgl S 0 5 o) <V (M)

S210) S S bl sl Jobns o 5 e e 5,
SPAD) s s gl ol L (ao e s 13) (5 §
13,5 (5,585l (CCM Opti Science-uk  Jw



VEoF i) F 6 ko ¥R ol (55 ysLisS aslio 5 pole) SLEL pole & pis  OVY

Sigma Plot 12.0 5 Excel ,lj8ls 5 SaS L b jlyges puo)y 9 duopd
85 el

sols Jlw aala Jgb

S ad ommlis ) USE) 5Silbe dwglie mls Loluly
Sl el aoy +[oV0 clale b by Sils 365 il sl
Wl & Caws (o Y1) b Jl chadls Job b bxe
b Cov wals b dwlio 1 bjles plo > basls Job 3,5
35158

29 Jbdr (2l Sl> ojlas I elitul (gblse I ()b
ORlBl L S gt ool oS giew ofghr (AL Sbseyen
—(e ABlo A3 S48 Bl (ol e ye )3 by Joh S5
b s b 4zl (Ruban & Govindasamy, 2018) >4
g G lgeyon 292y adld (b A3y ol Sl
cely by s 365 il ol wsslcasy mbs Lobuly
Slymo 5 (F S3) S ls ol Y JS2) S o (sl
ol 2 (Y Jgie) pand g ol o dlea I polie l pdm
5y Ll el Jolse j) eldsgerme &5 S g Lol
Rouphael et al.,) 54 o0 obS 15, S5 y56 9 yiul38l cacls aiel
ol 45 3,8 Llizul 445 ] (Magda, 2012) LS (2017
el JidgylS lime SRl L olyen g cad Gl L ail
Osxen A5 (ol Glals ) Bl jhd g Sy gl 38l
eyl ilel eel Aol dw] 3,8 & asih Gl S e
9 = (Noroozlo et al., 2019) x>)5 cl); LS » @y
Syt il sle 45 63,8 5155 (Ali et al., 2015) o San
3 Sl g S| gap9m M5 Gl L Vil (59) 9 )92 ol
oy oy gl allls )3 and] il Al S5 haesS olS
9 Sy polis Glyome 9 3L3 Job o () me dally (e
Y Jods) ol oyl addllas 350 Slas b

Sy Sdid 0uls wo yu g redocs
slossS (3 olome w8l ctngss il I Jolo ol el
Sid osle by Ll e o sime Sy o g1 bowd 5
OSbe dwslio s wlelp Dy (i g)b b i Sy
Wby Ko jopada g bdgS 305 &5 05 samlive

Ot A5 dald 4 Cund Sy maw Hb pxe LiljEl el

ggae g b odlatul Sy gladiged il jolis gy Sojlil (ol
S paseS pais dw g (ol § yiud (o) Spasy pale dw
Sy Oigr SpSeiul sy 038 pSoilul (8l g 9y og)
4 ogbye man byl edelcussey ojlas Sl sl e oy olie
g @8LSl Jloyi Ve e Jobme Sl il shoe 50 8 it ol ),
sloke Yo Jslone o 5 0 atans el a5 ol o i
b jne byl o5lad du g 30)d 93 Soygesl yd e Ve 23)8
Voo ple 13 (308 Jste BLSl 4w o595 9095 Syne)
Jos 85 5 plals olKusd 3y g A aBu) o e
PLsl jow & (Syge I Soymieal Jolre K5y oS U et
b i Jos «Sligel 55 S pslaas 5 olsabl gy 3,5
g o 8L aabl e 7o 4 Soygnel >
55 Jloy 2> Sy So el guodpnsl b 9w ools JUsl )} 4 i
OFgr e (olg )3 29 JAS (Shge 4 Jew SOy B ed S
.(Svecnjak & Rengel, 2006) i by dopd 4 Sy

I e @ Olie «Sp S s gpSejlul cax
5 Jitte (s ) oo YO Lol 5 41, nlis g o luas sl Jolons
ol & lly ~Cladge poigel Jobmo 51 2 e @y oliee oo
Alowgdy diges @ dd Yo 5l dey b osilo)y po 4 g ol ddl]
e —APEL 815,15 — pl5 508 cilo) | yrogidy Sl olKiws
4 yhed e g 13,5 C3lE gl FV+ zge Jsb 5> (PD-303
.(Jackson, 1958) s 4,158 o)

widjlogi U350 (S p 3 S mawly s pSojlul jolateds
sylac 5 L3 diged )kl (sl Jolo (6 51y e 99 Iz
w0 Yoo YO b )3 olS i B9y Bl g 035 g olS
ool oS> Aliusgy s A5 ol o o Ol L g
Jie — GENWAY s, — Sl i8S cale) ¥ jrogd
Loyd cunsy g (Olsen et al., 1954) b Ul pawlsy (PFP7
200,55 als Sis el

olas p lalad Wl Qla Ghgy y5 5 S5y aSesll
S 8 Oype S lg el b S uilien I Jols
B4S (g pSojlul jiegil ¥V o VIV/A lazgeJob 0 e
(Emami, 1996)

dugliio SAS 9.3 £)lel 38l 5 Ly Wosls 3T wcules 5o
B Jlais) g 5 S lals dix gesl gyt oSl

1- Spectrophotometer
2- Flame photometr



ovy

o S 138 polis (glgime gy Oluogas i St ) GBS 3 (B3 Wl (o)1 ) Ken 9 (Ao

abaly sl adlae ) 4l (Ma et al., 2017) sb 1, Lilsél 1,
(Y o) s oaaline Sy a9 (69 lgime e (6 I sime

Sy g ls padld

355 g otms g8 (b glxe b oy ) Sl b
Jsb > a5 o plis Sy Jde)ls (adls n S5 besd
5L (S ol 855 5t gy VY BV ) 3y
Jol 2Byl am oy W > oguadas (8L 3l Jdg)lS
3 ol gl ol 352 20y e ()35 b da IS
a9y Vo) gl s yo ) bajlass o (6510 shxe Soglds iy ()
395 Ver) po> Jolye 5 Lol cais oaalisa (a5 JolS 289505
dn 59y W) o dlopo ogada s (LS o5 (2lbgSs 5l any
355 (5 358 153 by a3l (a8 JlS s
OSle duwlio gl wloly (¥ JSG) ol lis gyl bz cugles
2 prpada) da e dw 1 ) (S 5 (olerd 355 & A5 sanlide
shop Br Gl el (b5 JolS st J) s g, VY-
Sl (Sl Jslome ol ) an 0 aald 4 Cons Jidg)S jasls
doyd IV cbale b ageliwl 5 aop o0 cbile b ol
b Jo)lS padls plise oy (10> YYIV 5 VA/F i)
el oadod S (oS slos JS 5 ogs Db sald & cud
D505 18L5 &) s gyl jasls L8l

Sl bl S 35 b (e e YY) Sy e
L5 50 (ape yio Bl VOFA) (] Jlae o30S g doyd +/-VO
N by Sls 568 Jols ) sladgS ple b sdalie
KV b g doyd +/) g 1Y aielinl «Seogaminnl choy>
Sy o b me il cel wops VEIY 5 YYIYY YooV
S 5 ol 355 5 Sjlan (6l 368 Lol i aals & s
J55) sl als b g)lsdme gl yid Sy o 3929 L
¥
Spinelli et al., ) Ko g livpol b b igh opl lo
Cot Sy Sy daw w3, U5yl 45 3l cislhe (2010
SIS Lyl 5 ol Sl ojlas il g b
Lsdnghs ,> (Soppelsa et al., 2018) l,Ken g kubgw .cdly
by Sl ojlas (8l Jskxe o wlyy UL o 5,
A 9 Sy ddo)lS (g Sy g a2y JB H5ba
d9ae |y B )3 W) (6350 yobas g ialdl 1) Sy p> Lo Maanal
HlSen 5y ) Cilas pils adllae gmbs b a5 wanisy
oylas Sy il eolatwl &S W5 )S" 5,155 5,5 (Sabir et al., 2014)
g il Sy o (ald g loine b Sl
5hes Oial33l s DS dge dndijy) md b gy pais
3fdas g Jpaze 13 0lS Sy gaw (Rl ppionen 5 Jidg)lS

35
a
30 ab ab
%5 b ab A b b
28 2|
3SC 20
2 <
.—z g 15
8 10 -
%)
5 .
0
Y X o o ) ) o o
<O & o\ o\ o\ o\ o\ o\
Cee‘ ‘b@;\ ‘\Q?’ & & %Q.\°° QQQ'\ Qe@'
S & ¥
SRS s ¢

il 3] 88 G (50 Sl S0 g 2 g5 S35 5 (srlions 355 By Jolbne - U
Figure 1- The effect of foliar application of chemical fertilizer and biofertilizers on the shoot length of Red Delicious apple
(DMRT, p<0.05)
aigaligl :GF AMINO ¢ oL, s (AlG «Siogutrspnl HA K5 lon ¢l 595 :HOmafert <9 ¢ (c9, <139, :Combinate fert
Combinate fert: nitrogen, zinc and boron, Homafert: Homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Figure 2- The effect of foliar application of chemical fertilizer and biofertilizers on the leaf area of Red Delicious apple
(DMRT, p<0.05)
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Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Figure 3- The effect of foliar application of chemical fertilizer and biofertilizers on the leaf chlorophyll index in three stages
70, 100, 130 days after full bloom (DAFB) in Red Delicious apple (Bars=*SE)
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Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Figure 4- The effect of foliar application of chemical fertilizer and biofertilizers on the fruit drop percentage of of Red
Delicious apple (DMRT, p<0.05)
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Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid.
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Figure 5- The effect of foliar application of chemical fertilizer and biofertilizers on yield efficiency based on the fruit number
in shoot cross sectional area of Red Delicious apple (DMRT, p<0.05)
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Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Table 2- The effect of foliar application of chemical fertilizer and bio-fertilizers on the leaf macro and micro nutrient
contents of Red Delicious apple

By y polis b paosS polis
B ylow Macronutrient (%) Micronutrient (mg.kg*DW)
Treatments 05935 o ] ool $9s ¥
N P K Fe Zn B
L:)
- 1.48b 0.55 ¢ 0.90 a 235 ab 100.5 ¢ 70 ab
Control
wsf > 1.66 a 0.44 f 1.03a 235.60 ab 150 a 82.50 a
Combinate fert
Lol b Ksjled 368
1.34c¢c 0.56 de 0.81b 245.50 a 131 ab 66 b
Homa fert 0.05%
Tool oY Sioguts Sl
HA 0.03% 1.40 be 0.42 f 0.79b 254.50 a 107 ¢ 63 bc
Lol VO Sls o las
o 1.42 . T 224.7 4.
Alg 0.075% bc 0.65¢c 0.73 bc 5 abc 9450 ¢ 58 ¢
Lo Sl o las
i 14 1 7 256. 1
Alg 0.15% 9b 00 a 0.70 bc 56.33 a 99 ¢ 61 bc
AT ANE PR R
GE Amino 0.1% 1.46b 0.81b 0.66 bc 191 bc 955¢ 67.50 b
LolY G > diol sunol
FoIY Sl el 1.48D 0.62 cd 0.64 ¢ 180 ¢ 114.50 be 59.87

GF Amino 0.2%

aigeligl :GF AMINO ¢ oL, s (AlG «Seogutrspnl HA (K5 lon ¢, 595 :HOMafert <9 ¢ (c9, <139, :Combinate fert

Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Table 3- Pearson’s correlation coefficients between leaf nutrient contents, growth and yield properties of Red Delicious apple

N P K B Fe Zn LE DW SL Chl FD YE
N 1
P -0.38 1
K 0.64" -0.45 1
B 0.51 -0.31 0.45 1
Fe -0.12 -0.29 -0.48 -0.10 1
Zn 0.47 -0.51*  -0.48 0.36 -0.08 1
LE -0.35 0.43 -0.56" -0.39 -0.11  -0.40 1
DW -0.36 0.36 -041 -0.37 0.05 -0.49 0.48 1
SL 0.23 0.50" -0.23 0.01 -0.35 -043 0.46 0.30 1
Chl 0.64" 0.27 0.50 0.45 -0.21 0.48 -053° -0.27 0.28 1
FD -0.40  -0.55* -0.10 0.04 0.11 -0.26 -0.50 0.007 -0.46 -0.50 1
YE 0.58" 0.50** 0.27 0.12 -0.21 0.28 0.45 -0.05 058 053" -0.90" 1

ol gy (Stnsed y3 duoyd iy Jlain! prdaw 53 (613 gxe 1 o yd S Jlesn] prdaw 55 (6yld gine 1
SSdes S8 IYE wgse oy 2oyd (FD (g IS jasli iChl wasls Job :SL St 03k auoys :IDW (S s (LE
== significant at p<0.01 (2-tailed); *: significant at p<0.05 (2-tailed).
LE: Leaf area, DW: Dry weight, SL: Shoot length, Chl: Chlorophyll ratio, FD: Fruit drop percentage, YE: Yield efficiency.
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