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Table 1. Mean comparisons of soil organic carbon (SOC), basal soil respiration (BSR), percent of water-stable aggregates (WSA),
water dispersible clay (WDC) and water repellency index (RI) as affected by application rate of plant residues

Residue SOC BSR WSA WDC RI
(Yow/w) (gkg™ (mg CO2 kg™! soil) (%) (g kg! clay) &)
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1 11.0b 3902 40b 492 4.67°
2 13.32 4452 552 44° 6.25%
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In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 1. Mean comparisons of interaction effect of soil air-filled porosity (AFP) and tall fescue genotype (75B and 75C) on soil
stability ratio (SR); Bars with similar letters are not significantly different (LSD, p < 0.05).
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Abstract

Phosphorus deficiency and drought stress are limiting factors in wheat yield. Drought stress has different
effects on the uptake, utilization and use efficiency of soil phosphorus in wheat cultivars. The purpose of this
study is to investigate the response of growth and development, uptake and efficiency of phosphorus in
Sirvan and Sivand wheat cultivars at three moisture stress levels of 50, 70 and 95% of soil field capacity
(FC) and two phosphorus levels of 0 and 25 mg kg'. The results showed that addition of phosphorus
increased shoot dry weight, phosphorus utilization efficiency, root length and area, and soluble sugars by 42,
61, 84, 47, and 66%, respectively, and decreased electrolyte leakage by 64% under stress conditions of
50%FC. Besides, the phosphorus application of 25 mg kg' under drought stress conditions of 50%FC
increased the shoot dry weight of the Sirvan variety by 75% compared to the Sivand variety. This increase
can be due to the effect of phosphorus on metabolic activities inside the plant, which has led to an increase in
root growth, soluble sugar production and cell wall resistance, and a decrease in electrolyte leakage.
Therefore, the positive changes observed in different traits and indices due to the use of phosphorus
increased the resistance of the Sirvan cultivar compared to Sivand under drought stress conditions.
According to the results of phosphorus efficiency and some root morphological and physiobiochemical
characteristics, Sirvan cultivar showed a good response to phosphorus fertilizer in modulating the effect of
drought stress.

Keywords: Moisture stress, Phosphorus uptake, Phosphorus use efficiency, Plant dry matter.

Background and Objective: Drought is one of the most widespread abiotic stresses which has a negative
effect on the growth and yield of plants in most areas of the world. Drought stress reduces plant yield by
decreasing the uptake of water and nutrients. The arid and semi-arid climate conditions of Iran have caused
many problems in the production of plants, including wheat (7riticum aesivum L.). Phosphorus, as one of the
essential nutritional elements for plants, can be effective in alleviating drought stress (Kang et al., 2014). In
recent years, the use of plants and cultivars efficient in uptake nutrients, including phosphorus, as an
appropriate strategy to increase crop yield in water-limited environments has been the focus of researchers.
Phosphorous efficient cultivars are important due to their special physiological and morphological
characteristics in drought stress conditions (Neji et al., 2019). Therefore, it is necessary to pay attention to

1- Department of Soil Science, College of Agriculture, Ferdowsi University of Mashhad.
2- Department of Agrotechnology, College of Agriculture, Ferdowsi University of Mashhad.
* Corresponding author, Email: khorasani@um.ac.ir



Moosavi et al. Phosphorus Efficiency of Sirvan and Sivand Wheat ...

the mechanism of efficient cultivars against drought stress for accurate fertilizer recommendations.

Methods: To evaluate Sirvan and Sivand wheat cultivars, in phosphorus uptake and efficiency and growth
and development at different levels of moisture stress and phosphorus, a factorial experiment was performed
based on a completely randomized design with three factors and three replications during the vegetative
growth period in the greenhouse. The factors included phosphorus from Ca(H,PO4),-H,O (0, and 25 mg P kg
soil!), three moisture regimes including 50, 70 and 95% of field capacity (FC) and two spring wheat
varieties (Triticum aesivum L.) of Sivand as a drought-sensitive variety and Sirvan as a drought-resistant
variety.

Results: According to the results, it was observed that the application of phosphorus (25 mg kg') was
effective on the growth and development of the studied wheat cultivars under non-stress and drought stress
conditions. Application of phosphorus increased shoot dry weight, phosphorus utilization efficiency, root
length and area, and soluble sugars by 42, 61, 84, 47, and 66%, respectively, and decreased electrolyte
leakage by 64% under drought stress conditions of 50%FC. Also, the phosphorus application of 25 mg kg
under drought stress conditions of 50%FC increased the shoot dry weight of Sirvan variety by 75%
compared to Sivand variety. This finding can be due to higher root growth and its characteristics (root area
and cumulative length), uptake and utilization of soil phosphorus and physiobiochemical characteristics in
Sirvan variety. The application of phosphorus with a positive effect on the growth and development of the
Sirvan variety in the vegetative growth stage made it adapt to drought stress conditions.

Conclusions: The application of phosphorus at the level of 25 mg kg' under drought stress conditions
increased the shoot dry weight, root area and length, phosphorus uptake and efficiency, and soluble sugars
and decreased electrolyte leakage. These changes were more noticeable in Sirvan variety. The use efficiency
of phosphorus in the stages of vegetative growth can play an important role in determining the resistance of
cultivars to drought stress. It is considered a good feature for a suitable fertilizer recommendation in order to
improve the yield of agricultural products. Also, using the appropriate level of phosphorus can play an
effective role in the efficiency of drought-resistant cultivars.

References:

1. Kang, L.y., Yue, S.C., Li, S.Q., 2014. Effects of phosphorus application in different soil layers on root
growth, yield, and water-use efficiency of winter wheat grown under semi-arid conditions. J. Integr. Agric.
13(9), 2028-2039. https://doi.org/10.1016/S2095-3119(14)60751-6.

2. Neji, M., Kouas, S., Gandour, M., Aydi, S., Abdelly, C., 2019. Genetic variability of morpho-
physiological response to phosphorus deficiency in Tunisian populations of Brachypodium hybridum. Plant
Physiol. Biochem. 143, 246-256. https://doi.org/10.1016/j.plaphy.2019.09.006.



V18 Sk / VoY b/ pgm s)led / a3l Jla olS 5 S5 Ll
https://doi.org/10.47176/jspi.14.3.21011 EISSN: 2783-5286 https:/jspi.iut.ac.ir

SR S S s (S5 5 Tl 53 K g Olg e pS ) s 1S

Y e - . =) . . . \
ol Sg s, o db‘f‘*ﬂjcdrﬂfﬁf
ARSI ISR S VAL RO FEF D)

o AS>

3D e il laplLS 5 galine BT (S 5l puiS 5 Sas 53 adiSspone Julse 5l (SS 0 5 jed 3 geS
5 Ol piS pU 1 53 i 118 5 Qi gad 9 Ay Gl (yn SRR pf 3 BAe 3,108 s S BB 53 S aslinal
B s sufﬁyﬁfﬁwvo,op@“}usu 4,50 w8 do ;590 5 Ve D0 b G e a3 s
e 5 Jsb d D s oS ol s Kis O35 48,50 SleS Ao s 00 (Ki ATyl s js il 5,8 48 sl OLES
s galS awo s PY Ol | gm0 Gl g esls al Bl Ao )3 £8 9 TV AT $V FY Casa !, S Jooee gladd 5 4y,
2l el ls Sias 035 (as, 5 Gbed o )s 00) (Kis A5 lyl s o pf,\,_s,; pf_g?a YO Sl 4 jad O35l i et
LS 05,5 Sl sid g sl 53 and L5U s 4 Kl o SRl5l ol als Sl 351 geus 055 4 S 1053 VO Ol s o3
Ol et ol gl ol 0 g 2SN s 2alS 5 Sk o)l Coglie 5 Jgloue gl A g cadyy Ad, il Bl 4 g 4 AL
S A5 TS 3 g 4y S O 5 gl Sl sl e (la s La 53 i eslizal 1 55 el sdalis Cote
S (9 g7 Gl Sl §5 Ol (035 loardigm 5 5 4ds) S5 00 G S Fp s b LS pE G LAl

Ars QLI (St 5 S e 53 jied 58S 4

ualzf S ool ad oaliiwl oIS Gaed Odo sk, i S el

3,5 s |y Sas e HUT (ool A S 0l e dodio
da Silva et al., 2011; Zahoor et al., 2017; Salim and Reza, ) R Jf.p)b LS Oler ol st sadle b
Sl Ol gl oS cd Gl jole 31 S 88,2020 Ll s la.\,b)\J_BJ;L"" ”Q“Q(Jrﬁ'&-‘j

.(Jun et al., 2017; Tariq et al., 2017; Zhang et al., 2018) e IR e b il eids O < - 55 s e

J.@_..'Le L;.ﬂjzjé om‘: gé)')jL.iS oISl (S rjl.f« °.9J§_\
JW L;..vjé‘)..é DL<.:.J‘J ‘(5)')}LJ:S LS c&jﬁjgj’j;‘ a)Jf—Y
khorasani@um.ac.ir : S5 S Gy (L3 J stenn *



UL Ken 5 (5w s

\fo¥ J'ﬂti/('f“ a;\.«-}/rhéj\-e—‘;- JLW/AL:?}\S\’. .h.ﬂ})

3L s S gs a5 Wals ol O Ky 5l &+ (2019
J)j_ﬂ ¢J‘_§ el_; g;_:»s‘)b )‘JM le_hbjs &_A_wl.aﬁ O‘ﬂ"’
s eslial LB jaud (A=)l asle oS el Sl
OI‘tlZ—) JG_M.9 Abu.'{_w‘ 9 dj_.m qu_>- st'blj u:".’.‘ﬁ‘ -Y

Monasterio et al., 2002; Zhu et al., 2012; Kang et al.,
hd <=l_7a)l .(2014; Bilal et al., 2018; Zhang et al., 2018

ol i s iyl ades 5l Cilies Silaal gl 1S
Sla S 02 s 5 (S R LT hals (e
2248 olajlae 5 gl Joline SIS s G540 e
oS3 Sl a5 L A e S 4 ) ol s
Soslize Hind 4 0T 5L (035 5 olS ¢ 5 d) Jama Lol
Korkmaz and Altintag, 2016; Ding et al., 2017; ) 1.l )
.(Bilal et al., 2018; Deng et al., 2018; Neji et al., 2019
21355 id GLS ¢l Solite ealde 5 il
=S 5 Tois LS 5l S 5T e esliul IS
48 el (S 0553 b 3 gy B jeme) P i 5 e
Gourley et al.,, 1993; ) 555 o olS ax g 5 LS, Esls
el O e g ol olLS 55 55 (Sandafia, 2016
Moll etal,, ) 5535 o OLS ;3 ind eslizal LIS il 53l
5 ode 58 .(1982; Wang et al., 2010; Sandafia, 2016
e 2l Ceenl Sl el )5 s e
A e 1ol 3000 5 plerdsnn b G Sk
3,05 hd G ae s Sl GLLS 5 (S bl
e g odr gl oS Aul58 (Wang et al., 2010)
il il g oS s Shae (il 5s Al e jaud
sla oUly 55 o sle (Ortiz-Monasterio et al., 2002)
o ol S i Sl aslind 5 Sl s LS b DLl
Sl Seidnzd QUL ) il easite w s s
S sLS Sl s ot glac Il -T (SL e Ol

i U1 T 5 35,8 e id S R 4

2. Available phosphorus

3. Phosphorus use efficiency (PUE)

4. Phosphorus uptake efficiency (PUpE)

5. Phosphorus utilization efficiency (PUtE)

s i T s a8 St a5 St bl s
25 id S0 halS Eiel el 350 gl JLSax
33 i L OlgS e a8 ol 0l ol Wy a3 5 S
2 ed U (S G5 kil s il (6355 4o g Ol
Kang et al., 2014; Zhang ) 5,5 sl 3 5 olS g5 5 Ly
Sosdl Eel s i slassS 5L b s (et al, 2018
A5 00 s S ol s I 5 e ST S
s cpl sl AS)ls (5 AE 8 slillS glaslE
SLassS G pan 53 Al w815 Shos y i SUT 28l
Salim and Raza, 2020; Gebremichael ) > ;5 =35 s ,aus
o S oS i 5L S ool 5l (et al., 2022
s it LassS 5l eslial LIS ol St o L
Zhuetal, ) A5 ooy g5 JU Coanl puS 028 5
olis La a5 (2012; de Souza Campos et al., 2019
SO il Esl a8 LB ool 5 2y e oS 0
SLas S Gopme ol oS oS s i G pae s i
ol 2l (Campos et al., 2018) das o Jals 5005 slans
b 3508 Tyl s sl 5 LIS o) 51 ealizal 5l
St 53 4 0 4 O e 5 S5 SIS0l S Ll s
55 0alS LS (Sidhu et al., 2018) il ks (55,5LeS
;;&)@SMMPQ}PM%’J‘?
Ozturk et al., 2005;) ol & lite sdidlas! ol o pie

Kang et al ., 2014; Korkmaz and Altintag, 2016; Deng et
Jds 4 LS s OlalS (al, 2018; Tariq et al., 2018

2 Pl S e s bt S S s ol
3 = e U el A 5 e 5l (S Lyl 0
5 ladyy w5 Jsb) ey Al SRl sl (slakid
S5 0L ks 5l ol a5 3550 e2S Glal A5
b 5 s el sl LS Ll ) sl el 4 §
35 e e o) 5o OF Sl bl 4 a8 ol s 5 Lo ISl
Korkmaz and Altintas, 2016; Tariq et al., ) &l e Sl
2017; Bilal et al., 2018; Deng et al., 2018; Neji et al.,

1. Phosphorus efficient plants



é&jﬁkﬁ‘ﬁjé M}w}b‘}ﬁa c.\f fujji.‘.é&‘)\s

LK 5 (s gw s

Korkmaz and Altintag, 2016; ) L 5 s oS Loy au
et 53 ilisen O K53, ol & 4x 5 L (Abbadi, 2017
o S el s Gaed 558 5 )8 oS A edalis il
3 A i sl aly sy s 5 Jsb SRl G b (R
Zhu et al., 2012; Kang et al., ) 555 (.)_:f U BUBEIPeT
.2014; Deng et al., 2018

ol 3 S e 3 PSS s sy ol 03 oS s
ST 05 e (SCit 25 Jaul 5 53 e 308 LTS o
Shedin 350 1) olS Camdy 5 A8 L |, S 51 b
oo alS 5 Ol a4 jad SIS 5 odr e
o Lol gla s 5o Sl e fxﬁ Pl s Sax
o rl) Lo 5 (S 4 p5lie) Ol e 261 555 2
il b 2T s ol pl s Shas 5 b S5 4 (S
Seed and Plant Breeding Research Institute, ) <l sdi
(et b 5 S50 SlapdSa 56 5 2015
Aty e 5 (SE 5 Bl s dd G 5 ol
Sa b ass cnl pskie s 4l eld s o
S gy 53 St 5 S 055 55l el e
AU s s SULS 5 Gl s g S Lol s
A plonll (S 55 e Lo

b,y g 5l
$5oWaS a5 WBly sy SIS > LSl e
o B s oS o At s b oKD
iy e b s LSS a5 S e b sl SLlS
pS G5l ot La 516 s plonil oS oL (555 1 s
L 5 (C2) (S as pslis o3, Olgisas Oly e ' o)le
remeelS e s Sl pand (C1) (Sis w ol (35 Ol st
At 2 S e YO 5 (PO) @ Ul s Tl e Dl
W 5 Ve bo Jols psb) onisaw s P St p Sls

1. Triticum aesivum L.
2. Ca(H2PO4)2'H20

.(Hinsinger et al., 2011) S ;3 o3 2.8 (5 2 &
Sl LS e sla S5 5l (S Ol iy (Solens
2L OLalS 48 558 o s S e L o850
Ay s 03558l S allie 0E obe 35S L sl s
(LS it i S el i S L el
e 2MEsole 5 Ol 4 elS s ol S 550
LS e St L S 5 Sis laa 5 Of Lyl s
la fass e «(Kang et al., 2014; Razaq et al., 2017)
ol s 55 a8 OLalS 5 el 45 sl Ol
gy drm 5 SRl e D) G55 50 585 50 Dl S
Sl (bl a4l y Cod 5 mhaw (I b oils sla )b
Morietal.,, ) Ly oo aud SIS 5 Od Sl Eel &S
.(2016; Deng et al., 2018;de Souza Campos et al., 2019
Slagly s 6l (pls Ll e ol S Sat 055 O
g e A Sladnl b Jase Lol 8 4 TS 5
bl A3l e s Shee sl palE 558 1S
3 dsd Job e Olgea ol s St 055 55 D
Cotl pand 5508 an LS 5 pslde o551 (gl slazel 5, 50
i asl s oS L0051 (Abbadi, 2017) 5ls il je
o orl s womad BLS 1 s S b L olS (6l
Kang) 555 olS )3 jiud 3508 Sl Esl Al g o Six
Gr g g ddy GAlS L hd 35S i et al., 2014
oLS 3 i ss Ulge 2alS 4 e Loy, culla 5 S
OLalS 5, Shae 5 sy o shasl BT am 55 5355
S 1305 0L U iy oS 5555 23S o S o3 e
Sla Sy o b S bl 3 s b p)lS
oS ddy bl el ol S b 5 S350, 50
o Seaslie > ALS 5 (S sla S orrer 2
s 5 e G DA s S T S
-US/}J S Lsls OLis s ia 5 (Tariq et al., 2017, 2018)
slagali 5pH 5 o) Ol o3l alas Sl S gla



UL Ken 5 (5w s

\fo¥ J'ﬂti/('f“ a;\.«-}/rhéj\-e—‘;- JLW/AL:?}\S\’. .h.ﬂ})

G FC 550> 3 Jhaie O L plulS St o ub dayds
sl sl (ST Lo (gl LaamealS 5 5eb ol ey 2
Ay 3l ey ain SO 3l .l LialS aealS Y @ olalS
oS sk FC am e 5 L OIS wls) 055 L beazealS
S e Gl s Jlasl S35 iy 4 ke N b (Sis
O ;o LapludS (glacil> 6l 5 Jass bl i 215G 36

L ol (bl b s jesie o SIS il 5,

P sl as e o

Ay ad e GLL s 5 cniS Ol 5l e 555 78 OALS
Slino 03 5 SList O3 e s Sl iy
soslele o jis SlLS 5 Ol e (S5
5l sy 58 5l e S (5 S eIl LS aly
Dl s Delta-T a2l oliws L Laaiy ) Jyb
V5.0, Regent Instruments, Quebec :Ji_) WinRHIZO
.(Deng et al., 2018; Neji et al., 2019) Lus a5 (Canada
Shabani) 12 plol St wan s, 4 ladi sl (5 S0 slas
L ad o ble (et al, 2018; Karimzadeh et al., 2021
Sl g p 23Ul ras L e s 5 1Sl oKiws 3l eslanal
ble o es (Chapman and Pratt, 1961) As g So 51l
D0 A S sl slaeslae s eslinad LB il
Jun et ) 5o .s ol (Olsen, 1954) A (5, SejlLl -l sl
«(al., 2017; Deng et al., 2018; Karimzadeh et al., 2021
Osborne and Rengel, 2002; Bilal et ) & ,—.2s slaolls
s <= «al, 2018; Deng et al., 2018; Neji et al., 2019
5l esliul L (Moll et al., 1982) o )etls ;5 b eslinal
13 8 anls 5 Ll

Uptake(mg):CP (mg kgfl)xSDW(kg) )
s ol e Kix 035 SDW (od Uptake (V) adasly s
el oyl s and cbale CP

SDW (mg)

o oielesl cpl 5355 (TO, T1, T2) as 50 ileS A s
o8l ab s (g e Bl o-Yo LY 3l S 6)}183- 5l
36°18' 19N, sl i Slasiie Ly dg e ugs b
e e e 53 SISl 08 Sisimla 5 59°3141"E
b 5 S Gla S s s SOl e S 00l
=S5 GSeslll () dsdr) <3 S 5 bl s, e S
sla By rbal o (V) s 5 el J':,)\J;f S sl
L 5 (FC) as 50 LiulwS 0 el S 4 2 5k
Black et al., 1965; ) A& pond JLE3 axio o&ius 5l el
5 Ol ) 1 5550 ¢J;.§ ¢l sla,ds (Page et al., 1982
B S Ol 2 (5, 5LiS Slidd S e Sl (W s
L gm 5 Oy o o)1 5y S2d Ol e Ul a8 5y 5 g
SN NVSE I NP O S ERLYA A S ILYA S IP RN
5l slasda s oo basde (Siadle Co
O pdw S S sod Jpdome L layds L iid Ol o5l o
it 5l e g ol Jsdeds 4ids ¥ Ddeas (V/V) Aoy
0 Ol SLs (550 Sty a0l ) e T L
e 3 O3 ot M s s Jima o S LS
e 3 el SRS g S ke Al Ol g sl 5
e 3 oal eSS e S ke Vo Ui el S5
A Ol o 4 (al o5 #) (Fe-EDDHA) - xS
¥ Ol s Sl e 5l s 5 p S S e S e
L gl BB ol 5 555 adsl Olse) 0 ShS 2 08 o
(05548 0,5 koo VA 5 /¥ o ja; Sl 5> DTPA
O35 i olie s 03558 OIS 8 St iS5l i
dy ol e 4 S Oga3T bl ol 5 s ety
Atarodi et al., 2018; Zandi ) J_3 esls Lapla S el
Y Ges 53 i Ve OIS s 43 (Gouharrizi et al., 2021
Jols oS ous J 28 Lol 0l ansls S (g e sl
a3 VY 5 TY s Jam b 5 S loes Dt 4l
Sl Jypb 5 do 3 PV BT s Cusb) Ol (g



LK 5 (s gw s

wreoy
Aerd 06l VST €St gov €1'8 S€0 L0O0 LS8 SLyI 8¢l 91
(€9
(a0/2%) szt (%) (;-8Y ) (;-34 3w (%) (;w Sp)
Kyroedeo %) (%) (%)  ‘105Em:Ios) uoqIeo (%) snioydsoyd wnissejod jusreArnbo JOBI)X0 pajeInjes Jo
QImXa], pIorg pues Ae[D IS Hd orueSiQ uoSonIN Sqe[IeAY o[qe[IeAY 91eU0qIEO WINIO[R)) ATATIONPUOO [BOINIS[]
Ay Leeatly _KJ\M
e s w0 0 s S e e gl e Begf Sho g e 0P el s

A

3 K g 5 Olg e S g5

ol 5

Loyl

‘Tros parpmys 2y Jo sanadoid [eortuato pue [eorsAyd swog T d[qeL
Sy e Py R Ty S s et



UL Ken 5 (5w s

\fo¥ J'ﬂti/('f“ a;\.«-}/rhéj\-e—‘;- JLW/AL:?}\S\’. .h.ﬂ})

ol o)l ls K25 03y (K25 2 5 a5 -
f.uf

(S R s S Gl Gl b e L
&jﬁﬂéjbfﬂjjué—i*&ﬁjp—;)Jr;)jM
—1) S 3 oS sbokes (Y Jsdr) dindls ojlesls S
35aS 5l o oyl Ly S 035 358 e sdalie (LI
A 3 )lS S Gope 3 L Rl (Shs A s
SIS RS O kil s 0 SAS e S e YO e
e SN0 Olye a1y platls i 055 (1052 40 mlas)
o8 gl 53 g e 8 el OIS s
oLy Slist 035 3 il el s 00 St
Ad b O e b aglis 53 OIS 3 p SO Ol
25 b 3 )8 (S 5 5 had G S ee p w5 L
FY 1 oltls s S O35 oz 00 Sis 25 lal 3
Sl A e et 53 d O e 4 S A
S Ll 3 48 ol LS gl e (Y JSL) sl
O35 g 0 4y S Olg o 035 koo 3 00 Sl
(o) IS8 cails g5 e Ko

p kS o)l adyy sla Sy » (Si5 15y jid ST Y
S 5 b S s 035 T o e e D
oS s oLl eslw LG 2 (Y Jsdr) 35l me S5
L amslie 5o deo s TY/TA Ol s o35 55 4y o Ol
3 AN Bl o35 &l el Ol50) 350 5 Gl Mo 03
Tl Ol S R e (e e o/ VFA L o3
Olme amy ped 3 ,5LS 5 (S 15 Ok il 5o s
A 5 i a8 (CIRY JSCE) sy e e o/YAG
Ol d i) el a8 sl (FC 152 00) (Sl 3
R Bl s b S S o e)s b e e 004
A3 Y70 Ol e 4 ) 4y o FC 33 00 S

(RY (K3 8l Jﬁ\};\pgﬁjgoj%caw@w

5 3 s S i 5 i Sl S

CP (mg kg_l)

POPE= Nt(mg kg_l)

)
J‘:—wv.é o ble Nt 9 J.ﬂ.w.‘b g_)J?- &bls cPUpE c(‘q) ‘da.:\) BE
el S

PUE (kg) = P uptake efficiency (PUpE) x
P utilization efficiency (PUtE)(kg) 2

UJJL}MB' )‘ (PUE) Jﬂ_wﬁ ebuﬁ_w\ &bls ‘(\c) 419.5\‘) DL
a—wle 4.3 (PUPE) Cds 5 (PULE) G pme gla 1S
A

S s = 2 s 0 S s JS Jslme a3 L
Dubois et al., ) i (g ,-So3lasl 2o 55 FAe 50 J5b 5o
slalS 5l (BL) e S e 6,8 o3l gl .(1956
J_J:A.._wbr.ﬂﬂ.) A_}GJ\) uﬂt—‘”\)—’EL‘ﬁ L ealed TR
(Jambunathan et al., 2010)

EL o, R1: EC (before autoclaving)
-

= - x100 )
R2: EC|(after autoclaving)

3 i Laaspas S5 sI1 BLey Olsee RT(0) el o

IS 55151 e b s S ST Ly Ol e R2 5 534S 351
NG|

5o pluil SAS i385 L Laosls Goll Lo 5 452

55 oSl (Slaals o pnl 31 Laesls (oSle aslie 51

L ab gy je slasls sad A oslitul ds )3 0 S| oo

RS U 0o r.w‘) MS Excel )‘ﬁ‘?}"

s
OS5 b o) SUT as sls 0l il s Jsdr
eroran e o5n Sl 5 b S pled o S
S dlai w53 i oslind LIS 5 o S

(Y Jj.\;—) L )‘JJM .Lp))



LK 5 (s gw s

A

3 K g 5 Olg e S g5

Lyl s,

A1oanoadsar ‘Kyiqeqoid Jo S[AS] 10°() PUB GO0 OU) J© JUBIIJIUSIS 44 PUR 4

% #

€ Pl e ol of iﬁﬂu =P R € 2 Compr

A 06'8 0S¢l 786 89°¢l 0961 0601 0S¢l
Torryq 144\ 910 891SCT 8C98LY 88°CI ¥0°5€0T S000°0
OXILXxd C sui0€°0 suL0°0 sul8°6LT sul€°€E6 su90°0 wILTITET su9100°0
d*x L C 058 +85°0 LOEETTT =9 T9V0¢ 1V L8 L1 STYOV ~+9L00°0
AR C 81T su0°0 CESTOI sul6°0SST 9V €V L0 198L sul000°0
ox d I 861 sul.T'0 su9¥ 179 su$6'9996 su6 11T sul 8 TL8I suc000°0
e (q) snroydsoyq I 0109 081 w58 89¢EVY 9 80V Y 38961 wLOILTYTY ~18€0°0
or” =" (1) ssens ySnoiq C »10°€C1 «WIEL « 18 €185 3 089€LE £ 80€1 =S8 8VTSST 507070
QL (D) TRADIND I IV 6T wS1'S suCL’S9 w0 6E0LET IL9TI «L97500TST 860070
JySrom Kouarorggo Kouoro1jJo Kouoro1yJo oyeydn Q3ug| BOIR
UOT)BIIBA JO 30INOS p K1p j00yug uonezimn d aerdn 4 snd j00US d aAT)R[NIND 100y jooy
2 e e
o~ oo o oy 9 oy 9 ey 0 prme e o ey P oo Gy eepd Oy

**S1BAT)[NO JeayMm Ul snoydsoyd

2rfp g @R o2 G0 g (e o gy ool € Lo o F 6 D9 FCFFem e € 97 e of () srd:

Jo Aduarorggo pue axeldn ‘sonsiivjoereyo [esrSojoydiow uo suororIo)uI 1107} pue snroydsoyd ‘ssoxs JYSNOIP “TEAT)NO JO 09I 9} JO SISAJBUE JOUBLIBA JO S)MSI AL " I[qE.L



UL Ken 5 (5w s

\fo¥ },_a'b/(v_,-n a;\.«-}/rhéj\-e—‘;- JLW/AL:?}\S\’. .h.ﬂ})

EP) EP]

15 A a (a\—q—lll)
=D
L - i
= :5 10 b b
st :
- 20 C
g 5- d
’ I

0 -

TO T1 T2

(%6) Drought levels i C_,.'c..ﬁ

ol le Sost 035 2 (9) o3y 5 (i mslaw 5 (Q) jad 5 (Koot g 36 IS

Effect of drought levels and phosphorus (a) and drought level and cultivar (b) on shoot dry weight.

TO: 95%FC, T1: 70%FC, T2: 50%FC, P0: 0, P1: 25 mg kg'!, C1: Sivand, C2: Sirvan.

15 - ECl1 Cc2 b/
QY
5 E,J. a ;3,
12 5L T ;
B A b \2
i b b
18 -
9 :
> w5 I c 3
2
.| [l
TO T1 T2
(%) Drought levels _siex CJJZ-_‘
Fig. 1.
= 1000 - mP0 ©PI (wb)
=) a '
B 800 | b
g g ¢
i £s 600 - cd d
==
£ € e
g 200 I I I g
N L
TO T1 T2 TO T1 T2
c2 C1

(%6) Drought levels i C_,.'c..ﬁ

047 mP0 =Pl @/
— a
NE 0.3 1
4,3
N E 024 b b
,J 4§ b b
o C
0 _
TO T1 T2

(%6) Drought levels s C_,.'c..ﬁ

() 4y o Isb 5 () alyy o (555 pp (SCi8 235 5 035 pid 30T S

Fig. 2. Effect of phosphorus, cultivar and drought stress on root area (a) and cumulative root length (b).

TO: 95%FC, T1: 70%FC, T2: 50%FC, PO: 0, P1: 25 mg kg'!, C1: Sivand, C2: Sirvan.
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Abstract

Tomato (Solanum lycopersicum L.) is an important commercial food plant. Several factors affect the growth
of tomatoes in the greenhouse, and one of them is proper planting density. Investigating and suggesting the
best density in hydroponic cultivation can have a significant effect on production efficiency. Therefore, a
factorial experiment was conducted in the hydroponic cultivation system based on completely randomized
design with three replications and two treatment of cultivar (Dafnis, Izmono and Hirad) and density (at four
density levels of 2, 2.5, 3 and 3.5 plants per m?) in the greenhouse of Gorgan Agricultural and Natural
Resources Research and Education Center. Characteristics of number of clusters per plant, number of
flowers per cluster, percent of blossom drop, number of fruits per cluster, fruit yield per plant and per m?,
number of fruits per plant, number of fruits per m?, average fruit weight, fruit diameter, fruit length, pericarp
thickness, uniform fruit ripening, distance between clusters, marketable yield, total soluble solids and pH of
fruit juice were measured. According to the mean comparisons, the average yield per m? at high plant density
(3.5 plants per m?) in all three cultivars was significantly higher than others. With the increase of density
from 3 to 3.5, from 2.5 to 3.5 and from 2 to 3.5 plants per m?, respectively, relative increases in yield per m?
of 2.4%, 28.6% and 43.1% in Hirad, 6.8%, 21.75%, 23.4% in Dafnis and 22.7%, 35% and 51% in Izmono
were observed. With the increase of plant density, the percentage of blossom drop of plants decreased
significantly. The highest total soluble solids content of one cultivar (Hirad) was observed in the highest
density and two other cultivars were not affected. The pH of fruit juice of Dafnis and Izmono at a density of
3.5 plants per m? was significantly lower than other treatments, but there was no difference for this trait in
Hirad cultivar between different densities. The results of this study suggest to increase the density of tomato
in hydroponic greenhouse in Golestan province up to 3.5 plants per m?.

Keywords: Hybrid cultivar, Fruit set, Hydroponic, Tomato, Yield characteristics.

Background and Objective: Contrary to popular belief, greenhouses are not completely isolated from the
outside environment. The condition inside the greenhouse tend to change constantly under the influence of
external weather changes (Omid et al., 2004). One of the management techniques in increasing the quantity
and quality of fruit is the use of proper plant density (Kumar Singh et al., 2021). Due to the high cost of crop
production in greenhouses and in order to achieve the maximum production potential of the plant, it is
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necessary to carry out more precise agricultural operations such as optimizing the density of plants.
Investigating and introducing the best plant density in hydroponic cultivation can have a significant effect on
increasing yield and production efficiency in Golestan province greenhouses.

Methods: A factorial experiment was carried out in the hydroponic cultivation system based on completely
randomized design with three replications in the greenhouse of Gorgan Agricultural and Natural Resources
Research and Education Center. Three greenhouse tomato hybrid cultivars including Dafnis, Izmono and
Hirad were cultivated at four density levels of 2, 2.5, 3 and 3.5 plants per m?. The following traits were
evaluated in this study: fruit yield per plant and per m?, number of fruits per plant and per m?, number of
clusters per plant, number of flowers per cluster, percent of blossom drop, number of fruits per cluster,
average fruit weight, fruit diameter, fruit length, pericarp thickness, uniform fruit ripening, distance between
clusters, marketable yield, total soluble solids and pH of fruit juice.

Results: The results of analysis of variance showed that fruit yield per plant, fruit yield per m?, number of
fruits per plant, number of fruits per m?, average fruit weight, fruit length, number of fruits per cluster,
average distance between clusters, percent of blossom drop, uniform fruit ripening, pericarp thickness and
pH of fruit juice were affected by the density factor. The results of mean comparisons showed that with the
increase of density from 3 to 3.5, from 2.5 to 3.5 and from 2 to 3.5 plants per m?, respectively, relative
increases in yield per m? of 2.4%, 28.6% and 43.1% in Hirad, 6.8%, 21.75%, 23.4% in Dafnis and 22.7%,
35% and 51% in Izmono were observed. Correlation analysis of studied traits indicated that the fruit yield
per m* had strong and significant correlation with the number of fruits per plant (» = 0.82**), but it had a
negative and significant correlation with the average fruit weight (» = —0.46**).

Conclusions: According to the results of quantitative and qualitative traits of tomato, the density of 2 to 2.5
plants per m?, which is considered in most hydroponic greenhouses in Golestan province, can be increased to
3.5 plants per m? density.
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Fig. 1. Bi-row planting system of tomato in greenhouse (The increase and decrease of the plant density was done by changing the
distance between the plants on the row).
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Table 1. Nutrients concentration for tomato hydroponic culture in different growth stages.

Stage of growth g.i; al>

Voad e U LS Jlal

Pl B adss sy 0 adsd B adsd uoge Y adst U adss mgs ¥ adys Uadss oyl Jote
st
5% cluster to termination 3" cluster to 5" cluster 2" cluster to 3" cluster 1% cluster to 2™ cluster Tranz;l)lllz?;to ! Nutrients
140 150 120 95 70 N
45 50 50 50 50 P
200 250 200 150 120 K
180 200 180 180 150 Ca
50 50 40 50 50 S
50 60 50 45 40 Mg
04 04 04 04 04 B
0.33 0.33 0.33 0.33 0.33 Zn
2 2 2 2 2 Fe
0.2 0.2 0.2 0.2 0.2 Cu
0.55 0.55 0.55 0.55 0.55 Mn
0.05 0.05 0.05 0.05 0.05 Mo
s oS s s sled b o S ast by Sl (Sl S5ke) ilsls s Y g
Table 2. Analysis of variance (mean squares) of cultivar and plant density effects on cluster characteristics.
B s bads ol (Sle s sl alol aip s S5l Gy 5o ad s oldad adys 53 6500 slal “?J” o ol
Blossom Average distance The distance of  Number of flowers Number of clusters Number of fruits R SOV
drop% between clusters first cluster per cluster per plant per cluster df .
0.52" 25.02" 62.93" 3.34™ 7.96 1.57" 2 2
Cultivar
I3
2.20™ 25.71° 10.87™ 0.19™ 0.63™ 2.14" 3 VS 7
Density
X By S A
0.79™ 8.26" 50.10" 0.12% 1.28™ 0.78" 6 S
Cultivar x
Density
o
0.21 2.68 13.40 0.38 1.47 0.19 24
Error
- I .
14.46 6.18 6.56 11.14 13.04 10.95 SR e
(&\%
S a8 s o5 )3 G (SIS s
Slicing of plant density effect in 3 hybrid tomato cultivars
1.057 0.766" 61.66 0.083™ 1.67 0.940" 3 (HIRAD) 5| .»
. 31
1.003" 36.95" 50.88" 0.344" 0.368" 3.139" 3 o
(DAFNIS)
ol
1.724 1.636™ 18.52" 0.009" 0.050" 0.275™ 3 F
(IZMONO)

s e ms ;M}b\}ﬁdh}}‘c}k.ﬂjbﬂbk;‘.u%j@**j

* and **: significant at the 5 and 1% probability levels, respectively, ns: non-significant
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Table 3. Analysis of variance (mean squares) of cultivar and plant density effects on yield characteristics.
. c ISP N Py -
Jsb e L 355 SKle 3 o sldas 7 ﬁ‘ bl s Slas a5 533 ,Ses s
2 i o500 Sl o e . S g ek
Fruit c c s o e L)
- . Number of « : S.O.V
Fruit  diameter Average  Number of . Marketable . > Yield per
1 R : ,  fruits per . > Yield per m df
ength fruit weight fruits per m plant yield per m plant
95.84™ 30.75®  2511.6™ 9316 1172.6™ 2265854 9554960™ 1105200 2 i~
Cultivar
k. * ok k. k. Kk ‘ 5
17.93 7.88™ 676.7 5976 49.2 2901913 ™ 19503175 1183319 3 s
Density
X oS e
9.39"™  3.26™ 306.5" 500" 9.1 1248895ms 1377119™  107563™ 6 oSly
Cultivar x Density
1.85 9.06 104.3 36 3.7 1519352 926284 156791 24 L
Error
s .
254 484 6.81 4.55 3.98 21.55 9.79 10.90 e
CV
S e S e 35 d 53 W (oS5 3 A
Slicing of plant density effect in 3 hybrid tomato cultivars
3452 7.62™ 473.6" 68.31" 3.17m 3901.7m 11043 s 144509™ 3 (HIRAD) 5l »
11.80"  4.59 497.3" 35.29" 59.74™ 4332.2m 13274 343025" 3 (DAFNIS) .3l
0377  2.19™ 883.9" 77.32"* 1538 4010.6™ 15491 158727 3 (IZMONO) g sl
%k

Yv

S3gna DS o3 V50 ezl - sha 53 5l pme o e ¥

* and **: significant at the 5 and 1% probability levels, respectively, ns: non-significant

W o515 5 o8y lasles b o o bt 558 e S5 (Sl e :S0Le) il a5 ¥ Jg
Table 4. Analysis of variance (mean squares) of cultivar and plant density effects on fruit physicochemical traits.

oH Jgoes Aol 5l 50 Al Cwelbs o0l e 35l a3 ey @L;,a
Total soluble solids Pericarp thickness Simultaneous fruit ripening df S.0.V
0.07* 0.18" 0.22"s 26.99m 2 o
Cultivar
* * Aok rs‘ﬁ
0.04 0.14ns 0.67 199.95 3
Density
‘ - - P
0.02% 0.11% 0.26" 99.88™ 6 X SR
Cultivar x Density
0.01 0.07 0.16 41.73 24 e
Error
s .
2.68 5.54 5.58 11.48 G
CV
SN S A 0 A 3 Wi o SIS (A
Slicing of plant density effect in 3 hybrid tomato cultivars
0.003 ™ 0.088™ 0.229" 124817 3 (HIRAD) >l jo»
0.061" 0.176 ™ 0.661" 133.25ms 3 (DAFNIS) updls
0.013 0.093 ™ 0.308™ 141.64" 3 (IZMONO) s 55!

*

Dl e p8 i ms Aoy ) 50 Jlaxs] C)Ja.dﬁjbd;a.» S ey
* and **: significant at the 5 and 1% probability levels, respectively, ns: non-significant
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Fig. 2. Mean comparison of slicing of plant density effect on three hybrid cultivars for traits related to cluster; Bars with similar
letters are not significantly different (Duncan, p < 0.05).
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Fig. 3. Mean comparison of slicing of plant density effect on three hybrid cultivars for traits related to yield; Bars with similar letters
are not significantly different (Duncan, p < 0.05).
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Fig. 4. Mean comparison of slicing of plant density effect on three hybrid cultivars for fruit physicochemical traits; Bars with similar
letters are not significantly different (Duncan, p < 0.05).
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Abstract

Due to the limitations of water resources and poor soil quality, the use of modern and high-quality solutions
is necessary to produce agricultural products with better quality. One of the effective methods for achieving
this goal is the production and cultivation of plants by hydroponic methods. This study was conducted as a
factorial in a completely randomized design with the aim of investigating the effect of hydroponic cultivation
systems [drip system and deep flow technology (DFT)] as the first factor on the quality and yield of two
strawberry cultivars (Albion, Sabrina) as the second factor with four replications. The results showed that
Sabrina had the highest fruit length and width in the drip system. Also, the highest fruit weight and yield
were observed in the Sabrina cultivar under the drip irrigation system. The highest titratable acidity content
was observed in Sabrina cultivar under the drip system and the highest contents of total soluble solids, total
phenol and total flavonoid were recorded in the DFT system. Besides, the highest total anthocyanin content
was revealed in the Albion cultivar under the drip system. In general, the results of the present study showed
that most of the qualitative and quantitative characteristics of strawberry fruits were affected by the
cultivation system type and the yield and fruit quality of strawberries were higher in the drip system
compared to the DFT system. It can be also concluded that Sabrina had the highest biochemical properties
under the drip system.

Keywords: Antioxidant capacity, Deep flow technique, Drip irrigation, Total anthocyanin, Total flavonoid.

Background and Objective: By adjusting the concentration of the nutrient solution, hydroponic cultivation
allows farmers to control and regulate the nutrients available to the plant (Keutgen and Pawelzik, 2007). In
hydroponic culture systems (water culture), plants are grown in an environment other than soil in order to
reach the maximum density of cultivation, improve performance, save water and nutrients, and reduce soil
pollution (Rounaghi and Maftoon, 2006). Samec et al. (2016) reported that the variety had a significant effect
on the quality characteristics of strawberries and Albion cultivar had the highest total soluble solids (TSS)
and titratable acidity (TA) contents. The aim of this study was to investigate the effect of cultivation system
type on the quality and yield of two strawberry cultivars (Sabrina and Albion) grown in hydroponic.

Methods: Sabrina and Albion strawberry transplants were obtained from a commercial greenhouse located
in Urmia city and kept for 240 hours in a cold room (for chilling) at a temperature of 4 °C. Some traits such

1- Department of Horticulture, Faculty of Agriculture, Urmia University, Urmia, Iran.
* Corresponding author, Email: ha.hassanpour@urmia.ac.ir
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as length, width, weight and yield of fruits, pH, TSS, TA, antioxidant activity, total phenol, flavonoid and
anthocyanin contents were evaluated. To evaluate total phenol, the method of Du et al. (2009) was performed
with a slight modification. The method of Shin et al. (2014) with a slight modification was followed to
measure the total flavonoid. Antioxidant capacity was evaluated using the DPPH free radical method.

Results: The results showed that the cultivation system type affected the length, width, weight and yield of
fruits. Based on the results of variance analysis, the cultivation system had a significant effect on total
phenol, total flavonoid and anthocyanin contents at p < 0.05. The results showed that Sabrina had the highest
fruit length and width in the drip system. Also, the highest fruit weight and yield were observed in the
Sabrina cultivar under the drip irrigation system. The highest titratable acidity content was observed in
Sabrina cultivar under the drip system and the highest contents of total soluble solids, total phenol and total
flavonoid were recorded in the DFT system. Besides, the highest total anthocyanin content was revealed in
the Albion cultivar under the drip system.

Conclusions: The results showed that the quantitative and qualitative characteristics of strawberry fruits
were affected by the type of cultivar and cultivation system. Tthe highest amount of strawberry fruit
quantitative index (i.e., fruit length, width, weight and yield) was observed in the cultivar Sabrina grown
under the drip system. In general, the obtained results showed that most of the quantitative and qualitative
characteristics of strawberry fruit were affected by the cultivation system and Sabrina had the highest
biochemical properties under the drip system.
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Table 1. Concentration of nutrients used for growing strawberries in the hydroponic system.

Nutrients (mg/L) () » pfdk:.a) e ele

S N P K Mg Ca
Growth stage

Fe Mn Zn B Cu Mo EC pH

2 A 207 65 184 58 221 77 65 26 025 07 0.07 005 2 58
Vegetative growth

hIese 182 82 301 58 148 77 65 26 025 07 0.07 005 2 58
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Fig. 1. Cultivation of strawberry cv. Sabrina under the DFT system.
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Table 2. The ANOVA results of cultivation system and cultivar type effects on some quantitative traits of strawberry fruit.

Slay o S5k
Mean squares
Sy e s3lsl a3 O3 Jsb g s Sas
Sources of variation df Weight Length Width Yield
2 1 0.12 2.42m 046" 0.0025
Cultivar
C"“i‘s L‘L"’ *% *% sesle
© 1 99.55 138.47 42.86™ 3.86
Cultivation system
clS wlelas x 3
Cultivar x Cultivation 2 4.37% 297 5.32% 0.01%
system
Lo
12 223 4.83 2.20 0.085
Error
s .
T e - 12.06 6.84 5.37 5.81
%CV
Aoy3 0 5 ) bl sl 53 (ls pre (ol pme ple S S R
", " and *: non-significant, significant at 1 and 5% probability levels, respectively
Lﬁf"jj exﬂd;sﬁzw fjjw.su =S wlele Cj;j\.“ JJJP:
Table 3. Effect of cultivation system on some quantitative traits of strawberry fruit.
s (6,5) 5 053 (roshen) o500 Jsb Crahs) o500 2,8 (65250 05) 5 Shes
Treatment Weight (g) Fruit length (mm) Width fruit (mm) Yield (g/plant)
lo Jas aslalen
Slo s < 15.480¢ 36.213¢ 30524 256.69°
Drip system
DFT <Ll
9.576° 32.063° 27.60° 88.77°
DFT system

el Sl Q}aﬂwb\ﬁupOdL&:\;—lchd)s L pSols o (Sols ime CDst] 55 5 e liasglis wlin 6 s = Oyt o 53

In each column, means followed by different letters are significantly different at p < 0.05 based on Duncan’s test.
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Table 4. ANOVA results of variety and cultivation system type effects on some biochemical traits of strawberry fruit.

Mean squares Sla oS00

i e 35l a3 ] A BB an Jhous ol 314
Sources of variation df pH Titratable acidity Total soluble solids
r 1 0.008 0.09* 0.22™
Cultivar
oliS sl
* 1 0.03" 0.018™ 9.45
Cultivation system
S Sl x vﬁ 3)
Cultivation x Cultivar 2 0.02" 0.004 ™ 4.95m
system
o
12 0.01 0.01 1.25
Error
s .
TR S - 3.19 19.50 13.48
%CV
Aoy 0 5\ Jlexd C)Ja..n PR P R Py SR ® g EE
", " and *: non-significant, significant at 1 and 5% probability levels, respectively
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8 b b
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y > acidity (TA) content in strawberry fruit; Means followed by

followed by dissimilar letters are significantly different S o :
(Duncan, p < 0.05). dissimilar letters are significantly different (Duncan, p <0.05).
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Table 5. ANOVA results of variety and cultivation system type effects on some biochemical traits of strawberry fruit.

Mean squares Slx o 550l

CIJWEL slsT a3 SenST mT e b Js Je Js asssu &5 ool szl
Sources of variation df Antioxidant capacity Total phenol Total flavonoid Total anthocyanin
i 1 0.002 0.003 ™ 1.78" 12.08"
Cultivar
S b 1 0.001 5.29* 12.45° 1.45m
Cultivation system
eSS wlelas x i3
Cultivar x 2 0.005 ™ 0.009 " 2431 2.09
Cultivation system
Lo
12 0.02 1.16 3.45 3.07
Error
s .
T s - 5.81 13.50 10.66 8.55
%CV
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and ": non-significant, significant at 1 and 5% probability levels, respectively
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Fig. 4. Mean comparison of cultivation system type effect on total phenol content (a) and total flavonoid (b), and cultivar type effect
on total anthocyanin content (c) of strawberry fruit; Means followed by dissimilar letters are significantly different (Duncan, p < 0.05).
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Abstract

Azolla extracts are biodegradable and non-polluting to the environment, and because of its unique
composition, it was subjected to integrated biorefineries for organic fertilizer and plant growth stimulants
production. Here we investigated the effect of media culture on productivity and chemical composition of
Azolla filiculoides and Azolla Caroliniana and then application of Azolla extract as an organic fertilizer. This
research was conducted in the two studies at the Soil-Plant Interaction Research Center of Isfahan University
of Technology. The Azolla culture media treatments showed significant effect (» < 0.05) on Azolla iron and
zinc concentration. In the both Azolla species, addition of 20% of sulfur and phosphorus to the culture media
significantly increased concentrations of nitrogen and acidic, alkaline, polar, aromatic and aliphatic amino
acids. In the second study, Johnson and half Johnson media contained 5% and 10% Azolla extract showed
highest fruit yield (i.e., fresh and dry weights) and concentrations of iron, zinc and nitrogen in the fruit, shoot
and root of bell pepper, in which some of them were significant (p < 0.05). In total, our results showed that
Azolla culture media composition may change quality and quantity of the Azolla extract and application of
the extract may led to biofortification of bell pepper significantly.

Keyword: Azolla filiculoides, Azolla Caroliniana, Fe and Zn concentrations, Protein and amino acids, Bell
pepper, Azolla extract.

Background and Objective: Micronutrient malnutrition or hidden hunger remains a major global challenge
for human health and wellness. Being free floating aquatic plants, Azolla can be produced independently of
arable lands. The aquatic fern Azolla is a special case among free-floating aquatic plants because it has
evolved a symbiosis with the cyanobacterium Nostoc azollae, which fixes atmospheric nitrogen (Nz). Azolla
ferns occur across many continents and across various climates. Using Azolla extract as a biofertilizer to
replace artificial nitrogen fertilizer reduces pollution by nitrogen losses of various cultivation and provides
added value to farmers (Brouwer, 2017; Brouwer et al., 2018). Here, we investigated the effect of media
culture on productivity and chemical composition of Azolla filiculoides and Azolla Caroliniana and then
application of Azolla extract as an organic fertilizer.

Methods: We tested two hypotheses: 1) Azolla culture medium could affect biomass, nutrient and protein

1- Department of Soil Science, College of Agriculture, Isfahan University of Technology, Isfahan 84156-83111, Iran.
* Corresponding author, Email: bkhalili@iut.ac.ir

53



Fatahi Vanani and Khalili Effect of Azolla Culture Medium on Biomass, Nutrient ...

concentrations of Azolla, and 2) Azolla extract application may improve fruit quality and cover some
required nutrients of plant. The treatments of first study included a) IRRI2 culture media (the standard Azolla
medium) (control), b) IRRI2 culture media + 10% extra sulfur concentration, ¢) IRRI2 culture media + extra
20% sulfur concentration, d) IRRI2 culture media + 10% extra phosphorus concentration, e) IRRI culture
medium + 20% extra phosphorus concentration, f) IRRI2 + 10% sulfur + 20% phosphorus concentration, and
g) IRRI2 + 20% extra sulfur + 20% extra phosphorus concentrations. The second study treatments were a)
Johnson media (control), b) Johnson media + 5% Azolla extrat, c) Johnson media + 10% Azolla extrat, d)
half Johnson media + 5% Azolla extract, and e) half Johnson media + 10% Azolla extract. Analysis of
variance, comparison of the Azolla culture media and application of the extract in bell pepper growing media
were done by completely randomized design with a one-way treatment structure using SAS 9.0 software.

Results: The results of the first study showed that the highest concentrations of iron and zinc in the third
generation of Azolla filiculoides were detected in the IRRI2 + 10% sulfur + 20% phosphorus culture media
and the highest concentrations of zinc in the first and third generation of Azolla Caroliniana and the first
generation of Azolla filiculoides were detected in the IRRI2 + 20% sulfur culture media. The IRRI2 + 20%
sulfur + 20% phosphorus culture media treatment increased concentrations of nitrogen and acidic, alkaline,
polar, aromatic and aliphatic amino acids in the both Azolla species. Although, the highest dry weight yield
of the both Azolla species was observed in the IRRI2 + 10% phosphorus treatment. In the second study,
Johnson and half Johnson media contained 5% and 10% Azolla extract showed highest fruit yield (i.e., fresh
and dry weights) and concentrations of iron, zinc and nitrogen in the fruit, shoot and root of bell pepper, in
which some of them were significant (p < 0.05).

Conclusions: The fast-growing, nitrogen fixing, aquatic fern Azolla could be a promising novel crop for the
production of organic and eco-friendly fertilizer, due to its high protein content, favorable amino acid profile
and micronutrient contents.

References:

1. Brouwer, P., 2017. Turning The Aquatic Weed Azolla into a Sustainable Crop. PhD Thesis, Utrecht
University, The Netherlands.

2. Brouwer, P., Schluepmann, H., Nierop, K.G.J., Elderson, J., Bijl, P.K., van der Meer, 1., de Visser, W.,
Reichart, G.J., Smeekens, S., van der Werf, A., 2018. Growing Azolla to produce sustainable protein feed:
the effect of differing species and CO; concentrations on biomass productivity and chemical composition. J.
Sci. Food Agric. 98, 4759-4768. https://doi.org/10.1002/jsfa.9016.

54



OF=VY Slomis / VFoY 5l / p g 05led / @i lg Jlw /el 5 S Ly,
https://doi.org/10.47176/jspi.14.3.19712  EISSN: 2783-5286  https:/jspi.iut.ac.ir

:J.ULS,AI,,'I "J.;Sjj: 6Puj&|bﬁu¢w‘e:jwjﬁw.’a€ucjﬁu
6‘4@.’3‘}.&54.:-133 L C}T OJW

s a5 Uy o deses
OF X/ 5oy b ) FoT/TNT s 4 )

s AS>

2 2l (el S5 Bae 0 S 03 I SIS 5 D5k 5 aleed oS 5 5 Il polie (1 22 plia e oS 5 V5T e las
2028 B plasd oS 5 SU g ol g3 el B8 15 4z 5 550 oS A, S e JT 558 4 V3T fas 5 sadle
Slaeds Jitls c2S lass 55 JT 548 Ol goay Y50 0,la 5,0, 5 Uladyl5 Yoil 5 ki sl Yoil placd oS 5 5 5 Shos
sls 0L gl b 5 plosl Slghol sxio Kils oS 5 S Ly, oash S 0 53 Sk ol el 4B 5 I F ) 5,40
3388 X0 Bl e women Lilazdls V5T 655 53 69, 9 ol Chle , (p<0.05) s,ls me 5U V5T ctS o slajles
ols Sl 3l Aals ay comnd (o)l a1 V5T w8 55 Sleg,l 5 ST gladkewl el ke V5T c2S laes 4 jid
OPJ%V@J&J—J\Q-LJSMJ:YJ}TUWMJAW 30 5,5, ol ol Ol £33 aslas @Lﬂﬁa Sow Ol el
3)lgn F o S ST Wlesls DL (glaads JAlS 4ty 5o bas s g 3 1y oS 5 s op] e 5o 3 Shes o 5
S 56 V5T CllS 5 e ol 5Sen V5T S fasue oS 5 (IS sba 35 (<0.05) Lls gas s bl Blod 51 205l ol

B laads Jalb 55 sl Gile b oo e Bl 0 V5T b 0slas 5,8 5 AL

S A0S e S0 Lahs cnl Ml g5uslas s dodie
N e 9 (Bleakley and Hayes, 2017) il (e s O b 3 Ol Samor Sl 33 5 i el Bl o e
gy e B L aS el pls 5 Olasldis O3 (dealslye 51 s sl 63,58 s sla i, 6 S S w a8
S5 5 SiosltS DS Cas sl (e SR8 Lol sl Olgr il s S S 2alS ol &l

dal gt 35008 Sl skl 53 s OLLS W5 oLl 03 555 (5,38 Jase o3 o e BT 4 55 L byl

dWl JM oK‘ulb %5)'”[.:5 oIS s Sl (sjlp e);—\
bkhahh@lutac1r 6@}}&“ w.;_ ‘C)U&A J}i«.& *

00



JL_'J&} JU‘} ft‘d

\foY ﬁlﬁ/(‘j—ﬂ BJLQ—-:/V-“)JLC’: JLW/AL:?}\S\’. .h.:b)

Ol —) — oyM—c .(Farahpour-Haghani et al., 2017)
Ale 6,555 sl iS55 (Khoshravesh et al., 2009)
«(Hill and McConnachie, 2009) a_uil 3 « . ISI (JLsS
Witt and Luke, ) Ll ;b (Hussner et al., 2010) oLuJi
=S Il s Buyel et al, 2015) g gl 31 (2017
Y31 (Richerson and Grigarick, 1967) sdszecVL| s
P B e P W N . SIS Ol gen
o by sl Shash el ke 4 VAAP Jle 5o (5,58
53 P b @ el 51 V5T sl 03, e b b
53 V3T AU S Oley e 53 3 S LT 1 O okl Jled
.(Delnavaz and Azimi, 2009) .2 (5 O ) b
Aoy YooV s 5l 5L e gl olS Ol 4 V5T
3,50 (Katole et al., 2017) coul ol b me (K2 035
Ao A sl Vsl aas e 0las VT Cilises S sle
VYNV-10 ol 555y dem s TV/F =TH/P) (St esle
Lk oy g b do 3 YIVA SYV/GA ol s s
Y/A (ADF) 7 gl oo 35 ;o3 Ao ;5 Y8/°A (NDF)
FeS Ao ;3 O/ 5 sl Ao s /Y (sl o jlae Ao s
(Katole et al., 2017) ol it o3le il 5 S
sie ol K58 G ol 3l b b 1,
Sl 5l e o S Gl Lo pH 53 (sdse
3¢~ PH 5CO2 55 o dle .l b o sl
55 Soslae i, Er Jeslse 51 S8 sdse sl i bale
.(Macartain et al., 2007) <l > 5,5 il saw S
L Sl osla Vsl iy 5 ad, bl 3 IS, 5 ba
OAW) K sl s wlal sl gl sl
L Les 51 glos S o35 55 Subeod sy Uil s Vsl
VA-YA aals 53 Laas S 5 i 6l g sbos Lol sl yls
55 0ol oLl Vsl omen ol oo a3
(Singh, 1977) 5,05 1, (/0= o) pH I e s 4l
LS 5oy Ol s das e 0L e (gla tag s

1. Neutral detergent fibre
2. Acid detergent fibre

e e Gl s e b oSl cnl b A
Gblis 53 o5 s A58 Lo Gla i) ramen 5 s Jbe
el 1 s ey e WL B el 23 Jes
Bleakley ) 53l 03,51 = |, OB 0S5 me (gLl 5 63 5ad
sbos sl (and Hayes, 2017, Brouwer et al., 2018
5 osthe gl gl Slasiio g s LSy 5
s dile 855 (Fn e L bl (25 sl
B e [ N O e T ]
Bleakley and Hayes, 2017, ) X550 a5 S L 55 55100k
.(Macartain et al., 2007
o3l gl a3 laze sl b st oy Vsl
w540 S Coda glyls 5 ol Azollaceae Gl wn S
Gl 3 03 2.8 b (Katole et al, 2017) <l &5 15
Sl bls gls JUIS 5 L (ST dsaes i oo sb o 5 0 5
03 0 d Sl gl 5 ot Jgeams Ol ges 5 LS e A,y IST
Slome 5 p e ) am a5 LS 5 el Sl W5
i pllan gl sl Dlasitie zmen 5 W 8
Becerra et al., 1995, Brouwer et ) &l n.t,.':cjlm Ly
a5l sline Vg5l (65455550 L(al., 2018
Oyl Jases sl Esl 0 S jltle 5o sl o 50
o o 3 Lol 0dd LT STl b s e
0555 S 4 33 et e ol V3T 5 LT ST piten
05 OS5 S ,lAde (Carrapico, 2010) coul J5S 50
oS a s el 1 035 S ke o/ \V=2/10 Vg5l
03555 3l g S ey sl 48 ol S w35
/oA S L L 4l 53 S pe Slaeds 3 s ddlo S
Sl 5 S5 03 s 05 2 02 sl e S e
.(Brouwer et al., 2018)
Olei Ol 53 el lSCLS Yol 46,5 Sl 5 g5t
Gl S o Sl 5 ol - las sl at s B85S
1458 gn bl Ly 3L 01yl bl (5 53 55 Vsl s

k;»_w‘ IS W &;—JL;OJ_! 4_!; Ql)—&u d‘ﬂ\)b‘ﬁj\)])‘

Of



dj:u;@!lbrauc.w‘u‘,scﬁjﬁc,:sh;u@sﬁ‘u

J&J @Ub ft’j

Sl SLspH 5 g ,mlh JLS ials eel SLs
(sl 035 Sdale (I S ol (eSS S
Shcie SEalS 5 S i s S ety e (D2
ol 00 oy a3 VO 4 YO 5l S (55
.(Raoof et al., 2006, Raja et al., 2012)

oS iy 5 Shas Vil oslae 30 5550 55 a2,
Vsl deoys Yo o)lae 3l eslitwl das o 0L (S5 b5 50
DEs 53 (3l e SRl Lol (S G2l sl )50
Ao s g amiyy dpb dlw J b oSt O35 3l 03
5 V557 oyl 5 ,5,LS (Bindhu, 2013) conl s 33450 g
FEVRCUW Sy SO X GNP SV S NEA ey
(Taha and El-Shahat, 2017) &ul 654,103 56 4 I1s, 5
SIS ey 53 S gaS ol an 4 030 V5T 5 ) roean
3 Shes s 55 (g5ls fme a5l Gl (g gl B Ly olS
ol e sty sl 5 Jlg CudB ¢ Sl Aoy (B
s 555 5 5,8 (Tejaswini et al., 2015) ol o oLS
R[S PR SEE R Y [U NIV Wi Yoil
s 53 55 Juils 1S 5 Shes 5 0500 3l o0 3 oS
L. .(Boye et al., 2018) <.l o Cheyenne 5 Sunny
Olpsan al Lot b Vsl el opl 51 Sl s hass
CiS e L oSl lpl Esl (e, S 5 S S
Fe-  Sas 5 )8 slad 53 aS(gysbar a5 0 SU g5
Sl 0l ol a5 alyy Al o 5 5 Azolla
Vsl o las SULs 5,58 uomen (Plessner et al., 1998)
Gl sl IS St S S s Sy » Ll e
Vsl oslas 35,08 Wasls LS (Yo10) O, ea 5 dal & go
b bl el asie 5 Sl S ol e 4
b o i Steer O Jlise & a2 Sl s S
EL-) ol sl odaline 505 5,0uas vw'j KON PEIPRP o
.(Shimi et al., 2015

DS e et S5 G 53 L Sl ol
Sl SiS o ol (g 5loaingy Sa b 5 VT sl S5

ov

Ay S LS A Ll 3 5 68 g8 by e placd
Brouwer, ) a3 o | 3 56 o | V3T 03 5y kS
Wy il e o 5 ol 5 S jied eal 32017
Sl el e chle (mlil e Ol geay ool V5T
Uly 4558 5 S 0o LIS K0 Vil 0655 g 03 5
Kushari and ) cul eds Ll 5 LS par/ 4558 55 53 L
L j5 ol cble (a0 8l aves (Watanabe, 1992
S 55 00 Vsl 5o Ohs a0 chale il el Vsl cus
3 O35 S Olime 5 iy o ol 2 Sl ol ol
Temmink et al., ) cowl V31 L s jan (gla SL L
3 Aeeppm L5 CO, o ble 21331 (2018, Wagner, 1997
b Uity 5 el oSl Y3 T4 S 53 & iS Lo e
.(Brouwer et al., 2018) Coul o315 i |5 4355 53 dosl giel
Fooorsm 53 ol B 38 58 doas e 0L L ey
53 e )2 )l e 25 (st 5 et el il
35 Aol gl 53 ol Clle WIS e Gy Vil CiS las
(Silva and Silva, 2007) w3l 5138 35U Y3
V3T ober Gblus ana 53 Va3l W s U5 & a5 L
ool Sl el 5 bt Jmoly S Ol il
ool (S kol I e (355LES 3 055
S a5 L (Datta, 2011) 555 e S S 055 5 10
Lo ol SV mame L5 S5 5 Wl s s &
olas ( plad glasss Lo sl & p s ax s
R S 058 S Ul oL S
(Colavita et al., 2011) 5,5 s )| 3 oslezals ;50 b yas un
45 45, Ol Bund and Norre (2011) LLS )l e 5>
Ascophyllum nodosum L ;5 Sl o )lae ;| sl ul
omr S 5 AL JSE 3 s e ST SR s
3 8hes 0 5 e Ao e OLES a3 L ha sy o5 o8
D392 355 p S oS Fo om0 Vp3T 5 Yo 5,5 L oS
Sy—emen (Raoof et al., 2006) c—ul sdi o> Ha s
53 o3 Vsl LLKa 55 55 YF VA OY & slie 5l eslinad



JL_'J&} JU‘} ft‘d

\foY ﬂlﬁ/(‘j—ﬂ BJLQ—-:/V-“)JLC’: JLW/AL:?}\S\’. .h.:b)

i doys Yo + 3 558 Aoys Yo + IRRI2 -V

Sacaliae el 5 il s 5ty Sl el i,
e Ao Yo g Ve glachle b gl 5 NaHoPOy
S 5SS s eslinal MgS0,4.TH0 5l 5 S5 Las
Doy L 45 O oy S plndl by Jod 4 G Y5
S Slag) e dsly 5o o, Ses S e 4 b Gl
ol (L a3l 555 ) 0l 53 (65 i sluzd
j\ﬁyjji ;Muzlﬁjaﬁw\zﬂuk}.ﬁwjlyjﬂ
Ll glac i8S b 4 S0 5 ciS gl IS Gl
L iz

sy e s El
035 5030 O35 Do 3, Shes Jud o Sls 5l ey
Olayde s (6, Seslul (DT) Ol ol 95 Oloj 5 i
sl sl plr 93w V3T es s SRl Gl S350
Peters and Meeks, ) 43 sjﬂﬂ (V) adslee ulul 5555

(2003

DT = t M)

{log[th/OSOl}
Wo

t ooy 5o Vsl ol o35 W

Vsl sy Oleseds t

gf»ab’ﬂ gar Oles 53 Vsl 03 55 s 3 Wo

Y551 5o ol sioel (s 5 030 58 ke (g S50l
oK b ol S b el iy 4 (s 5 05550 e
(Singh, 1977) (KJELTEC AUTO 1030 Analyzer) Jl._IS
SIUT o 51 eslizad U V5T o las laduml snel clale
ps— 5 Jsl gloa J—5 3 (ARACUS Jo) ol sl

.(Kouzuma et al., 2004) L (g .Ss 3100

388 5 05a00n (0 S sy opl ke (5 S50
—2p iy an (paw 5 sl o Jus 53) 55 5 oal clale

Clle L1l e Al 5o s Shes 0 5 R a4 ol
ol 53 aiwel gladeul 5 55 o clle 5 i ole
SIVs5T e Slame am a5 L e L ol Y5
53 Vsl oslaas 38 ol obie 5 Ladaul siel oty
5SS 3 e S e sl Jalb S s

.b}i: el..s u'il 0 40 g_,...qS":

L fgs 92l se
oBiils oS 5 SLs lalyy (s S e 03 hask cnl
G Sl aslllas 55 &0 @ Vgl sxs
V5T S damn 3l asdlan s s plil slas SLlS
5 s S 5 Mk olie N3l es s
Lt oyl Yoil 5 i olSCls Yo jT o Jlae (ot gl
oslas 3 ,5lS Il s skiten p s adllae 3 S )
5 it il /Yo + IRRI2 Lo 3 4l iS) V5l
Yool 0L glands Jalbogn coiS 55 Shes » (055

REFEES

Jsl asdllas

il s g5V s Vsl S8 Y (asn Sl s ol s
oslar Shls L, s oAb B L ST L eiS b
IVST 58 53 S5 5 i (6l 23 S B s 2550
s o 53 aBlian g CiS Lo o) IRRIZ 108 J gls
Jshicze 28 Jams Ol g (RRI (g 2 i ALall e
A el Yol wdss gl

250 o a dsl adlae bl

(Carrapico, 2009) dals cuiS Jaes Ol ieas IRRI2 -
5555 Aoy Vo + IRRI2 -Y

5555 Aoys Ve + IRRI2 -F

hud Lo s Vo + IRRI2 ¥

b L2 ;5 Yo + IRRI2 -0

Shed doyn Yo + 3 88 dojs Ve + IRRI2 -7

OA



djau}&mﬂucwm,s;.ﬁ;ﬁwhw@g‘u

J&J @Ub ft’j

sles jo el YA Sl w0 )l Ll g ads ;) ladsas S
033 (oo A S 13 SCSCES 55 o gandes 455 VO
GS o3Il Jlmas 55 5 b g5 S8 b a ol i
el Cnd SIS alS ol pua i Gl Al
S (piomas Ad Ol e 5 0 I Bl 51 S
St OASSll 31 g 5 0 Sl 0 gen 5 alu ) 3L3, 50
clle s S i islosl & jole chale 5 ,Sojll
i) At s s oS sladisal 53 Sa) 5 oAl ole
Ojs s obale 5 ol Sl olKaus Sleslizal Ly 5 oo
Wright and ) Js ¢ ,Se3lal xS gy a5
.(Stuczynski, 1996

ilie SAS 9.0 Ll 3l 5 L lel Sl
=5 3 (LSD) s ae SVt oy 508 05051 L a5k
A5 plnil MS Excel 2016 15300 5 L Ll g

o g

(lid pole Chle S o pled oS5 SG
Vo3l 68 93 03 50mm 5 oS50 S5

oslas ool clle il glasles sl 5l ol =l
o1y Ol s ol o &) (V) Jsds 53 Vsl 68 55
(655 oS e VOY) sl s 3 ol lale o 50
oLl e ol s Yol + TRRI2 5o 4y by o
ol eble nlp el 5 o o 03 Soles sk
VIEY) sl bl op 5 i S (g sba Ld Jals 4
i3 IXe 43 S SN e + IRRI2 5Lk 53 (05 5 0 S e
S U e 5 AT Sl ten ol Lol
Sl L dol s S 0 5 0 S oo YA ke
dls ols e il 8l SCa 035 05 0 S e VY
Yoslas S cal clile  Cilse lajles Jlesl ol oo
il dals o ol Lajles plw sls 0Lis Ul 65
Vot iud /Yo + IRRI2 jlos 4S5, sbas Llazils (5515 sns
St 035 08 2 oAl p S ke YNVP Jllie L5 S8 ds s

o4

Wright ) 13 (g Se3lhl adl il s 31 eslizal | 5 5
5 0590 (S ole . ble (and Stuczynski, 1996
(Vario EL m JJ_) CHNS Analyzer o&ws Ly 5 545

A szﬁgn)(.\;‘

£33 aadlas
o e L V5T i8S lae e o i SIS g
o e 5 o Sl S e e s 2 0 Shes
s slas ol 53 e f LS Yol dadad el Clale
oo s ol 5SS Vsl oglme e S el oS
i 28 Olgeas 5 odd 2l Sl Brouwer (2017) el -Msl
b8 5 sl s, (5> anllas) glaals Jals iS5

5 o= sla S 2 Vasl oslas s shea
2 5SS e S e 75 0 (slasds Jilh s Sles
55 lads Jils oS S (55l oS 50 S OIS Yo g sams
slas 23,5 15 bl 5se sl SLES = b LG s
a5 S 53 Ao Voo ojlas Olsea Vsl eddal Sl
L oolae 3l laals Jab i8S Lamee 55 eslinad (gl 5 AS
s S eslital Ao s Yo clale

O gl J s s g5 5L 58 03 Jilesl ol glasles
D dlesl 5 2 25w
V5T eslas (V) dos3 0+ JolS O guile Jsloes -
V3T oslas (WV) doys Vo + JalS O gl Jsloms =Y
oAl 5 05 Shl 5l ds s 00 (sl O il Jgloes =Y
Vo3l oslas (VV) Ao y3 0 +
ol 5 0358 e 5l a3 00 (gl O pmilr Jske -F
Y3l o las (VV) dsys Vo +
Al Ol oy JolS O gl J ghoes =0

Sl e 51 0Ll (5 bl lesl 5l ey ole 5
Mo ool 6l 1 a3 b Cand Sl laaly; s 2ol oS
A adyy 5ol i 05 ( SLAl Cogby Bl Sl 5 el

L;J_:fe)(.l_:\ JL—:«?LLJ LSJJ(JS A.L“.ij Mg\v\} SHpod &g



JL_'J&} JU‘} ft‘d

\foY ﬁb/(‘j—ﬂ BJLQ—-:/V-“)JLC’: JLW/AL:?}\S\’. .h.:b)

s 3 Jsl Sl 53 V55T 658 53 CoiS Jaes Ciliis lasled 45 (Zn) (g5 5 (Fe) ool clale SKle anlis L\ J gt

Table 1. Comparison of the iron (Fe) and zinc (Zn) concentration in different treatments of the culture medium of two Azolla species
in the first and third generations.
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Fig. 1. Protein concentration of (a) Azolla filiculoides and (b) Azolla caroliniana in the first and third generations; The identical
letters in the graphs indicate that there is no significant difference in the treatments (LSD, p < 0.05).
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Fig. 2. The range of (a) acidic, basic and polar amino acids and (b) aliphatic and aromatic amino acids of Azolla filicloides in
different treatments of culture medium.
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Fig. 3. Yield per unit area (fresh weight) of Azolla filiculoides (A) and Azolla caroliniana (B) with IRRI2 medium (control) and
different treatments of the medium; The identical letters in the graphs indicate that there is no significant difference in the treatments

(LSD, p < 0.05).
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Fig. 4. Effect of Azolla extract application on Fe concentration in shoot and fruit of bell pepper; The identical letters in the graphs
indicate that there is no significant difference in the treatments (LSD, p <0.05).
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Table 2. Effect of Azolla extract application on average of fresh weight and dry weight of bell pepper shoot, each fruit and root.
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Fig. 5. Effect of Azolla extract application on Zn concentration in shoot and fruit of bell pepper; The identical letters in the graphs
indicate that there is no significant difference in the treatments (LSD, p < 0.05).
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Fig. 6. Effect of Azolla extract application on nitrogen concentration in shoot and fruit of bell pepper; The identical letters in the
graphs indicate that there is no significant difference in the treatments (LSD, p <0.05).
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Abstract

The use of plant hormones has been introduced as a simple and suitable strategy to reduce the adverse effect
of heavy metals in plants. To investigate the effect of salicylic acid (SA) in reducing lead (Pb) stress in
tomato (Lycopersicon esculentum L1.), a factorial experiment was conducted based on completely
randomized design with three replications in the greenhouse of Razi University. Factors included soil Pb
contamination at three levels (0, 150 and 300 mg kg soil as Pb(NOs),) and SA at three levels (0, 250 and
500 uM). Results showed that the highest proline content (23.4 mmol g') and Pb concentration (4.26 mg kg
1) were obtained in 300 mg kg of Pb and 0 uM SA, which shows an increase of 303 and 387%, respectively,
compared to the control (without Pb and SA). Also, the highest amount of soluble sugars (0.48 mg kg™),
plant height (43.5 cm), root length (18.3 cm/plant), shoot dry weight (7.48 g/plant), and leaf area (263.1
cm?/plant) were found in the treatment of 500 uM SA and 0 mg kg Pb. In general, the results showed that
the application of SA, as a plant hormone, is a simple and convenient method to reduce the adverse effects of
Pb stress in tomato.

Keywords: Plant hormones, Heavy metals, Growth characteristics, Stress.

Background and Objective: Heavy metals are non-biodegradable and persistent in nature thereby
disrupting the environment and causing huge health threats to humans (Ferronato and Torretta, 2019). Lead
(Pb) is a toxic heavy metal that enters the environment through various anthropogenic sources, and inhibits
plant growth and development. Lead toxicity may result from disturbance in plant metabolism as a
consequence of disturbance in the uptake and translocation of mineral nutrients (Hussain et al., 2017). A new
method for reducing the effect of heavy metals on plants is the use of growth regulators such as salicylic acid
(SA) (Vaculik et al., 2019). Tomato (Lycopersicon esculentum) is an important vegetable that is rich in
minerals, various vitamins and antioxidant compounds. Since the cultivation of tomato, as an important and
highly productive crop, is very common in many parts of Iran, including on the side of the roads, there is a
possibility of contamination of the arable soils with lead. Therefore, the present study was conducted to
evaluate the effects of foliar spraying of salicylic acid on reducing Pb-induced stress in tomato (Lycopersicon
esculentum L.).
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Methods: A factorial experiment based on a completely randomized design with three replications was
conducted in the greenhouse of Razi University. Factors included Pb at three levels (0, 150 and 300 mg kg
as Pb(NOs),) and SA at three levels (0, 250, and 500 uM). The solutions containing Pb(NQO3), were sprayed
uniformly on the soil sub-samples according to the desired concentrations. The samples were kept moist for
30 days close to the soil field capacity (FC). At the four-leaf stage, SA foliar spraying started and replicated
three times until the beginning of flowering. After harvest, some characteristics including soluble sugars and
proline content, plant height, shoot and root dry weights, and root volume and length were determined. Also,
Pb concentration in leaf extract were measured by Varian AA220 atomic absorption spectrophotometer. The
analysis of variance (ANOVA) and mean comparisons (Duncan's multiple range test, p < 0.05) were
performed using SPSS-16 software.

Results: The results revealed that Pb stress reduced all plant characteristics, such as plant height, root
volume and root length, as well as, dry weights of shoot and root, and elevated leaf Pb concentration, proline
content and soluble sugars in tomato. However, the SA application resulted in improvement of growth traits.
Also, the results showed that the interaction effect of Pb and SA on the most growth characteristics such as
plant length, shoot and root dry weights, leaf area, and proline content, soluble sugars and Pb concentration
was significant. The highest proline content (23.4 mmol g"') and Pb concentration (4.26 mg kg') were
obtained in 300 mg kg of Pb and 0 uM SA. Also, the highest amount of soluble sugars (0.48 mg kg™!), plant
height (43.5 cm), root length (18.3 cm/plant), shoot dry weight (7.48 g/plant), and leaf area (263.1 cm?/plant)
were found in the treatment of 500 uM SA and 0 mg kg! Pb. It seems that under Pb-induced stress, applying
SA, as a plant hormone, is an effective approach for improving crop growth by increasing plant resistance.

Conclusions: The results showed the significant negative effect of lead (Pb) on all the measured growth
characteristics, including plant height, shoot dry weight, leaf area, root length, surface, volume and dry
weight of tomato, as well as the amounts of proline and soluble sugars. The salicylic acid (SA) improved the
resistance of tomato plants to Pb stress by increasing plant growth indices. In general, the application of
appropriate concentration of SA (i.e., 500 uM) is an economic and easy strategy to reduce the effects of Pb
(300 mg kg™! soil) in tomato.
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Table 2. Analysis of variance for the effects of Pb and salisilic acid on the aerial characteristics of tomato (mean squares)
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- J seo > b 6)4
Sources of 3l Pb Proline Leaf arca Plant
variation daf concentration Soluble Leaf dry height
sugars weight
<, Pb 2 0.886** 1.41%* 0.03%* 8225%* 12.9%* 211%*
el Sl
B T 2 0.025%* 1.21% 0.17** 6562%* 24.8%* 238%*
Salisilic acid (SA)
ool S Il
- B X 4 0.007** 1.58%* 0.06%* 450%** 0.42%* 6.37%*
Pb x SA
Eror U= 18 0.001 0.33 0.004 91.7 0.08 1.11
() s
- 12.1 16.5 1.8 54 6.1 32
CV (%)
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* and ** represent significant effect at the probability levels of 5 and 1%, respectively.
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Table 3. Mean comparisons of the effect of Cd x salicylic acid interaction on the aerial characteristics of tomato
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(Mmol I'") (¢/plant)
0 5.35¢ 181.5° 31.4¢ 7.7¢ L.1f 0.1°
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0 6.59" 191.2° 38.7° 3.218 0.93f 0.332®
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0 7.48 263.1° 43.52 4.3h 0.14f 0.312
500 150 5.26¢ 182.1° 38.5° 8.28f 2.16° 0.372
300 4.53¢ 160.5¢ 33.1° 11.44 3.21¢ 0.482
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In each column, numbers with similar letters are not significantly different (Duncan's test, p < 0.05).
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Table 4. Analysis of variance for the effects of Pb and salisilic acid on the root characteristics of tomato (mean squares)
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Table 5. Mean comparisons of the effect of Pb x salicylic acid interaction on the root characteristics of tomato
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In each column, numbers with similar letters are not significantly different (Duncan's test, p < 0.05).
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Abstract

One of the research requirements in agriculture is to find a new and practical method for sustainable
production that brings the highest efficiency and the least harm to humans and the environment. In order to
investigate the effect of different levels of carbon dioxide and ethanol foliar spraying on the physiological
and biochemical characteristics of basil (Ocimum basilicm cv. Keshkeni luvelou), a factorial pot experiment
based on a completely randomized design with three replications was conducted in the research greenhouse
of the Department of Horticultural Sciences and Landscape of Ferdowsi University Mashhad in 2018. The
factors included ethanol spraying at 4 levels (0, 10, 20, and 30% v/v) and carbon dioxide at 3 levels (380,
700, and 1050 pmol mol ™). The results showed that the highest relative water content (RWC) of leaf,
photosynthesis rate, transpiration rate, stomatal conductance, and leaf protein were observed in the treatment
of 20% v/v ethanol foliar application with the application of 700 umol mol™' of carbon dioxide, as they
increased by 45%, 295%, 684%, 83%, and 328% compared to the control, respectively. Fresh and dry
biomasses of shoot parts increased significantly with increasing carbon dioxide concentration and ethanol
spraying. Thus, the highest fresh and dry biomasses of shoot parts were obtained in foliar spraying of 30%
v/v of ethanol and 700 umol mol™' of carbon dioxide which increased by 176% and 76%, respectively,
compared to the control. The highest activity of polyphenol oxidase and guaiacol peroxidase, stomatal
resistance, and electrolyte leakage were related to spraying 30% v/v of ethanol with an application of 1050
umol mol ™! of carbon dioxide which showed an increase of 2%, 4%, 65%, and 76%, respectively, compared
to the control. Overall, the results showed that foliar spraying of 20 and 30% v/v of ethanol along with the
application of 700 umol mol™! carbon dioxide had the greatest effect in increasing photosynthesis and finally
the fresh and dry biomasses of basil.

Keyword: Photosynthesis, Transpiration, Electrolyte leakage, Polyphenol oxidase, Stomatal conductance.

Background and Objective: Basil (Ocimum basilicum L.) is one of the valuable plants that is widely
cultivated in the warm regions of Africa, Asia, and the Mediterranean climate zone. Finding a practical
method for sustainable production in agriculture that brings the highest efficiency and the minimum harm to
humans and the environment is necessary. One of the effective methods of fertilization in the agricultural
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system is the foliar application of fertilizers and leaf feeding, by which nutrients can be quickly provided to
the aerial parts of the plant. Alcohols are passively absorbed by plant cells via simple diffusion through the
membrane. In this regard and considering the positive effects of ethanol, this research aims to investigate
some physiological and biochemical responses of basil cv. Keshkeni luvelou to carbon dioxide and foliar
application of ethanol.

Methods: A pot experiment was conducted as a factorial experiment based on a completely randomized
design with three replications in the research greenhouse of the Department of Horticultural Science, Faculty
of Agriculture, Ferdowsi University of Mashhad in 2018. Experimental factors included ethanol foliar
application at 4 levels (0, 10, 20, and 30% v/v) and carbon dioxide at 3 levels (380, 700, and 1050 pmol
mol!). The plants were harvested at the flowering stage to evaluate some physiological and biochemical
characteristics including photosynthesis rate, transpiration rate, stomatal conductance, leaf relative water
content (RWC), leaf protein, electrolyte leakage, polyphenol oxidase activity, guaiacol peroxidase activity,
and stomatal resistance. Minitab17 software was used to analyze the data and the mean comparison was
performed based on the Bonferroni test (p < 0.05).

Results: The results showed that the highest leaf RWC, photosynthesis rate, transpiration rate, stomatal
conductance, and leaf protein were observed in the treatment of 20% v/v ethanol foliar application with the
application of 700 pmol mol™' of carbon dioxide. In addition, the highest polyphenol oxidase and guaiacol
peroxidase activities, stomatal resistance, and electrolyte leakage were obtained in the treatment of 30% v/v
ethanol application with a 1050 pumol mol™' of carbon dioxide. The fresh and dry biomasses of shoot
increased significantly with increasing carbon dioxide concentration and ethanol spraying. Thus, the highest
fresh and dry biomasses of shoot were obtained in the foliar spraying of 30% v/v ethanol with the use of 700
umol mol ™! carbon dioxide.

Conclusions: In this study, the results showed that all the studied traits were affected by ethanol foliar
spraying and elevated carbon dioxide. Furthermore, the results showed that foliar application of 20 and 30%
v/v of ethanol with the application of 700 umol mol ™' of carbon dioxide had the most effect on the studied
characteristics. Besides, the control treatment (without ethanol foliar application and carbon dioxide
injection) had the least significant effect on the studied traits. Overall, the results of this research showed that
foliar spraying of 20 and 30% v/v of ethanol with the application of 700 umol mol™' carbon dioxide had the
greatest effect in increasing photosynthesis rate and the fresh and dry biomass of basil plants.
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Fig. 1. Mean comparison of the effect of carbon dioxide and ethanol spraying on the amount of soluble carbohydrates in basil
cultivar of Keshkeni luvelou; The mean comparison was done based on the Bonferroni test at a probability level of 5%
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Fig. 2. The simple effect of ethanol spraying on the amount of
malondialdehyde in basil cultivar of Keshkeni luvelou; The
mean comparison was done based on the Bonferroni test at a
probability level of 5%.
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