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Abstract

Objective
This study aimed to investigate the relationship between fruit yield and photosynthetic and
morphological traits in tomatoes and evaluate the genetic control of these traits. The ultimate goal

was to identify genotypes with desirable characteristics that could improve fruit yield.
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Materials and Methods

The experiment was conducted using a randomized complete blocks design (RCBD) with three
replications in the research greenhouse of the Research Technology of Plant Production Institute
at the Shahid Bahonar University of Kerman. A total of 25 tomato genotypes with diverse
geographical origins and varying fruit shapes and colors were cultivated. The measured traits
included the number of flowers per plant, number of fruits per plant, fruit yield, single fruit
weight, number of sepals, fruit length, fruit width, days to maturity, chlorophyll content,
intercellular CO, concentration, transpiration rate, stomatal conductance, photosynthesis rate, leaf
length, petiole length, leaf width, and number of leaflets. In addition to variance analysis and
mean comparisons, genetic and phenotypic correlations, coefficients of genetic and phenotypic,
broad-sense heritability for each trait, and path analysis were performed to assess the direct and
indirect effects of traits on fruit yield.

Results

The results showed that traits such as days to maturity, photosynthesis rate, fruit yield, and the
number of flowers per plant exhibited the highest heritability. At the same time, stomatal
conductance and petiole length displayed the lowest heritability. Moreover, genetic and
phenotypic diversity for traits such as fruit yield, single fruit weight, number of sepals,
photosynthesis rate, and number of flowers were more significant than other traits. Traits like fruit
weight had a positive direct effect on fruit yield, while traits such as photosynthesis rate, petiole
length, and leaf width negatively affected fruit yield.

Conclusion

This study highlighted the importance of the relationship between morphological, photosynthetic,
and yield traits for improving tomato fruit yield. The results indicated that genotypes with traits
such as increased single fruit weight, optimal stomatal conductance, and efficient regulation of
photosynthetic processes can produce higher-yielding crops. The superior performance of the
Ananasi genotype in yield traits, the Red Serrated genotype in morphological traits, and the Arya
genotype in photosynthetic traits underscores their potential for use in breeding programs to
enhance tomato fruit yield.
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Table 1. Characteristics of the tomato genotypes

S gy A5 g8 ) €9 Lite 0l (s oy
Cultivation Type Growth Habit Genotype Type Origin Supplier Genotypes
alxls Sgacels ©s L S (3 eyl (2,
Greenhouse Indeterminate Cultivar USA Fardin-Kesh Orange Strawberry
alls Sgazals ) L S 0 @l 550
Greenhouse Indeterminate Cultivar USA Fardin-Kesh Orange Banana
wlxls Sgame e o) Ipl a8 3 S (3 Ll
Greenhouse Determinate Local- Cultivar Turkey-Iran Fardin-Kesh Arya
wlls Sgae ) L% S (3 @Syl Sl
Greenhouse Determinate Cultivar USA Fardin-Kesh Cherokee purple
FHES S 3g9azals Cultivar 43, L] A RN S\ el (Sie
Greenhouse Indeterminate USA Fardin-Kesh Black Beauty
bl Sgizee ) ) S (3 Vs
Greenhouse Determinate Cultivar Russia Fardin-Kesh Paul Robeson
bl Sgizee ) 5! S (3 oy SLESeS
Greenhouse Determinate Cultivar USA Fardin-Kesh Dark Gaaxy
PHES(S o5w.LI ,‘,5) ol.o.]-l WMS o8 Jsailiis a3
Greenhouse Indeterminate Cultivar Germany Fardin-Kesh
Gezahnte
S5 Sgazals o5, LI, —ail 3 50,5 5 Sl
Greenhouse Indeterminate Cultivar France-ltaly Glass-Garden e
Pineapple Tomato
bl Sgazels ) 5] bl (sl o b
Greenhouse Indeterminate Cultivar USA keshavarzionline Violet Jasper
PHES(S Sgaals P L CulS (0,8 Gabb 5,90
Greenhouse Indeterminate Cultivar Thailand Fardin-Kesh Thai Pink Egg
alls Sgammels ) et T (s5,5le8 Ll
Greenhouse Indeterminate Cultivar Chile keshavarzionline Maya
PyEsly Sgazals o3, ade Sl (g5 slas ST,
Greenhouse Indeterminate Cultivar Netherlands keshavarzionline Rock
s Sgazmeli o5 ol ol (5558 olesS (e
Greenhouse Indeterminate Cultivar Iran-Kerman keshavarzionline Local Kerman
“lls Sgazeals ) L R Sz
Greenhouse Indeterminate Cultivar USA Glass-Garden Tomato Banana Legs
wlxls Sgacels ) L iS008 Oy polel!
Greenhouse Indeterminate Cultivar USA Fardin-Kesh Lucid Gem
Ll Sgazels ) ) S (03 Vo9,
Greenhouse Indeterminate Cultivar Russia Fardin-Kesh Black Krim
Ll Sgize ) 5] S (03 Ol g
Greenhouse Determinate Cultivar USA Fardin-Kesh super stone
L Sgize ) 5] S (03 Jeas S g
Greenhouse Determinate Cultivar USA Fardin-Kesh Super Crystal
“bls Sgazels ) 5] RIS RET T
Greenhouse Indeterminate Cultivar USA Glass-Garden Super Queen
“bls Sgazels ) 2kl T (sl $SUse
Greenhouse Indeterminate Cultivar Thailand keshavarzionline Monaco
“lls Sguzal Nyt Lt ol (5558 b (E e 35
Greenhouse Indeterminate Hybrid Italy keshavarzionline Orange Beauty
Qs Sgasels RVJUT NN wx kb Lusg iy
Greenhouse Indeterminate Hybrid Italy South Seed Bank Ponderosa
PHELS Sgazals &y (WICH] Ce d Sk PYERYY
Greenhouse Indeterminate Hybrid Italy South Seed Bank Tondino giallo
alds Sgazals &y (WICH] r:l);\.g PRI
Greenhouse Indeterminate Hybrid Italy Bzaram Cuor dibue
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Table 2. Expected Mean Squares of the Analysis of variance (RCBD design)

E(MS) 5o
HOAY
(9) w55
53 * ré‘f, Genotyp:e
&2 Error (e) s

E9 ulpd 9 Gy Clyg il ly (Slawlone (90,8 T Jgua

Table 3. Computational formulas for variance, heritability, and coefficients of variation

Jgesb Oleie
Ve= Mg~ Mse Genotypic variance .55 bl
Ve= MS. Environmental variance _leswe bl
Vp= Vet+VE Phenotypic variance _usgé b,y
Ho= \\i—: Board-sense heritability  _osec (sl il

Phenotypic coefficient of variance _.ssé g5 oy

CVe= Y8 x 100 Genotypic coefficient of variance .55 g5 cups
X
CVe=E x 100 Environmental coefficient of variation _lase £45 oy
X
oo
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Table 4. Analysis of variance for yield traits

oo 02y oo Job o0 S (9 oo e Wiy 3 ogee dlawy P
] 5 glie
Fruit Fruit Single fruit Fruit No. of fruits 03! SOV
width length weight yield plant Df o
1.54ms 0.81" 2.19m 319.9n 0.48" 2 (r) sk
Block
1334™ 2103 502.8" 127685™ 43.01" 24 (9) wwisss
Genotype
6.72 8.17 2.52 408.00 2.12 48 Error (e) s
Syl o
Coefficient of
8.42 8.28 6.00 476 8.10 -

variation

G xe pae NS o> G o (3 b xe FF o> gl s 3 0 (gime F

* and ** are significant at the 0.05 and 0.01, ns is non significant

Ai3g 2l pel (265l g 5u)lsS 0 SLSinS TP Snd 9 0 i ool eSS (L)
95 b odalitio (05 (seaigy ) ol ke o piaS &5 Jbyd gy IS sel (20)b Guigi) & Blate S pulS Sl ity
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Table 5. Analysis of variance for morphological traits

S M

» S5 sl

. _ slass .
A, Sy Job Sy sk gy e G 59, oy
Number Sy S o2 Sy Number Nu:nwt;er Sy e e
of Compound  Petiole  Compound of of Days to SHOAY
mature leaf width ~ length  leaf length  flowers maturity
sepals
leaflets per plant
2.68™ 1.60"™ 0.02m 0.22m 0.05™ 0.01m 5.92™ 2 (r) Sk
Block
1236 3337 235" 33.00%  1283"  11.04" 79727 24 (9) <
Genotype
0.75 1.11 0.48 1.46 1.60 0.14 7.57 48 (e) s
Error
Ol o po
5.22 7.17 14.80 4.22 5.88 5.91 1.77 - Coefficient

of variation

IS oo pae NS o ys S prdaw )3 4l gime K o> i e )3 I gme X
*and ** are significant at the 0.05 and 0.01, ns is non significant

0595 01 5l g 9 a3 308 g e (58 (S5l (St 0T Sl g 5 0388 SLESRS S p0 S 2y o

5 eyl (G590 9 U 4 olas (a8 2S00l Slgt ) g Lo (slacess oy (Lt ]) o oty (2906 £y
25 CO2 liee (id9)lS (l5xe) 0 (555031l (5mgid Sl &l (Y Jga) ol L 1) Sl oy iy Joeilis 5o 8
A Jgaz) 8l G5 adlllas 390 (Slacises] > (6)ldisine gl (5iang Coo s g (Sl59) Culin (35 Ol sl
9 oM | S Gmes Syd g Mmoo (i 1) ol (Sl Cunmdg g jiwgd 2L ega byl ol jl el
Cu e g olS 3 )Sles gm0 g Mol 4 Klg oo b el )l (ol (o A8 (0 oS ) § StS 03lo W (gl ol Ul
5(CO2 5 ol )53) e Sl sl 13 olS LIS oaima Lt oo L el (nl ¢ IS psbosy i S8 ao (slo 15

&3 N Olao (pSbe duw i T Jgas
Table 6. Mean comparison of yield traits

ogs0 LByt sgso Jsbo (9) 9o S5 9 G 15 0gm0 3,Skac EPYRLRSWIRE JA ¥ Y iy
Single fruit Number of fruits per “
(mm) (mm) weight (a/plant) plant Genotype
NG
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Fruit width Fruit length Fruit yield per plant
’| ‘e
42.20 55.82 55.17 715.00 13.00 @Sl )0
Orange Strawberry
24.73 40.91 27.30 446.67 17.00 el 50
Orange Banana
38.57 40.55 30.63 418.00 13.67 L
Arya
38.75 46.14 44.80 641.33 14.33 el S|
Cherokee purple
23.20 32.70 28.00 157.33 19.67 ol (S
Black Beauty
26.35 30.37 21.47 248.67 21.67 el
Paul Robeson
24.05 31.86 15.97 175.33 1433 o (LSS
Dark Gaaxy
s e
28.31 29.86 12.40 210.33 17.00 oalais 53
Gezahnte
43.61 52.26 58.60 1068.33 18.33 ) !
Pineapple Tomato
21.24 20.80 26.10 573.67 22.00 S ok
Violet Jasper
23.54 32.83 11.73 224.00 19.33 ‘5“‘“‘ 32
Thai Pink Egg
28.84 28.78 27.10 388.00 14.33 bl
Maya
S,
33.52 32.55 34.13 477.67 14.00
Rock
37.86 33.60 29.17 495.00 17.00 le® (e
Local Kerman
23.08 27.83 12.97 264.67 20.67 S
Tomato Banana Legs
.. |
34.32 34.07 22.13 470.00 21.33 ot o L
Lucid Gem
41.93 44.45 44.67 74333 16.67 v =5
Black Krim
29.21 25.33 16.57 320.00 19.33 ol g
Super stone
28.90 35.07 21.03 287.00 13.67 St g
Super Crystal
33.82 3255 25.40 430.00 17.00 Ons R
Super Queen
31.50 27.65 13.07 347.33 26.67 55 lye
Monaco
32.27 37.97 24.93 462.67 18.67 L e
Orange Beauty
2553 26.40 13.27 345.00 26.00 Losyy
Ponderosa
24.86 26.50 14.13 282.33 20.00 s
Tondino giallo
|
29.73 35.84 31.37 413.33 13.33 L d
Cuor dibue
4.26 4.69 2.61 33.16 2.39 LSD

S350 90 Clao (ibe dmylio .Y Joua
Table 7. Mean comparison of morphological traits
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Number of Sy S pod .Com oLmd Number of Sl Sy S5
mature Compound Petiole leaf Ipength flowers per Number Days to Genotype
leaflets leaf width length plant of sepals  maturity

10.67 17.83 464 23.46 13.00 14.67 184.00 e
Orange Strawberry
18.00 24.11 5.58 35.44 5.33 25.33 142.00 el e
Orange Banana
11.00 17.50 5.87 27.91 6.00 15.67 141.00 :)'
rya
5550l Sl
10.33 20.11 4.89 26.66 7.00 16.00 134.00
Cherokee purple
TS
11.33 15.55 472 24.22 5.67 20.00 170.00 e
Black Beauty
12.33 18.75 453 27.66 6.67 22.00 177.67 V)
Paul Robeson
13.00 14.05 5.44 2322 10.00 17.00 184.00 o (LSS
Dark Gaaxy
16.67 26.58 541 33.49 7.00 21.33 136.67 el o
Gezahnte
11.33 18.24 5.12 27.63 6.67 19.67 172.67 ) !
Pineapple Tomato
13.67 21.41 412 28.30 5.00 34.33 129.33 ol
Violet Jasper
16.33 22.72 5.28 32.16 6.33 42.33 151.67 ‘5"‘“‘ e
Thai Pink Egg
10.33 18.49 4.41 26.99 5.00 22.33 158.00 ML«L‘
aya
11.33 18.55 5.44 26.22 5.00 14.67 151.33 R‘ﬂ’k
ocC
13.00 21.32 6.21 32.74 5.00 18.33 137.00 ol e
Local Kerman
12.67 21.28 5.50 31.74 5.00 22.33 144.33 S
Tomato Banana Legs
12.00 17.16 3.50 25.33 6.33 22.00 159.67 Q“’”?_) oLl
Lucid Gem
12.00 21.66 358 26.83 8.33 17.33 162.67 Y =3
Black Krim
13.00 25.22 455 32.89 5.00 20.00 142.00 el g
Super stone
11.67 17.22 461 28.66 5.00 18.33 151.00 St s
Super Crystal
12.67 16.66 4.16 26.33 5.33 20.00 145.00 o3
Super Queen
11.33 23.17 5.16 32.38 5.00 31.33 145.00 55Uz
Monaco
14.33 26.24 4.41 31.83 5.33 20.33 160.33 L e
Orange Beauty
Log il
15.67 22.84 3.16 29.16 5.00 27.00 156.67 :
Ponderosa
14.00 20.99 274 27.09 5.00 20.33 161.00 9_**“”'93_
Tondino giallo
12.33 22.91 341 28.41 8.33 14.00 184.00 9*“)'?5
Cuor dibue
1.42 1.73 1.13 1.99 0.61 2.07 452 LSD

S Fmgid Olhio il )l a5 A Jgoa

Table 8. Analysis of variance for photosynthetic traits
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~a559y 325 CO2 (jne

Fawogd Copo (Sl Colim 3% i JlS Gl 42 s b
. . <! T PR
Photosynthesis Stomatal Transpiration Chlorophyll (s3I} SOV
rate conductance rate Stomatal CO. content DF -
concentration
0.07" 0.0002 " 0.01M™ 0.17m 1.02m 2 (r) <5k
Block
1.53" 0.0005™ 0.22™ 1521™ 17.50™ 24 (9) <y
Genotype
s
0.02 0.0001 0.01 116.56 1.13 48 ()
Error
St
Olyoss
6.87 18.18 8.27 3.09 3.04 - coefficient
variation

G me pae NS o )3 S o )3 4y ixe T oy g e )3 Iy pme ¥

*and ** are significant at the 0.05 and 0.01, ns is non significant

95 9 Jedg S jlde oy )l g o)y pelall ey e (508 o8 ol (it (A Jga) (ke dumslie
s 0 O3l o g 2Ll Gl sl )5 (Slaijay 25 CO2 cpyiitin didgs Lo 1y Judg)lS jlade (35208 g3 loS
b 855 Oljee ooy b gL bl jo B iyl ) o ol e (a8 oS Jlo )3 4b sanlide i S g
Dy L1y cdo ol Jlade p a8 (A (ol i) o (o 53 a0l Gl Gl g g oS owe ST, slacis
4 5 o ol e (35568 g Ab odnlile ST, 5 055 LIRS s 9 OlesS (e e )2 Sy, Culin oyl
8oyl Glgg )l s g (calbll Glacesps g 5umgid Caeyan o iy Bl o8 (il bl Bl S ol e
ol L Ty e (a8
sl | e ($59)98y90 limio jki 51015 Jo8 caigf 5 63, Shos Sliio i I (bl s (IS gbou
93 5 5 byl aigis ol i o0l (st asly 5y lio S i 51 &5 gy (g Sl i 5103, lacisis
oy bl loeasgs plis & s (552 $9,8dae Sliio g &5 (bl s g2 cpplio Sl 5y (s imngd Cino
Jguame 3,Slas Ll 5l an 31 Cigis ol Yleinl g ) laewigs) plo 4 s gyt 559, 125 CO2 g jrangd yie8
3 olgise (Mol slaaol y Bun 4y dits duny o a5t S Al o] 3 s wlie 1 odliti] (L Lol sl 5y
Salgs wlio 48 (bl (i (Jgmazme 3,8Mos dg0 sl 255 iy pe 0SS (o Ss @ Cilie (slacasys
Sk Glysa Wlg oo bl cnl ol (it QBl S 50,8 cuigi] «(Si5lstige Clio dge sl &5 Jb 53 092
s
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39 5 S3o8ose b dgeke Jgmame 3,Shes (il Ban ST ofio cip b edlit ol ST alS (o3l slaasly sl
8l s sla Sy

Se3) Slallas caz plply ol (alS slaaiss ) (Sl Sl bl (S5 £95 18 iy 6159 9 E95

O gl & PR8I s 5 (o8 LaaisS 0193 9 O (S35 €95 Ol e 1ozl ISl 5 Yl 3 Shos icenlin pB)] ol

5 3b gl olélhe SusTy b te (K wmen ol (LS o5 4S5l 4y a3 L .(Annicchiarico 2015) sy

OBLS ) (3b5 (S5 95 cnlplh tlosd (e gite (slagy (sl glite (Jaes Lulpd )3 s e (b (o)) (lalS

BMB| s 3939 (Nay et al. 2023) 3> sgg aiiS 0 a5y oLl is Cilisee (clapaldl 13 a5 alS o35 So 3

059 el el 03503 Jodmy |y Jguame ol Cumen Siij 4 bgyye Olalllas o S5 y3an S Cupmo 281 (e )3 03508 (S5
anllas o8 s o )5 s andlconl gl (S39198)50 9 (358 (i SS elel p (S5 a2 sS Mol laaslyy (S
CoS g digbige S Hl SasS 0f o) M g 45 3 )Shes glial g 3)Ses wiile (o Clio 315k I (S g
s Sujglshyge Clino igdion JHUS dgame 5 Mz Byl 1 s o il Slio ) 5 JSCie s Laome 25 T
Sl (S5 E95 3929 X5y o0 )8 ool 3y90 (U jder S dle I cilizee (LS > (ST £95 Ol e Sl s
3905 bl 4 pladl Gla o pl gly W 5y00 byl B bl p le5 o ieaies} oyl 48" dad o ol calisee il

.(Ghotbzadeh et al. 2015)

i g 0gue ST 459 0gue 2,Slos Giweid sy (5 dli Wlao oS e o L adllae oyl 5l ol il

J9ie) Gl (a2 3550 logeisid e Sk (Se) Glacglds ;ly g adly 1) (S5 g (g E95 Cnpidn S plS
Slao gm0 yolatods Mol § Gl sl i (o3 Giingid Cos pu g ogs 3)Slas 13 059 Slio (pl (YL g9 ()
Jsb 5 159y ) oS 3—aSlied Gliee gyl (e oSy U jgy 2 pils (Slio (il )3 S o0 o] 8 gl
ke 5 (S5 Ol pl 5 Clice ool it (gylak oo Lis Wl o o oy (L ) £9i5 (1S oS e Sy
5 sy Yl (S5 655 3] (o3 oS ol (s 353 51 (Vb (5 pscdlys logas aslllas 350 Slio (S35 (g5 )3l

A3l o yae gy ol 5l edel Comsas (S wibylg 3 a5 ol S g e Jolize il

S gid Ol (1Silo dws o .4 Jouss
Table 9. Mean comparison of photosynthetic traits

Fwgd cope Mgy el G ol Gl 25 CO2 ol Jde)S Ui 35
(umolCo,.m?s?)  (mol.m?Z™®)  (mmol.m?Zs?) (umol.mol-1) (mg/gFW) Genotype
3
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1.52

2.19

1.49

0.82

161

1.90

2.64

3.89

0.65

1.79

1.39

1.01

2.14

2.78

2.08

191

2.67

2.35

0.89

1.98

1.53

1.90

1.22

1.95

2.28

0.21

0.05

0.04

0.05

0.05

0.05

0.04

0.08

0.06

0.04

0.03

0.04

0.04

0.08

0.08

0.05

0.04

0.05

0.07

0.05

0.06

0.06

0.06

0.04

0.05

0.05

0.02

1.00

0.87

1.04

0.73

0.97

1.03

1.25

1.06

1.32

1.28

1.39

1.49

1.13

1.43

1.38

0.17

359.67

351.00

380.67

387.33

361.00

340.67

342.67

286.00

381.00

319.67

338.33

368.33

351.33

331.00

346.33

335.67

324.00

343.67

382.33

346.67

359.67

360.00

362.00

338.33

335.33

17.72

35.00

35.37

38.32

35.37

32.90

36.60

37.07

33.57

34.20

35.27

34.20

36.37

36.63

39.37

33.67

38.27

36.65

33.57

37.50

32.53

33.50

35.12

30.70

31.55

29.67

1.74

Sl ()b
Orange Strawberry
ELA R
Orange Banana
Lyl
Arya
S yel Sle )l
Cherokee purple
250l (S
Black Beauty

) [Cadb)
Paul Robeson

o SLESES
Dark Gaaxy
Slodilass 5,8
Gezahnte
NER
Pineapple Tomato
o b
Violet Jasper
bl G)5e
Thai Pink Egg
Lle
Maya
1,
Rock
ObesS (e
Local Kerman
Si9
Tomato Banana Legs
gy el
Lucid Gem
Vo)
Black Krim
Ol g
Super stone
JE S 9
Super Crystal
S Row
Super Queen
$Sbge
Monaco
L E e S
Orange Beauty
Log,aily
Ponderosa
Faigh
Tondino giallo
F23)ls5
Cuor dibue
LSD

Slaus OJI w] ;uf..\a.w) L)a) Jl..\:;a)w?d sy ‘°9“°L§’u)9 090 .)).ilo.c 09 uJ'LO...o le) ‘_g):..bwl)9
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Table 10. Mean, phenotypic and genotypic variance, phenotypic and genotypic
coefficients, and broad-sense heritability of the studied traits

5 o oy S E95

i el RERW 55 el . ,
uﬁé:;éie;nse 7 Phenotypic Genotypic L;;1')::00” |::5 Ué::r::w |)<:5 oo -
L coefficient of varia  coefficient of vari - typ - typ Mean Traits
heritability nce ance variance variance
96.36 30.84 30.28 43.84 42.25 21.47 X1
86.55 22.10 20.56 15.75 13.63 17.96 X2
99.05 48.79 48.56 42833 42425 424.2 X3
98.51 49.13 48.77 169.3 166.8 26.48 X4
96.33 30.86 30.29 3.77 3.63 6.29 X5
89.18 25.19 23.79 75.53 67.36 34.51 X6
86.27 22.71 21.09 48.93 42.21 30.80 X7
97.20 10.60 10.45 270.8 263.2 155.2 X8
82.89 7.35 6.69 6.59 5.46 34.92 X9
80.07 6.92 6.19 584.8 468.3 349.3 X10
86.81 22.76 21.20 0.079 0.068 1.23 X11
60.955 29.093 22.714 0.000 0.000 0.052 X12
96.848 38.685 38.070 0.520 0.503 1.86 X13
87.780 12.071 11.309 11.977 10.513 28.67 X14
56.780 22.509 16.961 1.099 0.624 4.66 X15
90.671 16.865 16.059 11.862 10.756 20.42 X16
83.782 16.742 15.324 4,621 3.872 12.84 X17

02 XT ((MM) 0500 Jobo X6 5 o wlS 3luss 2X5 p)5) 0900 ST (459 XA (W53 45 p,5) gm0 3,Sas :X3 &gy )3 00 s :X2 (igy > S5 sluws X1
{mMmol.m?s?) 5,5 ol50 :X11 (UMOIC0.MOI) (414555, 125 CO2 lse :X10 (MAIGFW) g8 a0 X9 Shuaoy b g, 5lass X8 (MM) 0950
Sy oye K16 (CM) Sy Jobo :X15 (CM) S yo Sy Jobo X14 (UMOICO2.MZS?) 5ot ey :X13 ((MOLMZST) lassg, colan :X12

b 4y olaws X174 (CM) S o

Ol ]y e Slao oy dally o (K425 0 (5] 9 s (Simrad iy adlas 10Uo bl

55 w3 6lS ol 3155 el 5 3gse i) 93 |y (siandy) el Blgi_a cmd o
St (Stapod Wl 455 5 545 5 S 50 S Jsbo cogen dlani b J5 ol a5 (V) Jgi2) o> (U5 (i (e il
Sasie g (b (Sisad 090 Jsbo g 090 ST (159 sl Culid ogne yoye b o (pl &5 Jb 3 ) (5l gime
o903 (159 b 0gpe 3o (Ko oy (i (Ll (ile (S 0500 Jobo 9 0950 ST (159 L ogue dlaai 0> (L3
@Yl g Cuto (Stuad 0500 (50 9 Jsb b 4S5 0gMe og0e ST (39 v i ige oge (26 9 Jsb ol 5l w9 092

Nuwod 5 S 30 Sy oo b e Siuwad S pwlS ol 0 ()l (g5 sixe g bawgie (St 1 S pnlS oliss b il

sy
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CO2 o 5 090 oy b Custo (Kised ogse Jsbo (OZLUIK 2022) sls L5 ogse Jsbo 5 (Shwwoy b joy 3l b custo
(Shuod 5 po Sy Jobo ety @l xSy G L o gine g (ile (SKhumad 0900 (5)e oS (Jb )30l (Lt laijey
B 4o p ol 5 R b b sne 5 Cute (Siuod S50 S 2)5 9 Jsb O L (S U g ol b ite
pxl slp 1) y99 & Conl S > (ol oSy Jg IS ols (Lis Speed Job b (e (Stuasods J:39)IS7 (e il
YL ylade )l 5iwgid 55k Sl (G35l Mg 5 595 0l )3 ol QUIE L ceniitins dlasly Jidg)IS Jlade S (o0 Qo iyt
S g (i (Siaad slj9) 2 CO2 ie ol jiwgid plosl 5 598 Gl )3 ol VL (2l oniadlis L)l
29 Ll sljey colim b (oYl g Cute (Sten §y55 Glire g ol 05y 2 g Si0 Sy )8 GRwg o p b
sgr90 CO2 Jlade oximdlis (glaijoy 2j CO2 jladie oy (i s cos poo b (g)bsine 9 Cute (Sirod (51439, Cuolin
odlizwl g CO2 Yoo Cila dme & (adls () b ol 2945 o o3lit] jiuwgid gly &S Cunl Sy sladiey pj (clad )
136 CO2 sl )81 onliwl b s yials saimlis wlgs oo 5YL oline a5 Jbo p0 ol jiiwgd anld 1> o xpw

.(Rangaswamy et al. 2021)

S5 039 (VY Joda) cuisly e o YU b Siawads 5 0lis b ogee dliss a8 0l s Si55 (Snod oy

Oia b cute [ Siunod Syl slaas by LS om0 dliss 5 5 dlied b Ldie  Siinod g 0500 ,Sloe b Cutio | Siausods 0900
wge 2os b Cute (Stran g ogeo 9 J5 3l b (ile (Stuan 090 Jsbo (Cubld 0gp0 3aai b (ke (Siaon g 0500 S5
o90 Jsbo 9 0900 S5 (g om0 2,8os g 0gme 40)5 (i St (Kot (V) Jgaz) 3> (Ui S yalS 5las g 0900 ST (9
Sy U 5o, sl (Javed et al. 2022) s ¢l 15 ogee das b ogee oy e (e a5 Jlo > L5 sanlie
oo S5 g b (hte (Stumen 9 J5 2 L Cute (Strer <S50 Sy Jobo 0 LS S pnlS bl b ke (Sthen
wo s A i ey Colam g Judg IS e b Cutte (Siwod S ped Job 0 Hlis  Siuw) U 5o olis 9 S puwls slass
s cudly glaizay 25 CO2 olzee 5 (Swesy b gy ol b (ghie (Shisod 5 <8 po S Jgbo b Cute (St 5 p0 S
039 b (e (Stumen & (b )30l LS S50 S (20 9 Job (iiwgid Gy (50l L Cute (Stansor @b a5
2Bl ()l e 5 e (Stuad 0300 Jsbo b shS59) 25 CO2 gliee 29 11> sl 125 CO2 lin ogin 420 0gue S5

(0 Jgie) casl Sy slodis) sl 51 Ol g p Jolds 3y b ol (gl sime g it (Suad J5 25 b 35 30
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Table 11. Phenotypic correlation (below the diagonal) and genetic correlation (above the diagonal) between the measured yield, morphological,
and photosynthetic traits

x1 X2 x3 x4 x5 X6 X7 x8 X9 x10 x11 x12 x13 x14 x15 x16 x17
x1 1 0.65™ -0.23 -0.49™ -0.36 -0.46" -0.54™ -0.33 -0.18 -0.22 -0.44" -0.55™ -0.16 0.44" 0.01 0.33 0.52™
X2 0.63" 1 -0.20 -0.49™  -0.46" -054"  -0.40" -0.18 -0.34 -0.18 -0.14 -0.35 -0.07 0.32 -0.29 0.32 0.32
x3 -0.22 -0.20 1 0.87™ 0.27 0.71" 0.79™ 0.06 0.16 0.27 -0.18 -0.19 -0.31 -0.18 -0.05 -0.05 -0.34
x4  -047° -0497 0.877 1 049" 087" 0.80™ 0.28 0.20 0.38 -0.19 -0.06 -0.32 -0.43" 0.05 -0.30 -0.53™
x5 -0.36 -0.43" 0.26 0.49™ 1 0.63" 0.38 0.64™ 0.04 -0.08 -0.16 0.10 0.13 -0.51™ -0.02 -0.27 -0.21
x6  -0.44" -053" 0.69” 085"  0.617 1 0.78™ 0.35 0.23 0.44" -0.20 -0.02 -0.27 -0.29 0.17 -0.22 -0.31
X7 -0.50 -0.38 0.77 0.78 0.35 0.77 1 0.09 0.35 0.34 0.17 0.24 -0.15 -0.25 0.10 -0.16 -0.54
x8 -0.32 -0.18 0.06 0.27 0.64 0.34 0.08 1 -0.17 0.12 -0.02 -0.05 -0.10 -0.59 -0.36 -0.40" -0.26
x9 -0.20 -0.29 0.11 0.16 0.04 0.18 0.32 -0.16 1 0.11 0.03 0.21 0.03 -0.09 0.56 -0.39 -0.29
x10  -0.20 -0.17 0.26 0.37 -0.05 041 0.32 0.11 0.08 1 -0.15 -0.12 -0.90 -0.27 0.11 -0.41 -0.55
x11 -0.22 -0.13 0.01 0.01 -0.24 -0.18 0.16 -0.28 0.28 -0.12 1 0.96 0.45 0.16 0.14 0.18 -0.10
x12  -0.49 -0.28 -0.17 -0.05 0.09 -0.01 0.20 -0.04 0.22 -0.12 0.67 1 0.29 0.17 0.49 -0.01 -0.15
x13 -0.21 -0.02 -0.18 -0.17 0.24 -0.15 -0.07 0.01 0.12 -0.81 0.21 0.52 1 0.38 0.17 0.37 0.45
x14  0.40 0.30 -0.16 -0.40 -0.53 -0.25 -0.20 -0.57 -0.08 -0.22 0.23 0.04 0.10 1 0.38 0.86 0.68
x15  -0.04 -0.18 -0.03 0.09 0.02 0.24 0.12 -0.32 0.53 0.16 0.27 0.30 0.08 0.33 1 -0.07 0.02
x16  0.32 0.31 -0.07 -0.29 -0.28 -0.21 -0.15 -0.36 -0.38 -0.44 0.14 0.01 0.26 0.79 -0.12 1 0.64
x17 048 0.28 -0.32 -0.51 -0.22 -0.30 -0.51 -0.27 -0.28 -0.53 -0.08 -0.13 0.30 0.58 -0.03 0.60 1

o pd SO e 53 )l pxe T oD gy e )0 D we ¥
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Table 12. Results of path analysis for different traits with fruit yield

X1 X2 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17

X1 -0.097 -0.061 0.045 0.035 0.043 0.049 0.031 0.019 0.020 0.021 0.048 0.020 -0.038 0.004 -0.031 -0.046
X2 0.25 0.41 -0.20 -0.17 -0.21 -0.15 -0.072 -0.12 -0.068 -0.051 -0.12 -0.006 0.12 -0.075 0.13 0.12
X4 -0.70 -0.73 1.50 0.74 1.27 117 0.40 0.24 0.56 0.010 -0.078 -0.26 -0.59 0.14 -0.43 -0.77
X5 -0.068 -0.082 0.094 0.19 0.12 0.067 0.12 0.007 -0.009 -0.046 0.018 0.046 -0.10 0.0042 -0.052 -0.042
X6 0.11 0.13 -0.22 -0.15 -0.25 -0.20 -0.086 -0.045 -0.10 0.045 0.004 0.038 0.065 -0.062 0.054 0.077
X7 -0.050 -0.038 0.077 0.035 0.076 0.10 0.008 0.031 0.031 0.015 0.019 -0.007 -0.020 0.012 -0.015 -0.050
X8 0.047  0.026 -0.040 -0.095 -0.050 -0.01 -0.15 0.023 -0.016 0.040 0.006 -0.001 0.084 0.047 0.054 0.040
X9 -0.041  -0.059 0.033 0.008 0.036 0.065 -0.032 0.20 0.017 0.057 0.046 0.025 -0.016 0.11 -0.079 -0.057
X10 0.12 0.10 -0.23 0.030 -0.25 -0.19 -0.066 -0.049 -0.61 0.075 0.070 0.49 0.13 -0.099 0.27 0.32
X11 0.077  0.045 -0.002 0.086 0.063 -0.055 0.098 -0.098 0.044 -0.35 -0.24 -0.073 -0.083 -0.097 -0.051 0.029
X12 -0.27 -0.16 -0.029 0.05 -0.008 0.11 -0.024 0.12 -0.064 0.37 0.55 0.29 0.021 0.17 0.007 -0.071
X13 0.15 0.011 0.13 -0.18 0.11 0.049 -0.006 -0.087 0.58 -0.15 -0.38 -0.72 -0.074 -0.060 -0.19 -0.22
X14 0.29 0.22 -0.29 -0.38 -0.18 -0.15 -0.41 -0.056 -0.16 0.17 0.027 0.074 0.72 0.24 0.57 0.42
X15 0.015 0.07 -0.04 -0.009 -0.098 -0.050 0.13 -0.21 -0.065 -0.11 -0.12 -0.033 -0.13 -0.40 0.049 0.014
X16 -0.14 -0.14 0.13 0.13 0.097 0.070 0.17 0.18 0.20 -0.065 -0.006 -0.12 -0.36 0.056 -0.46 -0.27
X17 0.087  0.052 -0.093 -0.040 -0.055 -0.092 -0.050 -0.050 -0.096 -0.015 -0.023 0.054 0.11 -0.006 0.11 0.18
Js -0.22 -0.20 0.87 0.26 0.69 0.77 0.061 0.11 0.26 0.012 -0.17 -0.18 -0.16 -0.029 -0.065 -0.32
e il -0.097 041 1.50 0.19 -0.25 0.099 -0.15 0.20 -0.61 -0.35 0.55 -0.72 0.72 -0.40 -0.46 0.18
psiiane el 3 -0.12 -0.61 -0.62 0.074 0.95 0.68 0.21 -0.091 0.87 0.37 -0.72 0.54 -0.88 0.37 0.39 -0.50
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