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The Effects of Different Phosphorus Levels on the Growth
and Yield of Soybean (Glycine max L.) in the Climatic
Conditions of Maidan Wardak Province

1- Mohammad Jan Arian™, 2- Abdullah Aram?, 3- Noor Mohammad Ahmadi?
1- Agronomy Department, Agriculture Faculty, Wardak Institute of Higher Education,
Maidan Wardak, Afghanistan.

Abstract

This scientific experiment is conducted at research farm of Agriculture
faculty, Wardak Institute of Higher Education in 2022 to study the effect of
different phosphorus fertilizer levels on the growth and yield of Soybean
under climatic conditions of Maidan Wardak Province. The experiment was
conducted using a randomized complete block design (RCBD) with four
Treatments such as (0, 40, 80, and 120) Kg Phosphorus per hectare with 3
replications. Among all treatment (T3) 120 kg phosphorus per hectare
recorded maximum plant height, number of shoot per plant, number of
leaves per plant, maximum number of nodules per plant, number of pods per
plant, pods length, weight of 100 seeds and seed yield. per hectare were
recorded from T4 (120) kg phosphorus per hectare. Furthermore, the highest
leaf area was observed in T3 (80) kg phosphorous per hectare. Meanwhile,
maximum number of pods per plant was in (80) and (120) kg phosphorus
per hectare respectively. The best and highest effects of the above-
mentioned levels (120 kg) of phosphorus per hectare resulted in an increase
in the growth and yield parameters of the Soybean which we recommend the
use of the mentioned dose for better and higher production of Soybean.

Keywords: Soybean, Phosphorus, growth and yield.

* Email: mohammadjanarian@gmail.com



mailto:mohammadjanarian@gmail.com

S
&;‘u))}_;bjlcbugfﬂjg)_éj‘}_g;)ﬁbQ:SAJ\ﬁ_:;H(G]nyHe max L.) ml_w
33 Samp e il shaes sl sy S o ) ag 4l 4y SUL
gs‘)—:g‘:JV—@)—ngSulﬁmel_w.(]ahangir et al, 2009) > N335y 9y
jlo,uHf;sH,_;?M,l‘g,s‘;,_;,;&Qupﬁﬁmyﬁgﬁ‘@auaegume)
j‘ﬁ'}ﬂggjjaw@:b‘m\f%;u‘ﬁd\ﬁb}ﬁ)u}ﬁué}jasjéwa)b-w
QL:.;é}%)&d)\—é}}}ﬁ)ﬁgbw\_w.(shahid et al., 2009) L:,—J‘}r—““—“"}“q;’bﬁjsb
5305 83 4y el (Issifu, 2018) 5 =S J,-S o)L A5 3 (65,50 sl 5 (S Sy i)
s ¢ . . & . e . .
(3 Jt S el s s 5 s b Sl SO Lzt sl s oS S
(Cancer, Cronaryheart disaes and ) sés)ls supsiw mad 533 o a S
4z ogsl (155 sl s (Shengull, 2017) (5,3 & vgs 22 =S 335eS 4 (Osteoporosis
Egl—‘“"gxs—?LE-’QLQJQJJM)@).’)—;"}—L&-’%DMHﬁ‘é}JCf:;)J—-.’“—’-.SQ)—S
Ml4_54_;;;,)%54_3;\;;Hj;\_fﬁ,\j;j_.mjsm‘,;,é_ﬂ,s‘b_a4_<J,:ut,:>
4_4}_5-‘6334_“3‘.1)‘4_4'@_»,\_;):%\_“:RSU\xJJHHA_Q-AS.(MandiC, 2015) Lﬁj.S
I IS5 (o amS g4y o g 45 5 0k Y ‘?ﬁuww@‘—fﬁu—ﬂ
(Deribi et al., 2018) (g y) Sy 52 55 O sden Fr 5 0514
}_,'..3_5).54__3%555)554__.3%$_2.-ébb‘ﬂé‘b))@?b})oquubwjpu
gﬂ}—:{:}Hg')_gMm‘uwﬁg}‘d)}ﬂ._‘ﬂbDséﬁ&p&yﬂ(éwﬁ_.ﬁj‘é}_&)
LJHSSUL;S;J_RQJHJ_AH.@LA)MM};}RL;:L‘S_f}:l_?L:}(Legumes)
Hﬁ(pg}&}b‘}&g})&;—M‘;w)}i_nﬂu[_igjb&é;d)}‘:_awgaj\v\_;‘
oy o 5> 2 (OLANIYAN., 2016) 6“—33‘5“5:3@:&%(»—“@55)5‘—*5):*14‘:-
UL 38 503508 ypin s S el o 655 S osl 1 S St s
a3 (KUAGA et al, 2004) g3s9dmee J—ol> sl oz g 0l 50 LS 23 g gl
. o . . . . S ./; .
H)‘éﬁ%)ﬂj‘d)j}a}jﬁb)éﬂ)HHJJWU@GJ@HGJ—SJ}J‘J
S5 2 3 sl (Sutharsan et al, 2016) S-S g5 Jdpb-}__lg:giLgY}S
4_;(._;._?s‘}_bfd_fa_;‘dl.&&ﬂ4_;}..;,.3).s‘g:,_..aj4_;Q:’.-jjb_.l_?.sm_:l.@.oa_;(l’hotosynthesis)
3 pysewb (Samuel et al, 2000) éJJHtHQlJL@A_;Q_:L:SJQL,J:ﬂJ:L:J
anﬁj‘gidvgaﬂ)_m&déyjﬁg&ukf_gda)_a;c&g))fér_@}_jgl_golﬁ'
p——é—“’)‘—:‘j—“g}bw‘y-’J—-ﬂl"g}—‘-’i)t-d-’(DAP) bjw%s_gj})dﬂj}i.wlé)|&sju_jbjj
IS4 sl 34 5L da)_:fg.(ANTUNOVIC et al, 2012) LgJ_SJ_L;lJ_A
4__:3‘413\—3)d)))‘x.«_&jajyl_:aéyyak‘s_g)_wf)H‘éﬁpmqg\_“,aaﬂ
sl s g 9L >.(Dalshad et al, 2013) é}-}ﬁ‘)@@hﬂi‘)é}j}ﬁ?u
J— ! (Sorption-disruption) L;}l__A.S-}_ﬁ._.fe}_»o_a- S G Jbay 55 p 095 4y oS -



rl.@- > ol < j_gd .&> &—S > (Immobilization-mineralization) 6%) ) 5w —
=2 03 1 sl G Lyl 4 oy gl anS g5 b iy oy i3 s U Sl 53
Sl ool b Ly S SUL s 8 et g o 58 S
(Amba et al,2011) S Js¥ Il s )5 mols 5l S s G srling
0,9 031 S] ) 52wls 59 L3yl 56, ;:l_g:é”}l_é- 3;4‘94_;6‘;_?:.(Chavan et al.,2008)
4_46_3_?:3\QMU&IH.‘_;:L}.ALZV_A&QU&\:lj_raoij_f,.}_aj%;)\;s%;agﬁa.M_.»S
?Souu;\4__.,.@5@,,_;\_:;J,),u;}_;;‘m_:sg\oj_g;u,ﬂg.d)}a_.du &;wu”}s
;g?_(a”l_;4_1,L?_?bL;x}J:%;JJL‘;}J}:_wgs_irb%g):u‘gla\_iw)}é_wlé:Q})Lgﬁge”l_;
(103 3 $rS IS daaly 4 SIS (g gy sl ols omp3 103 aneS oIl o 5l
DOl a4y 3 o sl a6 S UsShs S Ol a4y g s skl 2 10
sl 15 5l (658 (6 At DLt ey saals g5 9y s ejlusl sl g 6, U5 S5
3 313 Ddaas gt b33 4S5 (63 4y (Ayubi,2018) (55 45 45 galinl s DL s
;—:1*15'-‘>w»3—-\5>r—f=5"g§,g—< dn ghan o3Il anlin o) sl 3 o)L U 5 4 s gl
(S gt Jodll S sles S Jlie gy S
Ol (S g o
163 65 il B8 eV g g5 2 S sl s S 0kilidl

BB I e 3 (o gy il 3 S S 4 sl s 55 S5 S @

.J,Sax,;agtg;@b,!ﬁskyﬁgéﬂ?)pmgaﬁgmug o
P>

Jyeshan 593 Comlia s )y pinls s oyl sl 1

kD 5 oy i 3 (S5l sl gy Joolo 3 5l Jeol 5 0L e3s 4y gnlus 2

Jgeglas 5815 55100

10,38 ‘,5’4'?5 3 gl 3lge
Mg)ﬁfga)gd_;&;rysau(G]ydne max L) el :((l59) Sgmd >
Jg?_{t_w,,;,\ot__ft?‘ﬁHmu.dgdp&lu&myu&um:n =
S Ja S5 a says sl 5y 300l 548 5555
3 sk ool slons iy gnlws (Y sl olil 5y Sapp Ol 3 S5 15
S 3 r 5 S 035 5p5 3 Sap5 3 Y S 50550 31 poilien 3 oy gl
egdiopm 5 S e gk 4 e
329 (592
=t i Al S S LS OF e gl A B ie) s g5 > ey s gl of 4
(Randomized Complete Block Design)Hsﬁj,_;,SxHﬁHaﬂ}_b}Sﬁ A,

CYYe gl A e n)J}Q_&Hg:,_'.qjjsJ}J_;:S:‘Tg)'\.uiw)}é_w\éa.o}_&ofﬁu_(;ﬁb__a;



é'_aj_‘:j:\d“\.g.sj\o;_agﬁ\_w’ﬁ ubé'_aj_‘:j})l_ﬁajuu:.%g)l_&aﬁu\;jl:s
J_mds)_bzu‘,;)\.;)‘,_l;JM_gra&jdsg‘osdpdﬂérlﬁgaj_ndﬁu\“ ol
j_:jgﬁbsjﬁ.}}}}aé\_’j;)b"\* Jﬂébugfﬁgﬁéyjéﬁ}w(\‘xvm) s.;JM_g
Hgﬁa.aj%gj_;kjj_:s?jcgHajz_ﬁg:;umwu‘c;_w_:j_;};}@;)lj_ﬁ\ dols fie 5
dﬂd;;%u\b@&kﬁ\)?bm‘}vﬁﬁuaa}&g;kgédls‘}:a\f'\

49 oyl (539 0

Sl 93101 ghudly 3 (puyghuld 3 suads 4 9il ol 5ig3L 3 ¢ Jlg ys! 43 ginsl
;Jw|,5|441j_1ﬁ>&ﬁ;wjﬂd&;ﬁ&;ﬁd}u;%ﬁﬁ,twéﬁmu
ﬁsz‘Tlq_g.cugagséc';)_?bu)rg:Qf.ugxdg};gjlj};w:‘gbgpg&@wu
Foav O opm s iag Joy s d S5 sdsi 5 Slis sl ag sl s (S siman s Ty
,I\Y,OY“W,YY‘ ong,_g:f”A__gxq_&C)l_u)_‘);J_ﬁy?l_wal_qJ‘of._A Ls:;\_.ﬂ‘\‘,\‘v}\
AYAOF NV 0 55 dy s Slo) 555 5 il s (S Ol ay slagsla Ve 0V
Qg}(a}ﬁw%&w)puﬁﬁ)éMJST4Hj‘)uJ.}—:4—w¥;@L}:\'O,?V
PR SOV Gl e ) I S Ol e ne (SN Jly o S 5
(Jad-1) o5 Jely WY AV Fe b s

S5 I S 3 )5l > ek 4y il ol g la s gyl 4 O ool 5:(Jgur oY)

Lawgl
OXPA silw) S
d SIS s Sy | pedsils S Ol
();.° 3 5 £ 3 K 5 £
T, (40kg P,O,/ha) 32.37 10.17° 105.47°
T,(80kg P,0,/ha) 4093 12.53" 129.53
T,(120kg P,0,/ha) 56.04° 17.23° 147.17°
T, Control(No P,0,/ha) 30.16° 9.70° 97.40
Cc.v 9.39 20.01 9.21
LSD 0.05 7.48 4.96 22.06

Any two means not sharing same letters differ significantly (p<0.05)
3 9310l gbisdly & (p398mwld 3 (SUSL (0 oo (L) &bdud_g‘éél_gool_p‘ Clw 8
el o8
> Jlorad 531 5 LB s o sl s o 6 o8 B it ol ot (5l 5
s s oS s ST ST, T aq 63 605 =8 go ply 3 e g sily 3 DS el
S e e Sl 01,40 510V A aﬂu_gfumgsd\_,;)_ﬁn\_,ué
POV ambew oy S s 5 by o (S (a0 st ad) S s Ty ag Sl abs o0 552
| | 103 (555 b0 Tl




L:;)?éljjlxl)lﬁ)&ﬁaw)}jwlés(@f}.agﬂu)&Magﬁs‘;g;;;umb::(dj&-\')

Sl g3 Lawg!
T, (40kg P,O,/ha) 51.90°
T,(80kg P,0,/ha) 70.63°
T,(120kg P,0,/ha) 69.57°
T, Control(No P,Oy/ha) 42.70°
C.V 9.33
LSD 0.05 10.94

Any two means not sharing same letters differ significantly (p<0.05)

o PPeurb o (I O 4
agumuwj,tsﬁ;w,wﬁ;wpu;@éﬁxf,;&; @kaju,u;};u}u
Gop 5S4 S ushal s S G ST T, Ty es 8 058l o ply > o 55
4 5h 4353 Sob CEVVIV P W PR o (55 el 22 I 5 Sl bs S U

(Jsd-¥) (65 L;ﬁ;,.;\‘\’,/\vxm:il;,;}s,;;ﬁu;%;(uﬁ sl ) Cias 5T,

S8l ) Dy sy 58wl 5 i 4y g5 gl Us DL sl 5 :(J g 1)

RPN Lo
T, (40kg P,O,/ha) 31.47°
T,(80kg P,0,/ha) 40.67°
T,(120kg P,0,/ha) 44.90°
T, Control(No P,0O./ha) 22.87¢
c.v 10.69
LSD 0.05 7.47

Any two means not sharing same letters differ significantly (p<0.05)
U9 pholylp Jol> 2
3 @ ped 4 153 (5 b 4 5l (o L) Jgdyal b 3 cnd a3 (5 O 4 gl 3
| o " 5t o 3 50 s 3 gl
;)L;mumwu,w.m,xﬁ;«ﬁ;w,uu;@éﬂﬁ}a;@ka,\&ba&g};wu
Sopn 5S4 & S uysheld s S S STy T Ty ages 65 0581 g el s sod 4y 5k
w55 sl g e 5 Lo TN SIYEWARY o C 5 4 ol b g 5 s st
CSY A I e o ;:3;4#,‘*:,‘,; }J};;}s\n‘;g\w,lmrv SIFVFAY o
J}}});JS%;L;m\'u"vﬁ‘.ﬁii‘)jﬁ;}‘}gbé(dﬁijbd) S 5Ty a5l a8 .65 (g9
(Jgd>-¥) dadﬁ@Y,évx&j}S};;jl:;ég&g;\\‘n\’ Slosysl

é}é\}jl.uljlﬁ)kﬁ;w)}.éwlé:}il:)lébsijhﬁiQﬁ:é&@@%b::(d;.&-—f)

RATY] “}3 h.w,'
5.&:%;0@‘43 ‘;153451&515.: y‘laeg;‘_;y\e




T, (40kg P,O,/ha) 32.60" 4.37" 105.47°
T,(80kg P,O,/ha) 34.77° 4.70® 129.53°
T,(120kg P,0,/ha) 41.00° 4.87° 147.17°
T, Control(No P,0;/ha) 30.37¢ 4.07¢ 97.40°
c.v 3.37 3.90 9.21
LSD 0.05 0.19 0.35 22.06

Any two means not sharing same letters differ significantly (p<0.05)

(,mﬁfv;,x;)yb&x;u;,u,ﬂ;) O39 P10 1w 26 ymoss 10 3 (I DS 4y gl 3
(G521 Jloiuol 5 95161 bl & wygiwld 3 Gl
opmugdwu)'\,utjiﬁmﬁ;wpm@éﬂxf}ﬁ;@;,_:,\dtwéxsu»m
S 4828 s> S G i TSI T, Ty agen 65 058l 5 pl > Skl oy 515 S
3L e 80 SIVEIVOTYAY o (3 4 e 3 I 5 s> (S Ol e 4y 0
5 5183 53 B WV S W00 AN o 354 55 2 i 5 13 3 S g
(60 (b L5 VOOTL,AY I VAT AY Y Y o %}gybﬁg}!};;ﬂ:;é}t&»

.(J;A?-O)Lgsd‘,.ic,..j\//\,\" N}jﬂ;}b;é(ﬁﬁ ) 5wl 4) s T, 4

:%;.,Ul.:()l:&asﬁ(-ljfjl.ﬁ) J“"l"“ﬂgf'"‘ﬁ‘(fbf) TR FARE :‘rigleAgQLg«imb::(djdq-é)
L.5;,:.'91 Jlerzal 5 93160 shdhs > vy 9duld

RISTATY] Lo
glos Solia LRI CRRR flﬁ#)yb‘gloo
o (P19 (uSs
T, (40kg P,0,/ha) 90.50° 17.17° 1553.93°
T,(80kg P,0,/ha) 104.37° 17.50® 1831.93°
T,(120kg P,O,/ha) 122.93° 18.70° 2300.03°
T, Control(No P,0;/ha) 78.20¢ 15.77° 1232.13¢
C.V 5.71 3.69 8.16
LSD 0.05 11.28 1.27 281.88

Any two means not sharing same letters differ significantly (p<0.05)
4dlo
U9 yhalyly (539 0
931! gbdly 3 (508l 3 (Sl yromts 4y 3Ly 9f $igSL 3 ¢ Jlgyed A DL b
Sl Jlomil o
oD 501 M 3 sl 3 (0L e g Ly ol Sl s JIs psd g LS el s
> S Do i 35505 sl SISV 55 LS o g5 sl el s SIS
=3 35 0 w3 AV e S g la s SLe OV F Jlgy st ol I s ol
J_:;,Lg;?_{(uﬁ oy siwls ) Q._;JJSJ),:_S;_U‘\) absigs Al N VFVY s

10




st s 5 S O AV Sl e oS i S SLe¥NY I d ) g
> IFLe) M0 (SSlaminl s oy shnld > (S f oz g (63 S 5 o alin AV Fr L
3 gl i i o B Ml (S Jogsd 4 Ol emln s o 55 o 63
VYo glA L F wJP‘““—fﬁé’H-éﬂdﬁJv—yg—g@‘ﬂ—:}HQJ@’HJQ‘—é
4 DL el s e g St 5 S s o S5 i S 3OS el S LS
55583 o7 50 VS Pl o ely s S et aq Sl sl et las oy
Kh N ) G5 SU sl 1Ll 55550 Y o a (Mahmoodi ef al, 2013) (gdasms 4
035 D> o 55 4V ;5 4 wls Lo (Atabayeva and S Sh Yakubov., 2022
s Bl i ) (65 3> 3 5ty Ll A5 Sis. Y S
ar s Olgsenyae Slis s IS i o st ol 5 Y-S Sl s
4—@@‘—g}‘43;5-‘——i~~>‘—:5J@gOJML,SJJ—:‘LﬁJ—Jﬁwﬂ-é“OLé“—Sw;‘-é«JM‘ML’
;L‘;:ul{‘)ﬁpu,mjH;ul_:sml_w;ggﬂy‘ééwbaﬁﬁ_&,n}\.utug
gy LS ol 8 S Y > i 3 o) s 558 55 Sy > ey sl
(635 S edalinoiie (SLaNO0 oy sd DL Ol 4t 55505 5 o (5 Sl
Amafu et al, )}éu{aﬂﬁébﬂ.obébfoﬁg o sl ad Jlas 6_'9‘35:4.?%:54.&3
,lw,Hmt_w>L_;‘;}_ﬁj;%_;;%;gu‘y,_:gg\_gu))u}g\_f,;_;&s.’?_env_»(zozo
o s 155l (5 S aslllan (g8l Jlewiad 3 531000 Ay 3 ) sl > Sl Jol
N ;QIJQ}J;_:.;}J};JJQQJJo,«»d@l%éj\bljuguﬁrl)f}_l:f'ﬁ:u,a)}é_wléz
(Jalalzai et al,2018) ;M «(Aulakh et al,2003) ‘GST Shass. ShaNors g:.:l_.w
%54_54_.»\(}3 ;LL_’; Sy aelgﬁ.«_&zjijﬁ-l_@:;fol_,}cx_;H(Umale et al,2018) Jlayl.
Jalalzai et al, )L_;J'_bb: sl(Aulakh et and Shengu et al, 2017) jfx._.ﬂ ol '@W.L_;.s
O bl 63 S st sk ey R oS e 5 L s gl g eb s sl 5 o2 (2018
(U B S et a5l s gm0 g Jlertiad DU 4 e siels > 2 Jon
Jlm.:_..alagjluiwm,g;w,wléa"sulg(c_g,o,ugﬁu)mb..;‘x_;gxsél_’;aa@o
i

el > Jlaxial 931000 5 LM > aysi wls s 305 b daghua ls add LU 5 eV WY s
55 S5 S D (PL0.05) (5503 551 45 ¢y 3 Sl e i L 5 L
SSa el S S A 7 035 S LS () 4 (o e SV amla a3l
BEIOT cb—fj-lsf“' T S Lo (T) g sle s b a5 55 6 g oDl oy phnls
psg_fg_:&sjsm)gﬁ‘@f;_ﬁgsuw«,vom§;g>og>‘jjépajm,m
3l g e (S 014 A,JQ_.NSS;L;hﬂw_ﬁza;)&_pw}pls)mﬁrlﬁﬂ:sﬁ —
V5 e S AV P dmle Gl > DL (S (45 o pinld ) S 5 g S g
03 aJSMYJSV_A(K Faozi et al, 2019) (s} 5L 4Ll S35 45 53 &M%ﬁ-‘a.\ S5
;(Jt_&nﬁ(.\ﬁ)_xzs\m}wv‘ﬁu)L{;;\uk‘s_xﬁyﬁw,a_wuw_{ué;%gr_mw

11



WV a4l 155 5 Gl 5 DL s (S aspd adst ag ada (o3 (b 035 1 sl
4_,3%5_3(13205)w)}uurtﬁgzs\~A@‘°>¢gu‘y;?_<m;wH@f,«._ﬁg:;u
33§ S sl (S 518 05
Sl Jlosial 5 g5f00t %Mﬁwwhuﬁ"“‘?ﬁ“e?s’%“;é&é%
;;,t_gL-m\_w>,;u_;|j_wﬁw}a_.u\;;ﬁ‘c,_.za.x_:fj;m_;h;,u_u_xéb4;_.:>1>
A EISNY e o ST, P o=l g5 el > Sl ped i Sl U
G b (PR e 5 55 5 D5 e 358 IS (S S0 gy s
(YYAV) o oS 5155 5 S (40 oy s o) a5 g 8y 4S5 ol 558 o
Chiezey & Odunze ) ;535 ol (s 5 bl abs Spd 5 5 50). 65 G ¥ j S gl
jjl&lyl:&uauﬂ)jpléagfuﬁ;ui;}Hj_ﬁzjﬁ;jag‘&gaqu.a oy sl 43 (2009
Oy sl (S aallln il Jol shosg 4y LS Gl 3 (6581 (4 ATY YLF P4
uﬂ)‘,.é_,ﬂlé(aljf‘,.lzf\‘“\,'\@ééuYﬁéM;mHHQL’J}J}RU:%ﬁé
) s g S el i oS S 5 S il JalS S OSe ey o
(§3 $55 e S (L o shals
459;-"“')“£ Jolb-sols s
S 398l 3 Sl yrods 4y 918 D (' (b 49 9l (J192,90 ¢ o 4 gy O (T DS 4 gl 3
Ss}.;ﬂ Jloxiu! & g 31l glodlw ’
A5 s $5:81 930 Dl > oy shnls 5 il sl 4 Jolo 3 ) Jolo 4 S el 5
Gk et g sk 5 (S OL g g D sl s st Y S et uls (S 8o
Pl RS NY) MﬁT;“#“U ol s el o bl el 43.;513 3 S Syl G L_‘sﬁb) ;;”}’4)‘
a5l e Sl FAY Jlsogsl SL5 s 5 s FY ad D5 55 5 sk s (S GBS 5 50a
Pk s S (W skl ) Cons 5 S Sl 42 655 ST G o S 5 S b
13 et J HiS (S shiose (Sl BV Jssgsl J s 5 b s XYY s (oS
ol 3 4k 03 LF; w5 o» (Atnafu et al, 2020) 4bl 5 « %;.JL, F3 83§55 a5 Y0V
A oy sieals S aal SASCF+ ¥ Y0 Ve o) 5510 Dy 3 oy gl 5 (Sl ool 5l 035 4
o 2 P51 5L s S S ekl o S s oS N5 st )8
oS & 563 S a5 o o I3 5 5155 S a ol Jlsasl ze S > sk 5 YAFF
S13 rad o5 51 Jpaash J o b (WVAD ood S 55 5 ks o S (6 sl ) s
.%;)%;454#&)3
a5 L;L_‘l_, 4_“0}%554_1{}4‘\.154_4 H(Chiezey & Odunze 2009) 334l 5l 55 Sl 485
301 kBl 5y sials 3 (G5l ol sl esg g ginlns (S 4t kst 4y a3 6,5
62 S N \,4_;;}3”\54_3)\_&,)_;&),&_;\; oL S LS (FANYLFARY )
035 st a¥p S imasp e ay O A et SLS s S ks SOl

12



ot 05 51 5 S Sy sl s JolS (S HLSe s skl Gl SASTAN

2P 9LS) Sl a3 I3 0 of (P15 39 4 913 sl & ¢ pod d 913 3 T S 4 gl 3
Sl Jloiao! 3 93151 glaidlas 3 poygld 3 (SN (,Li
agﬁan;lgjrgaébp,,_;H,_;\Jggjogmu‘«_g()\_&gﬁrlﬁj_gw A
05l sdsi 5 55ls w3 YYAY s s S5 s si 5 oS Ol anl 4.(P>0,05)
V) Cas 5T, a aal SAS Y o Lol Sl g g5 5 5l s sl el § 5 LS WAV
Lf'\;ﬂ_.zv_()_s,gj_:gjgt_g4__35|Ju;.6gdﬁuv;(,mﬁw),uuu\ﬁ,1§
SV ol oS 5055 5 4555 51 acal VO 055 oS 5353 5 5l s 5 VALY
ﬁlg;)_ﬁ-:@Quaiﬂj.éa6#@‘9}?(4_3%&)}&_“\34_5)Q.;.«JJSJ)J_;SHM\J?
:é@fd_ly-d_gww alin oy Jbly ad 5.5 5 (Chiezey & Odunze 2009) ;52!
2 LSS FRTTLE VY ) 500 5 kDl > oy sl 5 (6ol ol 51035 4y sl
A_AAH&(VW,’F)NQ\_:)",J‘,;JJ)JJJAQL:}Hw‘ésts_‘ﬁ;L;}_:.bl(Jl_:S\m
ﬁé&@ej\})g})\_{ég$JJPBU\S)&;VQJ%;?Lg‘{_(u‘YJS?SMJS

.équ;é(aﬁJ)pud) Sl 5 J S 4y 2 (515 V4AW) @!:NVS}S};

e = LR ééuY;v_n(Atnafu et al, 2020) L3l LL 45,545 LU sedon
GLSa 4l € 5 ISP Y e ) o) g510] s D s ) siwls 3 (Sl ol ol g
,J,JSHJ,Puvljfj_gﬁ>ﬁauy,\,95uﬁ;%4ﬁ,;u\.@€s&;§hu
S (S i ) a5 S g ol el SVAY 05 a5 5 5l s o
L (Zafar et al, 2003)4,_5.]&5:)_;5_:4',.“.6:&_1}—\)4:_.»\1uljfﬁ,\\ Qj)r_f}_S};
’°J‘”a:;‘}3l—.’)“—33)“’\—;|}S‘33"\—§Jls°d)}‘—‘*'b’gxs—?'ksg—g))J)——"ngr‘*"’gxrg“—’;.‘;‘-'l:""
)‘J:"—,’ﬁggﬁj—""""’b‘”'&s‘“};\—’..)HJJPbbﬁ‘HQl—JJd))ﬁ—’b}L‘”’QL’mL‘"
Appiah et ) LT aSSylben . o3y Il oS onsdl 5l poms 83 sl (oS5 4y 050
el S s LS A NP Y ) s il s (AL ol sless 4 ol s (al, 2014
:Lg.,\_Sl_:ijn\__fj_:.lg:ngbsﬁévl_}}aw\ajldédbéj_;bl()m
S5 s 5 sk s S ahliay (S ol s en ¢S 0Bl g ol > Il s sl
(S (4 gyl ad) S 3 g S 4y 4al SWYL00 035 oS 53 5 5l 4l S 0V.¥D 035
NEERTE LY

skl a5y o (Chiezey & Odunze 2009) =35l ol = 1= 4z $9,0bly J—ol> >
w)}j_w\éztxg.l_ib')j\j_q-lHJJB—;3\&4&413};&@:}&){;;3:{%‘&5:%545@&;
3 Sl e _;,,LSgusﬁﬁft,_?,.gsﬁ,w,mr,vm,\cn)dyu A
é}h&ﬁegﬁéw\’ﬁéwﬁwﬁub@:ﬁmﬂ Jol g I 5 gls

13



S S o (S a5 R Sl ks JaslS il el SAS VAN
A S 100 SITVRY,Y o NOU-L PUNN - IS sl A LS VY YN
VON ol o st si 5 sils s S a3 5 g S ay Sl ass .63 b a5 ol
Atnafu et)j;t_;su&gé,_;;;;\__,@ﬁ;w_}_ﬁj4_6,:%5“_;.@6}_.:;“._;4_,.5@:5
> gl ol ab_;é_.:sml_wad_;.&‘e;}J oy 45y 0 syl o 4 (al,2020
,;t_:t“:;%xgg;‘éj_‘.a(,t_&aﬁfuﬁygxm S YN ) T e N s sl
g sanlw > 550N (93 pinle s o A5 45 (bl (03 (S B St S
LS ¥V LAY J_.puw_s,_sjgj_:gﬁg>4_@;L‘;M_;.u%;‘!_('aj_;;u,(t_’,;%;bgl}_,pu
S TIPNUS SR PUSSYHINPIK SIS SRR PES P jU JUERS. PEV U
a8 LSV OAY ol oS 5055 5 55l 5 (S (a5 s o) s 5 g8
(8D S g A

kb Sg Y F
Hmu;xépt_é)_:;&;a\ﬂ@ﬁ%;;;;‘wgﬁ,éa;j@,@ggﬁwg4_;&;4_'”
et g o o I (S e 3 (5B 93Tl 5By 5 s pha 3 Sl ol sl a3
b gt el ades G oS (S s a5 )5S 5l 4SS 55 4y (RCBD)
fg2 dsa g0 4 (bl (o5 Y5

> Jlorial oy il JUSn o, 8 LSV > oy g pd S5 ls B UL 505 -
Sl et Sl Usmbn Gt s et Sles (g I O s sl
(555 dsa 1S5 Jesysl L5 sl e s

e 3 S5 b 5 Jlemial oy sl S LS 01 S5 LS >;‘s—?°;—3;~\—1§}jb ass-
(S s Y 3 Jool Dy s sla s (S US4 5105 s
g—?c—‘&fﬁ“—fﬁ“—;g‘f‘—:@r‘gﬁ—:“ﬂr’f“—;ﬁg@‘ﬂgﬁﬁgﬁwf‘ﬂfﬁéﬂg
ARSI 5 (S e 505 ) sl b a5 50,5 40 sl g 25 g B0
S we s O S N5 Jole DU5 I 5 gl s Jlamtal ) 52l S

14



10.

11.

12.

13.

14.

15.

16.

17.

18.

15

PR NE N

Amba, A. A, Agbo, E. B., Voncir, N., & Oyawoye, M. O. (2011). Effect of phosphorus
fertilizer on some soil chemical properties and nitrogen fixation of legumes at

Bauchi. Continental Journal of Agricultural Science, 5(1), 39-4

Amba, A. A, Agho, E. B., Voncir, N., & Oyawoye, M. O. (2011). Effect of phosphorus
fertilizer on some soil chemical properties and nitrogen fixation of legumes at

Bauchi. Continental Journal of Agricultural Science, 5(1), 39-44.

Antunovi¢, M., Rastija, M., Sudari¢, A., Varga, 1., & Jovi¢, J. (2012). Response of soybean
to phosphorus fertilization under drought stress conditions. Novenyterm, 61, 117-120.
Antunovié¢, M., Rastija, M., Sudari¢, A., Varga, 1., & Jovi¢, J. (2012). Response of soybean
to phosphorus fertilization under drought stress conditions. Novenyterm, 61, 117-120.
Appiah, S., Boateng, A., Darko, D. A., & Boateng, D. K. (2017). Production of vegans
shito using soya beans (glycine max). Journal of Emerging Trends in Engineering and
Applied Sciences, 8(3), 117-122.

Atabayeva, K. N., & Yakubov, S. S. (2022, July). Influence of phosphorus fertilizers on the
yield of soybean varieties in the conditions of Uzbekistan. In IOP Conference Series: Earth
and Environmental Science (Vol. 1068, No. 1, p. 012022). IOP Publishing.

Atnafu, O., Getinet, H., Tadese, T., & Nugusie, M. (2020). Effect of Phosphorus Fertilizer
Rate on Yield and Yield Components of Soybean Varieties on Nitisols of Jimma Area,
South Western Ethiopia. Results of Natural Resources Management Research.

Atnafu, O., Getinet, H., Tadese, T., & Nugusie, M. (2020). Effect of Phosphorus Fertilizer
Rate on Yield and Yield Components of Soybean Varieties on Nitisols of Jimma Area,
South Western Ethiopia. Results of Natural Resources Management Research.

Aulakh, M. S., Pasricha, N. S., & Bahl, G. S. (2003). Phosphorus fertilizer response in an
irrigated soybean—wheat production system on a subtropical, semiarid soil. Field Crops
Research, 80(2), 99-1009.

Ayubi, A. G. (2018). Fundamentals of soil science. Kabul, Afghanistan Azem Publication.\
Bordeleau, L. M., & Prévost, D. (1994). Nodulation and nitrogen fixation in extreme
environments. Plant and soil, 161, 115-125.

Buah, S. S., Polito, T. A., & Killorn, R. (2000). No-tillage soybean response to banded and
broadcast and direct and residual fertilizer phosphorus and potassium

applications. Agronomy Journal, 92(4), 657-662.

Cahyono, O., Minardi, S., Hartati, S., & Rifaldi, D. Increasing growth, seed product and
phosphorus uptake efficiency of Soybean (Glycine max (L.) Merrill) in Alfisol using
phosphorus fertilization methods.

Campistol, J. M., Holt, D. W., Epstein, S., Gioud-Paquet, M., Rutault, K., Burke, J. T., &
Sirolimus European Renal Transplant Study Group. (2005). Bone metabolism in renal
transplant patients treated with cyclosporine or sirolimus. Transplant international, 18(9),
1028-103

Chavan, P. G., Shinde, V. S., Kote, G. M., Solunke, P. S., & Bhondve, A. A. (2008).
Response of sources and levels of phosphorus with and without PSB inoculation on growth,
yield and quality of soybean. Research on Crops, 9(2), 286-289.

Chiezey, U. F., & Odunze, A. C. (2009). Soybean response to application of poultry
manure and phosphorus fertilizer in the Sub-Humid Savanna of Nigeria. Journal of ecology
and Natural Environment, 1(2), 25-31.

Dalshad, A. D., Pakhshan, M. M., & Shireen, A. A. (2013). Effect of phosphorus fertilizers
on growth and physiological phosphorus use efficiency of three soy bean cultivars. Journal
of Verterinary and Agricultural Science, 3(6), 32.

Faozi, K., Yudono, P., Indradewa, D., & Ma’as, A. (2019, March). Effectiveness of
phosphorus fertilizer on soybean plants in the coastal sands soil. In IOP Conference Series:
Earth and Environmental Science (Vol. 250, No. 1, p. 012060). IOP Publishing.



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

16

Gaur, A. C. (1988). Phosphate solubilizing biofertilizers in crop productivity and their
interaction with VA mycorrhizae. Mycorrhizae Round Table, 505-529.

Heeralal, Y., Shekh, M. A, Takar, S. S., Kherawat, B. S., Ashish, S., & Agarwal, M. C.
(2013). Effect of phosphorus and sulphur on content, uptake and quality summer
soybean. International Journal of Agricultural Sciences, 9(1), 91-94.

Issifu, i. (2018). Evaluation of liming, inoculation and phosphorus fertilizer on yield
components and yield of soybean.

Issifu, i. (2018). Evaluation of liming, inoculation and phosphorus fertilizer on yield
components and yield of soybean.

Jahangir, A. A., Mondal, R. K., Nada, K., Sarker, M. A. M., Moniruzzaman, M., &
Hossain, M. K. (2009). Response of different level of nitrogen and phosphorus on grain
yield, oil quality and nutrient uptake of soybean. Bangladesh Journal of Scientific and
Industrial Research, 44(2), 187-192.

Jalalzai, S. W., Ziar, Y. K., Mohammadi, N. K., & Arabzai, M. G. (2018). Effect of
different levels of phosphorus and biofertilizers on growth and yield of soybean in Paktia,
Afghanistan. E-planet, 16(2), 120-124.

Mahmoodi, B., Mosavi, A. A., Daliri, M. S., & Namdari, M. (2013). The evaluation of
different values of phosphorus and sulfur application in yield, yield components and seed
quality characteristics of soybean (Glycine Max L.). Advances in Environmental
Biology, 7(1), 170-176.

Mandi¢, V., Krnjaja, V., Tomié, Z., Bijeli¢, Z., Simi¢, A., Pordevic, S., ... & Gogi¢, M.
(2015). Effect of water stress on soybean production. In Proceedings of the 4th
International Congress New Perspectives and Challenges of Sustainable Livestock
Production October 7-9, 2015 (pp. 405-414). Belgrade: Institute for Animal Husbandry.
Mandié, V., Simi¢, A., Krnjaja, V., Bijeli¢, Z., Tomi¢, Z., Stanojkovi¢, A., & Ruzi¢-Muslié,
D. (2015). Effect of foliar fertilization on soybean grain yield. Biotechnology in Animal
Husbandry, 31(1), 133-143.

Masuda, T., & Goldsmith, P. D. (2009). World soybean production: area harvested, yield,
and long-term projections. International food and agribusiness management

review, 12(1030-2016-82753), 1-20.

N’guessan, B. B., Amponsah, S. K., Dugbartey, G. J., Awuah, K. D., Dotse, E., Aning, A.,
... & Appiah-Opong, R. (2018). In vitro antioxidant potential and effect of a glutathione-
enhancer dietary supplement on selected rat liver cytochrome P450 enzyme

activity. Evidence-Based Complementary and Alternative Medicine, 2018.

Oche, I. C., Chudi, O. P. A,, Terver, U. S., & Samuel, A. (2017). Proximate analysis and
formulation of infant food from soybean and cereals obtained in Benue State,

Nigeria. International Journal of Food Science and Biotechnology, 2(4), 106-113.
OLANIYAN, A., Enoobong, U. D. O., & AFOLAMI, A. (2016). Performance of soybean
(Glycine max L.) influenced by different rates and sources of phosphorus fertilizer in
south-west Nigeria. AGROFOR, 1(3).

Schaefer, G. L., Cosh, M. H., & Jackson, T. J. (2007). The USDA natural resources
conservation service soil climate analysis network (SCAN). Journal of Atmospheric and
Oceanic Technology, 24(12), 2073-2077.

Shahid, M. Q., Saleem, M. F., Khan, H. Z., & Anjum, S. A. (2009). Performance of
soybean (Glycine max L.) under different phosphorus levels and inoculation. Pakistan
Journal of Agricultural Sciences, 46(4), 237-241.

Shahid, M. Qasim, M. Farrukh Saleem, Haroon Z. Khan, and Shakeel A. Anjum.
"Performance of soybean (Glycine max L.) under different phosphorus levels and
inoculation." Pakistan Journal of Agricultural Sciences 46, no. 4 (2009): 237-241.
Shengu, M. K., & Ademe, Y. A. (2017). Response of Soybean to sowing depth and
phosphorus fertilizer rate in Dilla, Humid tropics of Ethiopia, 7(1):274-280. International
Journal of Scientific and Research Publications, ISSN, 2250-3153.



36.

37.

38.

39.

40.

41.

42.

43.

17

Sutharsan, S., Lanka, S., Yatawatte, V., Lanka, S., Srikrisnah, S., & Lanka, S. (2016).
Effect of different rates of nitrogen and phosphorous on growth and nodulation of glycine
max in the eastern region of Sri Lanka. World Journal of Engineering and

Technology, 4(03), 14.

Sutharsan, S., Lanka, S., Yatawatte, V., Lanka, S., Srikrisnah, S., & Lanka, S. (2016).
Effect of different rates of nitrogen and phosphorous on growth and nodulation of glycine
max in the eastern region of Sri Lanka. World Journal of Engineering and

Technology, 4(03), 14.

Umale, S. V. (2012). Growth response of soybean to phosphorus. J. Soils and Crops, 12(2):
258-261.

Yadav, J., Verma, J. P., Jaiswal, D. K., & Kumar, A. (2014). Evaluation of PGPR and
different concentration of phosphorus level on plant growth, yield and nutrient content of
rice (Oryza sativa). Ecological engineering, 62, 123-128.

Zabbey, N., Hart, A. |., & Ezekiel, E. N. (2014). Interstitial nutrient fluxes in Niger Delta
soft-bottom tidal flats: implications for interfacial regeneration and local

productivity. World Journal of Fish and Marine Sciences, 6(1), 40-48.

Zahran, H. H. (1999). Rhizobium-legume symbiosis and nitrogen fixation under severe
conditions and in an arid climate. Microbiology and molecular biology reviews, 63(4), 968-
989

Atnafu, O., Getinet, H., Tadese, T., & Nugusie, M. (2020). Effect of Phosphorus Fertilizer
Rate on Yield and Yield Components of Soybean Varieties on Nitisols of Jimma Area,
South Western Ethiopia. Results of Natural Resources Management Research.

Appiah, A. K., Helget, R., Xu, Y., & Wu, J. (2014). Response of soybean yield and yield
components to phosphorus fertilization in South Dakota.



S 9y (om0 9,98 O Lugl 8 (S glulpd (ol 5 Cu¥g S359 lve S
Ao Lol> of (529

" sl s jlin g ¥ )T Ol deses jlin g Y LT s Hlia -

Oladlidl « 5 Oldon « g 5.5 035 55505 Sy Stng 55 Ciadylus o sl S1-)

4 5 ) e s s 4SS sl sipesd s SUL ol UL Lo (oo slis
A S gan SIAE 3 0w 5055 4y s 51 LS5 LtV s e S S 0
S s s 4 (55 S e kg s 1 ) s e S sl
g 3 s Fs s i o) el s g s ol (S as ey (55 4SS (63 53 e
&5_“?5‘53“_3)_;%_?&5395}":&&%5’3%54_{? U\.A.nb:)iéb_gf}ﬂ_s&n\‘:;u:‘é\}_“f
st gn ol gt (935 plol han iy (5 Sl g3sde (S G55 sSY shals
> e 5 sils o 5515 5 Lol s S s lalh il CoV5 Soy5 0l 5 55 500l
i3 N5S0s dmol a5l 605 b > (S Al A sl oS aolie Lol sl (505
jwg,{_;nlg;_;yﬁgfa,)olv\_f;%_{hdg}_»\\MHuﬁ;wuz.)g%_.m
3 S gt @3 aq ety S b it g ey (35 e 5 S 035 5y
3 SO sla ot 3 (st ol a8 by JoeS) iy home s L
0 yon éP})‘JﬁJJ)HLﬂjAH(RandOmiZe Complete Block Design/RCBD)
Y 41_«:1;&;6)_:,;\_:@; slops SLut uu‘caj_:}s),w%?j)\;\;rnH.n@_;
D‘;}-:;f‘)ﬁgl’“ﬁjj-l;)ﬂ—idg—?gﬂ?g‘:ﬁg‘f,{:;"“L‘S}J"J}-:‘.g‘:—g(’k—u.’“iff“gsﬁb
Sl S5 sl i 45 smiulys obos ol (g S Sl sl035 smiilyg sy 5148500
sas 185 gsfb_wgﬁm@w,t“@v, Saps Ol g ai s a8s plal (shon 4y 43

(S5 g5 S8 3 sy sty sb o1 K

yb‘ejj‘@.:bj&u“ﬁjj:‘;ug%sw

*Email; abdullaharam24@agmail.com

18


mailto:abdullaharam24@gmail.com

Evaluation of growth and yield of common beans (Phaseoulus
vulgaris L) four local varieties under agro ecological
conditions of Maidan Wardak

1- Abdullah Aram™, 2- Mohammad Jam Arian?, 3- Abdulbasir Turabi?
1- Agronomy Department, Agriculture Faculty, Wardak Institute of Higher Education,
Maidan Wardak, Afghanistan

Abstract:

Pulses are necessary to meet essential human and animal needs like food,
fodder, fiber, and energy. Cereals and pulses are widely acknowledged as
crucial components of the national economy, gross domestic product (GDP),
and food security. Major challenges facing the agricultural sector in
Afghanistan include inadequate management, institutional policy and
strategy issues, limited research activity, insufficient funding, and continual
war. The primary goals of this study were to compare the yield, yield
components, and morphological and agronomical characteristics of four local
varieties of common beans, and identify the variety that exhibits the best
growth and vyield. In this study, we grew four local varieties of common
beans known by their local names (Capsoly, Watany, Braga, and Ghorbandi)
to compare their growth and yield. The experiment laid out a randomized
complete block design (RCBD) with three replications. The plot size of the
field experiment was 2 m x 3 m with a row-to-row distance of 0.40 m and a
plant-to-plant distance of 0.20 m. The results revealed that the growth and
yield were higher in the Braga and Ghorbandi variety as compared to the
Capsoly and Watany variety. As a result, we may advise the former Maidan
Wardak province and those in neighboring provinces with similar climates to
cultivate the Braga and Ghorbandi local varieties of common bean.

Keywords: Common bean, local variety, Growth, Yield
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Improved agricultural management practices for sustainable
pulses crop production

1- Noor Mohammad Ahmadi*!, 2- Abdulbasir Turabi?, 3- Mohammad Jan Arian?
1- Agronomy Department, Agriculture Faculty, Wardak Institute of Higher Education,
Maidan Wardak, Afghanistan

Abstract

In terms of agricultural development, production and economic value,
pulses are important plants after cereals and oilseeds and are an integral part
of the agriculture. Considered a rich source of protein and energy.
Afghanistan has suitable climatic conditions for the cultivation and
production of pulses, but the necessary pulses were imported from foreign
countries, the difference between exports and imports is 89660 tons. In
order to fill this gap and reduce the need for pulses, many programs have
been launched, especially in the field of pulses, which is considered the first
necessary effort to overcome the risk of food security. Increasing the
sustainable productivity of high-quality pluses, development and
improvement of technology for low-value pulses and widespread adoption
by leading farmers require considerable effort. Improved pulses cultivation
and management practices, soil fertility, comprehensive pest management
practices, and other aspects of pulses technology that increase productivity
and profitability of pluses and improve environmental and social stability
along with food security and guarantees safety. Agricultural improved
practices of various agronomic researches, cultivation of improved varieties,
plowing and row cultivation, use of bio-fertilizers, spraying of soil on the
plants in important stages of growth, in addition to primary secondary
consumed nutrients elements and the implementation of acceptable practices
for the comprehensive management of weeds and pests, etc., are of great
value in increasing the productivity of pulses. A major challenge for policy
makers, agricultural scientists, and farming communities is to integrate
improved technology and national and local needs to increase pulses
productivity. Here, various valuable improved crop management practices
are reviewed to highlight research priorities for sustainable pulses
production by enhancing pulses productivity.

Keywords: Improve, agronomic, sustainable production, productivity,
pulses, practices.
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Effects of Different Rates of Cow Manure and Unrea
Fertilizer on Growth and Yield of Soybean (Glycine max. L)

1- Abdul Basir Turabi*, 2- Mohammad Jan Arian®, 3- Noor Mohammad Ahmadi*
1- Agronomy Department, Agriculture Faculty, Wardak Institute of Higher
Education, Maidan Wardak, Afghanistan

Abstract

Soybean is the most important oil crop for human beings, animals and the
biodiesel industry due to its high contents of protein (40-42%) and oil (18-
20%). In Afghanistan, soybean is considered a new crop and is currently an
important agricultural product for supporting smallholder farming and food
security. In order to reduce poverty, hunger, malnutrition, and mortality
among women and children, due to the presence of a higher percentage of
oil and protein in the compounds of Sabine, more research is needed to
produce Sabine. For optimum growth and yield of soybeans, proper
amounts of nutrients are needed to be applied. Thus, a pot experiment was
conducted in the research field of the agriculture faculty of Kabul University
in Afghanistan, aiming to assess the effect of cow manure, urea fertilizer
and its combination on the growth and yield of soybeans, laid out in a
complete randomized design (CRD) with three replicates. The treatments
consisted of: T1 (110 kg/ha urea), T2 (75% urea + 5 t/ha cow manure), Ts
(50% urea + 5 t/ha cow manure), T4 (5 t/ha cow manure), Ts (10 t/ha cow
manure), and Te (no fertilizer). As a result, overall fertilizer treatments
promoted soybean growth and yield compared to no fertilizer treatment. The
T1 and T2 significantly increased plant height, number of leaves per plant,
number of nodes per plant, shoot dry weight per plant, number of pods per
plant, and grain yield per ha, respectively, compared to the control. The T
(single application of urea) and T. (combined application of urea and cow
manure) have the potential to effectively promote soybean growth and yield
in Kabul, Afghanistan.

Keywords: Urea; Cow Manure, Growth and Yield, Soybean
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Impact of different Level of poultry manure on the growth
and yield of tomato under the climatic conditions of Maidan
Wardak province.

1- Zahedullah Zahed™, 2- Hikmatullah Hikmat?, 3- Ajmal Habibi*
1- Horticulture Department, Agriculture Faculty, Wardak Institute of Higher Education,
Maidan Wardak, Afghanistan

Abstract

A field experiment was conducted during 2022-2023 at experimental Farm
of Agriculture Faculty, Wardak Institute of Higher Education to study the
Effect of different level of Poultry manure on growth and yield of tomato
var. Beef Stalk. The study was conducted in randomized complete block
design (RCBD) with four Treatments such as T1 (control or without Poultry
manure), T2 (5 ton/ha Poultry manure) « T3 (7.5 ton/ha Poultry Manure) «
and T4 (7.5 ton/ha Poultry manure) with 3 replications. Data were collected
and recorded from various growth and yield parameters and analyzed by
Statistical Analysis System (SASS). Among all treatment (Ts) 10 tone
poultry manure per hectare recorded maximum plant height (73.343 cm),
number of shoot per plant (10.890), number of leaves per plant (76.790),
leaf diameter (13.810), leaf length (19.863 cm), Number of flower per
cluster (13.790), number of fruit per cluster (10.497), number of fruit per
plant (74.083), fruit length (4.767cm), fruit diameter (6.387 cm), yield per
plant (3.885 kg), yield per plot (61.878 kg) and Total yield 64.527 ton.ha-1)
were recorded in T4 (7.5 ton/ha Poultry manure) respectively. It can be
concluded that among all treatments, T4 10 tone poultry manure per hectare
had the most significant effect on growth and yield parameters, on the other
hand lowest growth and yield parameter were recorded in T1 (control or
without Poultry manure) compared to the others.

Keywords: tomato, growth, yield and poultry manure
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Drying of Flowers and Leaves of Ornamental Plants

1- Ahmad Shah Ahmadzai*!, 2- Zahedullah Zahed?, 3- Hikmatullah Hikmat*
1- Horticulture Department, Agriculture Faculty, Wardak Institute of Higher
Education, Maidan Wardak, Afghanistan

Abstract

Ornamental plants and flowers are also the same as other perishable
horticultural crops. Although flowers and ornamental plants are attractive
and beautiful, it is difficult to maintain their attractiveness and freshness for
a longer time. Therefore, drying and producing different dried flowers and
ornamental leaves is important to keep them attractive for a long time. Dried
flowers are used for many purposes; therefore, it is also considered a good
source of income. In addition, the drying of flowers also prevents the
environmental pollution caused by their wastage. Generally, the industry is
growing all over the world. Therefore, the industry provides employment
opportunities and further, it also helps the development of individual and
national economies. Different simple and relatively advanced methods such
as air drying, press drying, drying by covering, glycerin drying, oven
drying, water drying, drying using freeze, and others are used for drying
flowers and ornamental leaves. Overall, the quality and effectiveness of
dried flowers and ornamental leaves depend on the drying methods, the
types of plant species, and their arrangement for the drying process. This
review explores different drying methods of flowers and ornamental plants,
that can help to pave the way for affiliated research in the future and will
also boost the knowledge of related students and businessmen to develop
their businesses.

Keywords: Drying, Flower, ornamental plant and leaves
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Cultivation of Chlorella sp. in 2 liter Photobioreactor
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ABSTRACT

Fossil fuels have been used globally as one source of energy for different types of
application. However, the dependency towards fossil fuels have been shifted
gradually to biofuel due to its non- renewable characteristic. Among the
biofuelgenerations, third-generation biofuels which are derived from microalgae
have been preferred by commercial industries. Third generation biofuel is a
promising option because it does not have issues in term of crops supply. Chlorella
sp. is one of the freshwater microalgae that are being mass cultivated due to its
unique characteristic in polyunsaturated fatty acids (PUFASs) production,
particularly fatty acid methyl ester(FAME) which is the key element in third
generation biofuel production. Furthermore, Chlorella sp. are able to accumulate
more fatty acid when cultivated under stresscondition such as high aeration rate,
pH and inoculum size. Hence, the focus of thestudy would be on the morphological
identification, the growth profile of freshwaterisolated Chlorella sp. In a nutshell,
the mass cultivation of Chlorella sp. would have significant effect on the production
of thirdgeneration biofuels which is a new source of sustainable energy.
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INTRODUCTION

Oil and fossil fuels are the essential of modern economies for the past few
centuries tillnow, its applications include supporting human mobilities,
cosmetic industries and generating electricity. However, fossil fuel is not a
source of renewable energy. The use of liquid fossil fuel as an energy source
has long been considered unsustainable and most importantly the liquid
fossil fuel will be diminished by the middle of this century (Alam et al.,
2015). According to the recent report review of world energy 2019, there are
99843 thousand barrels of fossil fuels being consumed by the world daily,
while there are only 94718 thousand barrels of oil being produced.

The unsustainability and continuous exhausting of non-renewable fuel
sources have initiated an interest in the effort of looking for new source of
renewable energy with low emission of greenhouse-gas performance which
is the biofuel (Chiappe et al., 2016). Generally, there are few generations
of biofuel, and the emergence of the later generation of biofuels are to
improveand to solve the problems encountered such as costing for pre-
treatment.

Microalgae are microscopic organisms that live in fresh and marine
waters and able to carry out photosynthesis to produce their own food
(Suganya et al., 2016). Chlorella sp. is representing the Chlorophyceae
class. It is unicellular gree algae, spherical, and its reproduction is a sexual.
It is an autotrophic and containing the photosynthetic pigments which
located in its chloroplasts. Chlorella sp. could be found mainly in freshwater
and soils. Moreover, they have high capacity for photosynthesis, which able
to reproduce in several hours and requiring only sunlight, carbon dioxide,
water and a small amount of nutrients (Silva et al., 2019). The genus
Chlorella sp. consists of small, spherical to ovoid, nhonmotile, unicellular or
colonial microalgae with a single chloroplast with a pyrenoid (Bock et al.,
2011). In addition, Chlorella sp. Cells are autospores which reproduce a
sexual mitosis. Chlorella sp. have high levels of chlorophyll when
compared to several other species of microalgae (de Morais et al.,2015).
Apart from that, according to (Abinandan & Shanthakumar, 2015),
microalgae show a substantial part in meeting the energy demand and also
function as the most important feedstock for sustainable products.
Microalgal biomass could be used for biodiesel, feed, and food production
(Duong et al., 2015). One of the main advantages of using microalgae in
biofuel production is that it does not compete with other crops in land use,
for example during the production of first-generation biofuel which require
large quantity of crops as the raw materials (Adeniyi et al., 2018). Among
the microalgae species, Chlorella sp. have been chosen and widely used in
biofuel production due to its characteristic which is able to grow
continuously either in stable or fluctuating environment, easy to harvest and
its significant high and constant extractable lipid content (Shuba & Kifle,
2018). In addition, Physicochemical stresses such as UV-treatment,
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temperature, pH, salinity and nitrogen-deficient could be used to improve
the lipid productivity in microalgae (Chi et al., 2019). Hence, cultivation of
chlorella sp. has become an interesting topic to investigate.

Problem statement

In the recent years, mass cultivation of microalgae has become an interest
for all the researchers and investors due to its great benefits with the
potential in which able to overcome the global energy crisis (Shuba & Kifle,
2018). Despite of that, open cultivation system has always been the most
preferred choice among other cultivationsystems as it could reduce the
capital cost of mass cultivation of microalgae commercialisation purposes
(Jerney & Spilling, 2018). However, there are challenges needed to
overcome by implementing the open cultivation systems, environmental
factors such as rainfall, solar radiation and biological factors such as light,
pH and salinity have become parameter that affect the biomass productivity
in the open pond system (Kumar et al., 2015). Photobioreactor have been
proposed as it is designed to increase the photosynthetic efficiency, higher
biomass concentrations, lower risk of contamination, prevent loss of water
through evaporation under a controlled environment (Margarita V
Rodionova et al., 2017). In addition, various research indicates that to
endure adverse environmental conditions, microalgae typically store lipids
in the form of triglycerides. These lipid content can be further enhanced in
microalgae by manoeuvring the cultures and subjecting them to diverse
stress conditions (Chi et al., 2019). Hence, mass cultivation of microalgae
with photobioreactor would likely to have a better result as the microalgae
are being cultured in a controlled environment which could maximize and
enhance the qualityof produced lipid which needed as biofuel feedstocks.
Research Objectives , The objectives of the research are:

(a) To screen, isolate and identify Chlorella sp. from local environment.

() (b) To study the growth performance of locally isolated microalgae
Chlorella sp. And coal-fired power plant isolated Chlorella
sorokiniana.

Scope of the study

The scope of this study is to isolate Chlorella sp. from the freshwater
sample collected from the lake in Ayer Hitam, Johor. Isolation steps such as
serial dilution, pour plate, spread plate and streak plate were performed to
isolate the microalgae that  hasthe similarmorphology with Chlorella sp.
After isolation and identify the Chlorella sp morphologically, it was
cultivated in the conical flask to study its growth profile. At the same time,
the growth profile of the marine isolated Chlorella sorokiniana was studied
as well to determine the best growth performance strain.
Significance of the study
Malaysia is heavily dependent on fossil fuel and natural gases especially in
the industrial and transportation sector which are one of the major source of
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pollution (Mushtaq et al., 2013). Fossil fuel and natural gases are non-
renewable energy and with the emerge of biofuel as a new source of
renewable energy could lighten the demand of fossil fuels. Unsustainability
and continuous exhausting of non-renewable fossil fuels have initiated
looking for renewable fuel sources to fulfil the world demand (Mathimani &
Pugazhendhi, 2019). Malaysia palm based biofuel have great potential to
become producer of renewable energy besides producing oil to feed the
world (Loh & Choo, 2013). On the other hand, Malaysia is producing
variable wastes from both agro-industrial and industrial sectors which
comprises of high nitrogen and phosphorus could be recycled as the nutrient
supply for microalgae (Jayakumar et al., 2017). Furthermore, optimising the
growth condition of Chlorella sp. in low cost 2 litre photobioreactors would
reduce the difficulties in mass production of microalgae at the same time
reduce the risk of contamination. Next, through the study on the lipid profile
would likely to initiate the mass cultivation of locally isolated Chlorella sp.
As an alternative way for biofuels production in Malaysia.

RESEARCH METHODOLOGY
Operational framework
Generally, the experiment started with the isolation and morphological
identification of Chlorella sp. in the collected freshwater sample. After
morphological identification, the growth profile of freshwater Chlorella sp.
and Chlorella sorokiniana isolated from the coal-fired power plant were
obtained by cultured them in the conical flasks. Then, the growth
performance of both Chlorella sp. strains was compared, and the strain with
the best performance were then cultured in the 2L photobioreactors. size.
In addition, the isolation and morphological identification of freshwater
isolated Chlorella sp. include performing serial dilution of the collected
water sample at the  water pond in Ayer Hitam, Johor. After that, the
diluted freshwater sample were cultured in the BG 11 agar plate and
observed under the microscope (DM750) with 100x magnification to
identify the potential Chlorella sp. based on the morphological
characteristics. Apart from that, the culturing technique that were used are
fermentation technique which include optimising the 2 Litre photobioreactor
where the Chlorella sp. were cultured.
Collection of microalgae
The freshwater samples were collected from the lakeside at Ayer Hitam,
Johor, Malaysia. The sample of freshwater were collected at 3 different
depth using sterile  universal bottles. Next, the freshwater sample were
viewed under the light microscope Leica DM750 at 10X magnification to
determine the presence of any potential species of Chlorella. After
observation, the freshwater samples were stored in the refrigerator at 4°C to
preserve the microalgae species in the collected water samples.
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Isolation of pure culture

Isolation of pure culture were done using the serial dilution technique,
spread plate and streak plate. First, the unsterile and mixed population water
sample which collected were viewed under the microscope Leica DM750 to
identify whether there is any potential species that have the similar
morphology with Chlorella sp. which is rounded in shape and green in
colour. After identification, the water sample were diluted using serial
dilution technique before spread on top of the BG11 agar plate. Next, the
agar plate spread with the water sample were placed under white light with
3000 Lux at room temperature for the microalgae to grow. After that, the
colonies grow were harvest and viewed under the microscope Leica DM750
before streaking on the BG 11 agar plate to obtain the pure culture. The
selected colonies were transferred into amicrocentrifuge tube filled with
distilled water and mix using avortex to ensure the cells were homogenized.

RESULTS AND DISCUSSION

Observation of microalgae species from freshwater sample The
freshwater sample collected from the lakeside at Ayer Hitam, Johor was
cultivated in the 250 mL conical flask with 150 mL working volume
containing BG 11 media for 14 days. The microalgae sample in the conical
flasks were observed using  microscope LeicaDM750 and there are mixed
population in the culture. Figure 1. shows the morphology of the mixed
population observed using the microscope Leica DM750 with 100x
magnification.
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Figure 1. The morphology of the mixed population observed using the microscope
Leica DM750 with 100x magnification.

From Figure 1.1, the microbes were found green in colour which indicated
that the microbes containing the photosynthetic pigments such as

97



chlorophyll and mixture of carotenoids such as astaxanthin, B-carotene,
canthaxanthin and echinenone (D. P. Singh et al. 2019). Furthermore, based
on the different morphology of microorganisms found in the water sample,
it might contain the Chlorella sp., Scenedesmus sp., Oscillatoria sp.,
Crucigeniella sp., Closterium sp. And Stephanocyclus sp (Sekimoto et al.,
2012; Thakar et al., 2018). Figure 2 (a - f) shows the different morphology
of the microalgae with the respective possible genus.

a

(a) Stephanocyclus sp.

(c) Scenedesmus sp.
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(e) Oscillatoria sp.
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(d) Chlorella sp.

S

(f) Closterium sp.

Figure 2 (a-f) The different morphology of the microalgae with respective possible genus.

Isolation of potential Chlorella sp. from the collected freshwater sample
The isolated microalgae were cultivated with 3000 Lux white light in the
250 mL conical flask with 150 mL of BG 11 medium for 7 days at 10 %
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inoculum size to enrich the potential Chlorella sp. population in the water
sample before spreading on the agar plate. After the reshwater sample
collected was cultured for 9 days, the culture was suspected to be dominated
by other microalgae species as there was a significant colour change from
transparent green colour to dark green colour. Consequently, the dark green
colour freshwater sample were then observed under the microscope Leica
DM750 with 400x magnification and the results show that the other species
with different morphology have become dominant species in the freshwater
sample. Figure3 (a) to Figure 3 (c) shows the dominant species in the
freshwater sample. Based on the figures, the dominant species could be
Crucigeniella sp, Oscillatoria sp.,Scenedesmus sp. and Closterium sp.
according to the respective morphology (Kim et al., 2014).

50 Ly
Figure 3 (a). Microalgae which could be Scenedesmus sp. is dominant in the freshwater
sample.

50 pm

Figure 3 (b). Microalgae which might be Closterium sp. is dominant in the freshwater
sample.

50 Hm

Figure 3 (c). Microalgae which is believed to be Closterium sp. and Oscillatoria sp. is the
dominant species in the freshwater sample.
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The potential Chlorella sp. that was found from the freshwater sample was
not the dominant species. After investigation, there were presence of
microzooplanktonic grazers in the dark green colour freshwater sample and
that was the reason the potential Chlorella sp. was not dominant in the
freshwater sample.

Figure 3 (d) below shows the presence of microzooplanktonic grazers in the
freshwater sample viewed using microscope Leica DM750 with 10 times
magnification, while Figure 3 (e) and Figure 3 (f) shows the close-up image
of the microzooplanktonic grazers at 100x magnification.

According to the research conducted by (Day et al., 2017), these
microzooplanktonic grazers are a singular grazers that exhibit preference for
certain food and the size of its prey as well as the chemical characteristic of
the prey have a significant influence on its grazing preferences.

Hence, the potential Chlorella sp. That was found in the freshwater sample
might be consumed by these microzooplanktonic grazers in the same
freshwater sample because the size of Chlorella sp. is small with 2-10pum
diameter with high nutritional value (Safi et al., 2014). In contrast, there
were other microalgae species become dominant in the freshwater sample,
the main reason of that is the dominant microalgae species are less
susceptible to be ingested by these zooplanktonic grazers due to their
physical characteristics which is larger in size (Day et al., 2017).
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Figure 3 (d). The presence of microzooplanktonic grazers in the freshwater sample viewed
under microscope Leica DM750 with 10x magnification.
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. ~ 50um
Figure 3 (e) and Figure 3 (f) Close-up imége of the presence of microzooplanktonic grazers
in the freshwater sample at 100x magnification.

In respond to the presence of microzooplanktonic grazers, it has become
more challenging to isolate the potential Chlorella sp. from the freshwater
sample which was dominant by other microalgae species. According to Day
(2017), the possible  microzooplanktonic  grazers found could be
Poterioochromonas sp. and Pseudobodo sp. which are a kind of flagellate,
the reason is because the microzooplanktonic grazers have flagella and
would feed on Chlorella sp.as these species are natural predator of Chlorella
sp. The presence of predator in the freshwater sample as well as the
competition between other microalgae species would eliminate the potential
Chlorella sp. Hence, the freshwater sample were then diluted and being sub-
cultured on BG-11 media agar plate to enrich and isolate the potential
Chlorella sp. in the freshwater sample.

The cellular morphological identification of the Chlorella Sp. Was
conducted after the population of the species have grown dense to enable the
identification to be more precise. General morphology of the green algae
strains was spherical such as the elliptical Chlamydomonas sp., ellipsoidal
and cylindrical Chlorella sorokiniana (Kim et al., 2014). The microalgae
species that were isolated from the Sembrong Barat dam  was  suspected
to be Chlorella sp. based on its physical characteristics which is rounded in
shape, green in colour and unicellular. According to the research by Kim et
al., (2014), the freshwater samples collected in Sembrong Barat Dam was
screened using the LG Sonic MPC-Buoy device which has the ability to
monitor water quality using sonic wave. In addition, the device also has the
ability to detect the amount of chlorophyll-a, phycocyanin, water clarity,
pH, dissolved oxygen levels and temperature apart from eliminating the
microalgae. According to him again, the ultrasonic device was used to
reduce the overpopulated microalgae in the Sembrong Barat Dam and the
presence of Chlorella sp. were detected at that time. Consequently, the
possibility of this microalgae to inhabit the location nearby is high as the
size of the dam is much for the ultrasonic wave to fully covered and
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eliminate the microalgae effectively. Figure 4 (a) shows the isolated
Chlorella sp. while Figure 4 (b) shows the Chlorella sp. identified using the
LG Sonic MPC-Buoy device.

b -

Figure 4 (a) shows the cultured Chlorella sp. isolated from the freshwater sample. while (b)
show the Chlorella sp. detected from the freshwater sample using LG Sonic MPC-Buoy
device (Kim et al., 2014).

The size of the isolated microalgae species was around 10pum diameter
which was shown earlier on the Figure 1. using microscope Leica DM750
with 100x magnification and green in colour. Additionally, in figure 4 (a),
there was an inner barrier within the cell. According to Safi (2014), this
would happen when Chlorella sp. undergoes its asexual reproduction, the
mother cell would form an inner barrier between its daughter cell and which
would form a new cell wall after the reproduction process is completed. In
short, based on the morphology and the supporting evidence of microscopic
morphology cellular observations and previous studies, there is much higher
possibility for the isolated microalgae to be identified as Chlorella sp.

Comparing the growth performance of freshwater isolated Chlorella sp.
and Chlorella sorokiniana in the conical flasks.
Figure 5 shows the comparison of growth profile between freshwater
isolated Chlorella sp. and Chlorella sorokiniana that were cultured in the
different conical flasks with triplicate. Both species were supplied with the
same growth media which is BG11, and cultured for 18 days under the same
growth conditions such as light intensity and inoculum size at 3000 Lux and
10% respectively. In addition, samples of the Chlorella sp. and Chlorella
sorokiniana were collected daily and being measured by spectrophotometer
(UV-Vis) at 680nm to obtain respective optical densities. From the growth
profile, the specific growth rate (n), specific maximum growth rate (umax)
were calculated from the logarithmic growth phase over 3-4 days batch
culture in each experiment. Next, dry cell weight (g/L) of each cultivation
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was calculated by using Microsoft excel version 2016 software, and
OriginPro2021 software were used to plot the following graph.
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Figure 5 The comparison of growth profile between freshwater isolated Chlorella sp. And
Chlorella sorokiniana.

The graph showed that the Chlorella sp. well growth compared to Chlorella
sorokiana. Hence Chlorella sp. was selected for further investigation to find
the other beneficial parts. The growth performance was generated from
different parameters such as aeration, pH, light intensities, and different
inoculation size.

Conclusion

As conclusion, the microalgae collected were successfully isolated from

freshwater sample at Ayer Hitam, Johor and morphologically identified as
Chlorella sp. after sub-cultured for 18 days. Consequently, the growth
profile of the freshwater isolated Chlorella sp. and the coal-fired power
plant environment isolated Chlorella sorokiniana  were obtained after
cultured for 18 days. As the result, the Chlorella sp. was the strain with
better performance compared to Chlorella sorokiniana were then cultured in
the 2 Litre photobioreactor and the growth affecting factors were optimised.
Generally, a complete growth profile with lag phase, exponential phase and
stationary phase of Chlorella sorokiniana was able to obtained after culture
for at least 14 days. Nevertheless, there are still lots of space for
improvement such as adding lipid extraction and lipid profiling to further
investigate the lipid accumulationin the Chlorella sp. Likewise, molecular
identification such as 18s rRNA identification could be carried out to
identify the isolated species which is a more precise and accurate approach.
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Abstracts

(Cichorium intybus) is woody, perennial herbaceous plant, usually with
bright blue flowers, This species is originally from Europe and northern
parts of Africa, but is now widespread in other temperate or semi-arid
regions of the world. Root chicory has been cultivated in Europe as a coffee
substitute.Cichorium intybus is normally grows in open fields, disturbed
areas, bare land, ditches, along cultivated fields and roadsides. It is mainly
used in animal food but in many cases it is also used as salad, tea and coffee
in the food industry. Today there is a growing interest in the use of chicory
as a source of food production. Nowadays there is an increasing interest in
chicory utilization for food production and supplementation. Some
compounds present in chicory, such as polyphenols, inulin, oligofructose
and sesquiterpene lactones may be considered as potential carriers of food
functionality It prefers full sun also tolerate partial shade and well-drained
soil and is drought resistant. Although all parts of a chicory plant are very
bitter, the whole plant is used for edible and medicine. Plants are cultivated
or harvested in the wild and often grown as an ornamental. It can then be
used as a leaf herb cooked with food or shredded in salads, Chicory roots
are baked, roasted and ground and used instead of coffee, the boiled mixture
of chicory roots and leaves, is used medicinally.

Keywords: chicory, nutritional value, perennial, temperate, arid, ditches,
bitter, drained and medicine.
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Abstract

Postbiotics are byproducts of fermentation of probiotic bacteria. When
probiotic bacteria feed on certain types of fibers for thrive, they produce
waste products that are collectively called postbiotics. Postbiotics has
positive effects on host that reducing gut inflammation, reducing obesity and
insulin intolerance, reducing proliferation of neoplastic cells in liver, having
antibacterial effects and not transferring antibiotic resistance genes can be
mentioned. Also, postbiotics yielded from yeasts and bacteria is used in
veterinary medicine as feed additives and has given satisfactory results.
Hence, understanding properties of postbiotics worthy aids to prevent and
treatment of digestive system associated diseases.

Keywords:treatment, probiotic, bacteria, postbiotics, byproducts.
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ABSTRACT

The influence of modern lifestyle along with enhanced consumer awareness
about healthy lifestyle has drastically increased the global demand of
Arthrospira sp. as a food supplement in food industries due to its promising
therapeutic and nutritive values. Microalgae cultivation requires suitable
inoculum strain, appropriate mediumand controlled cultivation conditions
for enhanced growth performance. This study aimed to present an
experimental approach to maximise biomass production in a 2 litres
photobioreactor. In the present study, a comparative study of growth
performance between helical (S1) and straight form (S2) Arthrospira
platensiswas conducted using Erlenmeyer flasks. The results revealed that
morphological differences did not affect growth performance. Both forms
shared similarities in growth performance.
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INTRODUCTION

In recent years, there has been an exponentially increasing interest in the
research area of microalgae biotechnology due to its unique characteristics
that pose significant commercial values, particularly in food and feed
industries for high-value chemicals (Garrido-Cardenas et al., 2018). In this
respect, spirulina (now named Arthrospira) is one of the most economically
important genera in microalgae biotechnology due to its promising
nutritional and therapeutic values for human health (Farag et al., 2016).
Arthrospira and Spirulina refer to two distinct genera of cyanobacteria that
belong to the family Oscillatoraceae under the order Oscillatoriales (Ishida
etal.,, 2001). It consists of various species of blue-green algae or
cyanophytes that naturally live in diverse aquatic environments, ranging
from freshwater to brackish water. Some Spirulina species are now renamed
as Arthrospira after the official recognition in 1989 of the cyanobacteria
Spirulina and Arthrospira as two distinct genera by Castenholz (1989). Both
Arthrospira and Spirulina are symbiotic, microscopic and filamentous
cyanophytes that derive their names for its unique spiral and helical
filament-like appearance under the microscope (Houston, 2002). Despite
that, the term “spirulina” is commonly used as the trade name and
vernacular name for the economically important species in Arthrospira
genus such as Arthrospira platensis and Arthrospira maxima. Therefore, the
word “spirulina” is commonly used to refer to thesetwo distinct genera,
Spirulina and Arthrospira (Sili et al .,2012). Due to its unique properties,
spirulina (Arthrospira) has played important roles in a wide area of
applications and manufacturing in many industries such as pharmaceuticals,
food, agriculture, medicine and research. It has been widelyemployed as a
source of protein and vitamin supplement and is usually consumed in the
form of tablets, capsules or powder (Valls et al., 2013). Besides that,
Spirulina has been incorporated in many processed food products such as
noodles, biscuits and nutritional bars as the dietary supplements due to its
high nutritional values and natural food colourant (Mathur, 2018;
Priyadarshani and Rath, 2012). In the past, spirulina is normally cultivated
and harvested from the natural lakes containing wild living algaespirulina
population such as Lake Chad of the Republic of Chad (Abdulgader et al.,
2000). Today, the cultivation of spirulina is normally done in large outdoor
ponds or lakes under the controlled conditions (Soni et al., 2017).
Nutritional studies have shown spirulina is a potent superfood containing a
broad spectrum of nutrients with high digestibility. Also, clinical studies
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have proven spirulina has various possible health-promoting effects such as
anticarcinogenic, hepaprotective, neuroprotective, anti-inflammatory
properties, and hypocholesterolemic properties (Chaiklahan et al., 2011;
Reinehr and Costa, 2006).

As the result, spirulina has been marketed extensively as the food active
ingredient in different variety of commercial products such as dietary
supplements, functional food or formulated value-enhanced food products
and even desserts (Agustini et al., 2016; da Silva Vaz et al., 2016; Vilchez
et al., 2011). The influence of modern lifestyle along with enhanced
consumer awareness about healthy lifestyle has drastically changed the
commercial dynamics of spirulina products. Today, consumers always look
for functional food or nutraceuticals incorporated with high-value
ingredients in the hope to promote their health conditions as well as disease
prevention (Bimbo et al., 2017; Ferrdo et al., 2019). As a  result, the
production of spirulina as a nutrient supplement and functional food has
popularly gained the attention from food and pharmaceuticals industries for
its promising capabilities and potential health benefits. According to the
market research, the global spirulina market has garnered USD 346 million
in 2018 and is anticipated to reach USD 779 million by 2026, followed by
the demand of phytopigments with anestimated market of USD 722 million
by 2025 (Mitra and Mishra, 2019). Therefore, the spirulina cultivation needs
to be effective and efficient to satisfy the high demand of the global market
in the future. The most common method to promote the yield of spirulina
is the optimization of its cultivation condition. Like other cultures,
microalgae culture needs to grow at an optimum environmental condition to
ensure its high biomass and bioactive compounds  productivity for mass
production. Moreover, the composition of the bioactive compounds of
spirulina also varies based on the changes of different environmental
parameters (Can et al., 2017; Dewi et al., 2016; Pandey et al., 2010). For
instance, a study has shown that among the production of phytopigment, the
production of chlorophyll is higher when the temperature is 35°C, while the
production of carotenoids is higher when it is 25°C (Kumar et al., 2013).
Besides that, the selection of the optimised parameters could be chosen
depending on the type of required final product from the spirulina as
reported by Marrez et al.(2013) whose study shows that modified BG-11
medium is best for phytopigments production, while Zarrouk’s medium is
best for biomass production. Since different parameter changes influence the
spirulina cultivation variously, choosing an appropriate experimental design
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for the optimisation of selected environmental factors can help in enhancing
the productivity of the biomass of spirulina for the commercial purposes.

The Morphology of Arthrospira

In term of morphology, Arthrospira consists of blue-green unbranched and
non-heterocystous filaments that composed of vegetative cells that undergo
binaryfission in a single plane, perpendicular to the main axis (Ali and
Saleh, 2012) The intercalary cell division of the vegetative cells along the
filaments contribute to the elongation of the total length of filamentous
spirulina. Typically, the cells are 3-5 um in length and the filaments are
around 500 um long which are too small to see with the naked eye. The
formation of blue-green colour is because its main phytopigment in the
vegetative cells is a blue colour photosynthetic pigment known as
phycocyanin. spirulina also contain other accessory pigments such as
chlorophyll-a, carotenoid and phycoerythrin which bestow these bacteria on
red or pink colour. In the aquatic environment, these vegetative filaments
are typically free-floating and displaying gliding motility (Koru, 2012).
Among the myriads of cyanophytes, spirulina has a very distinctive
characteristic that is distinguished from other oscillatoriacean genera, which
is its unique helical shaped and regularly coiled trichome (filaments)
morphology (Castenholz, 1989). This distinguishable feature is the unique
characteristic of this genus and it can only be maintained in a liquid
environment or culture medium as in Figure 1. These helical trichomes,
however, can lose their original helical formsand convert to abnormal
morphologies under the adverse conditions of temperature and pressure.
This morphological change is commonly irreversible and considered as a
permanent degeneration for many spirulina species except A. platensis
which has reversible linear filaments (Sili et al., 2012). These filaments
generally coiled in spirals with varying tightness and number of turns based
on the spirulina species. Likewise, the length (50-500 um) and width (3-4
pum) of the trichomes also vary according to the strain as well as the growth
conditions (Habib, 2008). Due to the presence of helical nature of filaments
and gas-filled vacuoles in the vegetative cells, many spirulina species form
a floating algae mat near to the surface of aquatic environments. Therefore,
the water is covered with their blue-green colour (Habib, 2008). Unlike
other unicellular algae used in food production, Chlorella which
certainly is a eukaryotic plant, spirulina is a group of photosynthetic
microalgae that fall under the category of prokaryotic cyanobacteria. Thus,
they share many main characteristics and features with the eubacteria,
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particularly gram-negative bacteria: both contain cell wall comprised of a
lysozyme-sensitive heteropolymer known as peptidoglycan and other non-
lysozyme-sensitive components. Since spirulina lacks a cellulose cell wall,
it can be easily digested by the body and thus, making it a suitable
food and feed additives for both humans and livestock (Mathur, 2018).

28 .7
j}’ 81,

Flgure 1. The unique helical and 00|Ied morphology of microalgae spirulina (Arthrospira)
under the view of a microscope (Koru, 2012).

Problem Statement

Today, the increasing awareness on health and risks associated with the
synthetic ingredients and additives in food has led to the increase of
consumer’s demand for natural dietary supplement and formulated foods as
well as the food industry’s demand for natural colourant (Premkumar and
Vasudevan, 2018). Therefore, the global demand of spirulina products has
been increasing significantly due to its high nutritive values and health-
promoting properties. In fact, the global spirulina market is anticipated to
grow at compound annual growth rate (CAGR) of 10.6% from 2019 to
2026 (Mitra and Mishra, 2019).

However, several factors such as climate change and limited land area have
hindered the large-scale production of spirulina through conventional open
pond system (Andrade et al., 2018). This has commercially affected many
major countries involving in industrial spirulina manufacturing such as
Australia, India, Japan, and Myanmar (Furmaniak et al., 2017; Raja et al.,
2018). This is particularly relevant to Malaysia as the unpredictable weather
pattern in Malaysia significantly influences the growth parameters of the
open pond system (Almahrougi et al., 2015). As a result, a closed
bioreactor system with better-controlled parameters, optimisation platform
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and a productive cultivation medium is needed (Almahrouqi et al., 2015).
Although many studies have been conducted for the biomass production of
spirulina using closed bioreactor systems (Kumar et al., 2013; Marrez et
al., 2013; Thirumala, 2012), there is little attention about the optimisation of
spirulina strains with morphological differences.

Objectives
The purposes of conducting this proposed study are as follows:
1. To study the growth performance of coiled-form and straight-form
Arthrospira
strains in Erlenmeyer flask.
2. To study the effect on biomass production of microalgae in modified
Zarrouk’s
medium with different nitrogen sources and concentration

Scope of Study

The scope of this study was to study and compare the growth and biomass
performance between coiled form strain and straight form strain in
Erlenmeyer flask. Then, the effect of a reformulated Zarrouk’s medium with
different nitrogen sources and levels for biomass production was
investigated.

Significance of Study

This study is significant by discovering the possibility of linearised spirulina
strain that may be used as an additional resource or even alternative to the
imported coiled -form spirulina inoculum that is commonly used in the
commercial production. This is particularly relevant for Malaysia which has
been working closely together with Japan for the commercial development
and cultivation of spirulina (David, 2018, August 28). Since only just a
small fraction of discovered algal species are cultivated for producing
commercial products (Mobin and Alam, 2017), the investigation of the
basic growth requirement and factors affecting the linearised spirulina
cultivation may help in providing referenced information to interested
production industries for the use of applications (Singh et al., 2017). Apart
from satisfying the global demand, the development of growth and
production optimisation platform for spirulina using closed bioreactor
system showed the potential of using closed bioreactor systems as a
better sustainable alternative to conventional open pond system as the main
platform for mass spirulina cultivation, giving benefits to the global
economy, environment as well as human health. Lastly, the development of
a productive cultivation medium will further help in curtailing the time
required to produce good quality spirulina biomass in large scale
cultivation.
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RESEARCH METHODOLOGY
Outlines the general steps for the experiment with the detail of the concept

and method of the experiment. The study is divided into three different parts
with different objectives respectively. The first part of this work was to
study and compare the growth performance between coiled and linearised
spirulina strain in the 500 mL Erlenmeyer flask. Next, the growth of
Arthrospira platensis in the Reformulated  Nitrogen Media was evaluated
using different nitrogen sources.

Zarrouk’s Medium

In this study, a Zarrouk’s medium (ZM) based on the formulation of Amara
and Steinbuchel (2013) was used as the main cultivation medium for both
Arthrospira sp. strains. The media was prepared beforehand by weighing the
macro- and micronutrients respectively based on chemical constituents
listed in Appendix A. The pH of the medium was adjusted to pH 9
using concentrated sodium hydroxide. It was then sterilized in an autoclave
before inoculation. The container was covered with aluminium foil and
sealed with parafilm to prevent any evaporation. Meanwhile, agarised
Zarrouk’s medium (1.5% w/v) was prepared on the sterilised Petri dishes
and stored at refrigerator until needed.

Bioreactor Set-up

To study the influence of each factor on the biomass production, A. platensi
culture was cultivated using 2L photobioreactor (bubble column) with 1.5 L
of Zarrouk’s medium as shown in Figure 2. Similarly, inoculum (10% v/v)
was inoculated into the working medium and the samples were grown at
room temperature with aeration of 0.5 L/min using air pump under the
irradiance of 3000 Lux (42 pumol photons m-2s-1) with 0 h dark and 24 h
light cycle for 18 days. Same laboratory condition was used for each
experiment unless otherwise stated. Likewise, al experiments were
triplicated and the mean of the triplicate was analysed.

Figure. 2 Liters macro bubble column photo bioreactor for Arthrospira platensis
cultivation.
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Determination of Biomass Dry Cell Weight Using Standard Curve

The amount of microalgal biomass concentration of the experimental set
was obtained by direct spectrophotometric measurement of optical density
at 680 nm. A series of microalgae standards with different cell
concentrations were prepared by mixing the maturely grown A. platensis
cultures with distilled water with the following microalgae: distilled water
(1:9, 2:8, 3:7, 4:6, 5:5 6:4, 7:3, 8:2, 9:1 and 10:0 v/v). Then, the optical
density of each standard was spectrophotometrically determined using the
wavelength at 680 nm. At the same time, another 1 mL of each standard was
taken for off-line measurement of biomass concentration. The samples were
taken from the well mixed, homogenous standards and filtered through a
preweighed cellulose acetate membrane filter 0.45 pm. The samples were
rinsed with distilled water several times to remove any medium component
coupled with the vacuum filtering system. The samples were then air-dried
in the drying oven at 80 °C for 48 hours until a constant weight was
obtained (Vonshak, 1997). The dry cell weight was then calculated as g/L
using the equations (A) and (B).

Cell Weight (g) = [Weight of Filter Paper + Aluminium Foil + Cell (g)]

-[Weight of Filter Paper + Aluminium Foil (g)] ........... (A)
Dry cell weight(g/L) = Cell weight (g)/Sample volume (mL) x
1000 mL ......... (B)

Next, a standard linear regression with a good linear correlation (r2>0.95)
was constructed based on the observed optical density readings and biomass
dry cell weight of microalgae standards (Appendix C and Appendix D) and
it was used to analyse and characterise the dynamic growth curves of
microalgae as described by Chen et al. (2016) .

RESULTS AND DISCUSSION

The growth performance between A. platensis strains with coiled trichome
(S1) and with straight trichome (S2) were studied and the inocula of both
strains (10% v/v) were introduced and cultivated in the respective 500 mL
Erlenmeyer Flask with 250 mL working medium for 18 days. All inocula
were standardized spectrophotometrically before inoculation to ensure
that every flask started with the same amount of inoculum concentration.
The growth of both Arthrospira strains was determined by measuring the
optical density at wavelength 680 nm along the culture period.
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Figure 3. Growth profile (ODssonm) variation of A. platensis in batch culture without
aeration: S1 (orange diamonds) and S2 (blue circles), in triplicates. Markers and bars

represent mean + standard deviation.

The results of the growth profile variation of strains S1 and S2 reveals that
both strains exhibited similar growth profile and performance pattern in the
unaerated batch culture for 18 days of cultivation. Additionally, the growth
profile of A. platensis microalgae was observably differentiated into two
phases throughout these 18 days of  cultivation: lag phase or early
exponential phase (t1); and log phase or late exponential phase (t2). From
Figure 3, it can be seen that early exponential phase occurred between 0 to 7
days (t1), while late exponential phase started from 7 days to the 18 days
which was at the end of experiment event. The maximum cell
concentrations of both strains were only observed at the end of the
experiment in which the exponential phase was still ongoing. The
maximum cell concentration (ODssonm) for S1 was found to be 1.287 +
0.019 for S1. On the contrary, S2 had its maximum cell concentration with
1.318 £ 0.059. The results obtained from the growth performance study
suggested that to obtain the complete growth profile of A. platensis, the
cultivation period should be prolonged regardless of morphological
differences.

As mentioned by many researchers, Arthrospira can undergo a
morphological transformation. The occurrence of morphological variation
observed from Arthrospira sp. is proposed to be a protective mechanism to
the changes in environmental variables such as temperature, light intensity
and salinity (Kaggwa et al., 2013; Ogato and Kifle,2014). This phenomenon
is frequently observed under laboratory and outdoor mass cultivation
conditions and the transformation is often irreversible. Despite the
morphological changes, the biochemical composition, nutritional properties
and growth rate is not affected by the shape of the filaments as suggested by
Noor et a l.

137



(2008) since the morphological changes are mainly due to the genetic
mutation in cell shape determination proteins (Hongsthong et al., 2007).
This finding fits the current  research findings and also confirms the
previous idea that morphological differences do not play an important role
in growth profile nor growth performance.

a ; 2 I
-

Figure 4 (A). Demonstrates the morphology of S1 and S2 under 400X magnification using
a light microscope.

s

50 pm

50 um

Figure 4 (B). Morphology of laboratory culture of Arthrospira sp., under 400X
magnification (A: coiled trichome forms; B: straight trichome forms). Both cultures were
obtained from UTEX).

In the present study, A. platensis with straight trichome (S2) was grown in
500 mL sterilised Erlenmeyer flasks containing 250 mL Zarrouk’s
medium, supplemented with three different nitrogen sources with various
grades of nitrogen concentrations under fully controlled conditions. The
growth rates of S2, expressed as dry cell weight (g/L), in the standard
control media (ZM) and the reformulated nitrogen media (Treatments 1-9)
are illustrated in Figure 4.5a, b and c. As shown in the figures, the growth
curves lacked a lag phase for both ZM and the reformulated nitrogen media
(except for Treatments 5 and 6 which showed restricted growth). This was
probably because the cells used for the inoculum were harvested in the
exponential phase, therefore, A, platensis grew immediately in all nitrogen
sources. Besides that, similar growth conditions during the inoculum and the
cultivations may likely bring about the absence of lag phase (Rodrigues et
al., 2010). In ZM culture, the A. platensis biomass (g/L) increased gradually
with increasing incubation time, giving the maximum biomass values (Xm)
at 0.919 £ 0.041g/L on the 18t day.
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CONCLUSIONS

In the present study, the comparative study on the growth performance of
coiled-form (S1) and straight-form (S2) Arthrospira platensis in Erlenmeyer
flask, the effect of reformulated nitrogen medium on microalgal cultivation,
and optimization of microalgae cultivation in 2 litres photobioreactor have
been developed and evaluated. The comparative study between helical and
straight form indicated that morphological differences between S1 and S2
did not significantly affect their growth performance. The comparisons
between the two forms showed similarity in growth pattern, growth
characteristics and growth kinetics. The result also revealed that both strains
did not complete their growth phase cycle within 18 days of cultivation,
where both S1 and S2 were still in the exponential phase at the end of the
cultivation period. However, S2 appeared to grow faster on agarised
Zarrouk’s medium (1.5 % w/v) than S1 due to its better adaptability, better
gliding motility and performance on a solid surface. Its high mechanically
rigidity and no coiling nature also allowed it a good candidate involved in
large-scale microalgal farming.
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