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Table 1. The effects of biostimulants on crop productions. The table provides some examples

whereby cellular and physiological mechanisms underlying the effects of the selected

biostimulants under various stresses were demonstrated as well as their agricultural

/horticultural functions and the expected economic and environmental benefits (adapted
from du Jardin) ®*

Main Biostimulant
Class

Cellular Mechanism

Physiological
Function

Agricultural/Horticultural
Function

Humic substances

Seaweed extracts

Protein
hydrolysates

Chitosan

Microorganisms
(PGPR)

Fungi

Activate plasma membrane
proton-pumping ATPases,
promote cell wall loosening
and cell elongation in maize
roots. Increases antioxidation
capacity under several abiotic
stresses, upregulates the
biosynthesis of defense-
related secondary metabolites

Stimulates expression of genes
encoding transporters of
micronutrients (e.g., Cu, Fe,
Zn) in Brassica napus

Stimulation of phenylalanine
ammonia-lyase (PAL) enzyme
and gene expression, and
production of flavonoids
under salt stress

Induce the accumulation of
reactive oxygen species (ROS)
and phenolic compounds
Enhances the ROS scavenging
system, regulates the stomatal
conductance

Azospirillum brasilense
releases auxins and activates
auxin signaling pathways
involved in root
morphogenesis wheat

Enhance phosphate (P)
availability under nutrient
deficiency via excretion of P-
solubilizing substances

Increased linear
growth of roots, root
biomass

Increased tissue
concentrations and
root to shoot transport
of micronutrients

Protection by
flavonoids against UV
and oxidative damage

Increased all
vegetative growth and
yield

Increased lateral root
density and surface of
root hairs

Increased root growth
and activity

Increased root foraging
capacity, enhanced
nutrient use efficiency

Improved mineral
composition of plant
tissues

Increased crop tolerance
to abiotic (e.g., salt)
stress

Protection against brown
rot, delayed fruit
softening and senescence

Increased root foraging
capacity, enhanced
nutrient use efficiency

Increased nutrient
availability in the soil
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Table 2. The commercially available biostimulants with functional active components ¥

Biostimulants

Bioactive Components

Algreen®
Asahi SL (Atonik)®

Bio-algeenS-92®
Benefit®
Biozyme®
Biplantol®®

Bio Rhizotonic®

Bio Root®

Ergonfill®

Equisetum extract (Acker-
Schachtelhalm extrakt)

Fermented plant extract
(Fermentierter Pflanzenextrakt®)

Goémar BM 86%
Grow-plex SP®
Kendal®
KE-Plantasalva®
Megafol®

Radifarm®

Roots 2

Root Juice

Root & Shoot Builder
Ruter AA®

Slavol®

Tablet®

Terra-Sorb®

Tytanit®
Stimulate®
Retrosal®

Viva®

Seaweed extract (Ascophyllum nodosum, Laminaria sp., Sargassum
spp.,), alginic acid; free amino acids, plant hormones, vitamins

0.1% sodium 5-nitroguaiacolate, 0.2% sodium ortho-nitrophenolate,
and 0.3% sodium para-nitrophenolate

A. nodosum extract

Free amino acids, vitamins, and nucleotides

A. nodosum extract, chelated micronutrients, zeatin, GA3, and [AA
Universal macro-and microelements, uronic acids

Algae extract, vitamins

Plant-based organic acids, soybean meal, alfalfa, rock phosphate, K-
sulfate, and brewer's yeast

Keratin derivatives, protein hydrolysates, and cysteine

Flavonoids, plant acids, glycosides, Si

Lactic acid bacteria, sugarcane molasses, yeasts, photosynthetic
bacteria, pepper extracts, grasses, and garlic

Algae A. nodosum extract

Liquid humate

Glutathione, protein hydrolysate, oligosaccharides, saponins, urea,
Bio-molasses, herbs extracts

Auxin, amino acids, cytokines, gibberellins, betaines, vitamins

Amino acids, betaines, glycosides, microelements, organic acids,
polysaccharides, saponins, vitamins

Seaweed, vitamins, humic acid

Fulvic acid, humic acid, seaweed extract

Amino acids, natural chelating agents, micronutrients, 4. nodosum
Micro- and Macronutrients, amino acids,

Phosphate-mineralizing bacteria, auxins, nitrogen-fixing bacteria
Trichoderma atroviride and Rhizophagus intraradices spores
byproduct of enzymatic hydrolysis of amino acids

Titanium ascorbate

auxin, cytokinin, and gibberellic acid

zinc and calcium

Polysaccharides, proteins, polypeptides, amino acids, vitamin
complexes, and humic acid
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Table 3. Effect of biostimulants on crop physiology @®

Plant Species Biostimulants Developmental Stage  Expected Outcomes
Tomato (Solanum Radifarm® Transplants Enhanced roots growth
lycopersicum L.) Radifarm® + Megafol® Transplants Improved nutrients uptake and

Bell peppers (Capsicum
annuum L.)

Garden cress (Lepidium
sativum L.)

Garlic (Allium sativum L.)

Lettuce (Lactuca sativa L.)

Strawberry (Fragaria X
ananassa Duch)

Basil (Ocimum basilicum
L.

Dog rose (Rosa canina L.)

Wax Begonia (Begonia
semperflorens L.)

Marigold (Tagetes erecta
L.

Primrose (Primula acaulis
L)

Scarlet sage (Salvia
splendens L.)

Radifarm® + Megafol®

Benefit®; Megafol®;
Radifarm®; Viva®
Benefit®; Megafol®;
Radifarm®; Viva®

Acker-Schachtelhalm Extract®;
Biplantol Universal®;
Fermentierter®

Pflanzenex trakt®; KE-
Plantasalva®

Radifarm®

Bio-algeenS-90®

Megafol® + Viva®

Kendal® + Megafol® +Viva®

Porcine blood-based
biostimulant

Radifarm®

Radifarm®

Radifarm®
Radifarm®

Radifarm®

Radifarm®
Radifarm®

Radifarm®

Fruit bearing

From transplanting to
harvest
7th day seedlings

Germination

After transplanting

After transplanting

Fruit bearing

Flowering and fruit
bearing

Before flowering and
onset of fruit ripening

Transplants

Robust growth in
tissue culture
After transplanting

Transplants

After transplanting

Germination
Transplants

Transplants

distribution

Increased macro- and
micronutrient, especially Ca?"
ion concentration in leaves and
fruits

Improved fruit yield

Increased fruit yield

Improved water uptake and
seedling growth, germination
rate

Increased seedling after
transplanting

Improved growth and yield
characteristics;

Increased ascorbic acid content
and dry matter and reduced pH

Activated antioxidative defense
mechanism; decreased NK
fertilization; enhanced fresh and
dry weight

Increased fruit yield per plant

Enhanced frost resistance, fruit
weight; non-significant effects
on fruit yield

Increased above ground parts
and root biomass

Enhanced root intensification

Increased seedling growth after
transplanting

Increased nutrient uptake with
improved growth

Positive effects on
morphological traits; enhanced
nutrient uptake and proline level

Enhanced seedling fresh weight
and germination energy

Increased above ground parts
and root intensification

Improved root mass and above
ground parts
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Table 4. Product Functional Categories from Annex I of the Regulation (EU) 2019/1009 document

(34

PFC 1. fertiliser

A. Organic fertiliser
B. Organic-mineral fertiliser
C. Inorganic fertiliser macronutrient, micronutrient

PFC 2. liming material

PFC 3. soil improver A. Organic soil improver

B. Inorganic soil improver

PFC 4. growing medium

PFC 5. inhibitor

A. Nitrification inhibitor
B. Denitrification inhibitor
C. Urease inhibitor

PFC 6. Plant biostimulant A. Microbial plant biostimulant

B. non-microbial plant biostimulant

PFC 7. Fertilising product blend

RA ~ BUMIEEL £ Regulation (EU) 2019/1009 (4% 1) ~ AR ER] 9
Table 5. Component material categories from Annex II of the Regulation (EU) 2019/1009
document ¥

CMC 1
CMC 2
CMC 3
CMC 4
CMC 5
CMC 6
CMC 7
CMC 8
CMC 9
CMC 10
CMC 11

virgin material substances and mixtures

plants, plant parts or plant extracts

compost

fresh crop digestate

digestate other than fresh crop digestate

food industry by-products

micro-organisms

nutrient polymers

polymers other than nutrient polymers

derived products within the meaning of Regulation (EC) No 1069/2009
by-products with the meaning of Directive 2008/ 98/ EC
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Table 6. Pathogen limits in plant biostimulants; from Annex I, Part II of the Regulation (EU)

2019/1009 document G
(A) Microbial Plant Biostimulant

Micro-organisms / their toxins, metabolites Sar;lphng pla;nts Limit
Salmonella spp. 5 0 absence in 25 g or 25 ml
Escherichia coli 5 0 absence in 1 gor 1 ml
Listeria monocytogenes 5 0 absence in 25 g or 25 ml
Vibrio spp. 5 0 absence in 25 g or 25 ml
Shigella spp. 5 0 absence in 25 g or 25 ml
Staphylococcus aureus 5 0 absence in 25 g or 25 ml
Enterococcaceae 5 2 10 CFU/ g

Anaerobic plate count unless the microbial plant 5 2 10° CFU/ g or ml

biostimulant is an aerobic bacterium

Yeast and mould count unless the microbial plant 5 2 1000 CFU/ g or ml

biostimulant is a fungus

n = number of units comprising the sample, ¢ = number of sample units giving values over the defined limit.

(B) Non-microbial Plant Biostimulant

Sampling plant Limit
Micro-organisms to be tested ampTine pams .
n c m M
Salmonella spp. 5 0 0 absence in 25 g or 25 ml
Escherichia coli or Enterococcaceae 5 5 0 1000in 1 gor 1 ml

n = number of samples to be tested,

¢ = number of samples where the number of bacteria expressed in CFU is between m and M,
m = threshold value for the number of bacteria expressed in CFU that is considered satisfactory,
M = maximum value of the number of bacteria expressed in CFU.
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KT » BUMIERIER Regulation (EU) 2019/1009 (Ffik I, 55 2 #85)) REMEVRIARE R

2 SBTRRE O

Table 7. Metal contaminant limits in plant biostimulants; from Annex I, part 2 of Regulation (EU)

2019/1009 document G

Contaminants Content (mg/ kg dry matter)
cadmium (Cd) 1.5
hexavalent chromium (Cr VI) 2.0
lead (Pb) 120.0
mercury (Hg) 1.0
nickel (Ni) 50.0
inorganic arsenic (As) 40.0
copper (Cu) 600.0
zine (Zn) 1,500.0

(PY) 2 P o 6 o ) 8 G R

A VIR R 2 L AR B E R
i () PP (2) BEFEREY -~ (3)
HEGJTk ~ (4) B3 B AR EY SRR
R Dk (5) BEMIIBERBIEY -
BRE T EE R TR~ BALERNOR R R
FHEE ~ B 2 ik e e 2t B (S R
S SRR~ HANPT RS o A
A L - I A IR IR A L V)R FE AR
AT R SR - DR E R
TG TERR - EEEAS "MAEYTER
GBI ENTE )" WEE - REIT
BIEMIIRREGYIEH | MY
B - ARE S A YR R IR
JELL 20°C B g/kg B o/L BfiFRmr (B
J\) (from Annex III. Labelling requirements,
Part II, Product-specific labelling require-

ment) G4 o

(EE) 7R85 1 s 0 352 LB B 15
LR 09

B EYIRIBEEE A B — YR
HOAE Vi B IR A BB Y R 722 NS
il 15% - HERGMIUHEENSE |
WA YIRIEGR - HIER A E KRR BT
M€ » 2FKJ/\FT7R (from Annex III. Part
I11. Tolerance rules) ° & iy A A& FEE R =
(module) 5 A~Al1~B~C fI D1 % 5
T+ RNRIFEE J7 R0 8 A M R A 2 v
REHE ] (PFCs) MIAH EL#) B (CMC)
(from Annex IV. Conformity assessment
procedures, Part 1. Applicability of conformity
assessment procedure) °

BR BRI FE T 5 Bl Regulation (EU)
2019/1009 H BHE IR ~ Lo ~ 153
PR L A A HEE g B i U - ) 5 A T A
Hh o RO O E A EE AL B A 1S CE AR
HRRE o WREER S BB -
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KN\ BRERESDEES —EBHLEEN PFC 6 WEMAEMRIAE - RAITIIARRE
EERANSEENEDRIBENZRRE Y
Table 8. Tolerances for plant biostimulant concentrations in fertilising product blends which
contain one or more plant biostimulants that belong to PFC 6 G4

Declared concentration in g/kg or g/l at 20 °C

Permissible tolerance

Up to 25

More than 25 up to 100
More than 100 up to 250
More than 250 up to 500
More than 500

+ 15 % relative deviation
+ 10 % relative deviation
+ 6 % relative deviation
+ 5% relative deviation

+ 25 g/kgor+25 g/

T SR A E S AR R T
YA TS

(—) S22 D 03 3% i ol SN 58 5 14 A
A

E BB BUM B 2EES ~ BRIRE LIRS
INBUR BB - 258 A R TSRS [ RE
PR B AE S T2 A AR o B E REE 4
B BR Ry B OBE IR F
Protection Agency, EPA, LT f& i B &
) BREEHE R TR - R
) F0 8 B B % 4 (Federal Insecticide,
Fungicide, and Rodenticide Act, FIFRA)
i AE 26 B 2% N /Y 2 28 E RE A R R
FIFRA - section 24 (a) » Bl & JN #£ R £
FIFRA fEZeny i A - &8 S SER Y & B
R - RS EHE S - FEHJIN
HFEEH » KEINBUSE LA BE Y &
e B Er'E /7 (Association of American
Plant Food Control Officials © AAPFCO) #g
H R RERRE Ry FEARKEZE » B i v eI FL

(Environmental

—HINERRE © -

IR IEb e 2 25 W R R o o =
SERIEN T 2B T - PEEEIRE S AG N BURF Y
f= 88 B 52 (state pesticide specialist) fjf
F B INBURN B R MR DGR - RS ER
RIS R (Regional EPA Office) ##
RAGER IR BB EE o PO pR B I A N A
WIOUER - W 7 A REE SRR
= B0 i AT R 2 B IR s S HA e 1 A= P ol
FEBNNEM ARG - BEIS R A B
kR LFRE O -

(T2) S22 0 o0 350 %6 S5 5 Wk S 4 By 30 7R
5

Ry v AR AE VIR BR A AR B RS LTy
PRI - EEEYRIEEREBE R 2013 £ F
BBl AAPFCO %R » ] LIS 1EREE 4
YIRS ER » (H2 AAPFCON R[AE
IELERZE ® o ZX4E USBC ~ BPIA DR BRHA
B9 EBIC ZESBHBAMAWIA BRI
G A AR S R~ B A R R 25 B ER
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REETEFEMN R - NERREH 2015
FRGE S HEY YR EIES] (Plant
biostimulant guidance) * H % 2018 F[LiE
FIMARLE - oA R BT BUE AT
B 5 (Office of Management and Budget,
OMB) HyFE#H - fA52 USBC 1 BPIA &5
REF 5 HEEBIESEES (United States
Department of Agriculture, USDA) iz H
ok 0 ERIRZEA 7 HENBE MG RE) TIF
FEAHBEAHBA & 38 - A0 " 2018 REE
Z | (2018 Farm Bill) thigH "HEY4 Y
RIEFR ) ERER O7 0 BOERGESESUR
HAA 28 AHBAF HY ST - AR 2018 4R 12
H 20 HEFER R - 52 E XK
TR PR R Ry — e R S LS Al v
YA

KR RFMANAE 2019 £ 3 H 25
HA B A & T V) aR S A H AR 45
FIEZ - ERAEYIRIEER 5 2019 kL (Draft
Guidance for Pesticide Registrants on Plant
Regulator Label Claims, Including Plant
Biostimulants) G% » L3 3 4 FL = L
Btk - % 2020 £ 11 H 13 HEXAE
TV SR D (R BEEY
RIBER 5 2020 kit 69 - BRRFEHRELTES]
£ = 22 Y 1E B it g ) e T B B 4
BB LIRE - RERIRE RS EE
AN BB R RE MR ek -

LB RE SR 2019 £ 6 H 11 H
BEE CHBREAEAYENBAT G L
(agricultural biotech executive order) * 57~
LR ~ BRE LR MEL R E

MJ5 (U. S. Food and Drug Administration,
FDA) FREUVFFE /7 A LA R 2 Y
el e BV B E AR T o BLRE TR PR R B
YR E RN ERE - DU
IR EE B AR AR S - B REIRERY
RURHIEE) - (EHESMNE B NGRR RS ~
B~ TR E AR s R E O E o &
VLR R BB AZ R A E S BIRY SR o [F]IRF
[y K SE R RS AL JEATE 2019 5 12 H
20 HZ i se s tHRR S - FEas Aol e i
#2537 o USBC 1 BPIA s 25k Wt fd
AR SE R SR AR R - R AR
VIRIBA AR E R ~ FHE A ~ Tk~
LN B L& A R
DI 2B — e =0 0D 2k 3E
B B 2R RN H AR R Y 2 ERUE
R 6 AR TEE 2535 « TEAE 2018-2019
FERNER A 3 2B BHEERYHE R - 2020 4
S B O - SRR SRR R 5
oy FE R EYRIRIEEER
2021 4 6 H DA i i S BATERYFT e AR - A
XAEEGFHEERER » o LR L
9 fERE (2013-2021) MIE'E 1 ra Bl AHES &
HHE (B—) s e

(=) RBEEEARE RN T R 2 PRl
F 1 EH

LR AL KAE 2018 BEBERER
i TEYIEIREER ) WESE T Y
BEEY) > EHERE T - Y
FRERIR - SRl A R - DUE S EA 1t
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USBC, BPIA EPA USDA US Congress
2021 ® | " 4p USBC#4 ~TFI» &= @ i MEfE Ly | $2% ® (wirith) o (RiTiLE)
i#ilﬁ%giﬁ ® i E ARl k2
® i Emy §AUSDAZ EPASh  dad b fljch | Bosiin?
BB % - B4
2020 o flged he ok ® i TiEp il a3 K % ® L E o FIANE L H R
#A4E2 B Tk 20200
2019 ® jt EUSDA® Bl dp 2 ety 0 @ 2% THEFDEHORAHITE @ o WERII Sk a2y @ "HRAFE TR FES Pl
PHETE P LA S FRLIPTlEE  2019% EEE SR T 477 & 4 4 o 457 USDA ~ EPA
ook & e "% FDA i R 2 4 Priie A
hr ¥ Fng AR
2018 © OMB#% & {i4 3 & &l iifitdy 2018 Farm Bill-# % 4% 2 [ 4i4
® USBC -~ BPIA# #USDA » & SRk e A EE ) 2019% 44"’4]«,&"?J YK
f% Aq gk &g R ® = = USDA/EPA/FDA/# % 2. 1 i+ @ =& = USDA/EPA/FDA/# ¥ 7
2017 = USDA/EPA/FDA/ & % 2 He-V i LA SRESR e -7 a0 ) i)irv%??ri?i
a i'r%i}g
2016 U - .
AAPFCO: Association of American Plant Food Control Officials
EFRfES S S E R ET
® EPARF 4358 Tt 3 & &) il 5t BPIA: Biological Products Industry Alliance # 4+ & & & % 5 2
2015 EFEIR S R A (P - EBIC: European Biostimulants Industry Council ® i 2 4 fljc% 1 %
L H
EPA: Envirfnmental Protection Agency % B %k 3 \!(-,E%
FDA: Food and Drug Administration ¥ B & &% 5. ﬁ“ e
2014 ® USBC - BPIA ~ EBIC % #p B OMB: Office of Management and Budget FR AT e R
ﬂx % g1 EPAT TFI: The Fertilizer Institute 5@ #4477 1
f ’ USBC: US Biostimulant Coalition % & ;{ FXUP S 850
US congress: % F# ¢
2013 ® USBC# 1 22 AAPFCO % £t 4 USDA: United States Department of Agriculture ¥ B & % 3%
AL RS RES 11

B— BN R EEHER 2013 £ 2021 FERAREDRIRZEENER
FOEIME R (811,25.3537,38,39) o
Fig. 1. Pre-consultation and progress of biostimulant regulations between relevant agencies

in the United States and the biotechnology Industry Alliance from 2013 to 2021 ¢ 11,
25,35,37,38,39)

TAEEP IR » FIPS0R - BIRAEYMENIEE ST - AR Y s R Ay B AR
A 32 RS EPI A E 5 C7 - BRI H AR - DU - YIS AL Bk sy
H’JmﬁﬁFﬁ?*ﬁ%i%ﬁﬂ@ﬁﬂ%mﬂ’]ﬁ“ﬁ FIFICR - B BIEPIN 52 JE AP Thiss -
HEZE - AHECRE R EEAGEITEEN  dGE L ERE - (EREY A RV
e R —IIBIRAR R L R E A TE . A o AR DU ~ (BB 5
TR ES - AVIERIRE » Ry ILEHAY - EYIEVIRIE

FESR B SETS IR R VIR BR B EE 38 n] LUB Mg 1 P sl B L ) B e A P
GBI T - SRR R B SRS A L, - BUER T ¢ THEYIEYRIE
Il - PR RS SR 2019 £ RE—HEWE - ”ﬁi%& BGY) > EIE
MR ERBEN 2 MEREER HRET - HY > IR B EME R
G- BREE—  THEYAEYREERER NEE _J ﬁi?ﬁ*ﬁ%%\\\%’fé%%i@
RFAENTE - HERATENFEREE BOER - BERR R - KIEY) 4
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B owmHENER ) o RBIREMREML AYEFEYO R 2% (FladiE
3 MAVRIMRESE » WIFRMAERE M) - nERsEl] B -

£ EEHEEHEEE BEEHEEE (&

RN~ BB KRR REEDR AR ZESE

Table 9. Comparison of current biostimulant definitions in the European Union and the United

States
Country Plant biostimulant Reference
European Union an EU fertilising product the function of which is to Regulation (EU)
stimulate plant nutrition processes independently of the 2019/1009 of the

product’s nutrient content with the sole aim of improving
one or more of the following characteristics of the plant or
the plant rhizosphere: (a) nutrient use efficiency; (b)
tolerance to abiotic stress; (c) quality traits; or (d)
availability of confined nutrients in the soil or rhizosphere.

United States 1. ‘plant biostimulant’ is considered a substance or micro-

(USDA) organism that, when applied to seeds, plants, or the
rhizosphere, stimulates natural processes to enhance or
benefit nutrient uptake, nutrient efficiency, tolerance to
abiotic stress, or crop quality and yield.

2.2019 USDA Report Alternative Definition 1: A plant
biostimulant is a naturally-occurring substance, its
synthetically derived equivalent, or a microbe that is used
for the purpose of stimulating natural processes in plants
or in the soil in order to, among other things: improve
nutrient and/or water use efficiency by plants, help plants
tolerate abiotic stress, or improve characteristics of the
soil as a medium for plant growth. The characteristics
may be physical, chemical, and/or biological. The plant
biostimulant may be used either by itself or in
combination with other substances or microbes for this
purpose.

3.2019 USDA Report Alternative Definition 2: A plant
biostimulant is a substance(s), microorganism(s), or
mixtures thereof, that, when applied to seeds, plants, the
rhizosphere, soil or other growth media, act to support a
plant’s natural nutrition processes independently of the
biostimulant’s nutrient content. The plant biostimulant
thereby improves nutrient availability, uptake or use
efficiency, tolerance to abiotic stress, and consequent
growth, development, quality or yield.

European Parliament and
of the Council of 5 June
2019

2018 Farm Bill

(Draft Guidance for Plant
Regulator Label Claims,
Including Plant
Biostimulants, 2020)

2019 USDA Report to
Congress

(Draft Guidance for Plant
Regulator Label Claims,
Including Plant
Biostimulants, 2020)

2019 USDA Report to
Congress

(Draft Guidance for Plant
Regulator Label Claims,
Including Plant
Biostimulants, 2020)
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I AR 4 1B 5 | 5 5 bR R BE B A
(Office of Pesticide Programs, OPP) #E4f »
R By FIFRA, 7 USC 136-136y © 23
LIRS W E 2 X B R iR G IR R B R
BELGE A BFIE ML R M 2
B RS B R SR E B e S e at
MERE - NAEE O RE BN -
T BEZEZENESR - MHEH &
o SRR AR ~ FEM YRR 0y
FE B~ FE YRR AR A AL AT AR A
XETIEANE - iRl s -
B85 R EBLIEREREH FIFRA 25 2 (v)
BiRY T YIERE R L B - EEEIHNIE
ISR ~ AR L DR R T ER SR B Y 3
T P AR - DU SR EL AR RIS
R B FIFRA EHEHiE - IF HiRHLE
FIFRA i " Y EYRIEME ) WE
% WMAHEETHESE - RAMEVHEH
HIRS e 0 J8 R B ZE S /e ) FIFRA RYES
B FPERRAREMMER L EMNT)
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11 H 13 HEXRAS T HEYEHE AR
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2. 2020 FEfR G0
2020 FFERRAER T EH FIFRA 55 2

AVIRIBERAERCS AR 17

(v) Hiey THEYIERETR . B8R —HEY
B 8B B SRS A BRAE RIS B
HEEAR A YA ROl S ~ IR B AR AE Y
JICA I o B DA At G = i Y91 T
Ryl HENE" - WRVIB YR
HUAR B DI () » FIRFIRERYIER
TR 8 T A B I = B A A S A FH i 91
(F1—) » DURATERRECH 4 MEpsin i
Al HIEEY) S ERZ MM EITHE (plant
nutrients and trace elements) ~ fE¥)Z2E
(plant inoculants) ~ -+ # dt B 7|
amendments) L Jz ¥t diy — fa7 #6562
(vitamin-hormone products) %% o
HrpFgEk 3 HER - HEhEY
FRER « BREHXEWUAETET
EAYIEYIRIBEER - DMEMERZE 1
fil B R TEY) A VI RIR E £ 0 (RIS
WINSER EZETT Y 2019 4l & e Y
FEFTER » W2 (=) REREILNR
o 25 2 BB R AE YR SR 1 A TR
HIRERE - BROREBMIER T 2019 55 1 iy
Y  RARESEERTEE - a0
FK%EE (corn glutens) ~ L-BF&ABE (L-
glutamic acid, LGA) ~ y-Z2JE T 8 (gamma-
aminobutyric acid, GABA) ~ =% 34 % [ i
(brassinosteroids) ~ ¥ Il % I K& 2 B M
(lysophosphatidylethanolamine, LPE) ~ 1-3
fig (1-Octanol) ~ #HAHFEEIRIGEN (sodium o-
nitrophenolate) 55 » ¥ H A EEE 4 Kl
B DAY E R - FEB FIFRA 511 - 26 2 hR
B9 IR LSS 1 MRAYZRPY - B fR
T LS M o AR [l D RE 2 Y 3
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Z2fE] o 55 3 HERL T B AIRAEN , B EEMTR - ARBLEEVR e EE
Al « a0 & 2 &K BB (complex ARER RN - W& HETHEY)FHE
polymeric polyhydroxy acids, CPPA) ~ J&JE i B & 55 DG HY BB - R AT & 2 1R
W ~ GBI FE - TTREAIRFEE % FIFRA B -

K+  ENERADHNEEZRE - LWHERSRREBMKIE FIFRA JIENRE DY Y
Table 10. Examples of claims that are considered by the Agency to be plant growth regulator
claims that trigger regulation under FIFRA as a pesticide 2 G

Examples of: Accelerates or retards rate of plant growth:

* Enhances/promotes/stimulates fruit growth & development
 Enhances/promotes/stimulates plant growth & development

* Enhance/inhibit development

* Promote stem elongation

* Root/shoot stimulator

* Inhibits/promotes sprouting

* Controls suckering

« Stimulates cell division, cell differentiation & cell enlargement

* Alters/improves plant/tree shape/structure

Examples of: Accelerates or retards rate of [plant] maturation:

* Accelerates/controls/delays abscission/development/ripening/senescence
* Induce/promote/retard/suppress flowering

* Induce/promote/retard/suppress bud break

* Induce/promote/retard/suppress seed germination

Examples of: Alters the produce thereof:
* Enhances/promotes crop/fruit/produce color/development/quality/shape
» Enhances/promotes fruit growth & development

« Fruit and nut thinner/sizer

D Not a comprehensive list and other claims may include other synonymous terms and phrases.

2 All of the above are examples of “altered behavior” of plants via the physiological action of plant
regulators. It is understood that many of the claims in this table can be made for non-plant regulators (e.g.,
fertilizers). When such claims for accelerating or retarding the rate of growth, or maturation, the behavior
of plants, or the produce thereof are made without qualification or reference to a specific exclusion from
the FIFRA plant regulator definition, such claims will be considered to be plant regulator claims.
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Table 11. Examples of generic product claims generally considered by the Agency to be “non-

pesticidal” -2 3%

* Alleviates/avoids/corrects/prevents nutrition-based/nutrient deficiency-based plant disorders

* Enhances/aids/supports/helps/improves abiotic stress tolerance

* Enhances/aids/supports/helps microbial populations

* Improves/aids/supports/helps/enhances conversion of applied nutrients to plant available forms

« Improves efficiency of applied fertilizers

* Improves nutrient uptake via natural chelating/complexing agents

* Improves/aids/supports/helps/enhances conditions for better plant establishment

* Improves overall plant nutrition

* Increases plant nutrient assimilation efficiency

* Aids/supports/helps/enhances/improves tolerance of and/or resistance to abiotic stress

* Increased tolerance to sodium (Na) ¥

* Optimizes nutrient use efficiency

* Protects plants/leaves from burning with over-application of foliar nutrients (and burning effects of salt)

* Recovers crops affected by stress due to inefficient management

* Reduces lodging
* Supports nutrient uptake

* Supports/aids/helps nutrient uptake to prevent, mitigate, or correct a specific plant nutrient disorder

D Product claims may not state or imply that a plant biostimulant product, through physiological action,
accelerates or retards the rate of growth, accelerates or retards the rate of maturation, or otherwise alters
the behavior of plants or the quality of the produce thereof.

synonymous terms or phrases.
3

rather than footnote)?

RORFIGE] T HEY TR RS |
B WREEVIRIBGR o BRI E
2021 4 1 HAAG - HES MARHET -

(L) FREB BN 2021 iFHE P T %
BT, 5§28 G0

REREN 2021 55 1 HEERAT "HH
VAR AR RS 1 - AR AR

The examples contained in this table are not comprehensive and other claims may include other

Or any other substance present at levels detrimental to plant/root growth. (should this be in the table,

F AR - HY 1 A 15 HEREZERT
A A5 T T AR EE LT L (Label
Review Manual) W25 2 32 @ R 557
(Chapter 2: What is a Pesticide?) BT » #F

BEFEET MRS T e, K T RS
on o FUESR - Al 2 ERBIB AR (US.

Code of Federal Regulations, 40 CFR
152.15) - WGERH] “FEHPIHETE” /& FIFRA
HE RN - FEAT EY AR
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% (plant growth regulator)” JRE #EEER -
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B IV - B AN FIFRA i Ry HE YA Hi
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3P S0 AL S B AR S S R R SRR . -
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BRIREN 2021 FEEEE] T EER
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HEZER - EITHEEHE - B2 4EY
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B NG B RS EE RO RTE (09 o [FIIF
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f#h ©& (American Seed Trade Association,
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Table 12. Characteristics of products considered to be non-plant regulators. See 40 CFR 152.6(f)-
()@

Product Characteristics

U.S. Code of Federal
Regulations
1. A vitamin-hormone horticulture product is not considered a plant 40 CFR 152.6(f)

regulator under FIFRA if the product is not intended for use on food crops

and is labeled accordingly, and meets the other criteria in 40 CFR 152.6(f).

Vitamin-hormone horticulture products containing auxins, cytokinins, and

gibberellins and any other known plant regulator found naturally in plants are

exempt if the 40 CFR 152.6(f) criteria are met.

2. The following types of products are not considered plant regulators:

(1) Plant nutrient products, consisting of one or more macronutrients or 40 CFR 152.6(g)(1)
micronutrient trace elements necessary to normal growth in plants and in
a form readily usable by plants.

(2) Plant inoculant products consisting of microorganisms to be applied to the 40 CFR 152.6(g)(2)
plant or soil for the purpose of enhancing the availability or uptake of
plant nutrients through the root system.

(3) Soil amendment products containing a substance or substances intended 40 CFR 152.6(2)(3)
for the purpose of improving soil characteristics favorable for plant
growth.
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T FEP AR AR & R EE ) Yy F > ) A R A B R S A ) R
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Abstract

Yuan, C. I., and Hsieh, F. C. 2021. Characteristics of plant biostimulants and current regulations

in Europe and the United States. Taiwan Pestic. Sci. 11: 1-27.

Biostimulants were officially included in European Union fertilizer projects in 2019.
The most recent version of the European fertilizer regulation - Regulation (EU) 2019/1009
outlines clear specifications for plant biostimulants, including their definitions, functional
categories, efficacy rates, composition limits, pathogen and metal limits, labelling
requirements, conformity assessment procedures, etc. Products that pass the registration
process can obtain CE mark certification and be sold in EU member states. However,
although plant biostimulant products have been widely sold internationally, there is currently
no globally unified mechanism to define and register them. Countries typically establish
specifications and management regulations for biostimulant products according to two main
categories of factors: product characteristics and product jurisdiction. Furthermore, although
the ingredients of plant biostimulants are derived from highly safe natural substances, plant
biostimulant products are primarily comprised of complex mixtures that have synergistic
effects on the physiological responses of plants. Thus, it is not easy to establish methods
which verify effective ingredients and mechanisms of action. In addition, (1) the ingredients
and/or effects of certain plant biostimulant products cannot be easily distinguished from
those of pesticides or fertilizers, and (2) different institutions have jurisdiction over
pesticides and fertilizers in different countries, such as in the United States and Taiwan.

After years of negotiations between the US Biostimulant Coalition (USBC), the US
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Department of Agriculture (USDA), and the Environmental Protection Agency (EPA), the
USDA proposed a definition for biostimulants in the 2018 Farm Bill for the first time and
submitted a regulatory framework for biostimulants to Congress the following year. In this
regulatory framework, two alternative definitions of biostimulants were proposed, but
neither of them became the final legal definition. Furthermore, in 2019 and 2020, the US
EPA respectively published two versions of the "Draft guidance for pesticide registrants on
plant regulator label claims, including plant biostimulants". However, the final version of
these reference materials for regulators of plant- and biostimulant-related products has not
yet been released. Nonetheless, the US EPA updated Chapter 2 of the "Label Review
Manual" on January 15, 2021. The primary additions to this update included regulations on
plant regulators and exempted products. This manual should be the main basis for law
enforcement, but has not yet been officially adopted. The USDA and the EPA have not made
additional progress in developing legislation for biostimulants at this stage. However, the
USDA is responsible for drafting an updated definition and regulatory framework for
biostimulants; the EPA is responsible for clarifying the scope of product labeling
declarations; and the USBC has joined the Fertilizer Research Institute. These three
evidences indicate an extremely high possibility that U.S. biostimulants will eventually be
regulated under the fertilizer category. This article posits that the future definition of
biostimulants in Taiwan should be similar to that in Europe and the United States, and that
factors such as product characteristics, regulatory capacity, and international trends in
industrial development should be considered in adopting domestic legislation and

management policies to ensure the quality, efficacy, and safety of biostimulant products.

Key words: plant biostimulants, European fertilizer regulations, registration, product
characteristics



