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10 - Nicotinamide adenine dinucleotide
11- Assimilation

0 i 0168 GUS ) ol eSS wial glad
Libwe Ol @ odsn s (el Rl S
L 5T sy ol Sl 5 Anled oo oo (S o
5 Sy cble b DUl s blis
o 3 3 l8 S o (SSdn s n ol slabes
R Y e SR LR
OLLS 55 peaspd i 00 ol Caglis
OLan 5 558) i i 5 ax b s @b
i S malS el el el gl (YN
S il sladd S e 0381 b sy 5
o Sl L el o8 b 4 Caegle o
it (s eale i) sl b s DL IS 5 8
LIL e oph 54 Seplie LIS s Al
O35 5 03 53 a8 il (Y Y O Kes 5 SU)
sl i bl s 5s 5ol ege i olS 5 ol Jasl
OLar 5 (J) Ll o ez oS 3 0l b 5 ol
gl LS 555 s b anel sladead (Y20
-l s ol Ceglae il el il G5 s
Gd S Sogo a5 S e 0 kij b 5 ok e
OLKer 5 59) ol o Jos (o sdias Codle
AR
oS Coslie I3l s adzg 5 sl gl
(e S 5 ol o gens 3 56 sl S 4
Sl Osged it s b Sl LSl S Wl
V58D dems gn ploil ¢ S35, DS 5 aows 3T sl
Obey 5o sy 5l ol ke (YVE O
LS Sl ol 3 S jolie 25 L OLS axlsa
23 sl pslie OIS 55 5 b e mens
Sy e 4Bl mexs O B sLy e oS e
Sadsh w53 3B 0g 0AE OIS Cely ]y ssls
ol Sen 5 38 e o Kol et 53 5 ALS
S oS 8 Sl b s Joe it 5T 0l
Yo s s Lol wal ol dsl, ol i

vl gladl S das Ol b, 2B



OV / \¥AQ /Y oyl / A Mo / pbl,l o ke 4y 25

s a4 zea gl gl SL s (PGPRY) oLS

il anlllas aps

Lby g I pols Clx p 29 S0 il 4o 5T
oS
il wb bag s See 5 oas, 15
Spe s e RISl e s S
@3 bate laauslSa ,ls Bl olS (gl dis Cuns
LS iy il 5 sl ole Cds il ol
ol e Sl ol Ol e &jﬁg@iﬁqu Loy
D335 red o oS a Ol el
W5 kool 035 NS (lle jolie 035 o
-~ S S bl T OS5 A5 5 sk
Sl 4 Ois Geied S Ol L gl
adllas i W i ol o 53 s Glas il
Bt (’)*LLJ;““})'T el 43 S s f%ﬂ}ji S 2
el O s 53 o 5 olS ai, L Sosp bl
cilie OLLS 53 05550 o 3 psh a3l WUls
L olS 03550 Ol Hls gme ialsdl ool s 5158
@S sy Al il OlalS s N*ﬂfr“‘ﬁj b eils
OLan 5 508) col sas 1S ood 5 S
e Sl S &S a8 g a0l e Ll (Y8
SISV RNCIN ) PR NCN R s
L ehe jobie eslinad Colls il oo 01K 5,
L e ol o8 gl 5 Bl c- il
03 e e (S s jies sl IS ¢S Lo
Sl glass (B e el ghmslis Glagies
oS by ol Sae Lpd e Bl St o4 aud
Lgm SB Izl 6 Glel @ il ) sl ol
5 IsS) spie Sl JB S oS Gl s el
Jols slags SL Sl e sme Gla i (Y0¥ O

(b gt el Lol el (ol g0 53 g

12 - Plant growth promoting rhizobacter
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17 - Acinetobacter spp.
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13 -Achromobacter spp.

14 - Flavobacterium spp.

15 -phytates (inositol hexa- and penta-phosphates)
16 - Serratia
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18 - 1-aminocyclopropane-1-carboxylate (ACC)



a5 L dlie 5 slie ol Ol ol 558058 3 T A (AL Al gla S e/

) 0l

Ol] 33 Wby S o0 3lge i 3 B plodl Olided I (S @l -) Jgsa

odls LIS Y Jau s e sledl. ‘_;19 Ol gl s «wjf

& sy Fley Jgae iy S o0 03lo g9
(Y78) (ald 5 chwga gy @ ) g olugy M) I S il g il s
Sl g aiel sl bawg Co5
(WR0) s 90 oy 39 Slisie (iSly  (giops VY b IA il Ly Sl 5 Spoped Ayl
islej! 3, Slos
P KW ]|
(1¥90) soed 3y90 o) oglise Ty ol 1) 55,8l a3l LI Sl
ilej!
(¥40) (o ol e ol B OV W P NP7 PR WPW e
Jolore W38 ¢ i ¢yl
(WAF) Liso gl g odljrame  ciliseo jluie il cols 5 (Sojoledyge lio deue S Sils 5 Spogun ol
dlge 3 Sles
(OFa¥) ool oylee clampl  culd slial A sl g 5,Shes il3él piS S
Shst ol
(O1F) b gl dbons oo s Sejgam 2,Slas 5 by Gl ooyl Snges 1
SB Gpas 4 Cons
(YY) asles S us ol el g Sis e gl iljél (S0 s Seogu duuwl
0 3,Slas
(Y¥a-) ol 5 o e slaadls il pAs igal Sl 9 Sglgd «Seoguts Al
xS AL,
(VWAQ) 5p0liS  (cg] Ol i sy jhad  Caslies g (Sy65 o Lol 1515 aiel A

Ay )

Syl

ot Al o sa 3 el Gluper OpSU LA
OV SRS KSR R S
S ool QLS 1 Al S e sl ST (YN
ook 2aols oS a a8 sl OLE 5 As el sds
50k «ligme 5 plerd S5 bl ) e
s e OLLS RSl A, S e slse 4 (558 e
o ol sl 4 i (W140) (ol e Sibupar o
ool Sl (VYY) (55 et el o a5 5 3150
5 bl 5 S el e Sl eslinal s 5o o
o 2050 b Ol oo ey cpl 3 2 s slas B

2l 3

Il b e ekl el sla o 2

3,06 age) d Olidsd s aS s e UL Ol s
(AR S e s Sl Sl 53 en lse
ol ool mlie oy & A bl Bl 2
g 5yse i oS (65 Shes 5 gy Slo g
—o 3l (K5 s 508 Ol st Sl slaad 5 5 05
sl Ol 3 e oyl 4l el (6,8
23 635 g5 Ja el o350 s 1y Slse il Jes
Lol yom c 2sls QLS (2l 5 ol oY samme e
5 el el (K h (Somger gladand 1 sl 5l 3,508
sdalice slge pl S 5 s 50 5 ol S ojlas
Sl 5l Sosd 5 Sht G S 4 ax g oS
el Dlidod dilen (sl 035 Oldius e 457 o
Spe S s n 5 Olpl L5 lassiS Ll s el

-&Muomdﬁjﬂw@‘ﬁ)bﬁjdﬂ



W /A8 /) bl /A M /byl Cu e 4 5

Sl eslid 035 o 53 baolas ool b il 2
Aol e (65,0lS HlLL Sy e > DS Sl
24

sl rsar 3 LGS S S
S 20 s Sl Sluls glagdsde 58
ol Glasdssda oS das e Ol Ldx gla 518
RS e b Sl ol l bt
esliial Gl s il b jese 5 S glacss Koo
03 e el JT 3 poere S305WS Glagiens o
Cowds 5 S ssdes Sl eslinal sal o 5a
Sy Olaabl Ll0e 4 o 3 (il Sluls Sl el
g5 ol 2l Ll skl s en 4 ol
Shy sbewnd o L sSsn sy
Ll 03 305 § gas SO N s

U e 4 o0 Se mill wle gsae 3
s ase OIS S n 5 siusliS 5 Ll
ol S el e gladle js Llas S 15 ax
2 o A e 3 sl U i ol
23 ol e ez g Ll (g5,5liS 2dl e
N o 4 b C‘j”‘ Ok syl 5 e sadle
olals Ll $ e dﬁbf Loy S yoee slse 2L 5 2ly5
cels s Ll asled b WA ol baxlse 5o
LS Ko 555 & 65 e 5 A Syt slse 1S
| oy daly cosline Koo v.éjgr_'é)&jldz})
h oS 0555 a0 LT 35 4 bse slpe ol G oS
3 LS alS Gleelkl 5 Sl Glacans
o3lr) Blod 5l Sslite o 4y 5 035 sline LS H
e e b (25 Bl e e lse 4350
oo 15,8 15 olS i, lase 30 Cou Wl
@0l Ay S sl Slel s oslis sl

2,15 (63,0 4 g G

Ly S e 350 3l 0sliin! S
Sl slse ol &Syl a5 Ll e i
oS 5 e Lame (gl p Sy BB oy anb i
Sl bl bl (P b 5 ) diteas
Sl Wl s 5 e s (Sal slml

D15 (i Sl e 1 4 5L 0L 5l 5 Ol Dl

RIS Oblgly

S dase 0L Wlie ol s el Ol 5lse
W5 mp o Bl AL A3, S sl
Sae oL Gull Gk 50T ol 5 s
e Gy (S35 S 5 et lassS
-l 3 olS Caslie iRl Cel Olesen 5 el
Jyams S50 5 5905 SuS il 5ol 8 sl
23 ekl plil Slids 5l (ol 53 L3S S
el 0dd oyl OALS Wiy sl cpl U 4 sl
350 50 olge ol U el L SV s L
53 olae ool 3l eslanad sy cnl 4B 13 )
Coth (5l Sl sl 5 e Cany (S0 sl
Sl i e 4 3 0Ll 5 Ol

robe b dilg o SO s Saapen ol
oSty sbul Sl 5 bl el Sk i
Loy SRl 4 e 8 LS OlalS 5y (S5 s
(e 5L agrlse spg Sol (52050 02 5 olS
slpe 3,8 el Sl gl i8S @ a5 L s S
el SRl s (s gen

ek S 5 a8 oLy S o jlas
TOsh o paneS gl ol dad Sl Sl
2 Suaslie 5ol Al S el LS sl
Sy Ssde e s Gl S Rl
Sy 05 Ols el 5o 1) e o bl ele

S5 LS e w5 a5 sbadul B 5 plandsn



a5 L Al 5 glde ol Sl olS 558058 s T 2B (LS a5, gla S e/ WY

GlaazmalS w5 G5 Wl glagasli ) IV L Saw g s bl o m bl e slie
s e pler e el Sl 5 S8 (Sasen Lo jled p S 55l Cilite LB
Ol gl dgldn 5o 59555

53,80 5 T8 Oles 5 i) LS e b home 31 ATA0 L als o 5 0 (Olsbibe iy
OLLS (595 5 ipsh eks wllas (Carthamus tinctorius L) K18 )5 sleS5s &
AY=Y0 o g3 5 o oslad pria Jlu (215

02 320 Shes 5 Al St Aol G azn 5 Los Sl o jlaas AL e NYA0 5 L s
Ol Oldes b Jo g o8l cdl )l b8 b OLL . (Phasaeolous vulgaris) L. 5
YT ) G e i 5 g8 bl 0l ) 55 olS Wiy S e 3 e S ATAY Lo (6 et
(V)

b OLL e o 3 Shas 5 Ay Saoson Ll )08 5 (Sa 25 Blize J51YAY g el
Ol g als ol o Kasls )| sebals

sl S oslas L) S Gy L dgle S e Y40 SLlss ook e
( Solanum X xS o de &S 5 oS Slosar o s (Ascophyllum nodosum)
Ol g (g o n b oI (il Ll ,lS 4LOLL . lycopersicon Mill)

oS 5 Shas  Sla 555 5 Slrsm oo 1ol gl sl Soaged Al s ATAY LG (a3 U
Ol e ol e ol oty iyl Ll IS asbobl . Sl S 55 e S ols Slsl

i, sl exls , Nizamuddinia zanardinii sl s Sl ojlae 56 YRS T wsly (gl
O por g ol820ls )l bS8 asbObL Y Oljazy (035 S olS ST 8T b 5 pland s
Olel Glsal o ke 0aSLils ¢l pal

o2 W01l 0 0SSl S S85 olS i (63,08 dpeol AYAV L0 e (b

Hhd o 4 (L a pslie 5 wles) IS 035 53 Sea gl 5 S35 Gk YA L Goslis
D12l O« ALS (G555 58 robe S 5 o ) i )lS aabOLL Sl

5 S 3 Shes 5 Ay Slhogar Ao 5 Sasly G ATAE L 25 26 e 5 e e3lideses
VAV Yojlas ¥ il ol 0alS 53 iass (Zeamays L.) s 4s

Sl laasdl w5 de 4l odul 5 J ansdS s A slreus mk.: AY40 .8 sl e
VV=40 amio ¥ oyles 0 W o 2L 5 ol olalS s

Slio S350 GlssS S 4 aelid 5 S ol Soogon donl 1y ATA0 o ¢ i
e g3 h oKLl (il wlii)lS wlobl  Sis 55 Cowd ugsls g sl 4S5 WS
Ol g b b 5 (53558 saSils

(Matthiola 5 .5 iS5 oS Gl Sy & n  Seosed Aol 5 aedS <8 36 Y40 sl
Olpl sl SLEL pole eyl olSEls (A3l bt )8 4sb OLL incana)

A


https://ganj-old.irandoc.ac.ir/researchers/232390
https://ganj-old.irandoc.ac.ir/researchers/127176
https://ganj-old.irandoc.ac.ir/researchers/127176
https://ganj-old.irandoc.ac.ir/researchers/367601
https://ganj-old.irandoc.ac.ir/researchers/367601
https://ganj-old.irandoc.ac.ir/researchers/464127
https://ganj-old.irandoc.ac.ir/researchers/464127
https://ganj-old.irandoc.ac.ir/articles/756011
https://ganj-old.irandoc.ac.ir/articles/756011
https://ganj-old.irandoc.ac.ir/dashboard?organization_1=13148&q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%A2%D8%B2%D8%A7%D8%AF+%D8%A7%D8%B3%D9%84%D8%A7%D9%85%DB%8C+%D9%88%D8%A7%D8%AD%D8%AF+%D9%85%D8%B4%D9%87%D8%AF&qd=6
https://ganj-old.irandoc.ac.ir/articles/901064
https://ganj-old.irandoc.ac.ir/articles/901064
https://ganj-old.irandoc.ac.ir/articles/901064
https://ganj-old.irandoc.ac.ir/articles/901064
https://ganj-old.irandoc.ac.ir/articles/930851
https://ganj-old.irandoc.ac.ir/articles/930851
https://ganj-old.irandoc.ac.ir/articles/930851
https://ganj-old.irandoc.ac.ir/articles/852394
https://ganj-old.irandoc.ac.ir/articles/852394
https://ganj-old.irandoc.ac.ir/dashboard?organization_1=9983&q=%D8%AF%D8%A7%D9%86%D8%B4%DA%A9%D8%AF%D9%87+%D8%B9%D9%84%D9%88%D9%85+%D9%BE%D8%A7%DB%8C%D9%87&qd=6
https://ganj-old.irandoc.ac.ir/dashboard?organization_1=9983&q=%D8%AF%D8%A7%D9%86%D8%B4%DA%A9%D8%AF%D9%87+%D8%B9%D9%84%D9%88%D9%85+%D9%BE%D8%A7%DB%8C%D9%87&qd=6
https://ganj-old.irandoc.ac.ir/articles/527831
https://ganj-old.irandoc.ac.ir/articles/527831
https://ganj-old.irandoc.ac.ir/dashboard?q=%D9%81%DB%8C%D8%B2%DB%8C%D9%88%D9%84%D9%88%D9%90%DA%98%DB%8C+%DA%AF%DB%8C%D8%A7%D9%87%DB%8C&qd=4
https://ganj-old.irandoc.ac.ir/dashboard?q=%D9%81%DB%8C%D8%B2%DB%8C%D9%88%D9%84%D9%88%D9%90%DA%98%DB%8C+%DA%AF%DB%8C%D8%A7%D9%87%DB%8C&qd=4
https://ganj-old.irandoc.ac.ir/articles/910611
https://ganj-old.irandoc.ac.ir/articles/910611
https://ganj-old.irandoc.ac.ir/articles/929529
https://ganj-old.irandoc.ac.ir/articles/929529

W/ A8 /) bl /A M /byl Cu e 4 5

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Alam, M. Z., G. Braun, J. Norrie, D. M. Hodges .2013. Effect of Ascophyllum extract
application on plant growth, fruit yield and soil microbial communities of strawberry.
Canadian. Journal of Plant Science. 93:23-36

Aminifard, M. H., H. Aroiee, H. Nemati, M. Azizi, and H. Z. E . Jaafar. 2012. Fulvic

acid affects pepper antioxidant activity and fruit quality. African Journal of
Biotechnology. 68: 13179-13185.

Arancon, N.Q., S. Lee, C.A. Edwards, and R. Atiyeh. 2003. Effects of humic acids
derived from cattle, food and paper-waste vermi-composts on growth of greenhouse
plants: the 7th international symposium on earthworm ecology-. Pedobiologia 47: 741-
744.

Asli, S., and P.M. Neumann. 2010. Rhizosphere humic acid interacts with root cell walls

to reduce hydraulic conductivity and plant development. Plant and Soil 336:313-322.

Bacilio, M., h. Rodriguez, M. Moreno, J. P. Hernandez, and Y. Bashan. 2004. Mitigation
of salt stress in wheat seedlings by a gfp-tagged Azospirillum lipoferum. Biology and
Fertility of Soils 40:188-193

Berbara, R.L.L., and A.C. Garcia. 2014. Humic substances and plant defense metabolism.
pp 297-319. In: P. Ahmad, and M.R. Wani (eds) Physiological mechanisms and
adaptation strategies in plants under changing environment: volume 1. Springer Science
+ Business Media, New York.

Bocanegra, M.P., J.C. Lobartini, and G.A. Orioli. 2006. Plant uptake of iron chelated by
humic acids of different molecular weights. Communications in Soil Science and Plant

Analysis 37: 239-248.

Brown, P. and S. Saa. 2015. Biostimulants in agriculture. Frontiers in plant science 6:1-3.
Bulgari, R., G. Cocetta, A. Trivellini, P. Vernieri, and A. Ferrante. 2015. Biostimulants
and crop responses: a review. Biological Agriculture & Horticulture, 31: 1-17.

Calvo, P., L. Nelson, and J. W. Kloepper. 2014. Agricultural uses of plant
biostimulants. Plant and soil, 383(1-2): 3-41.

Canellas, L.P., R. Spaccini, A. Piccolo, L.B. Dobbss, A.L. Okorokova-Facanha, G.
Araljo Santos, F.L. Olivares, and A.R. Facanha. 2009. Relationships between chemical
characteristics and root growth promotion of humic acids isolated from Brazilian
oxisols. Soil Science, 174:611-620.

Carletti, P., A. Masi, B. Spolaore, P.P. De Laureto, M. De Zorzi, L. Turetta, M. Ferretti,
and S. Nardi. 2008. Protein expression changes in maize roots in response to humic

substances. Journal of chemical ecology 34:804-818.

Chen, Y., C.E. Clapp, and H. Magen. 2004. Mechanisms of plant growth stimulation by
humic substances: the role of organo-iron complexes. Soil Science and Plant Nutrition
50:1089-1095.

Colla, G., Y. Rouphael, R. Canaguier, E. Svecova, M. Cardarelli. 2014. Biostimulant
action of a plant-derived protein hydrolysate produced through enzymatic hydrolysis.
Frontiers in Plant Science 5: 1-6.

Craigie, J.S. 2011. Seaweed extract stimuli in plant science and agriculture. Journal of
Appllied Phycology. 23, 371-393.

Craigie, J.S., S. L. MacKinnon, J. A. Walter. 2008. Liquid seaweed extracts identified
using 1H NMR profiles. Journal of Appllied Phycology. 20: 665-671.

Drobek, M., M. Frac and J. Cybulska. 2019. Plant biostimulants: importance of the
guality and yield of horticultural crops and the improvement of plant tolerance to abiotic
stress—a review. Agronomy 9(6): 335- 352.

Du Jardin, P., 2012. The Science of Plant Biostimulants—A bibliographic analysis. Ad
hoc Study Report to the European Commission DG ENTR. 2012;
http://ec.europa.eu/enterprise/sectors/chemicals/files/fertilizers/final report bio
2012en.pdf.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

50.

a5 L Al 5 glde ol Sl olS 558058 s T 2B (LS as; gla S a8

Du Jardin, P., 2015. Plant biostimulants: definition, concept, main categories and
regulation. Scientia Horticulturae 196:3-14.

Dunstone, R.L., R.A. Richards, H.M. Rawson. 1988. Variable responses of stomatal
conductance, growth, and vyield to fulvic acid applications to wheat. Australian

Journal of Agricultural Research 39:547-553.

Ertani, A., L. Cavani, D. Pizzeghello, E. Brandellero, A. Altissimo, C. Ciavatta, and S.
Nardi. 2009. Biostimulant activity of two protein hydrolyzates in the growth and nitrogen
metabolism of maize seedlings. Journal of plant nutrition and soil science 172:237-244.
Ertani, A., D. Pizzeghelio, A. Altissimo, and S. Nardi .2013a. Use of meathydrolyzate
derived from tanning residues as plant biostimulant for hydroponically grown maize.
Journal of Plant Nutrition and Soil Science 176:287-296.

Ertani, A., M. Schiavon, A. Muscolo, and S. Nardi. 2013b. Alfalfa plant derived
biostimulant stimulate short-term growth of salt stressed Zea mays L. plants. Plant and
Soil 364:145-158.

Esteves da Silva, J.C.G., A.A.S.C. Machado, and C.J.S. Oliveira. 1998. Effect of pH on
complexation of Fe (IlIl) with fulvic acids. Environmental Toxicology and Chemistry
17:1268-1273.

Fagbenro, J.A. and A.A. Agboola. 1993. Effect of different levels of humic acid on the
growth and nutrient uptake of teak seedlings. Journal of Plant Nutrition 16:1465-1483.
Fan, D., D. M. Hodges, A. T. Critchley, B. Prithiviraj. 2013. A commercial extract of
Brown Macroagla (Ascophyllum nodosum) affects yield and the nutritional quality of
spinach in vitro. Communication in Soil Science Plant Analaysis. 44:1873-1884

Ferri, M., M. Franceschetti, M.J. Naldrett, G. Saalbach, A. Tassoni. 2014. Effects of
chitosan on the protein profile of grape cell culture sub cellular fractions. Electrophoresis
35:1685-1692.

Food and Agricultural Organization. 2006. Yearbook of fishery statistics. Rome: Food
and Agricultural Organization of United Nations.

Food and Agricultural Organization. 2018. Plant growth regulators (item). FAO statistics.
http://www.fao.org/faostat/en/?#search/Plant-Growth%20Regulator.

Forde, B.G., and P.J. Lea. 2007. Glutamate in plants: metabolism, regulation, and
signaling. Journal of Experimental Botany 58:2339-2358.

Gajc-Wolska, J., K. Kowalczyk, M. Nowecka, K. Mazur, A. Metera .2012. Effect of
organic mineral fertilizers on the yield and quality of Endive (Cichorium endivia L.).
Acta Scientiarum Polonorum 11:189-200.

Garcia, A.C., R.L.L. Berbara, L.P. Farias, F.G. Izquierdo, O.L. Hernandez, R.H. Campos,
and R.N. Castro. 2012. Humic acids of vermicompost as an ecological pathway to
increase resistance of rice seedlings to water stress. African Journal of
Biotechnology 11:3125-3134.

Garnett, T., M. C. Appleby, A. Balmford, I. J. Bateman, T. G. Benton, P. Bloomer, B.
Burlingame, M. Dawkins, L. Dolan, D. Fraser, M. Herrero, |. Hoffmann, P. Smith, P. K.
Thornton, C. Toulmin, S. J. Vermeulen, H. C. J. Godfray. 2013. Sustainable
intensification in agriculture: premises and policies. Science. 341, 33-34.

Gonzalez A., J. Castro, J. Vera, A. Moenne. 2013. Seaweed oligosaccharides stimulate
plant growth by enhancing carbon and nitrogen assimilation, basal metabolism, and cell
division. Journal of Plant Growth Regulations. 32:443-448

Grabowska, A., E. Kunicki, A. Sekara, A. Kalisz, and R. Wojciechowska. 2012. The
effect of cultivar and biostimulant treatment on the carrot yield and its quality. VVegetable
Crops Research Bulletin 77:37-48.

Guinan, K.J., N. Sujeeth, R. B. Copeland, P.W. Jones, N.M. O’Brien, H.S. S. Sharma, P.
F. G. Prouteau, and J. T. O’Sullivan. 2013. Discrete roles for extracts of Ascophyllum
nodosum in enhancing plant growth and tolerance to abiotic and biotic stresses. Acta
Hortic. 1009:127-136.


http://www.fao.org/faostat/en/?#search/Plant-Growth%20Regulator
http://www.fao.org/faostat/en/?#search/Plant-Growth%20Regulator

N0/ YR8 /) ayled /A M /byl Cu e 4 2

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

Gyaneshwar, P., G. Naresh Kumar, L. J. Parekh, and P. S. Poole. 2002. Role of soil
microorganisms in improving P nutrition of plants. Plant and Soil 245:83-93.

Halpern, M., A. Bar-Tal, M. Ofek, D. Minz, T. Muller, U. Yermiyahu. 2015. The use of
biostimulants for enhancing nutrient uptake. pp. 141-174, Vol. 129. In: D.L. Sparks,
(Ed.), Advances in Agronomy.

Heckman, J. R. 1994. Effect of an organic bio-stimulant on cabbage yield. J Home
Consum Hortic.1:11-113.

Hayat, R., S. Ali, U. Amara, R Khalid, and I. Ahmed .2010. Soil beneficial bacteria and
their role in plant growth promotion: a review. Annals of Microbiology. 60:579-598
Jannin, L., M. Arkoun, P. Etienne. 2013. Brassica napus growth is promoted by
Ascophyllum nodosum (L.) Le Jol. Seaweed extract: microarray analysis and
physiological characterization of N, C, and S metabolisms. Journal of Plant Growth
Regulations. 32:31-52.

Jindo, K., S.A. Martim, E.C. Navarro, N.O. Aguiar, and L.P. Canellas. 2012. Root
growth promotion by humic acids from composted and non-composted urban organic
wastes. Plant and Soil 353:209-220.

Karlidag H, M. Turan, M. Pehluvan, and F. Donmez .2013. Plant growth-promoting
rhizobacteria mitigate deleterious effects of salt stress on strawberry plants
(Fragariaxananassa). Horticultural Science 48:563-567

Katiyar, D., A. Hemantaranjan, and B. Singh. 2015. Chitosan as a promising natural
compound to enhance potential physiological responses in plant: a review. Indian Journal
of Plant Physiology 20: 1-9.

Khan, W., U. P. Rayirath, S. Subramanian, M. N. Jithesh, P. Rayorath, D. M. Hodges, A.
T. Critchley, J. S. Craigie, J. Norrie, B. Prithiviraj. 2009. Seaweed extracts
ashiostimulants of plant growth and development. Journal of Plant Growth Regulations.
28,386—-399.

Khan W., D. Hiltz, A. T. Critchley, B. Prithiviraj. 2011. Bioassay to detect Ascophyllum
nodosum extract-induced cytokinin-like activity in Arabidopsis thaliana. Journal of
Appllied Phycology. 23:409-414

Kunicki, E., A. Grabowska, A. Sg¢kara, and R. Wojciechowska .2010. The effect of
cultivar type, time of cultivation, and bio stimulant treatment on the yield of spinach
(Spinacia oleracea L). Folia Horticulturae 22:9-13.

Lea, P.J., L. Sodek, M.AJ. Parry, P.R. Shewry, and N.G. Halford .2006. Asparagine in

plants. Annals of Applied Biology 150:1-26.

Liang, X.W., L. Zhang, S.K. Natarajan, D.F. Beckker .2013. Proline mechanisms of
stress survival. Antioxid Redox Signaling 19:998-1011.

Marschner, H. 2011. Marschner's mineral nutrition of higher plants. Academic press.
Miller, A.J., X. Fan, Q. Shen, and S.J. Smith .2007. Amino acids and nitrate as signals for

the regulation of nitrogen acquisition. Journal of Experimental Botany 59:11-119.

Mohamed, W.H. 2012. Effects of humic acid and calcium forms on dry weight and
nutrient uptake of maize plant under saline condition. Australian Journal of Basic and

Applied Sciences 6:597-604.

Morales-Payan, J.P., and W.M. Stall .2003. Papaya (Carica papaya) response to foliar
treatments with organic complexes of peptides and amino acids. Proceedings of
the Florida State Horticultural Society 116:30-32.

Nardi, S., p. Carletti, D. Pizzeghello, A. Muscolo. 2009. Biological activities of humic
substances. In: Senesi N, Xing B, Huang PM, editors. Biophysico-chemical processes
involving natural nonliving organic matter in environmental systems. Vol 2. Hoboken,
NJ: Wiley; p. 305-340.

Nardi, S., D. Pizzeghello, M. Schiavon, and A. Ertani. 2016. Plant biostimulants:
physiological responses induced by protein hydrolyzed-based products and humic
substances in plant metabolism. Scientia Agricola 73: 8-23.



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

e Gl 5 L Al 5 alie polie Ol olS 558058 3 T i (AL Al gla S e/

Nikbakht, A., M. Kafi, M. Babalar, Y.P. Xia, A. Luo, and N.A. Etemadi. 2008. Effect of
humic acid on plant growth, nutrient uptake, and postharvest life of gerbera. Journal of
Plant Nutrition 31:2155-2167.

Pandeya, S.B., A.K. Singh, and P. Dhar .1998. Influence of fulvic acid on transport of

iron in soils and uptake by paddy seedlings. Plant and Soil 198:117-125.

Parrado, J., J. Bautista, E.F. Romero, A.M. Garcia-Martinez, V. Friaza, and M. Tejada.
2008. Production of a carob enzymatic extract: potential use as a
biofertilizer. Bioresource Technology 99: 2312-2318.

Peng, A., Y. Xu, and Z.J. Wang .2001. The effect of fulvic acid on the dose effect of

selenite on the growth of wheat. Biological Trace Element Research 83:275-279.

Piccolo, A., and M. Spiteller .2003. Electro spray ionization mass spectrometry of
terrestrial humic substances and their size fractions. Analytical and Bioanalytical
Chemistry 377:1047-1059.

Porcel, R., R. Aroca, and J. M. Ruiz-Lozano. 2012. Salinity stress alleviation using
arbuscular mycorrhizal fungi. Agronomy for Sustainable Development. 32:181-200
Rafiee, H., H. Naghdi Badi, A. Mehrafarin, A. Qaderi, N. Zarinpanjeh, A. Sekara, and E.
Zand. 2016. Application of plant biostimulants as new approach to improve the
biological responses of medicinal plants-A critical review. Journal of Medicinal Plants.
59 (3): 6-39.

Rose, M.T., A.F. Patti, K.R. Little, A.L. Brown, W.R. Jackson, and T.R. Cavagnaro.
2014. A meta-analysis and review of plant-growth response to humic substances:
practical implications for agriculture. Vol. 124, pp. 37-89. In: D.S. Sparks, (Ed.),
Advances in Agronomy.

Rodriguez, H., and R. Fraga. 1999. Phosphate solubilizing bacteria and their role in plant
growth promotion. Biotechnology Advances. 17:319-3309.

Ryu, C. M, M. A. Farag, C. H. Hu et al .2003. Bacterial volatiles promote growth in
Arabidopsis. Proceedings of the National Academy of Sciences. 100:4927-4932.
Saleem, M., M. Arshad, S. Hussain, and A. Bhatti. 2007. Perspective of plant growth
promoting rhizobacteria (PGPR) containing ACC deaminase in stress agriculture. Journal
of industrial microbiology and biotechnology. 34:635-648.

Schiavon M, A. Ertani, S. Nardi. 2008. Effects of an alfalfa protein hydrolysate on the
gene expression and activity of enzymes of the tricarboxylic acid (TCA) cycle and
nitrogen metabolism in Zea mays L. Journal of Agricultural and Food Chemistry
56:11800-11808.

Sharma, S.S., K. J. Dietz .2006. The significance of amino acids and amino acid-derived
molecules in plant responses and adaptation to heavy metal stress. Journal of
Experimental Botany 57:711-726

Sharma, S. H. S., G. Lyons, C. Mc Roberts, D. Mc Call, E. Carmichael, F. Andrews, R.
Swan, R. McCormack, and R. Mellon. 2012. Biostimulant activity of brown seaweed
species from Strangford Lough: compositional analyses of polysaccharides and bioassay
of extracts using mung bean (Vigno mungo L.) and pak choi (Brassica Rapa chinensis
L.). Journal of Applied Phycology. 24:1081-1091.

Sharma, A., D. Shankhdar, S. C. Shankhdhar .2013. Enhancing grain iron content of rice
by the application of plant growth promoting rhizobacteria. Plant and Soil Environment.
59:89-94

Suzuki, N., S. Koussevitzky, R. Mittler, and G. Miller .2012. ROS and redox signaling in
the response of plants to abiotic stress. Plant, Cell & Environment 35:259-270.

Sytar, O., A. Kumar, D. Latowski, P. Kuczynska, K. Strzatka, and M.N.V. Prasad. 2013.
Heavy metal-induced oxidative damage, defense reactions, and detoxification
mechanisms in plants. Acta Physiologiae Plantarum 35:985-999.

Trevisan, S., O. Francioso, S. Quaggiotti, and S. Nardi. 2010. Humic substances
biological activity at the plant-soil interface. Plant Signaling Behavior 5:635-643.



W/ AT /) oyled /A M /byl Cu e 4 5

88.

89.

90.

91.

92.

93.

94.

Vessey, J. K. 2003. Plant growth promoting rhizobacteria as biofertilizers. Plant and Soil.
255:571-586.

Vivas, A., A. Marulanda, J. Ruiz-Lozano, J. Barea, and R. Azcén. 2003. Influence of a
Bacillus sp. on physiological activities of two arbuscular mycorrhizal fungi and on plant
responses to PEG induced drought stress. Mycorrhiza 13:249-256.

Vranova, V., K. Rejsek, K.R. Skene, and P. Formanck .2011. Non-protein amino acids:
plant, soil and eco system interactions. Plant and Soil 342:31-48.

Wally, O. S. D., A. T. Critchley, D. Hiltz, J. S. Craigie, X. Han, L. I. Zaharia, S. R.
Abrams, B. Prithiviraj. 2013. Regulation of phytohormone biosynthesis and accumulation
in Arabidopsis Following treatment with commercial extract from the marine macro alga
ascophyllum nodosum. Journal of Plant Growth Regulation. 32,324-339.

Wu, C.C., P. Singh, M.C. Chen, L. Zimmerli .2010. L-Glutamine inhibits beta-amino
butyric acid-induced stress resistance and priming in Arabidopsis. Journal of
experimental botany 61:995-1002.

Xudan, X. 1986. The effect of foliar application of fulvic acid on water use, nutrient
uptake and yield in wheat. Australian Journal of Agricultural Research 37:343-350.
Zodape, S.T., A. Gupta, S. C. Bhandari. 2011. Foliar application of seaweed sap as
biostimulant for enhancement of yield and quality of tomato (Lycopersicon esculentum
Mill.). J. Sci. Ind. Res. 70:215-219.



4 [ Journal of land Management (Soil and Water sci.) Vol. 8 No 1, 2020

Biostimulants and their Roles in Plant Physiology, Nutrient
Absorption, and Tolerance to Abiotic Stresses

S. A. Ghaffari Nejad ', F. Nourghooli Pour and M. N. Gheibi

Assistant Professors, Soil and Water Research Institute, AREEO Tehran, Iran.
Ma_ghaffari51@yahoo.com
Assistant Professors, Soil and Water Research Institute, AREEO Tehran, Iran.
Nourfg@yahoo.com
Assistant Professors, Soil and Water Research Institute, AREEO Tehran, Iran.
mngheibi@yahoo.com

Received: September 2018, Accepted: July 2019

Abstract

Improved product quality, sustainable cultivation systems, and reduced production
costs are among the objectives of modern agriculture despite the global and local
climate changes that have faced crops with a variety of stresses. Biostimulants seem
to be capable of helping plants in their struggle against these stresses toward the
goals of modern agriculture. These compounds include humic substances, seaweed
extracts, amino acids, microbial inoculants, and minerals such as useful elements
and inorganic salts including phosphates and antiperspirants. While application of
biostimulants has witnessed a dramatic increase in the world and in Iran over the
past few years, it must be noticed that they might have different effects on different
species and even on different varieties of a given plant species. Their application
for agricultural and horticultural purposes must, therefore, be duly modified in
accordance with local and regional research findings. It is the objective of this paper
to provide a better understanding of plant biostimulants based on scientific findings
and practical experience in agriculture and horticulture. It will be shown that plant
biostimulants are capable of improving crop production, enhancing plant resistance
to abiotic stresses, and elevating crop quality. Future research in this area should
aim at the determination of the mechanism(s) underlying the activities of such
materials since a better understanding of their activities and effects will be
necessary for achieving sustainable agricultural production systems.
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