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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.

Keywords: Broad-sense heritability, genetic and phenotypic correlation, path analysis,
phenotypic and genotypic coefficients.
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Cultivation Type Growth Habit Genotype Type Origin Supplier Genotypes
alxls Sgacels ©s 5] S (3 @Sl ()0
Greenhouse Indeterminate Cultivar USA Fardin-Kesh Orange Strawberry
alls Sgazals ) 5] S 0 @l 550
Greenhouse Indeterminate Cultivar USA Fardin-Kesh Orange Banana
PHES(S Sgase PN olpl-aS s CiS (0,8 L...)’l
Greenhouse Determinate Local- Cultivar Turkey-Iran Fardin-Kesh Arya
wlls Sgae ) L% S (3 S
Greenhouse Determinate Cultivar USA Fardin-Kesh Cherokee purple
FHES (S Sgazals Cultivar 43, L] CiS o y8 S\ el (S
Greenhouse Indeterminate USA Fardin-Kesh Black Beauty
bl Sgizee ) ) S (3 Vs
Greenhouse Determinate Cultivar Russia Fardin-Kesh Paul Robeson
bl Sgizee ) Lg% S (3 oy SLESeS
Greenhouse Determinate Cultivar USA Fardin-Kesh Dark Gaaxy
PHES(S o5w.LI ,‘,5) OL@J-‘ &_4»«5 o8 Jsailiis a3
Greenhouse Indeterminate Cultivar Germany Fardin-Kesh
Gezahnte
S5 Sgazals o5, LIy ! —ail 3 5,5 L5 Sl
Greenhouse Indeterminate Cultivar France-ltaly Glass-Garden e
Pineapple Tomato
S gl w5) 5 Wl (s5,9le8 o b
Greenhouse Indeterminate Cultivar USA keshavarzionline Violet Jasper
e 3gazxals ) RO CiS oy @bl 90
Greenhouse Indeterminate Cultivar Thailand Fardin-Kesh Thai Pink Egg
“lls Sgazeals ) ket bl (g5 5la8 bl
Greenhouse Indeterminate Cultivar Chile keshavarzionline Maya
FHEALS Sgazeals o3, aads T g 5,9La8 s,
Greenhouse Indeterminate Cultivar Netherlands keshavarzionline Rock
s Sgazmel o5 ol ol (5558 oo (e
Greenhouse Indeterminate Cultivar Iran-Kerman keshavarzionline Local Kerman
“lls Sgazeals ) L oD ol 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 ) ) SS9 3 Vo9,
Greenhouse Indeterminate Cultivar Russia Fardin-Kesh Black Krim
wlls Sy ) 55 4l CAS (nd el g
Greenhouse Determinate Cultivar USA Fardin-Kesh super stone
alxls 9oz w5) 55 4l CAS (nd Jlews)S 19
Greenhouse Determinate Cultivar USA Fardin-Kesh Super Crystal
Al RYRE ) (5 5] ROLET S g
Greenhouse Indeterminate Cultivar USA Glass-Garden Super Queen
“bls Sgazels ) 2kl kT (sl $SUse
Greenhouse Indeterminate Cultivar Thailand keshavarzionline Monaco
alls Sgazmels S Lt T (s5,5le8 b Ee o5
Greenhouse Indeterminate Hybrid Italy keshavarzionline Orange Beauty
PHELS Sgazals Ay e (WICH] Ce d Sk Lusg sty
Greenhouse Indeterminate Hybrid Italy South Seed Bank Ponderosa
PHELS Sgazals Ay e (WICH] Ce d Sk PYERYY
Greenhouse Indeterminate Hybrid Italy South Seed Bank Tondino giallo
PHELS Sgazals Ay e (WICH] olydy 500,158
Greenhouse Indeterminate Hybrid Italy Bzaram Cuor dibue
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Table 2. Expected Mean Squares of the Analysis of variance (RCBD design)

Syt gie
E(MS)
S.0.vV
S

53 * gdﬁ I(Srl)ocksle
2 2 (g) Gy
8e +19g Genotype

&2 Error (e) s

E il pd 9 Gy 159 il ly Tl ladge 3 .Y Jgaa

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

J?")é 019;:—
Vg= MS,~MS Genotypic variance _.ss; _ulb,lg
Ve= MS, Environmental variance  lesw bl
Vp= Ve+Ve Phenotypic variance _.sgé bl
Hy= \\/]—G Board-sense heritability _egec (5 dlyg
P
Phenotypic coefficient of variance  ..5ss s45 <o
% PP E9S o po
CVp= \/; x 100
CVe= Y28 x 100 Genotypic coefficient of variance .55 gs5 cuys
X
CVEzﬁ % 100 Environmental coefficient of variation _Jleswe 55 oo
AT
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Table 4. Analysis of variance for yield traits

ope 02y oo Jib ope S5 gy ogedSlas i pogeshy
Fruit Fruit Single fruit Fruit No. of fruits 3l SOV
width length weight yield plant Df o
1.54m 0.81™ 2.19™ 319.9™ 0.48™ 2 (I’) Sk
Block
Kk ** Kk Kk **k (g) %.933
133.4 210.3 502.8 127685 43.01 24 Genotype
6.72 8.17 2.52 408.00 2.12 48 Error (e) Las
Sy o
Coefficient of
8.42 8.28 6.00 4.76 8.10 -

variation

Gl me pae NS o> S o )3 4 (dime *F o> g a3 Iy (e ¥

*and ** are significant at the 0.05 and 0.01, ns is non significant
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Table 5. Analysis of variance for morphological traits

a8y dlaws 2 S5 oluws s
A Sy ooy Jsb Sy dsk sy, e LB7Y) oy
Number Sy S o Sy Number Nu)r;Ber P B abe
of Compound  Petiole  Compound of Days to S.0vV
. of . Df
mature leaf width  length  leaf length  flowers maturity
sepals
leaflets per plant
2.68™ 1.60" 0.02m 0.22™ 0.05™ 0.01™ 5.92™ 2 (r) Ssh
Block
~ R N N ~ R R (9) w955
12.36 33.37 2.35 33.00 1283 1104 79727 24 Genotype
0.75 1.11 0.48 1.46 1.60 0.14 7.57 48 (e) L
Error
5.22 7.17 14.80 4.22 5.88 5.91 1.77 - Coefficient

of variation

G e pae NS o> S g )3 4 me K oy g e )3 Iy me ¥
*and ** are significant at the 0.05 and 0.01, ns is non significant
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Table 6. Mean comparison of yield traits

o902 ) ogen Jobo (@) o9 <S5 339 Gy 3 ogpe 3 )Shos Gy 5 ogua A5 (:Slie .
(mm) (mm) Single fruit (9/plant) Number of fruits per Gehé}i;pe
Fruitwidth  Fruit length weight Fruit yield per plant plant
42.20 55.82 55.17 715.00 13.00 @l (b
Orange Strawberry
24.73 40.91 27.30 446.67 17.00 @l $5se
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 el (e
Black Beauty
26.35 3037 21.47 248.67 2167 Vs
Paul Robeson
24.05 31.86 15.97 175.33 14.33 o S
Dark Gaaxy
28.31 29.86 12.40 210.33 17.00 SIS 58
Gezahnte
4361 52.26 58.60 1068.33 18.33 G
Pineapple Tomato
21.24 20.80 26.10 573.67 22.00 o b
Violet Jasper
23.54 32.83 11.73 224.00 19.33 “5*“‘ <oy
Thai Pink Egg
28.84 28.78 27.10 388.00 14.33 bl
Maya
3352 32,55 3413 477,67 14.00 =b
Rock
37.86 33.60 29.17 495.00 17.00 oo e
Local Kerman
23.08 27.83 12.97 264.67 20.67 S0
Tomato Banana Legs
34.32 34.07 22.13 470.00 21.33 U“’"?_) ool
Lucid Gem
41.93 44.45 44.67 74333 16.67 v e
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 Jor 5 g
Super Crystal
33.82 3255 25.40 430.00 17.00 o5 g
Super Queen
31.50 27.65 13.07 347.33 26.67 5Ly
Monaco
32.27 37.97 24.93 462.67 18.67 e Gl
Orange Beauty
25.53 26.40 13.27 345.00 26.00 Losysly
Ponderosa
24.86 26.50 14.13 282.33 20.00 s
Tondino giallo
20.73 35.84 31.37 41333 13.33 =305
Cuor dibue
4.26 4.69 2.61 33.16 2.39 LSD
OA
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Table 7. Mean comparison of morphological traits

PP AN W Spoes Job Sy 2P Js ol Sl G 59,

Number of W S pod 'Compoﬁnd Number of S plS S sy 95
mature Compound Petiole leaf length 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 @Sl ()b
Orange Strawberry
18.00 24.11 5.58 35.44 5.33 25.33 142.00 Sl s5se
Orange Banana
11.00 17.50 5.87 27.91 6.00 15.67 141.00 Al“'
rya
10.33 20.11 4.89 26.66 7.00 16.00 134.00 bl S|
Cherokee purple
11.33 15.55 472 24.22 5.67 20.00 170.00 el (S
Black Beauty
12.33 18.75 453 27.66 6.67 22.00 177.67 )
Paul Robeson
13.00 14.05 5.44 23.22 10.00 17.00 184.00 o S5
Dark Gaaxy
16.67 26.58 5.41 33.49 7.00 21.33 136.67 el o
Gezahnte
11.33 18.24 5.12 2763 6.67 19.67 172.67 G
Pineapple Tomato
13.67 21.41 412 28.30 5.00 34.33 129.33 e ol
Violet Jasper
16.33 22.72 5.28 32.16 6.33 42.33 151.67 5““ <o
Thai Pink Egg
10.33 18.49 441 26.99 5.00 2233 158.00 ML«L”
aya
11.33 18.55 5.44 26.22 5.00 14.67 151.33 R‘ﬂ)k
0ocC
13.00 21.32 6.21 32.74 5.00 18.33 137.00 oo e
Local Kerman
12.67 21.28 5.50 31.74 5.00 22.33 144.33 S50
Tomato Banana Legs
12.00 17.16 350 2533 6.33 22.00 159.67 o3y el
Lucid Gem
12.00 21.66 358 26.83 8.33 17.33 162.67 Y =
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 JEt S
Super Crystal
12.67 16.66 4.16 26.33 5.33 20.00 145.00 o5 g
Super Queen
11.33 2317 5.16 32.38 5.00 31.33 145.00 55Uy
Monaco
14.33 26.24 4.41 31.83 5.33 20.33 160.33 L Ee
Orange Beauty
15.67 2284 3.16 2016 5.00 27.00 156.67 Loyl
Ponderosa
14.00 20.99 274 27.09 5.00 20.33 161.00 tad
Tondino giallo
12.33 22.91 3.41 28.41 8.33 14.00 184.00 5*"’"?5
Cuor dibue
1.42 1.73 1.13 1.99 0.61 2.07 452 LSD
IR
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Table 8. Analysis of variance for photosynthetic traits

el I . -8559, 25 CO2 e )
Furgid Cs Mgy culia G5 Ol Jo)lS Ol 2

. . <! oS ale
Photosynthesis Stomatal Transpiration Chlorophyll (3! SOV
rate conductance rate Stomatal CO, content DF =
concentration
0.07"m 0.0002 ™ 0.01"m 0.17"m 1.02m 2 (I’) Sb
Block
153" 0.0005™ 0.22" 1521 1750% 24 (9) w55
Genotype
0.02 0.0001 0.01 116.56 1.13 48 (e) ks
Error
o pl
Ol yss
6.87 18.18 8.27 3.09 3.04 - Coe“‘;‘fie”‘
variation

G e pae NS o> S g )3 4 me P o)y g g )3 Iy me ¥

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

G955 9 Sl e oyt L)l g b gy pelall closS e (SjbansS a8 ol it (1 Jgie) (5650ke duaylio
Gl 2 ol Jl o g 2l SlsEsl uisis )3 sl59y 25 CO2 cp it 35 15 1) idolS jlade (o 2aS 503 )8
Iy B3y Oliee oy 00 L3 Hloailiin 3o,8 Cuigif |y Cie pl Jlade (pyieS &S Jb 0 A sl o b 55 pow
P Wb 1) Cimo cpl e op oS (i b cig) & Jl 5o w00l (L il pgw g plo)S (e ST, slacss)
@ jo G cpl e (nyieS g A8 edallie S g o) SLASRS (g le)S (o ] 0 Mg, Colaa (pyiin
Syl GIsE)) s 9 (ol Gl g s g8 Coopus oty Y0 S8 g by Bl ik o g
Lol L 1y Hlade oy eSS
2l 3l e ($5998590 laio jlai 1 Joailiin 508 (il 9 (63,Shos Sliio a5l bl gy IS ooty
93 b3 31 byl iy Lol s ool a5 WS b i Slio S’ )l 5l a8 o] (i 928 Slio Jlas I 00y i)
oy 3 b lagadgf ol 4 Conns (g (99,8kae Dl o o o BUT cedgil 292 b Sl 5 (g5t 528 o
Jypame 3,Slee blod jl ST cuigii ool Yl g Ll lacaig) plo & s syt slaijgy 25 CO2 g jiiw b jia8

5 Olg o Mol sladali py Bam s ditns oy oo Hhaids o ity )] ) (St g8 @olie 3l odlitn] ] )8 Lol ] 5y

s.
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dalgs o Lo 4535 o UUT o] e gm0 ,80os 3900 (sl 205 (6500 00 (155b5 sl JSs & cilises (slacasigi
Sl glaisa wlg5 oo s ol el (g e QL 0165 5008 g (STglgd)ge Slao Doy sl &5 Jbb 3 0
d9i8c 5 (S35398y90 A S5 e gmao 3, Skas ljal Bun ST ofga ig b eslitul ST LalS (salpa sladsly (sl
8l (g5t sla Sy
S5 Ol caa ol pls el (oS (sladisS 3 (Mol Slalllas ol (S5 £95 18 e Sl )9 9 £955
O ol 4y Pl s 5 e 35S (9, 9 e (S5 €95 Oljee b Il Ol Sl 9 Y 5 Shas ¢ iculio pB)l ol
93, gyl oldls (Swsly b e (Siwwed ol lolS g4 4S5l 4 4565 b (Annicchiarico 2015) s4e
oS ) (63bj (Suif g5 culpli fload (egiio slagyj sgb Cglite are Lulyd )3 e o Jle (b (ol plals
M| i 2939 (Nay et al. 2023) 31> sgag 2 o sy oLl in Cilisee (clagaddl )3 a5 alS o35 G 3
0950l sl 03903 Jodn |y Jpase (nl Cuner S5 4 bgiye Clillae (55542 95 Cumo 313l (s 53 0315 (S
dadllae o sy jlas )5 glual anll ol gl (So3glsdiee 9 (isid SRS el p (i sS pMol (ladaliy Sy
Co g g oo S8 Bl oS 05 ok das b &5 3 )Sles il g 3)Shes aiile oS Clio 35k I (S g9
st <S58 yge liio g o S 3910 (35 Mz By 5l o &S e | Slio )5S o At 2 Laome 315 b
Slp (K55 £95 g2y e (o0 41,8 03l |13)50 (S5 85 alox I Cilisee (LS 53 (S5 £95 Oliee e Sln e 9
g0 Gl 4 pladl lao oyl (gl 5L 050 bty i bl o g8 oo iiwigis op 3l 48T M o i cilisee a0

.(Ghotbzadeh et al. 2015)

i g 0gue S 459 0gue 2,Slos Giweid sy (5 dli Glao oS e o Lis adllae oyl 5l ol il

Jos2) Can | (g s 3)90 slacisl) Olee 51k (S5 lacglds ;Silo g 4l I3 1) (S5 9 (igid g9 (i Sy
oo dgue yolatods Mol § Lol sl cuslio (08 Griwgid Gy g 0gp0 3)Slas 3 ofag Slao (ul (YL g5 ()
Job 9 1959y 25 S S1ied ie (B9 )8 (e ¢ Sy U gy 3las s (Glivo (Jllie )3 08 (o0 ol 3 gllas
ke 9 (SiBi Olys ply > Slas (pl i (gylub saimy s Slgs o a8 wsly Lii 1y g0 o yieS Sype S
5 Wi (oYU S5 a5 51 ool a5 ol Lt 55 51 Vb (5 ysducdlyg loges dlllas 5500 Wl 50 (gm0l

A3l o yiae gy opl 5l edel Comsdy (S wilylg p a8 conl Sj g basme Jolie <l

)
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Table 9. Mean comparison of photosynthetic traits

Fwgd Cep Mgy ol Gy lie sl 25C02 ol Jdg)S e 595
(umolCo,.m?s?)  (mol.m?s?)  (mmol.m?s?) (umol.mol-1) (mg/gFW) Genotype
152 0.05 1.00 359.67 35.00 @l (b
Orange Strawberry
2.19 0.04 0.87 351.00 3537 @l $5se
Orange Banana
1.49 0.05 1.11 380.67 38.32 L
Arya
0.82 0.05 1.06 387.33 35.37 @l S|
Cherokee purple
161 0.05 1.10 361.00 32.90 el (S
Black Beauty
1.90 0.04 1.01 340.67 36.60 Vs
Paul Robeson
2.64 0.08 1.43 342.67 37.07 o LSS
Dark Gaaxy
3.89 0.06 127 286.00 3357 SIS 58
Gezahnte
0.65 0.04 1.04 381.00 3420 G
Pineapple Tomato
1.79 0.03 0.73 319.67 35.27 E ok
Violet Jasper
1.39 0.04 0.97 338.33 34.20 ‘5“‘“‘ oy
Thai Pink Egg
1.01 0.04 1.03 368.33 36.37 Ll
Maya
S,
2.14 0.08 1.76 351.33 36.63
Rock
278 0.08 175 331.00 39.37 OlesS (e
Local Kerman
2.08 0.05 1.25 346.33 33.67 S0
Tomato Banana Legs
191 0.04 1.06 335.67 38.27 o) bl
Lucid Gem
2.67 0.05 1.32 324.00 36.65 ey
Black Krim
235 0.07 1.72 343.67 33.57 ol g
Super stone
0.89 0.05 1.27 382.33 37.50 JEs S g
Super Crystal
1.98 0.06 1.28 346.67 32.53 o5 g
Super Queen
sSUse
153 0.06 1.39 359.67 33.50
Monaco
1.90 0.06 1.49 360.00 35.12 e Gl
Orange Beauty
122 0.04 113 362.00 30.70 Loyl
Ponderosa
1.95 0.05 143 338.33 3155 s
Tondino giallo
2.28 0.05 1.38 335.33 29.67 W)'?S
Cuor dibue
0.21 0.02 0.17 17.72 1.74 LSD
I41
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9 Caw | dn gl s & Olae ol W] w3l sdims L3 YU (g pdacdlyg 1y cdd o il38l sV | gladsly o 1)
Mol g bl 3 Jless! slacudgiome ;o Klgi o pol ol 45 25,5 0 )8 daes Jolge 5l oyt 1l cod iomby
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Table 10. Mean, phenotypic and genotypic variance, phenotypic and genotypic
coefficients, and broad-sense heritability of the studied traits

B edl A.r“"?‘s &9"5 W)" é‘b} f?" %)‘9 - .2 5Ly 5Lyl _ .
U‘I;;I rfif;e;nse ”? Phenotypic Genotypic “g;::o‘tyydp})ca Gé:r)] c;;pl)g oSke olas
heritabili coefficient of varia  coefficient of vari - . Mean Traits
eritability 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

e X7 ‘(mm) ogu0 J9]o X6 ‘KHL{ laws :X5 ‘((a)f) 0gu0 <5 039 X4 .(43'9.3 2 (a)f) ogu0 JI&.LQ:_ X3 A )d ogre slass : X2 g ) Jf slaws X1
(Mmol.m?s™) 5,0 e :X11 (MUMOICO2.MOl) (sla559, 5 CO2 ljse X10 (MYIGFW) Judg S ise X9 ¢ Sy b g, slass X8 (MM) 0950
Sy oye X16 (M) S oo Job :X15 ((CM) S yo Sy Jobo :X14 (UMOICO2.MZS?) 5ot ey :X13 (MOLMZST) lassg, colan :X12

&b a8y olaas X174 (CM) S o

Ol 1) il Glao o alal) &5 (5,840 65 ) (9] 5 (g (Niumed ol o adlllae ol "94',9)
S oalyd olS ol (ool e Mol g gty ey |y (gioud )yl CleMbl Wlgi o s o

Cuto (Sturod @b 455 5 ol 9 8 o S Jobo cogpe dasi b J5 3haad &5 (V) Jgaz) 3> L5 (51558 (o clps

S Gxe g s (Siuwed 0510 Jobo 5 0500 ST (i «sldijsy Colid g By b o pl a8 S 0 )y (g)b xe g
Y
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Vb g Gt (Stuad 050 (50 5 sk b 4L 2 0gMe o500 S5 (g idgr se ege 120 5 Jsb ol Sl e g 292
Nuod 5 S 30 Sy oo b i Siuwed S pawlS ol 0l )l ()00 xe 5 lawgie ( Situen 0 S powlS olas b cuily
CO2 (iwo g 090 oy b Cuto  Siunsed ogne Jobo (OZtUNK 2022) sls L5 ogse Jobo 5 (Sitwwoy U g ol b o
Ssod S 0 Sy Jolo Culy @l aS S byl e g (i (Ko 0500 (20 85 (Jb )33 (LS 1559, 2
Bl @S ol 5 R L )b dne g Cute (Stumod S ye S g2)s 9 Jsb 3 L (Swy U g, ol b (ite
Lol sl 1) y9 &S Canl S 0 5> (ol (Lo Jd9)l8 b (lis Spsed Jsb b (ite (Ston J89)l8" e il
YL Jhde )y jiwgd B)b 5l (G55l W g )8 Gl )3 olS Ul b (seritune daily Jidg IS e A oo il jiungid
EPsine 5 (e (St glijsy 25 CO2 (i canl Jiawgd ploxl 5 y58 il 53 obS VL (S osima L5 Jids IS
Dy D> ey colia b (oVL g Cute (Stumed 35 (e 9 Sl @ G g (S pe S (o) g S p b
3290 CO2 jlaide saimd lis (glaje; 25 CO2 Hlude oy lis jitwgd ey b (610 dze g Cuto  Siused sla54, Colin
odlitwl g CO2 YPgo wds dme & adls oyl ol oylise gu5 oo odlitw] jiiwgid (gly &S Cunl Sy sladije,y ) (sLabd jo
13l CO2 1ol oslizl | s ,ialS sxims slits Slgiee pYb olise 4 Jb 55 el 52tgtd sl )5 o] gupm

.(Rangaswamy et al. 2021)

S5 iy (0 Jg) bl (e 9 YL L (Stsods 5 3hai L ogin Sl o8 53> (L5 (S5 (Stran Gl o

059 b St (St S puwlS dluss 3l (LS o400 dliad 9 JS Sl b bie ( Siod g 050 3,8as b Cutto (S 0500
g0 3)Slac b Cute (Stusod g 000 9 J5 2 L (hie (Stuod 0900 Jobo il 000 2aai b it (S g 0900 S5
o0 Job 9 o950 S5 (39 0gme 3)Sdec g 0900 (25 (i Custe (Samod (V) Joi2) 3> (LS Spul8 0l g 0900 ST 5
Sy b9, ol (Javed et al. 2022) s el 55 ogee x5 b osgee (oye e (Stumen &5 Jb )3 1D sanlie
osn S5 (3o b aite Kiummon 3 J5 oae3 b Cte Stuumos Sy 5 g 313 L5 5 plS 3l b iste | Sson
02 A LS gl Calan g J39)lS (liae b e (Stseds S pned Jobo 3> (Lt (Sasy U g 21asd 9 S puasls slass
a5 als Gliigy 125 CO2 hine 5 Seasy B 395 35 b e Sawmods 5 Sy 5y Jgbo b Crto Ktuusots S yo o5
039 b (ite (o & Jlo 533 (LS S50 S 550 9 Jgbo (jiinogtd Gy o JS S L e (Stsen b 45
Bl (5l sine 5 Custe (Siuan o500 J5b b glaij) 25 CO2 Gliee 292 1> slaijey 25 CO2 Glje 0gie (258 000 S5

(0 Jgie) sl Sy slosisg) Byl 51 Ol g p Jolds 3y b ol (gl sime 5 (it (Stuad JS 2l 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 1 065"  -023 -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"  -0.54" -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 0.717 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 087" 1 0.49™ 0877 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™ 0.85™ 0.61™ 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 0.41 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 040 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 S e 3 B xe T oD g pdaw ) I ae ¥
*and ** are significant at the 0.05 and 0.01

(MGIGFW) Lidg)lS" l500 X9 ¢ Sduuwy b 95 2w :X8 (MM) 090 (1552 :XT (MM) 0500 Jobo :XB « Syl 3liss :X5 ((p,5) 0900 ST (59 : XA (L1 1> p,5) 0gu0 3,Slos X3 gy )0 0900 dliai :X2 iy ;o J5 olaws :X1
uoye X16 (M) S yeed Job :X15 em) S pe Sy Jobo :X14 (UMOIC0,.MZ8™) 5isgid e pos :X13 (MOL.MZSY) clasjg, colan :X12 (mmol.m?s™) 5,85 50 X11 (pMOIC02.Mol) (slasj9, 535 CO2 ljse :X10
db 48y 2 X175 (M) S po S
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4 oS amd o gL |) Sy sladiz) (o9 a9 5L (e slaijgy colam s (LS IS Sl b e (Sisen g 5)5
23,5 Ll 1, CO2 (55 gn yobas ol sl YL (sl colum (g .S o0 SaS Ol jl5u 3 CO2 ke Wil ol J 8
25C02 glin b (ke (Stuwson Jitwgib Cao pos 105 Gl 3yo5 (e Sliion (pimod Ll S (oo Ko o g8 4
Cuw | )3 i ol S &S and o ltis (gt 928 Sy 3 (LS ) Calan g 35 (liee b St (Sitsod 9 sl
el Jlodle 5 (65 g5 55 gty o) Gline 4 g YL ey a8 s (0a8) ot (<550 4 1) Al jos )5
.(Rangaswamy et al. 2021) 5,5 Jopame 155 1 olS 3, Shae b soubitune b3l yiol )b o]
S 03l st )l Sl Wl oo Ly pl &5 w3 oo LS (igid g (Sui] (Khred colps adllla
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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 0045 0035  0.043 0049 0031 0019 0.020 0.021 0.048 0020  -0038 0004  -0031  -0.046

X2 025 041  -0.20 -0.17 -0.21 015  -0072  -0.12 0068  -0.051  -0.12  -0.006 0.12 -0.075 0.13 0.12

X4 070 073 150 0.74 1.27 117 0.40 0.24 0.56 0010  -0078  -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 0007  -0.009  -0.046  0.018 0.046 010 00042  -0.052  -0.042

X6 011 013  -0.22 -0.15 -0.25 020 -0.086  -0.045 -0.10 0.045 0.004 0.038 0065  -0062  0.054 0.077

X7 -0.050 -0038 0077 0035 0076 0.10 0008  0.031 0.031 0.015 0019  -0007  -0020 0012  -0.015  -0.050

X8 0047 0026 -0.040  -0.095  -0.050 -0.01 015 0023  -0.016  0.040 0006  -0.001  0.084 0.047 0.054 0.040

X9 -0.041 -0059 0033 0008  0.036 0065  -0.032 020 0.017 0.057 0.046 0025  -0.016 011 -0.079  -0.057
X10 012 010  -023 0030  -0.25 019 -0.066  -0.049 -0.61 0.075 0.070 0.49 0.3 -0.099 0.27 0.32
X11 0077 0045 -0002 008 0063  -0.055 0098  -0.098  0.044 -0.35 -0.24  -0073  -0083  -0.097  -0.051  0.029
X12 027 016 0029 005  -0.008 011  -0024  0.12 -0.064 0.37 055 0.29 0.021 0.17 0007  -0.071
X13 015 0011 013 -0.18 011 0049  -0.006  -0.087 058 -0.15 -0.38 -0.72 -0.074  -0.060 -0.19 -0.22
X14 029 022  -0.29 -0.38 -0.18 -0.15 041 -0.056 -0.16 0.17 0.027 0.074 0.72 0.24 057 0.42
X15 0015 007  -004  -0009 -0.098  -0.050 013 -0.21 -0.065 -0.11 012 -0.033 -0.13 -0.40 0.049 0.014
X16 014 014 013 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 0087 0052 -0.093  -0.040 -0.055  -0.092  -0050 -0.050  -0.09  -0015  -0.023  0.054 011 -0.006 011 0.18
Js 022 020 087 0.26 0.69 0.77 0.061 0.11 0.26 0.012 -0.17 -0.18 -0.16 0029 -0.065  -0.32
osiiws gl <0097 041 1.50 0.19 -0.25 009  -0.15 0.20 -0.61 -0.35 055 -0.72 0.72 -0.40 -0.46 0.18
osiis i 5l 012 061 -062 0074 0.95 0.68 021 -0.091 0.87 0.37 -0.72 0.54 -0.88 0.37 0.39 -0.50
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