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Improving the mineral nutrition in grafted watermelon plants:

nitrogen metabolism
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Abstract

Watermelon (Citrullus lanatus [Trumb.] Mansfeld cv. Early Star), was used as scion grafted onto three cultivars of
pumpkin (Cucurbita pepo L. cvs. Brava, Shintoza and Kamel) used as rootstocks and ungrafted Early Star plants were
used as control. The rootstocks showed a high capacity for N uptake and transport to the scion where N reduction and
assimilation improved growth of the scion in grafted plants with respect to the control.
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The literature on the interaction between the rootstock
and scion in grafted plants and its effect on mineral
nutrition and yield is relatively scant (Villegas et al.
1992, Lee 1994). In relation to standard grafting
techniques in Cucurbitaceae, the prevention of disease
transmission (Kurata 1994) have been investigated, but
few studies examine nutrition and related physiological
changes in grafted plants (Agbaria et al. 1996,1998, Heo
1991). The overexploitation of resources under
greenhouse cultivation at Almeria (southern Spain) has
resulted in the invasion of bacteria and fungi which
deteriorate fruit quality and yield. One solution is the use
of resistant species, such as the pumpkin, as a rootstock
for other Curcubitaceae species (Ruiz et al. 1997). The
aim of the present is work was to ascertain the response
of N metabolism of watermelon to grafting on different
cultivars of pumpkin.

Pumpkin (Cucurbita pepo L.) cuitivars Brava,
Shintoza and Kamel, were used as rootstocks, and
watermelon (Citrullus lanatus [Trumb.] Mansfeld)
cv. Early Star, as the scion. The ungrafted cv. Early Star
was used as control. Following Lee (1994), the grafts
were made soon after germination of the rootstock seeds.
Once the scar tissue had healed, the grafted plants were
transplanted to plots in a greenhouse: 14-h photoperiod,
irradiance of 400 pmol m? s, day/night temperature
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25/18 °C, and relative humidity 60 - 80 %. The soil was
loamy-sand (sand 37.3 %, silt 48.6 %, and clay 10.1 %),
pH 824, electric conductivity 4.63 dS m". The
greenhouse was equipped with an interlinear drip
fertigation system (the solution contained 024 M
NH,NOs, 0.18 M H;PO,, 0.42 M KNO;, 0.07 M CaSO,,
0.03 M MgSO,, 10 uM Fe-EDDHA, 5 uM MnSO,, 2.5
uM ZnS0Oy, 1.25 uM CuSO,, and 0.5 uM MoSO,, 8 uM
H;BO;, pH 5.0 to 6.0). We used a randomized complete
block design with 16 plots (18 m?), each with 4 repli-
cations of 24 plants. We sampled only the 8 inner plants
to avoid the edge effect. Samplings were carried out
every 15 d (two mature leaves from the central part of the
stem per plant). Leaves were washed with 1 % non-ionic
detergent and rinsed three times with deionized water;
50 % of the sampled material was oven-dried at 70 °C for
24 h, ground and placed in plastic bags for further
analysis, and 50 % of the fresh leaves was stored in a
cold chamber at 4 °C. The NO; and NH," were analysed
in an aqueous extract (0.2 g d.m. in 20 cm’ of Millipore
water), shaking 120 min and finally centrifuging at 800 g
for 5 min. The NO;” and NH," concentrations were
measured using a UNICAM 8625 UV/VIS spectrometer
(Unicam, Cambridge, UK) following Cataldo et al
(1975) and Baethgen and Alley (1989), respectively. Dry
material (0.1 g) was digested in concentrated sulphuric

Abbreviations: EDTA-Na, - ethylenediaminetetraacetic acid disodium dihydrate; Fe-EDDHA - ferric ethylenediaminedi(o-hydroxy-

phenylacetic acid); NR - nitrate reductase; NiR - nitrite reductase.
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Table 1. Leaf concentration of NOy', NH," and organic-N [mg g"'(d.m.)], and nitrate reductase (NR) [nmol(NO; formed) g’'(fm.) s
and nitrite re@uctase (NiR) [nmol(NO, destroyed) g'(f m.) s7'] activities in watermelon plants. Means within the same column
followed by different letter are significantty different at P < 0.001 (2 = 64) by the Duncan's Multiple Range Test.

NOy NH," Organic-N NR NiR
Control (Early Star) 11.41a 5.78a 26.40¢ 0.04b 9.59¢
Brz}va x Early Star 9.19 1.09¢ 35.69a 0.20a 56.01a
Shintoza x Early Star 7.78b 1.04¢ 33.33b 0.18a 55.30b
Kamel x Early Star 8.24b 1.51b 31.03b 0.17a 55.11b
L.SDy o5 1.65 0.31 2.32 0.05 0.67

Table 2. Leaf content of soluble amino acids and proteins [mg g''(f.m.)] and leaf fresh and dry masses [mg leaf’'] in watermelon
plants. Means within the same column followed by different letter are significantly different at P < 0.001 (n = 64).

Soluble amino acids Soluble proteins Fresh mass Dry mass
Control (Early Star) 0.09d 2.20¢c 5.19¢ 0.83 b
Brava x Early Star 0.54a 1551 a 7.46 a I.14a
Shintoza x Early Star 037b 1534 a 6.53b 1.09a
Kamel x Early Star 027¢ 1421b 6.46 b 1.07 a
LSDg o5 0.05 1.09 1.25 0.20

acid in the presence of H,0, After dilution with
Millipore water, the organic-N was measured following
Baethgen and Alley (1989) procedure. The enzymatic
extract for determination of NR (EC: 1.6.6.1) and NiR
(EC: 1.7.7.1) activities were obtained according to
Becana et al (1985). The fresh material was
homogenized with 50 mM KH,PO, buffer (pH 7.5),
containing 2 mM EDTA-Na,, 2 mM dithiothreitol, 1.5 %
(m/v) soluble casein and 1 % (m/v) insoluble
polyvinylpyrrolidone. The homogenate was filtered and
centrifuged at 3 000 g for 5 min and the supernatant
centrifuged at 30 000 g for 20 min. For the determination
of NR activity, we followed Kaiser and Lewis (1984) and
Becana et al. (1985). The NO, formed was determined
colorimetrically at 540 nm according to Hageman and
Hucklesby (1971). The NiR activity was determined by
the disappearance of NO, from the reaction medium
(Lillo 1984). The resulting supernatant of samples in cold
50 mM KH,PO, (pH 7) was centrifuged at 12 000 g for
15 min and used for the determination of soluble amino
acids by the ninhydrin method (Yemm and Cocking
1955). Soluble proteins were measured following
Bradford's method (Bradford 1976).

The leaf NO;” and NH," concentrations significantly
differed between grafted and control plants, the highest
concentration was registered by the control (Table 1).
The leaf organic-N concentrations (Table 1) were greater
in grafted plants than in control ones, the highest value
being recorded for Brava x Early Star (35 % higher than

H0OR

the control), indicating that Brava was the rootstocks that
really improved nitrogen uptake in the scion. Higher NR
and NiR activities were found in-leaves of grafted plants
(Table 1), reflecting the greater efficiency of reducing
NO; to NO, and NO, to NH,", respectively. The NR
stimulation in grafted plants has been ascribed also by
Agbaria et al. (1996, 1998). The more efficient NR
activity in grafted plants might be associated with the
effect of rootstock on the uptake of water and nutrients
(Heo 1991). The low leaf NO;™ concentration in grafted
plants may be due to higher NR, and thus a greater
potential for reducing NO;™ (Ruiz et al. 1997). The NiR
activity was greater than NR, probably as a result of the
toxic effect of the NO, accumulation (Pécsvaradi and
Szoldos 1996). The higher concentrations of NH,*
produced by higher NiR activities in the grafted plants
favoured its rapid integration into amino acids and
proteins (Barneix and Causin 1996). The highest
concentrations of soluble amino acids and soluble
proteins were recorded in the graft Brava x Early Star
(Table 2), supporting the enhanced capability for amino-
acid and protein synthesis in the grafted plants.
Moreover, the biomass production was higher in the
grafts than in the control, reaching the highest fresh and
dry masses in Brava x Early Stan graft (Table 2). This
result confirms our hypothesis that the higher capability
for N assimilation in grafted plants results in greater
growth.
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