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ABSTRACT

The objective of this study was to investigate the effects of biofertilizers and nutrition through a nutrient solution (base
Hogland) on quantitative and qualitative characteristics of Begonia semperflorens (two varieties, sprint rose and senator
deeprose). The factorial experiment was carried out based on randomized complete block design (RCBD), with twenty
treatments in three replications. Treatments include: nutrient solution (base Hogland), Pseudomonas fluorescens strain 169,
Azotobacter chroococcum strain 12 and compound Pseudomonas and Azotobacter with different percentages of chemical
fertilizer and two varieties of Begonia. Non-inoculated with nutrient solution and bio-fertilizer were considered as control.
The results showed that the highest leaf area (36.69 mm?) was observed in Pseudomonas and Azotobacter and 75% of the
nitrogen treatment. Maximum shoots fresh weight (117.18 gr) and maximum shoots dry weight (4.12 gr), were seen at the
treatments of Pseudomonas and Azotobacter and 75% of the Nitrogen and Phosphorus. Most phosphorus in shoots (0.34%)
was related to the treatments of Pseudomonas and Azotobacter and 100% phosphor and the highest chlorophyll of leaves
(13.12 mg per gr of fresh weight) were related to the treatments of Azotobacter and 100% Nitrogen. Treatments of
Pseudomonas and Azotobacter and 75% phosphor with 41.38 mg per gr of fresh weight, had the highest amounts of
anthocyanins of petals. Overall, treatment of Pseudomonas and Azotobacter and 75% nitrogen, and then base Hogland
treatment were the best treatments. Thus, it was shown that Pseudomonas and Azotobacter combination with reduced doses
of nutrient solution, led to significant improvement of quantitative and qualitative characteristics of Begonia. In addition,
two varieties of Begonia (senator deeprose and sprint rose) in response to similar treatments, showed different reactions.

Keywords: Azotobacter, begonia, root inoculation, Pseudomonas.

* Corresponding author E-mail: hassanpurm@guilan.ac.ir



S B 0SS > g ()5 e oS o o s iSL i) Sen g 00> i4AVd

@or O me S5 Bl 5l G slagatly
2 oolisogogw Jlo gae Sl 1 S mls sl )3
(Srivastava et al., 2013) og i J5 205
il alagShsn, Sl @l s
Origanum ) 5925y obS i (o, 3L8 lizogoge
Jed 3l sloasrls o5 ol lis @majorana L.
50,5 olaed T olaws wo,lusls 59 olS Job
(6L ol boadled (LS jo ady ) SiS (59
ol gyl se slamglas sall [led b avglis (o
sbagw Jl( ciegh o .(Banchio et al., 2008)
Seeges olyen a4y inyeld (wlgegogn i
S5l58r90 lao Sgngs (ooiS olS 5 Shoe r a]
ool azils olen 4y 1) oS onl Seigdnd s
oS Edod o yuzxes (Lashkari et al., 2020)
roligogoge (BLS 0D eaiSeelas 6,551 Sl s,
s @l el grhe (Slaned olS n i)l
Oj9 deazalS ciaS Sl G gy, A S sl las
O I S R WL
ot wlgagogw Sk L ond midli (lals
Sy yidew wali lalS 4 cuws PsF610 4 PsF84
il 3G _twgy o (Dharni er al, 2014)
B olao dge 5o (2L 0l Syme slag St
olis mls g 0l ow, p (Tagetes minuta) s oz
5 4y 5 okS i g 5 Gjs oS sl aS ol
Looad il LS o el sladsle
e Sl ssba et sl ulisagoge
Banchio & ) op bls ple 5 cals 4blS
o pali a5 00 5 5138 (Giordiano., 2013
& =Sb b (Gaillardia pulchella) Ls y Ls ) oS o,

s Ofare oz Gl e e/

g 0lS 2 0 4l g Sy olawy olS elas,l yolsdl
i L L oo e ol jo JS i (5
oo (Gadagi et al., 2004) sg ol plo
LSI“Sl‘ 9 ,.M 8 00uS Sl C)ls )1 oolaw!
99915 )0 (wligegose 5 15,050k) Haud ouiiS |
SES 5 5 s ol kS gla) Gl e e
A Ao,y g a4 Lawd Ll dee,yo iolidl g,

ol ansdS Sliasy guls (Prasad et al., 2012)

dodo

Begonia wole pb L lalfaiae LS
Sipeee 5 (pise S semperflorens
(Zhang et al., 2010) cwl Lss o gllS lals
(oot $oosS Bras Jdoas 4idS slaans o
sla Fogll ell alox 5l (sousite armme s Sl
5 ol Mo (ogas o (M 5 S5 O
Sharma ef ) cuwl ol 5929 45 0di) Dlogzge K0
NPK la¢ Joloo 3,k 5l Lo asdss (al., 2011
5 Sk Vov Dl 4 lavgio by lagdnayn )
Soge Salejl QL b il g9,d 5l a0 )l 90
SiyskiS cewlew (Jeong et al., 2010) 5,5 o

ol praasio lnly 65)slaS asng 5 5lak
30 S 0 0k Slogzge I i ax e oS cudls
g WS S8 olS Slie slajls el cgx
oSl ST s slaosS 0l a5 0g ol
e olie Wl a5 e gllal 5y g
G Olge 4 Joad (Slany wnl B SG e l, S
W9 03,5 (game dlye S0 g bagneling 9zeen
o xSL (Vessey, 2003) ailwy olS ady,
10 g Jiwd (5S> Pseudomonas fluorescens
5 o8l @iz 5 ead jedsinee mh e S
ISl 1y 53y i ke, polie 51 Sos B
Sb a4 ulipegogn iz slagSL L sSile o
(bl S3b Gl a5 L cly glale
(Meyer, 2000) oia fiw p,5 5 jeel o
93> Azotobacter  chroococcum — slas iSL
L wlgioe o coul 55,5 5 e )5 sla St
CalS ozed AL el 5l eolaiul
W oenST b 2laiyge)98 SIg o phned] ()59 550
2 I Gl 5 g0 w5 dagd e
Sharma et ) aos Ll |, (lls o Slos «jamg s,
a5 Cowl ool canlie b gl o (al, 2011
0395 e 2alS ol yen 4y o107/ 51 ool
B g ol Sl cege alide LB O jgoa
(Deshmukh et al., 2009) cwul ool Je5
olgogogw Jod 5l (G slaogs SISl
PN (g 2B p ]y CewgeS (o0 5 et sl



£1Y VE) 5l F 8 Les OF 5,90 ol SLEL psle

098 L) g wligegosw NN (g Sy
9 AL g elisagoge Y (39 e g yhed
O 5 s/ g olisagoge NY (95 wo) O
w2, O g bl g wligogopw N T jind as s
5 owlsogopw N0 Giud sy B0 g (e
5 oolisagoge V7 (e we)d VO g 5Lsij/
5 olsegoge WV Gad wo)s VO g 5LsT/
VA Gaed 20,0 YO 5 (39508 v )3 VO 5 5/
09N 9 O3 deyd Ve g Leij g elipegose
Pd 8oy Ve g Jlgif g ulipegoge N phud
Voo g sl g uligegager Vo (G395 e s
polie g W3gr Haud woyd Ve g (g we)d
oolol 1 Ly i Jlosl ol Jolomo 30,b 5 ol
Sy Bolal peed (A S g5l
erazels aly; ol sbxl b jled G bazals
° Sadioe gl (65Sh Ggraibiwge b b &5
Slowt el Doy S g SO e
S lp cas s gile QlSe cez wad
Lol o5 glazels 5l wwe ol dajles
A Ol s ados il 6L Ggemilinges
ety bwg Jslxe izl Gy aid)S 18
ol Yo wlas b5 L olaplals s loazals
Somed 1) Sl 5 S5 S WSS S S sl
S kS 4 gyl W i ((galae sz
T 4 sl ke 10+l 4 LS 55, 90 0 ey
obS Jawgi; 5l Sl pud it 51 28 Salxl
25 6 RS slr
AlS e (Gaiod ol Ho oad colaul 4l Jelowe
Jsl=e 90 Juli (Hoagland and Arnon., 1950)
SloSel 092 9,500 polic 9 95k yolie s5l> aly
KNO; :ols laJslne ol o oslitul o0
KCl MgSO, NHH,PO, «L£a(NO);.4H,0
MnSO,H,0 H;BO; NHNO;  CaCl,
Na-Fe ¢ NH;Mo00O, LuS0,.5H,0 ZnSO,4.7H20
S5 il 5 atan g0 cudS 5l as .asog EDTA
wile Ll sle sk S S o loazals
OV Jgoz) ool cupe glasless elul 5 0l
Sislesd Jle slp ol plnl lalS (a5 Jgloxe

(yawd oS o) Barvar2 i) o5 a5 ol
5 Sp SES g 5 (s Sy sl Rl el
S S it 4 polesiload o ol o3l
oaiS ces) Nitrokara L Barvar .55 les
Abbasniayzare et al., ) sl Cewods (045,00
9y Sy oS Jl Sl 4 arg L2012
@ azg by sl odd (g Spiay (Juj ol
G5 lrerd SladsS aelen ) e S
Loanalio g () sloogS Sl (o) Soa b yol>
@M 5wl o SRy 5y pelie Same 408
plsl geme () ol o plareds Lg% o8, 90

L SEELH

Sl aden LsgSo (F1) Jgl Joss 650 sloazals
Senator 5 (jew S ) Sprint rose o3, ¢ L
S 3l S e 0-F Aoy (5,8 S ) deeprose
GlS 4y g Wi ags ol o &dly o ls alsls
4,0 YO 55 slod) onds Jyu8 Lalpd b Slindos
o Sagby g pugade a0 VA Gl gles
JysSt alesT s ools Jmil (aoys VeED
5 LS5 dw o ol LelS claSsl ook LB,
Olilry, L85 Do 08, 90 L e Vo
Pseudomonas fluorescens Strain ) _ulsgogogw
Azotobacter chroococcum ) ,S5lsi;/ 4 (169
Olidoy dwwie ($59)gm oKinle;] ,o «(Strain 12
las Sl Comaz diad gl g Wgeyd ol 5 S
D ol ysl VA x Vo) il ale o5 o o
00l By 0l (poisw Vot 50 el e 5l g

A Ay ol sl 5o g
W) wals N Jeld ey 990 slajles
bl ) &l adlS s Y (G josS 9 (218 Jslone
¥ s g peligegase X (OIS S (yge5]
ool oG BB jand wo)ps B0 g ulipegoge
and 0o )0 YO g ulisgagogw 0 (ol S yg05]
09 LIV Gad o3 Ve e g wligagoge F
A Oers Wy B0 g JBlel A 5e s
Verg DLl e g weys YO g 5TsT/



L?ﬁﬂ]uowyjob);g 0diiS Conds slo s xS )_.| :ol)l&o.ajo%b

el Sopedlew boojes b e mas b,
olftws abiwgas wienST OF 5 sl Seleddl
&y (Wahing ef al., 1989) o sl Jlales
ol ol Jslows 51 il sloe B it (5 eSo3la
Sebrlo il Soeilg b ogel Gl jo s
Fediskee YO 0555 b 3o 4 aifenST Of 5 gl
—Sladse paigel Jslme e B 5 wd aiz,
2 oxile, ez 4 g w8 adlol ol 4 Slably
PG Joo yagidy yiSml olfiws b 032 (s
<lyd gl FV- zse Jsb L Instrument + T80
&S o3l &> (Chapman & Pratte, 1961) o
ey & a3l Jel ojlac o)lsls ks
Lol Soul550 b oSy g S Gailjen
@i goad 3.8, (C8) iy 55 L) 4 S
Fasls VESID yn Jsb 5 5 ogighonls olfies

(Wahing et al., 1989) o =41,3

AN

5 By polie soles Jolt) 4y Jsbre olyicay
S)y90 Y- 9 Yo &Y 6L®)Lo...> 6‘).3 (;9,.4.%5
Gao 0 Jols a5 ololes gl a5 1,8 colan]
oy yaie 93 (pl W6 L g el 5 35
ool s ¥ Joao Gub Sras slbSed polie
hb ol Ve sl 286 Jole 3 olesys g 00
OTE W JL“:‘ @l Lthb)Lo.:.? Lg‘;s 9
aS obylals da Lo plod gl sl i (o5l LSS
B 2 ele Lalls Ol b il 5965 jles
olS (2lsp iy )l § (i (o) p Su

Gabewgas oo Ll 5 (459 9 gad aBgb oo |
ao Sl Sp e e 9 28 2585 330 S0l
Joe i mhw olfiws alewgas 1S5 o 5l Sy
5 & xSo;lail Licore 3100 Area Meter, USA
Frohe ey Sy e Glyiea ol Sk
b 5 ot (55 el 05 ol e

Foads asle gla ol Slasein ) Jgox
Table 1. Details of built solutions. *

Solution Number Solution type Applied treatments

Sy Hoagland standard solution as a basic solution 2-6-10-20
S, Hoagland solution without N 7-19

S3 Hoagland solution with 50% of N 8-12

S4 Hoagland solution with 75% of N 9-15

Ss Hoagland solution without P 3-18

Se Hoagland solution with 50% of P 4-13

S; Hoagland solution with 75% of P 5-16

Ss Hoagland solution containing 50% N and 50% P 14

So Hoagland solution containing 75% N and 75% P 17
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Table 2. The amounts of macronutrients (meq.L™").
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Table 3. The amounts of micronutrients in solutions (mg.L™).

mg.L" Microelements salt
1.5 H;BO;
0.25 CUSO4, 5H20
1 ZnS0O,4, 7TH20
2 MI’ISO4, HzO
005 (NH4)6MO7024, 4H20

10 Na-Fe EDTA
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Figure 1. The effect of chemical and biofertilizers treatments on Shoot fresh weight of two varieties of begonia.
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Table 4. Results of variance analysis effect of chemical and biofertilizers treatments and cultivar on quantitative and

qualitative characteristics of begonia.

Mean of squares
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E & R
Block 2 0.065® 025%™ 3524™  026™ 0.066™ 0.0003° 0.003%™ 0.1% 0417
Cultivar (C) 11797 3.07™ 3393037 21797 0.15™  0.096" 3997 34627 6372
Chemical and biofertilizers treatments (T) 19 0.023™ 1.80° 825717 094" 062" 0.004" 0091 5577
=V 19 0.017™ 1.74™ 8383 056"  0.08™ 0.002" 0092 135"
Error 70023 111 210.63 0.18 0.083  0.0002  0.006 0.34
CV (%) 8.41 14.11 15.75 13.51 8.63 4.84 225 5.11
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ns, *, ** non significantly difference and significantly difference at 5% and 1 % probability level, respectively.



Y0 VE) 5l F 8 Les OF 5,90 ol SLEL psle

Fd (e r oSl SaS g 5 09 oS p gl () g (bt 095 Al slajles ST (nS0lie alie B Jgox

Lg%y S5l bl 5 S 0 g )15 co)lus i ornslsy
Table 5. Mean comparison effect of chemical and biofertilizers treatments on leaf area, shoots fresh & dry weight, N,
P, K, chlorophyll and anthocyanin of begonia.

= =
® C iy il
- & = = o0 o
5 2 s g 2 - - H £
g 5 < - = X S X = £
g : : ez F v z .
& 5 < & S 2 £ >
& Z 2 =
s S8
c £
T, 86.83 a 5.5ac 69.23d 2.59d 2.15b 0.24 h 347c¢ 9.76 h 19d
T, 76.33 a 845a 94.26 ab 3.5ab 320a 0.33 ad 3.59 ab 11.62 be 40.12 ab
Ts 70.17 a 6b 76.14 ¢ 293 cd 323a 0.27 fg 3.53 be 10.47 eh 34.19 be
Ty 78.17 a 5.8b 76.4 ¢ 2.96 cd 340a 0.30 df 3.56 be 10.42 th 3035¢
Ts 70.17 a 594 b 76.85 ¢ 2.89 cd 3.6la 031 cf 3.56b 10.34 gh 32.12 be
Ts 58.17a 592b 79.59 ¢ 3.02 cd 3.68a 0.32 ae 3.51 be 10.28 gh 40.16 ab
T, 59.33a 6.24 b 78.37 be 2.83 cd 338a 0.29 eh 3.52bc 12.26 ac 39.31 ab
Ts 72.5a 6.74 b 99.23 ¢ 3.04 ad 351a 0.31 ae 3.50 be 12.42 ac 41.11a
To 66.33 a 6.43 b 94.29 ae 3.09bd 344 a 0.33 ac 3.51 be 12.78 ab 39.17 ab
Tho 68.33 a 6.14b 95.48 ac 2.99 cd 3.60 a 0.31 ae 3.55bc 13.12a 30.16 ¢
T 64 a 7.2 ab 88.08 ac 3.04 cd 3.14a 0.32 ae 3.53 be 11.73 bd 28.96 ¢
T 70.67 a 7.11 ab 110.28 ab 3.4 ad 3.14a 0.31 ad 3.53 be 12.1 ad 26.63 ¢
T3 67.17 a 7.52 ab 97.48 ac 3.42 ad 322a 0.33 ae 3.57b 11.80 bd 28.44 ¢
T 60.33 a 7.85 ab 80.57 be 3.06 cd 333a 0.33 ad 3.54 be 10.9 dh 28.58 ¢
Tis 72.83 a 7.35 ab 101.65 ac 3.99 ab 328a 0.31 be 3.58b 11.87 bd 4138 a
Tis 56.83 a 7.37 ab 90.23 ac 2.86 cd 341 a 0.30 cf 3.6lb 10.35 gh 39.31 ab
Ty, 575a 7.76 ab 117.18 a 4.12a 352a 0.31 ae 3.63a 12.58 ac 36.11b
Tis 80.17 a 7.42 ab 97.95 ac 3.1bd 334a 0.30 df 3.60b 11.92 ad 3793 b
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Means 69.43 6.69 92.15 32 3.33 0.31 3.55 11.49 34.26
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In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
T1 (control), T2 (Hoagland), T3 (Pseudomonas), T4 (Pseudomonas & 50% P), T5 (Pseudomonas & 75% P), T6 (Pseudomonas & 100% P), T7 (Aztobacter), T8
(Azotobacter & 50% N), T9 (Azotobacter & 75% N), T10 (Aztobacter & 100% N), T11 (Pseudomonas & Azotobacter), T12 (Pseudomonas & Aztobacter & 50%
N), T13 (Pseudomonas & Aztobacter & 50% P), T14 (Pseudomonas & Aztobacter & 50% N & 50% P), T15 (Pseudomonas & Aztobacter & 75% N), T16
(Pseudomonas & Aztobacter & 75% P), T17 (Pseudomonas & Aztobacter & 75% N & 75% P), T18 (Pseudomonas & Aztobacter & 100% N), T19
(Pseudomonas & Aztobacter & 100% P), T20 (Pseudomonas & Aztobacter & 100% N & 100% p).
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Table 6. Mean comparison effect of cultivar on some traits of begonia.
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In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
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Table 7. Correlation coefficients between the evaluated traits of begonia.

o ) = S g
2 B : F  _ _ . EE iz
£ s Em rm S S S g gE
g [~ SN hS=4 =~ ~ ~ = E e
5 S % 2 “ A~ M S 3 S o
3 S 3 g = 58
. s} = SN2 ° =
= ©n = =
Leaf number 1
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