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Abstract

In this study, the possibility of growing greenhouse tomato cv. Dafnis with saving water consumption
through grafting on different rootstocks was investigated by studying photosynthesis and plant growth. The
experiment was carried out in the form of split plots based on completely randomized design in which the
main-plot was irrigation levels (irrigation intervals of 3, 6 and 9 days) and the sub-plot consisted of 9
different grafting combinations. After grafting and establishment of tomato plants in greenhouse, the plants
were exposed to the irrigation levels for 4 months and all were irrigated up to field capacity. Photosynthesis
parameters were measured in four stages and shoot and root dry weights were determined at the end of the
experiment. Based on the results, photosynthetic parameters were reduced by the intensity and duration of
drought stress. The experimental results showed that the rate of photosynthesis was the same in all grafting
combinations 36 days after the start of irrigation levels. However, after 72 days, the rate of photosynthesis in
the “Emperador” rootstock was higher than in the control. The chlorophyll fluorescence indices were not
sensitive to show the effects of drought stress and the role of rootstocks. Cherry tomato rootstock, in addition
to having an extensive root system than the other rootstocks, resulted in more shoot growth at all levels of
irrigation, although the least reduction in root weight was observed in the local eggplant rootstock of Yazd.
In general, it can be concluded that the photosynthesis in this experiment was more affected by the
interaction of environmental factors and grafting and the rootstocks used did not play a significant role in this
regard. Furthermore, root and shoot growth traits were more affected by genetic potential of rootstock, and
photosynthetic activities of the plant had a minor influence on them.
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Background and Objective: The cultivation of tomato is often threatened by drought stress periods as this
crop is largely dependent on sufficient water supply (1). The magnitude and intensity of drought are
predicted to increase under climate change scenarios, particularly in semi-arid regions, where water is
already a scarce resource. Hence, it is imperative to devise strategies for mitigating the adverse effects of
drought on tomato through improvement in the plant’s efficiency of root water uptake. Since the root is the
entry point for water, its intrinsic structure and functions play a crucial role in maintaining the soil-water—
plant continuum during moisture deficit at the rhizosphere. Grafting offers a great opportunity to replace the
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root system of the cultivated tomato plants with that of wild species and hence provide a rapid solution to
modulate root system architecture in contrast to the time-consuming conventional breeding approach (2). In
this study, the possibility of growing greenhouse tomato of Dafnis cultivar by saving water consumption
through grafting on different rootstocks and from the point of photosynthesis and growth view was
investigated.

Materials and Methods: The experiment was carried out in the form of split plots based on completely
randomized design in which the main-plot was irrigation levels (irrigation intervals of 3, 6 and 9 days) and
the sub-plot consisted of 9 different grafting combinations. After grafting and establishment in the
greenhouse, tomato plants were exposed to the irrigation levels for 4 months and all were irrigated up to field
capacity. Photosynthesis and chlorophyll fluorescence parameters were measured in 4 stages and shoot and
root dry weights were determined at the end of the experiment.

Results: Based on the results, photosynthetic parameters were reduced by the intensity and duration of
drought stress. The intensity of photosynthesis was the same in all grafting combinations 36 days after the
start of irrigation levels and was not different from the non-grafted control plants. However, after 72 days,
the rate of photosynthesis in the “Emperador” rootstock was higher than in the control. In this experiment,
chlorophyll fluorescence indices were not sensitive to show the effects of drought stress and the role of
rootstocks. Cherry tomato rootstock had, an extensive root system than the other rootstocks, resulted in more
shoot growth at all levels of irrigation, although the least reduction in root weight was observed in the local
eggplant rootstock of Yazd.

Conclusions: In general, it can be concluded that the process of photosynthesis was more affected by the
interaction of environmental factors and grafting, and the rootstocks used did not play a significant role in
this regard. Furthermore, root and shoot growth traits were more affected by genetic potential of rootstock,
and photosynthetic activities of the plant had a minor influence on them. Grafting as a healthy technique may
increase the resistance of tomato plants against drought stress depending on the genotype of the rootstock.
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Table 1. Result of soil analysis at 0-30 and 0-60 cm layers
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Fig. 1. The interaction effect of the rootstock and the length of the drought stress period on the photosynthesis rate (Pn) of tomato cv.

Daphnis; Means with similar letters are not significantly different (Duncan, p<0.05); The index on the columns shows the standard
deviation (n=3), DAS: days after the onset of drought stress.
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Fig. 2. The interaction effect of the rootstock and irrigation levels on the photosynthesis rate (Pn) of greenhouse tomato cv. Daphnis;
Means with similar letters are not significantly different (Duncan, p<0.05); The index on the columns shows the standard deviation
(n=3), D: days of drought stress.
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Fig, 3. The interaction effect of irrigation levels and the duration of drought stress period on the photosynthesis rate (Pn) of
greenhouse tomato cv. Daphnis; Means with similar letters are not significantly different (Duncan, p<0.05); The index on the
columns shows the standard deviation (n=3), DAS: days after the onset of drought stress.
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Fig. 4. The interaction effect of irrigation levels including irrigation 3 days (A), 6 days (B) and 9 days once (C), different rootstocks
and the duration of the drought stress period on the transpiration rate (E) of greenhouse tomato cv. Daphnis; Means with similar
letters are not significantly different (Duncan, p<0.05); The index on the columns shows the standard deviation, DAS: days after the
onset of drought stress.
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Fig. 5. The interaction effect of irrigation levels, including irrigation 3 days (A), 6 days (B) and 9 days once (C), different rootstocks
and the length of the drought stress period on the stomatal conductance (gs) of greenhouse tomato cv. Daphnis; Means with similar
letters are not significantly different (Duncan, p<0.05); The index on the columns shows the standard deviation, DAS: days after the
onset of drought stress.
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Fig. 6. The interaction effect of irrigation levels including irrigation 3 days (A), 6 days (B) and 9 days once (C), different rootstocks
and the duration of the drought stress period on the intracellular carbon dioxide concentration (C;) of greenhouse tomato cv. Daphnis;
Means with similar letters are not significantly different (Duncan, p<0.05); The index on the columns shows the standard deviation,
DAS: days after the onset of drought stress.
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oaly olLid (B—/\) J.(-& BE e)k_wﬁ-u S Q)J » oalaul
cwﬂ% éﬁu; LSLA‘U..L.'. c@b UJ«‘ uﬂLw‘ BA k:a.w‘ ol
S s ad 83 bl g8 S 55 m SLYS 5 sl
gf\"" Qlﬁ BE OJL”;'-L:G S Q)J .Ju'bj,z 6.’&):._33}5-_5 Jals
o o el 350 (gmn g5 5 dald 51 5 ol s 5lsyp
25 58S @S (K e 5wl
o eslital 5y lawl 5 oL Cola S b
Loss oS (Sbar S al w bge bl Lz 4 a
alS sl oles s iy, St O35 (ool Lss Ll
il glagly 53 2als ol Ol Ll sls QLA 1, (g )ls sae
Sl a5 Gl s 53 sl Olsear o sl
3o ¥ am S 5 8 ol Lss 55 Gl e ol
asl oS Jb- s sl QLS 2alS w3 AVIY 5 AY/Y (S Sa
)JJA.:‘...[)&;&-Q)j)bbd;ﬁ\s“ﬁrsbﬁ&wQWJb
SVFIN 330 o5 e S sl LS 54,4 58 ol s
o33 amalie 53 5 5, T bl s S A3 YAV

3 5m oee Olomenl latl w5 S G, YL 5, 4 ol

(WUEp) (5w 53 O G juan 0,8
sl i o 53 48 dms o 0L (V) St s el ol
S G S G 5T bk T 53 5 SRSl
53 o el azs sdaliiie (oLl 5l e 5 i of G jeas
ol rals ooll 4 a3 bk cnl G, 4 okl
o33 i jo 55 T G e LS (gl sdded sl
Wilen 35 bl opl Sl e SEalS ediasolis (g Se Il
530S ey P Y el T 5 (5 S o3Il Il > 5
533 3 el sl 0L (olal a4 ealy bl b elad
il o ol sl e O 5 50, 8 L]

bl 5 ady ) Ko 035
JSs s el i 035 5SSk o] cobw S
35 bl b ol g LG 2alS ediasolis (A-A)
033 31 0T Slie ((2als W5 G L3 S susba s o]
STTARCS MSTRS PR LR e S T TTA R Wi

3y saasl ﬁ:l_? Ll Jals Ao P a5, @

¥



e K pam S g g yatls 5 A5, Ky 5 okl sk ST O, Ken 5 dolo

£ 600
£ 600 - £
E a E 500
- %} 500 1 3 5 400
2= = 300
400 ‘3 %
;2 E B 200
4 2 300 + 3 £ 100
i 0
_‘lg 200 —15
- —
= 2 100 g
] =
@ 0 -

B A
Gy L gl Slo ¢ udls o S Sl s St 03 (B) calis slawl 5 (A) ol C)Ja.w S J:SLT A e
D55 Jlasl (A 58 ) slass, D d1=3) ool e Gl il edtins Ol 0 st (555 L §(po/o0 (,S015) dils 13t o slis ol

Fig. 8. The interaction effect of irrigation levels (A) and different rootstocks (B) on the dry weight of tomato shoot of Daphnis;
Means with similar letters are not significantly different (Duncan, p<0.05); The index on the columns shows the standard deviation
(n=3), D: days of drought stress (3, 6 and 9 days).
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Fig. 9. The interaction effect of irrigation levels and different rootstocks on the dry weight of tomato roots of Daphnis; Means with
similar letters are not significantly different (Duncan, p<0.05); The index on the columns shows the standard deviation (n=3), D:
days of drought stress (3, 6 and 9 days).
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