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Introduction

The success of breeding programs depends on the existence of diversity in germplasms in terms of the
desired trait or traits. Collecting superior watermelons and examining their characteristics provides valuable
resources to researchers for breeding programs. Watermelon (Citrullus lanatus (Thund) Matsum and Nakai)
(Citrullus lanatus) has great diversity in terms of shape, fruit size, fruit skin pattern, fruit flesh color, seed length
and width, and number, the seed in the fruit as well as the quality of the fruit is among its cultivars and varieties,
therefore it seems that by examining the native cultivars it is possible to find desirable traits and use them in
future commercial cultivars for breeding processes. Iran is the most important producer of watermelon seeds.
These nuts not only meet the needs of the domestic market, but are also one of the export items, especially to
Arab countries. Limited breeding efforts have been made globally on nutty watermelons. However, developing
high-yielding and high-quality cultivars can improve water use efficiency and enhance export potential and
foreign exchange earnings. In many central and eastern provinces of the country, nutty watermelons are
commonly cultivated as a second or dry-season crop. Unlike edible watermelons, the yield in nutty watermelon
cultivation is measured by the quantity of dry seeds produced, rather than the fresh weight of the fruit, as the
seeds are harvested for use as snacks. The primary breeding objective for nutty watermelons is seed yield. Other
key traits targeted for improvement include larger seed size, a higher kernel-to-hull ratio, and softer seed texture.
Therefore, due to the fact that it is necessary to investigate the cultivated landraces in each region, the genetic
diversity and capabilities of each for genetic modification and improvement should be determined. This research
investigates the genetic diversity of the indigenous s of Iran through the investigation of morpho-physiological
traits.

Materials and Methods

In order to evaluate genetic diversity and eliminate weak and low-quality landraces in the first generation and
to investigate genetic improvement in the second generation of 10 Iranian watermelon (Citrullus lanatus (Thund)
Matsum and Nakai) landraces by examining growth and seed-related traits, a two-year study was conducted in
Farouj County. Seeds of the landraces Jabani (4 lanrace), Sanbak (4 landrace), and Kalaleh (2 landrace) from
Jovin, Kashan, and Gorgan were separated and collected based on fruit skin color and seed-related traits. Direct
seed sowing was carried out in Farouj County lands using drip irrigation with a tape. Evaluation of 10 local
breeds was carried out in the first year (first generation) in a randomized complete block design with 3
replications and 10 samples per experimental unit. Then, inter-cultivar and intra-cultivar selection was carried
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out among the 10 local breeds with regard to uniformity and especially data on key seed-related traits, including
seed yield and kernel-to-seed percentage. The 4 selected landraces from the first year were evaluated again in the
second year (second generation) in a randomized complete block design with 3 replications and 10 samples in
the experimental unit.

Results and Discussion

Data analysis of the selected landraces in the first and second years was performed as a split plot analysis of
variance. The study of morpho-physiological and functional changes of different watermelon s in the first
generation showed that the s of Stigma 1 and 2 and Jabani 1 and 3 were superior to the other landraces in terms
of growth traits and fruit yield, but in the second generation, Jabani 1 had the best fruit yield in terms of weight
and fruit flesh percentage and can be used as mother s for the improvement of nut watermelon. Also, in the first
generation, the study of traits determining seed quality and quantity such as thousand-seed weight, percentage of
kernel weight to seed, length, width and diameter, and seed coat thickness showed that Jabani 1 and 3 were the
most desirable landraces. In the second year, the Jabani 1 and 3 landraces had the highest seed quantity and
quality and were suitable for cultivation as nut watermelons. Comparison of the two generations of each of the
selected landraces showed that most of the fruit and seed traits improved under the influence of generation, and
the second generation produced heavier fruits with higher seed yield. Also, this improvement in fruit traits in
Jabani 1 and improvement in seed traits in Kalaleh 1 was more significant than in others.

Conclusion

The evaluation of morpho-physiological and functional traits in the first generation of various watermelon
cultivars revealed that Kalaleh 1 and 2, along with Jabani 1 and 3, outperformed the others in terms of growth
performance and fruit yield. However, in the second generation, Jabani 1 demonstrated the highest fruit yield,
particularly in terms of fruit weight and flesh percentage, making it a strong candidate for use as a maternal
parent in nutty watermelon breeding programs. Additionally, the assessment of seed quality and quantity traits—
such as thousand-seed weight, kernel-to-seed ratio, seed length, width, diameter, and shell thickness—in the first
generation indicated that Jabani 1 and 3 were the most desirable cultivars. In the second year, Jabani 1 and 3
exhibited the highest seed quantity and quality, making them well-suited for cultivation as nutty watermelons. A
comparison between the two generations of each selected cultivar revealed that most fruit and seed traits
improved in the second generation, which produced heavier fruits with enhanced seed yield. Notably,
improvements in fruit-related traits were most significant in Jabani 1, while enhancements in seed-related traits
were more pronounced in Kalaleh 1 compared to the other cultivars.
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Figure 1- Comparison of seed appearance characteristics of selected watermelon landraces
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Table 2- The seed characteristics of the watermelon landraces

. aila 152 (339 Al> &1 320 (59 2, i Job M2l Gy Culbus
oo B3 The weight of one The percentage of kernel ’ Seed The thickness of
Seed length
Landrace thousand seeds weight to the whole seed (mm)g width the seed coat
()] (%) (mm) (mm)
‘S\onb;kl’ 179.5¢ 50.02 14.56¢ 8.63¢d 0.40¢%
¥ S 157.9¢ 48.9% 13.86% 7.00¢ 0.38¢
‘Sonbak2’
¥ S 171.6¢ 48/3b 15.12¢ 8.13dcd 0.37¢
‘Sonbak3’
¥ i 149.3¢ 46.6° 13.55¢ 8.35 0.39¢
‘Sonbak4’
't 328.6° 45.2° 2013 1173 0.51b
Jabanil
Y “;u,? , 270.6° 41.6° 18.34b 11.172 0.46°¢
Jabani2
vk 310.40 39.6' 19.998  1150° 0.500
Jabani3’
¥ “’bb 275.2° 44 54 18.38° 10.47% 0.572
Jabani4”
e 158.2¢ 44,6 15.01¢ 8.61 0.42¢
‘Kalaleh1’
e 161.5¢ 45.6% 14.70% 9.30¢ 0.39¢
‘Kalaleh2

(LSD, p<<0.05) 5,55 (g,ls gino cglis duo > iy Jloin] gl 1> LSD 9051 bl pp il so S yidio chyn S5y JBlis a5 ol S5

Lo (ygias o 5> %

* In each column, the means that have at least one letter in common are not significantly different based on the LSD test at the five

percent probability level. (LSD, p<<0.05).
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Table 3- ANOVA (mean squares) for the fruit yield traits of watermelon landraces

ass Jawgio hawgio 039 bwgie 039 bwgio W 5.l
3 s e dg 400 2940 (43 Dga0 S Dga0 CudgS s @ ;
e et 83130 ,:/éra%: A?/ir‘a”z :\jera :’ f\a/era f oy Susd o > b)stw
SOV g ag erag yerag Fruitflesh ~ Fruit ~ Seedyield
df number of fruit weight of fruit flesh ercentage ield
fruits per plant weight fruit peel weight P g y
Ssk 2 0.9* 0.34" 0.15™ 0.09" 55.90* 0.024™  0.000009 "
Block
u&?m Jl}"j
9 0.2m 13.1** 0.18** 0.70** 196.24**  371.27** 0.22**
Lanrace
s
18 0.19 0.27 0.05 0.01 10.23 0.38 0.001
Error
cops
&y 36.32 21.84 21.58 7.40 5.73 1.66 3.1
C.V (%)

il oo duo > S Jlosin ] s 3 I iz g e(5 I3 iro pf 003 LS o 54 FF NS
"sand **: non- significant, and significant at the 1% of probability level, respectively



OV .. byl e (Citrullus lanatus (Thund) Matsum and Nakai) ailguss z3o! o )5es g gobT w5

ailgad Jdowe W15 gm0 3 ;es b fad po Oloo (il duwglio =0 Joua
Table 4- Comparison of the average traits related to the fruit yield of watermelon landraces

slasi bwgio 039 bwgio 039 bawgie o 5.l
. . s E Cawgs S0 yd B 5, Sdes
o A9y 40 dgme O (359 bamwgie dga0 Cowg dga0 CuwigS’ " I
© verage i verage verage & o /
> A Average fruit A A o520 Eruit Seed yield
Landrace number of weight (kg) weight of fruitflesh  Fruit flesh ; ratio
: : : yield (ton.ha'l)
fruits per fruit peel weight (percentage) a1
plant (ko) (ko) (ton-he)
1 VS 1.66%" 3.152 1.13% 2.02% 63.932 52.8° 0.75¢
‘Sonbak1’
2 VS 1.332 3.142 0.95® 2.19° 69.942 42.33¢ 0.55¢
‘Sonbak2’
3 Vs 1.332 2.3%® 0.87%® 1.49%¢ 63.32 31.60° 0.715¢
‘Sonbak3’
4 s 1.662 1.73% 0.68° 1.05¢ 61.00% 28.801 0.53¢
‘Sonbak4’
5 ! @l"l_? 22 2.88% 1.352 1.53%¢ 53.3b° 57.60? 1.412
Jabanil’
6 v @l"l_? 1.332 2.31% 1.17% 1.14¢ 49.9¢ 31.70¢ 1.03¢
Jabani2’
7 v @L% 1.66% 2.77% 1.422 1.35%¢ 49.25¢ 41.51¢ 1.15°
Jabani3’
8 Yo u> , 1.332 2.35% 1.13% 1.23% 52.00%¢ 30.53¢f 0.97¢
Jabani4
Y D 22 1.36° 0.69° 0.67¢ 49.40° 29.42¢" 0.95¢
Kolaleh1’
e . 1.662 1.79% 0.97%® 0.82¢ 45.80° 26.00" 0.93¢
‘Kolaleh2

(LSD, p<0.05) 35,15 (,I5 gixe glis duoy> iy Jloin) aws y3 LSD 9051 (poluol pp sl oo S yiiin G S5 p3 Bl a8 plapSlio gty , 3
% In each column, the means that have at least one letter in common are not significantly different based on the LSD test at the five
percent probability level. (LSD, p<<0.05).

(\i* ') Q92 Jl.w w“w)i )b 4\3‘5.&;} ng}f).g ;rb“’ d&b'f ).:\g ul.ﬁmw (ul:u,.o u;alﬁn) U"“;li)b 4.1)95 -1 Js»
Table 5- ANOVA (mean squaress) for the seed characteristics of selected watermelon landraces in the second year

experiment (2022)
L @y &ls,152 39 W5 & 3o 0539 0 Jsb 0o Cuwldes Cowgy Cwolied
i &le 4 The weight of . ” » ” ”
SOV 83! one thousand Kernel to seed ;
O df weight percentage Seed Seed Seed  The thickness of
seeds length  width  diameter  the seed coat
Ssh 2 11.22m 0.09m 0.16" 0.003" 0.01" 0.0001"
Block
e 33 3 26655.23** 26.28** 23.20**  8.37** 0.67** 0.08**
Lanrace
s
6 6.1 0.50 0.11 0.18 0.01 0.0002
Error
ot 0.98 1.51 1.89 3.96 3.61 0.12
C.V (%)

il oo duo > S s s (3 (513 Gxe g g3 Gxe b biad LS Cud ey 9 NS
"sand **: non- significant and significant at the 1% of probability level, respectively
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S Gogor il ) hok PS5 (ehe WY (o) 4
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(2022) Table 6- The seed characteristics of watermelon landraces in the second year experiment

e 039 3 (39 M0
L iy ogm aly32 al> 4 Mdeb Gl e Hhcebe d Cuwg el
(oo B35 Average The weight Kernel to Seed Seed Seed The thickness of
Landrace  number of of one seed weight length width diameter the seed coat
fruits per thousand percentage (mm) (mm) (mm) (mm)
plant seeds (g) (%)
! @'L'l_? 22 345.70? 45.43° 20.35% 12.442 3.392 0.86°
‘Jabanil’
¥ bk b b b b b
. 1.662 320.18 45.13 19.22 11.81 2.80 0.982
Jabani3’
e 22 180.20¢ 51.032 15.93¢ 9.17¢ 2.68° 0.6¢
‘Kolaleh1’
Y 1.332 162.18¢ 44.83° 14.40¢ 9.38° 2.23° 0.80°
‘Kolaleh2’

(LSD, p<0.05).5)55 (s )b sime cglés oy gy Jloin] o 13 LSD (9051 polsl s cdicisls o S ydio Gy S5 3 Jolis a8 oo uSilio (g 5o 5
% In each column, the means that have at least one letter in common are not significantly different based on the LSD test at the five
percent probability level. (LSD, p<<0.05)
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Table 7- ANOVA (mean squares) for the fruit yield traits of selected watermelon landraces in the second year experiment

(2022)
Mami buvgle (59 bwgle  ojg wgie  (yj9 bawgle o 5 Slos
25 2l @ dgs 400 5 0940 Comws LIV ULy ’
P oo &Lw d;]'i PP bl bl % bl dgu0 "_;Mjs bw-b)s-le& JRY
SOV J Average Average Average Average Fruit flesh Fruityield  geeq
df number of fruit weight of fruit flesh ercentage ield
fruits per plant weight fruit peel weight P 9 y
Bi)fk 2 0.25" 0.004" 0.02" 0.03" 58.19"™ 0.10m 0.001"
o ol
3 0.30 " 1.34%** 0.33** 0.52** 120.97* 980.50**  0.13**
Landrace
s
6 0.13 " 0.05 0.02 0.01 14.40 0.16 0.001
Error
e 15.88 9.85 14.00 7.93 6.86 0.91 2.87
C.V (%)
lge o> S g g Jlein e )3 ()1 e (g1 dxe u adiad i o ey FFFNS
"s, *and **: non- significant, and significant at the 5% and 1% of probability levels, respectively
(YE++) 295 Jlw Lislojl 45 dilguids 0y 35 3 (dlome (gLBDI55 43 bgme 3 ) Shas Wlho -4 Jgua
(2022) Table 8- The fruit yield traits of selected watermelon landraces in the second year experiment
oy lawes *y 39 Jawsgh . . . Y a =
TR ORI gyl pjgleegle Cudpfaop
‘:bu 3‘)4 @153 0ge o9 dga0 Camwgd dgm0 wvsf dgm0 W. . ™ ")SJA‘C
Average Average ; Fruityield ¢ Viold
Lanrace ; Average Average Fruit flesh ield y
number of fruit iaht of frui fruit flesh y (ton.hat)
fruits per weight weig tlok ruit rl_uth eli perc'(e;tage (ton.ha?) .
plant (kg) peel (kg) weight (kg) (%)
) @.u_? 2% 3.142 1.342 1.802 57.47% 62.8° 1.392
‘Jabanil’
¥ bl b b b b
. o 1.66% 2.43 1.272 1.16 47.75 44.40° 1.11
Jabani3
e . 22 2.04b¢ 0.76° 1.28° 62.722 46.80 1.01°
Kolaleh1
e 1.332 1.50° 0.70° 0.80° 53.24% 20.60¢ 0.904
‘Kolaleh2’

(LSD, p<0.05).55,l55 (¢ lo sime oglis oy gy Jlosin] oo 13 LSD (9051 olasl p ety o S yidio By S > ol 487 oo 5uSilio (g oo 0™
=In each column, the means that have at least one letter in common are not significantly different based on the LSD test at the five
percent probability level. (LSD, p<0.05)
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Table 9- Analysis of variance (mean squares) of traits related to seed characteristics of generations of watermelon landraces

oot op SPROR  ghggians Lidb Ligss ECelis Gy Culis
IR ;i The weight of | to seed Seed Seed Seed he thickness of
SOV ‘_;b) one thousand Kerne to see ee _ee ) ee The thickness o
T df seeds weight percentage length width diameter the seed coat
Joi 1 492.23" 41.63%* 0.002" 0.36* 0.009" 0.26™
Generation
ol &5 bt 93.12 0.05 0.26 0.008 0.009 0.66
Main plot error
Lﬁr:rife 50211.6** 30.50%* 49.56%* 13.7%* 0.94** 18.60**
RC >|}5 X s
Generation x 3 67.30™ 22.76%* 0.77* 0.17m 0.05** 0.76"
Lanrace
p ol 14 290.8 0.33 0.19 0.10 0.008 0.32
Minor error
Sl 2 6.88 1.2 2.49 2.98 3.20 4.94
C.V (%)

Wl oo dod S g duoyd iy Jlein] gdaws (5 5 dxe 5 me pf patieds by FFeFNS
ns, * and **: non- significant and significant at the 5% and 1% of probability levels, respectively
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Figure 2- The seed characteristics in watermelon landraces (LSD, p<0.05)
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Table 10- The interaction effects of generation Xlandrace on the seed characteristics of watermelon

n o5 i 4 3o (g S0 s i Gelhs
Generation Landrace  '<ernel toseed weight percentage  Seed length Seed diameter
(%) (mm) (mm)
) @‘b.l_? 46.15" 20.132 3.21%
‘Jabanil’
Y bl 39.58° 19.992 2,950
Y S Jabani3’
Generation 1 Y AN 44.60b 15.01b¢ 2.63%
Kolaleh?’
Y 45.56 14,700 2.47¢
‘Kolaleh2
PE— 3.392
s 2.8cd
¥ e ‘JY;I;::;’ 4513 1028
; i
. ¢ > 2.68Cde
Generation 2 ‘K;I;JI):; ) 51.032 15.93¢
2.3f
‘K;jlﬁz’ 4483 A

S sme gl Moy iy Jleso] grdaw 1 LSD (g0l bl g bl o S jiiie By K5 50 JBlas oS oo uSilio (ygian sy
(LSD, p=<0.05).,l%
# In each column, the means that have at least one letter in common are not significantly different based
on the LSD test at the five percent probability level. (LSD, p=<:0.05)
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Table 11- ANOVA (mean squares) for the fruit yield traits of generations of watermelon landraces

> dgae dluasd . . ) e
o Og b Cussrojy i 0jy ey sfles 5,Skes
5 uﬁ ) 1 4"9{ w o= .
NN <31 The number o o o o .wvgf o 7
SOV df of fruit per The fruit ~ The weight The fruit Fruit flesh Fruit Seed
plantp weight of fruit peel  flesh weight  percentage yield yield
Genﬁ;;tion L 0.047 0.03" 0.04" 0.016" 205.33%  182.93**  0.4™
I\;I;.:'prll ;r;tiﬁr 4 0.29ms 0.06 0.02 0.02 7.98 0.05 0.3
i
o ol
Landrace 12 0.37m 2.75%* 0.64** 0.84** 91.78* 1402.34**  0.32**
r
JRCIIN S W
Generation x 13 0.04m 0.35* 0.03™ 0.18** 57.35* 158.36** 0.6™
Landrace
h;lsicr:;feurri)r 52 0.14m 0.07 0.03 0.01 17.60 0.16 0.02
u(l:’“\’; (};;‘” 20.9 11.80 16.34 8.54 8.01 0.97 12.30
. 0

** % ns

il ge oy S g o yd ey Jleis ] pdaw 50 I3 gixe I gime puE porReds Cud iay KT
ns, * and **: non- significant and significant at the 5% and 1% of probability levels, respectively
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Figure 3- The interaction effect of generation xlandrace on the number of fruit per plant (A), the fruit weight (B), the fruit
flesh weight (C), fruit flesh percentage (D), and fruit yield (E) of the selected watermelon landraces (LSD, p<0.05)
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Figure 4- The effect of landrace on the weight of fruit peel (A) and seed yield (B) of watermelon landraces (LSD, p<0.05)
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Table 12- The correlation coefficients between some studied traits for watermelon landraces
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