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Introduction

Strawberry is a significant fruit due to its rich sources of vitamins and plenty of antioxidants and grows
worldwide. Thus, studies that provide information on topics in strawberry growth are momentous. Strawberry
production is often threatened by various pests. Therefore, pest management is one of the most critical points in
strawberry cultivation and production that have to be considered. There are several pests that can have
detrimental effects on strawberry production. For example, thrips is an important pest for strawberry in a
greenhouse condition. There are many ways to deal with greenhouse pests; one of the best ways is to observe
greenhouse hygiene and sanitation and use the proper chemical pesticides. Yet, it is impossible to predict the
plant's growth stages in the usual ways to predict the time of using chemical pesticides. The time of each growth
stage's occurrence can be predicted only by using simulation models and considering the factors affecting plant
growth, such as environmental factors, pests, disease, and nutrition. To this end, this study aims to model the
growth process of strawberry plants by considering pests and diseases' impact.

Materials and Methods

Monitoring the growth stages is a critical component of a successful strawberry growth program. To harvest
more, it is vital to develop effective predicting tools. There are several approaches to investigate the change in
the size and form of planets based on some growth conditions over time. The best-known mechanism of
analyzing the growth process mathematically is simulation modeling. Models can be used as an alternative for
statistical analysis of harvest of crops. They enhance the inferences about productive behavior and can be used to
evaluate experiments. To introduce a desirable model, it is required to identify the essential features of the
growth process, such as environment and climate. In this work, the dynamics of growing strawberry, the
evolution of their size in time and their forms are modeled. Meanwhile, the plant's reaction to environmental
factors such as pests and effective management factors on the environment and climate created for plant growth
is investigated.

Results and Discussion

The use of growth models increases the analysis that can be made about the productive behavior of
strawberry plants. Moreover, the proposed model has efficiency in predicting plant growth. This model,
including simple relationships and the general concept of growth, is useful for teaching, learning, and
researching to analyze plant growth factors. Furthermore, the proposed model can study how plants react to
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environmental factors such as pests and significant management factors on the environment and climate of plant
growth. Besides, the model can help scholars, researchers, and plant producers with the ability to predict the
amount and manner of plant growth and the effect of changing the number of pests. In this paper, the amount of
disease and pests' damage for different rates in the growth stages is shown by using the plant growth process's
modeling to reduce the amount of damage caused by pests by predicting the amount of damage and provide
applicable, low cost and practical solutions. According to the results obtained in this study, since the lack of pest
control causes only four out of ten healthy fruits to reach the full growth stage, control and repel pests are
essential.

Conclusion

From the results of this study, it can be concluded that greenhouse owners and producers can simulate
several growing seasons in a matter of seconds and predict the amount of harvest and loss of their crop by
considering the environmental information of the area of study in which they decide to plant and knowing the
effective rates in the process of plant growth and having a model. The greenhouse owners can predict the number
of healthy and infected plants using the desired model before harvest by using the help of horticultural experts,
collecting information about their environment, climate, soil, etc., and using different aspects affecting plant
growth in the desired area. This approach can be extended to other crops to investigate the treatment effects and
the production behavior throughout the crop cycle. Using this method predicts the crop cycle and leads to fruit
production in a shorter period because the producer can use pesticides at the right time of production to decrease
the damages to pests.
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Figure 1- Thrips pest damage on the strawberry plant
a) Thrips on the leaves. b) Thrips damage on the strawberry fruit. c) Thrips damage on leaves
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"£" indicates the duration of each stage of strawberry growth.

sl 5 Doty (Ko O
F(t) = —aF(t)
J(®) = aF(t) — (B+)](1) (v)
M(t) = &J(r)
S s S i« M(8) 5 J(8) F(E) 5 o8
F (1) ppomen aian (£) floj woly > JolS o900 5 s> 0500
J5 ol @l Sinl oaimy s iy & 5 ML) 4 J(2)
ey A 695 L SV OL"} »‘5 5 Jolfo%.a9d]9? 0gs0
2 Ols lmogee (b S3b 25 lex gogee 4 S5 s &5
Sl o3 b il s s cllo (5L tales oSl
1y ) Oygods ) o1 Gl o
X(t) = AX(t)
BX{t]= [F ] M] ol 4 S 529 Lo,
—t 0 0
a —(f+&) ﬂ]
0 '3 0
Lol e L”’O] SoS s &S 3, 2425 alisee (slaylno
2 29 Gl ) piaw cdls glad 5l bl dcgosmo (gyluLL
dl)_g cQLA)' l_: )J..\_>b Jyven) u“""’ LSL”’W TN dLa'é u.ul.o.:

AsbA =

=2l laus S5 daptius oo 18 50 p6 oyl
S el ) ] el o 48 sl ot el lio
At o pias gy Sl olon | (Seoltsd (clo s
P Syt lnj A Copd ool (58 Sy bl 85
G¥olas dsgorme oL plgise |y 0B cnl dapias 5| ()l
35 ol 225 Copods Jgl i pe Jeil o>
=0

& = Fx(8), u®), 1) 0)

b sbsgyg o () 5 clls oy x(E) (o s o

20 ol )3 g ouis S s )5 lie oyl > 45 035y s
a5 S ol piie piwaw S5 p0 bl elaie (] las
9o 1 5 () e s ol & il oloj Jsb 5 (S8
J lasgazme "l (clad” I gt g il e JolS 050 5 s>
5de X 1S )Ll 4 iily e (DY) b jite 4 sl polis

dx

Slels o aly s sy L &S cunl loj o p &Y
2 Gl GV 395 5l s aS Wil oo Job o el
S 3l by Jioe o TNl (gl il (S iz
9 (295 «$39)9 S yte Sl slegerme Lygods (S i
500 ol as sl Jol i yo Jauslyasd Y slee &) bgyye >
¢Lm)9>u «“9) dl_lb).«;wo ‘_'j 5 4SS Sl U,l_,a.e el glas

1- Dynamic Systems
2- State Space Representation



YW il lad jo (55,8 @i obS iy wigy p g ylow 9 ©BT 15T (Jas (g5lw i ooyl 8op g owlis

g Copdoe g OBl 252y cle 4 (K53 g5 sl 5 5l (ool
jledigd ood Jods ogee 4y olS 438 g oS )3 canlinl 3 Slas
g5 oS by Jolye ilwdie 9 Al 4 i b gyl
to g il e ol 5l ol G sl 005 plogl 55,3
S ol 5 olas (Sl e U el o3l Jao S5 (g5l
o3lisl S bl )3 ol (pl 3 )Sdee oy g M8y (St
2,5
alio 1580 oy Jacs 95 5 jlendas 5 S bl

£33 58 48 s 331 o 5l odlizl b e i )
il e ) oel Cowdy gols w)yp 4wl CDSs-Model 3l
SO B o b S olis ouiS o (sl g aislyy B isy
4 4 (K = 10) S oo 55 3 208 Ve Ll ()lel Comon
oge &2 5 hods £ dlioe 58 pVL 2l 4 ppess LB (ol
090 4t Olg> ogpe b 59 5 (@ = 0.7) IV Lyl |y s>
&35 51 Jlte ol oy S n 5l 3 (8= 0.2) /Y 1, JalS
b 5 slaws oyl dopd slian xy bl /Y les om0 4 S5 b
wliio jolay 40a8 (pl Ngd o Jods Olg ogee 4 coloj 2]y
ol ol 33l 55 JolS 0gee 4 (lg ogne a5 €5 ol
2w gy i SKee s

shoogse (00 S36 &y J) JalS ogae 2 Gl 0900 i &
(8> B =0.1) .50 i cdl jl o ol

sl (W ploj cuns p Ygans &) (ilgs | Ciond (pl 3
g o9 ( J5) oS a3y oy jl S po i ool ol
Ul 3 o lsan oloj oS bl 1 cgdly 5 g5 oo odlitisl ( JolS sgue
g 485 5lai 3 oloj M plgis 4y (ol (loj sl (A gy
S (o oy Oloj e |y Jolye Oy

ogo dp |5 s i i 4y oS sl g3y Silo ¥ ISS
DS (oo (b (059) T 093) e Jab 3 (ol 090 9 (g
sl jo b 5 slaws (S’ o salin (V) S0 j0 a5 jslailen
Al Loyl oliss jl glej gy 4 a5 Wik o d0e 0> (£ = 0)
E= 50 cales )3 g (B9 b Ol ogwe 4 &2 1)) 995
plos a5 ol el oind (L &S diwy o0 yio & (5o) ¥ (b )
a3 s ) cyeb il bl ) Bud had ols ogee 4 b J5
2 G Bl 86 g ogme (g9, Ladd 4 Cunl 0
ol 4 () UK osnliio b (9)005 ot 51 8l 51 51l po
230 5ho (E = 0) 1zl )3 s (slaogeo olass &S s o
b a4 el ods s g ogee 4 (IS g L csl 039,
Slass Lol 2gu 0 03938] ylgn (slaogee i &y o 5 olaws a8
poml s 93 0 &5 b (o0 (BN (e Sl g 38 Ol (Slmogea
JolS ogse 0 0 s g cdl 156 0,5 e

25 gt |y e 0329 polis oma Casl (IS (5l )
L IsI — Al o)le wimun aascin dolee cbhady, ojg polie
G T lie s owmd i || coodle o w8 Yaaseine dole
Wl e b i o3y polie aSelBia (uol Ly il
5 35 e Je ho 4 o CBIS b g LIS sy
Cito i Saceand gy yuolie aSpolSin bilo o sl gonly
Oyguai] )d &S 20 o )R Colad (o Cuows 4y gl bl ansl
5 T eud (Byme Jae g ol el e bl )]
Lo jiely (99— Costo 4y dngi Ly aS win —(B + §)
Jle sl ol Hlul piw domi §3 Aliud (Ao e, B. &)
s Sl a5 (z 5 o wdll) ¥ USS 5o 0ads 03y lis (gl jlages
(s G 4y 0B A Lol (laogee 5 (lo> (slaogee a5
Sl ol 3 9 0t dgame 5 b alie & g S e Jeo ol

Lol (il Jso Ggllas o) syl (pl a5 silo o

ol SYslas 5l gltegomo (oalS (g5ludusd sln o
9o 5 4By (59 e s b (SsSe o dita L5))
S bl il ol Kimggy Sy b amd oo LS ) olS
pode S 5 L a0l ged g Ay slaJde 5y YU Sl ol
ey SYslas B 55 aslislen 5 olS (255l ol (S
38das g Jelge g (oo Ll I (oxwg 81853 1) 0lS 3 Sl
odlus JSi ¢ Jae 0 S5 oS johailen LAGST (giluwdnd (S e
B 0ya0 Blual g yidglh g9 Ay diay a5 Cawl Coxdly 5l glonds
ol a8 1 b iy oy S5 b o3bs jlons 5 ¥olno 1 bl o
J> anojgpel Al puiie WBl o by SYolas I (o35 Slaws
2 ol Gl o2k gladie l odlatul ($5519SS @ ByS
g ol &ty (65 it sLacd iy (g5ygliS pole ojy>
395 jL 2y9e Blaal bl 1y (o3Loj Gline 5 o Sl
Al ad)S s 5y gile e sl |y esite sl

i 0055 oS AT Jals
S il yoiS ot L QLS J (S 58 (S oy

A G |y o A sy 0 by oy g oS pl aSo ol
wlaaslds o o] cutS 1 ol se oo g 31 o5 &Y guae
Sl il Y ganme ;K05 d Cod |y dg0 (i SosS
Wl s 39y el U sl o ol alia ) 55 (g jbo Jio

1- Eigenvalues
2- Characteristic Equation
3- Determinant



V) sla ) oylodh FF by (((63,3bAS qalis 3 pole) el pole 4 pdi YA

Ay e ST 01 L 508 a5 oS e b ol g & ol oo i £ <l k55 5 ghilen
oyl 5l oy slaws J5 Ve jlE =35, (z-F) S5, opeiomedd e ol g <8l 5l e claogee s S35l S
395 sl 51,0 oae ¥ e g Bus oad JolS sgee 4 (d2s F) LS g Sgis oo Joad JolS 050 s ylon (slaoges 3| i e
59y 32 3 JolS 0500 g (Jlen gee ( J5 Sl j5 ) Jada 0 S0 b o (ol g b e 3l il Sy bl ) oS sluws
ol 0l ezl (£ B = 0.1) Jof b (oly Glogee a5 Cunl (plodiad s £ = 25 > lex slaogee dlaw

(F=F=0.1) Jgl o 15 SS& a3 Jol5 0900 9 (ylgn 090 ¢ J5 3lazi =Y Jgoa
Table 1- Number of flowers, juvenile fruit and mature fruit separately in the first case (£ = § = 0.1)
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Figure 3- Stages of strawberry growth in the first case (£ = g = 0.1)
(a): Flower, (b): Juvenile Fruit, (c): Mature Fruit
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Table 2- Number of flowers, juvenile fruit and mature fruit separately in the second case (¢ = g = 0.2)
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Figure 4- Strawberry growth stages in the second case (£ = § = 0.2)
(a): Flower, (b): Juvenile Fruit, (c): Mature Fruit
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Table 3- Number of flowers, juvenile fruit and mature fruit separately in the third case (£ < f§ = 0.3)
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Figure 5- Stages of strawberry growth in the third state (& = § = 0.3)
(a): Flower, (b): Juvenile Fruit, (c): Mature Fruit
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