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ABSTRACT

In order to evaluate the tolerance of grafted watermelon plants on pumpkin, to oxygen deficiency conditions, a
factorial experiment was carried out in the form of a completely randomized design in 5-liter plastic buckets
containing Hoagland and Arnon's nutrient solution. The first factor was the amount of aeration of the nutrient solution
in four levels (control, reduced aeration, no aeration and nitrogen injection) and the second factor was grafting in two
levels (no grafting and grafting). The evaluations were based on the concentration of nutrients in leaves, and
vegetative and physiological indicators. The results showed that although by reducing the oxygen in the nutrient
solution or injecting nitrogen into the nutrient solution, the growth characteristics of the plant such as plant height,
stem diameter, shoot fresh and dry weight, and root fresh and dry weight decreased significantly, but grafted plants,
except for the stem diameter, had significantly better growth characteristics than non-grafted plants in other
mentioned traits. With the decrease in dissolved oxygen of nutrient solution, the amount of proline and soluble sugars
in the shoots and roots of grafted and non-grafted plants increased, but the concentration of proline and soluble sugars
in grafted plants was higher than that of non-grafted plants. Oxygen deficiency stress decreased the amount of total
chlorophyll, carotenoids and nutritional elements potassium, calcium, magnesium and phosphorus in shoot and root,
but the concentrations of proline, soluble sugars and elements were higher in grafted plants than non-grafted plants.
In short, according to the results of this research, grafting watermelon on pumpkin rootstock increased the tolerance
of watermelon plant to oxygen deficiency conditions.
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Figure 1. Establishment of grafted and non-grafted
plants in hydroponic system and injection of nitrogen
gas into nutrient solution.
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Table 1. Results of variance analysis effect of oxygen deficiency stress and grafting on some vegetative traits of
watermelon.

Mean of squares
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g 2 = & = & S
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“ < & & &
Oxygen stress (O) 3 4518" 49.49™ 0.002" 14427 826.37 37857
Grafting (G) 1 11353" 1837 0.00004" 71417 715.1" 8140
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Table 2. Mean comparison interaction effect of oxygen deficiency stress and grafting on vegetative traits of watermelon.
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In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
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Figure 2. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on node number in watermelon.
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Table 3. Results of variance analysis effect of oxygen deficiency stress and grafting on some physiological traits
of watermelon.

Mean of squares

= 9 2
Source of variation df 2] e = S 25 @ 5
S ) 5 g = 2 s 2
= 3 = < £8 -G
© 5 © 2 2.8 =9
[ O ° = 2 % 8
o wn S © S O
= ~ =
Oxygen stress (0) 3 7117 0.127 303827 215877 6.45" 53917
Grafting (G) 1 278" 0.06™ 4732" 852.1" 4.19" 1.87"
0xG 3 0.69" 0.007" 21.49™ 177.9° 0.48" 1.76"
Error 26 0.16 0.002 16.42 34.42 10.79 0.17
CV (%) 474 3.05 3.03 3.90 3.35 6.70
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ns, *, **: Non-Significantly difference and significantly difference at 5 and 1% of probability levels, respectively.
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Table 4. Mean comparison interaction effect of oxygen deficiency stress and grafting on total chlorophyll (TChl),
carotenoid, root and shoot total soluble carbohydrate (TSC), and root and shoot proline of watermelon.

Oxygen Grafting TChl Carotenoid Root TSC (mg.g™! Shoot TSC Shoot proline
treatment (mg.g"' FW) (mg.g”' FW) FW) (mg.g”' FW) (ug.g' FW)

Control Non-grafted 1.54° 1.50° 133°¢ 3407 85¢
Grafted 1.69* 1.70 247 3.63 100
Reduce Non-grafted 1.50° 1.50° 1.50°¢ 4.67¢ 115¢
aeration Grafted 1.51° 1.50° 247° 4.17% 11°¢
Non-aerated Non-grafted 1.34¢ 1.30¢ 227¢ 6.20° 161 ¢
Grafted 141° 133° 323" 6.60° 178
N, treatment Non-grafted 1.21°¢ 1.20°¢ 420° 9.23° 215°
Grafted 1.38< 127 420° 11.30* 236°

Al e )0 O Jlizl mlaw ;o g5l g Dglds S yiie By S Plas b sle .Sl g 2 50
In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
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Figure 3. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on proline concentration of roots in
watermelon.
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Table 5. Results of variance analysis effect of oxygen deficiency stress and grafting on mineral concentration in shoot
and root of watermelon.

Mean of quares

Source of df K Ca Mg
variation
Root Shoot Root Shoot Root Shoot Root Shoot

Oxygen stress (O) 3 0.026™ 0.17” 0.003™ 0.0008" 0.07” 0.022"” 0.027 0.0127
Grafting (G) 1 0.006™ 0.35" 0.002" 0.0006™ 0.25" 0.012 0.002™ 0.003™
0xG 3 0.005™ 0.02" 0.001™ 0.00005" 0.003" 0.0006 0.001" 0.002"™
Error 26 242 0.004 0.0004 0.0002 0.0002 0.0002 0.0002 0.0002
CV (%) 2.98 4.05 3.35 5.09 7.20 433 7.20 8.39

Aoy ) 50 Jleisl e )0 s Golds g ls e Sglis 095 oS 5 a4y s g % s

ns, *, **: Non-Significantly difference and significantly difference at 5 and 1% of probability levels, respectively.
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Figure 4. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on K concentration of root in
watermelon.

odds %)% (Hammond et al., 1995) ail 5 ady,
o ey Oy RS G5k 5l S8, A5 a8
Ah Dy Sy hd Jlade o geg B als
yol> Gudod gl L oS (Ferreira et al, 2008)
g paS Gl a5 oad 51T pioren o)l cillae
Sad lade 5l aing 00,8 al, SB8,8 byl jo aS 4>
Q] J.;Jo aS NVATY )bﬁ:}ﬁ sl QL“L.S Cns 6}3-05
Steffens e ) ol ools s aiy, cudled alS @ o2
(al., 2005

Slade a5 ol lis ores Gaiod ol mls
o h 6..\;5...: 4.:‘5..\...@ QLQLS m) 9 o)L......“>L..':; ,.M 5
Sy OS5 bylyl o i e ol &
Gy (3220 cpl 5l a5 ool @ 4 b I oy
pid ke Gl S35 e plgie ol
od, Jdoas Yais guige LS asy, 5o lusls
SlooasS i ooVl eimes 5 file 4l
ady, Cadled g oS s |y Jel (6ol Juilsy
205 laas oy bl yo

el a8 ols i e oy eSils dugliio b
ol @ Giars 35 9 olgp Bd> (aolse
G YV o ¥V N1 als o cusja glie
JS9) 00 5 sals jled 4 Cad ity Haud clile
5l g HlS oS o ol 5l Sk e s (O
G¥gayed OBLS & Comad (g oy Ay Hhud e
OLLS ) ady) yaud cbald a5 (g sbay wog )95 5
D)3 TV 293> (g e LS 4 Cund (g
oy Hlis b ylowd (uSkes dslio (O JSK&) 090 i
olS o olsly yaud clale (25 Jlel b &S
Oty S5 s S8l alS (g sef 5 SNem
aals Lo b gise HLS 5 o lusls jaud il
¢ Jgoz) 20,5 cvaline
b 505 bl ol Soe yind ke o ials
Lylps o sl asl gl Jsle pH jo s
PH 0535 ooy Sellsd (2alS Jods 4y o058 05008
2y B Sl s b e Jsbxe
A8 olssl S jend Cde (o Cl See ans
3 sawd lade gelS (Snyder & Slaton, 2002)



o oo dlgain ol Jaxe Glajaie (S bl g (SKigle it sla Sy ey by o)) 5es g L, #F-

0.14 1
0.12 A

(% DW)

Control Reduce aeration ~ Non-aerated N2 treatment

Oxygen treatments

0.12 -

P (% DW)

a
b a
0.1 4 2 ¢ c 011
0.08 A 0.08 -
0.06 0.06 1
&~ 0.04 - 0.04 1
0.02 0.02 -
0 - 0

Non-grafted Grafted
Grafting

Figure 5. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on P concentration of root in
watermelon.
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Figure 6. Mean comparison effect of oxygen deficiency stress (right) and grafting (left) on Mg concentration of shoot in
watermelon.

Table 6. Mean comparison interaction effect of oxygen deficiency stress and grafting on mineral concentration in root
and shoot of watermelon.

Oxygen treatment Grafting K (% DW) P (% DW) Ca (% DW) Mg (% DW)
Shoot Shoot Root Shoot Root
Control Non-grafted 1.627% 0.084° 0.53° 0.35° 0.55°
Grafted 1.75% 0.094 * 0.63° 0.42° 0.58 °
Reduce aeration Non-grafted 1.48 ¢ 0.079 0.50° 032° 0.49 <
Grafted 1.71% 0.085° 0.53° 0.36° 0.51°
Non-aerated Non-grafted 1.28°¢ 0.070 ¢ 0.43°¢ 0.28 ¢ 0.48 ¢
Grafted 1.59 ¢ 0.075 0.45° 0.31° 0.46 «
N, treatment Non-grafted 112" 0.053°° 0.28°° 022° 0.44 '
Grafted 1.48° 0.070 ¢ 0.38¢ 0.26° 043"

W5l ae )0 0 ezl e jo (g)ls pme gl S i B SO Blas gl ke gt o 40

In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
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