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Introduction
Increasing the tolerance to drought and nitrogen stress in tomato cultivars is essential for the sustainable and
environmentally friendly production of this product. Also, knowing the morpho-physiological, biochemical and
molecular responses to drought and nitrogen stress is important for a comprehensive understanding of plant water
tolerance mechanisms and nitrogen limitation conditions in higher plants. Therefore, the purpose of this study was to
investigate the effect of different levels of irrigation and nitrogen fertilizer on the quantitative and qualitative
characteristics of tomatoes in different Cluster rows under greenhouse conditions.

Materials and Methods

The experiment was conducted at the research greenhouse of the Faculty of Agriculture, Ferdowsi University of
Mashhad, in two years, 2021-02 and 2022-03. The experiment was set up as split-plot layout based on randomized
complete block design with three replications. Irrigation levels were considered as the main plot at three levels: 75%
(l75), 100% (l100), and 125% (l125) of the crop water requirement. Nitrogen fertilizer was considered as the subplot at
four levels: control (no nitrogen), 75 kg ha* (7.5 g m2), 150 kg ha* (15 g m2), and 225 kg ha* (22.5 g m2) from urea
as the nitrogen source. Tomato seeds (Newton cultivar) were sown in polyethylene seedling trays with a coco peat
and perlite mixture as the substrate. The seedlings were transplanted to the main field at 15 cm height with 3-4 true
leaves. In all stages of growth, consistent agricultural practices were applied, including weed control, pest and disease
management. Fertilization for tomato plants was based on soil analysis. Initially, after transplanting the seedlings, a
complete fertilizer with high phosphorus (NPK 10-52-10) was applied at a ratio of 1.5 kg per thousand plants. In the
subsequent stages, complete fertilizers (NPK 20-20-20) and high-potassium fertilizers (NPK 20-20-36) were applied
through irrigation. Throughout the plant's growth stages, to prevent potential deficiencies and harm to growth and fruit
development, micronutrients were applied as foliar sprays.

Results and Discussion
The results for all three Clusters showed that although nitrate accumulation was higher in the first year
compared to the second year, in both years, nitrate accumulation was higher at Iss and 225 kg ha™ nitrogen
compared to the other treatments. The highest nitrate accumulation in the sixth (6.12 mg.kg™?) and seventh (6.29
mg.kg™?) Clusters was observed in lzs and 225 kg ha® nitrogen treatment in the first year. In the eighth Cluster,
contrary to the sixth and seventh Clusters, the highest nitrate accumulation was obtained in 10 and 225 kg/ha
nitrogen (6.43 mg.kg™) in the first year. Chlorophyll decreased with stress but increased with nitrogen levels. In
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all four Clusters, the highest chlorophyll a content was obtained in ligo and 225 kg ha nitrogen, with values of
3.75,3.70, 3.30, and 3.85 mg g* fresh weight, respectively. The highest fruit number per square meter was obtained
in lps and 225 kg ha* nitrogen treatment in the second year (260 fruits), although there was no significant
difference compared to the first year. Furthermore, this treatment produced 11% more fruits than the highest fruit
number at 100% moisture. The highest single fruit weight was obtained in l12sand 225 kg ha* nitrogen treatment
in the first year of the experiment (254 g), although there was no significant difference compared to the second
year. Additionally, this treatment showed no significant difference in fruit weight compared to the 225 kg ha*
nitrogen and ligo treatment in the first year but was 11% higher in the second year. The highest yield (65.1 kg m2)
was obtained at 1525 and 225 kg ha™* nitrogen. However, in the control treatment without fertilizer, there was no
significant difference in yield at 1100 and l125. Furthermore, the highest water use efficiency was observed at 100,
followed by I-s. In all fertilizer treatments, 1125 treatment had the lowest water use efficiency. The highest water
use efficiency (285 kg m3) was obtained at 1100 and 225 kg ha* nitrogen.

Conclusion
In general, the results demonstrated that while excessive nitrogen fertilizer increased nitrate accumulation at
different irrigation levels, the increased use of irrigation water reduced nitrate accumulation in tomato fruits while
improved yield. Moreover, no significant difference in fruit yield was observed between I125 and l100, but optimum
yield and favorable water use efficiency were obtained with less water consumption. Based on the results of this
experiment, the recommended treatment under greenhouse conditions is irrigation at 100% of the FC and the use
of 250 kg ha* nitrogen.

Keywords: Carotenoids, Crop water requirement, Nitrate accumulation, Water requirement
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Table 1- Physical and chemical characteristics of the soil of the test site
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2021-22 o 0.044 4.6 556 8.54 1.09 0.058 0.1
Loamy sandy
2022-23 e 0.058 8.75 564 8.36 2.18 0.072 1.24

Loamy sandy
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Table 2- ANOVA for the effect of irrigation and nitrogen fertilizer on the chlorophyll a content in tomato cv. Newton leaf
in two years (2021-22 and 2022-23)

©laye (ke
S zalio L ETSY) Mean squares
Source of variation d.f S pmosty WS e WS et S aoinia
5t Cluster 6™ Cluster 7t Cluster 8" Cluster
b 1 0.011™ 0.405™ 0.061™ 0.125™
Year (Y)
a5
4 0.217 0.227 0.214 0.185
Error (year)
s ) 5.34" 190" 5.06™ 6.26™
Irrigation (1)
Y x| 2 0.034" 0.499™ 0.054™ 0.005™
k> 8 0.005 0.007 0.004 0.001
Error 1 (y)
e 3 5.43" 6.25" 363" 7.20"
Nitrogen fertilizer (N)
IxN 6 0.406™ 0.999™ 0.244™ 0.543™
Y x N 3 0.081"™ 0.285™ 0.018™ 0.048"
Y x|xN 6 0.029" 0.139™ 0.080"™ 0.118™
&l 36 0.088 0.106 0.063 0.076
Total error
bl 114 128 9.95 10.8
C.V (%)

Mo ) g o) B Jleinl a3 5 e g o5yl e pae el AT, ¥, NS
ns, *, **: non-significant, and significant at 5% and 1% of probability levels, respectively.
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Table 3- The interaction effect of year x irrigation on the chlorophyll a content of tomato cv. Newton leaf in different

clusters
Jl (2 59 7) 5! Pl ooy S (el S (pelid WS (el
Year Irrigation (water requirement, %) 5t Cluster 6t Cluster 7t Cluster 8t Cluster
2.08¢ 2.00¢ 1.98d 2.00¢8
2021-22 100 2.90% 2.70° 2.882 2.83°
125 2.88° 2.70° 2.83%® 2.982
75 2.054 2.454 2.03¢ 1.95f
2022-23 100 2.952 2.58¢ 2.78b 2.73¢
125 2.78° 2.832 2.70° 2.88°

)5 gl e gl oy gy Jlosn] prdaw 1 S5l (latebiain (geil wlely S yiie g (sl (slapSile
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Table 4- The interaction effect of irrigation xnitrogen fertilizer on the chlorophyll a content of tomato cv. Newton leaf in
different clusters

(o 5L 72) sl Ojar e S e e
Irrigation (water requirement, Nitrogen fertilizer Fuds S s SIS
%) (kg.h™) 5" Cluster 6™ Cluster 7" Cluster 8 Cluster

0 1.65f 1.70f 1.55¢ 1.45

75 75 1.95¢f 2.10¢f 2.00¢ 1.959"

150 2.45¢ 2.70% 2.30 2.30¢f

225 2.20% 2.40¢¢ 2.15¢ 2.201

0 2.154% 1.80f 2.20 1.70MN

100 75 2.50% 2.35% 2.80° 2.55%

150 3.30° 2.70% 3.00% 3.00%

225 3.752 3.702 3.302 3.852

0 2.00¢f 1.70f 2.10 2.05

125 75 2.70° 3.25° 2.40° 2.80

150 3.20° 2.80° 3.252 3.25°

225 3.40° 3.30° 3.30° 3.60°

55 oyl ime gl Ao yd gy Jlean] e 3 (Sl (claeldsin g0l olulp S ie gyl (o pSSle
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Table 5- ANOVA for the effect of irrigation and nitrogen fertilizer on the chlorophyll b content in tomato cv. Newton leaf
in two years (2021-22 and 2022-23)

) Sl o (b
gyve iy IO LTS Mean squares
Source of variation d.f Fan WS oy WS yplinss JUIVE) VLRV T FUIE) L QNPT
5t Cluster 6t Cluster 7t Cluster 8t Cluster
Ju 1 0.0005™ 0.0002" 0.002m 0.010™
Year (Y)
s
4 0.003 0.002 0.004 0.004
Error (year)
k! 2 1.19™ 177 162" 0.910"
Irrigation (1)
Y x| 2 0.012™ 0.005™ 0.001* 0.005™
ks 8 0.001 0.0001 0.001 0.001
Error 1 (y)
. 39 °’§ 3 1.64™ 1.70™ 0.958™ 1.04™
Nitrogen fertilizer (N)
I xN 6 0.025™ 0.037* 0.022™ 0.029™
Y x N 3 0.009"™ 0.012" 0.033™ 0.067™
Y x| xN 6 0.003" 0.010" 0.026™ 0.008"
bt 36 0.004 0.003 0.005 0.006
Total error
Syt 7.39 6.049 8.08 7.98
C.V (%)

Jopd Vg o) O Jlaisl maw )3 I gze g gyl gize pas ._,,;,;)54{**, *ns
ns, *, **: non-significant, and significant at 5% and 1% of probability levels, respectively.

Cliseo gladuigs )3T 98 ) (Njdanss S b by S (soitne 1 gyl x S (S a2 T Jgua
Table 6- The interaction effect of year x irrigation on the chlorophyll b content of tomato cv. Newton leafin different

clusters
Jww Y
Year Irrigation (water requirement, %) 5™ Cluster 8™ Cluster

0.678¢ 0.728f

2021-22 100 0.963°¢ 0.993d
125 1.09b 1.112

75 0.660f 0.740¢

2022-23 100 0.920d 1.05°¢
125 1.13¢ 1.112

S5 gy me gl Mo yd gy Jlein] pdaw 43 (SO glatebtin (ygejl Lolul pr S yiie g (sl (slapSile
Means with common letters are not significantly different based on Duncan's multiplr range test at the 5% of probability level.



AR

T oy SIS (K842 55 ogm0 (oS g (o0 S olg 3 Slho (B p 53T 9 35958 Olime ;T ()0 g 03l5h0me

Clises (sBaigh )T 9d ey (Naass S b bl (lime 2 ek 355 ¢ 5yl LS R 2 -V Jgsa
Table 7- The interaction effect of irrigation x nitrogen fertilizer on the chlorophyll b content of tomato cv. Newton leaf in
different clusters

(56 7) @ole! O39S PN oy WS Gpolulin
Irrigation (water requirement, %) Nitrogen fertilizer (kg.h') 5t Cluster gt Cluster

0 0.300" 0.430°

75 75 0.5209 0.580¢

150 0.780f 0.895¢

225 1.08¢ 1.03°

0 0.5609 0.740¢

100 75 0.880¢ 0.890°¢

150 0.965¢ 1.09°

225 1.362 1.372

0 0.805¢f 0.890°

75 1.03 1.08°

125 150 122" 113

225 1.392 1.342

S5l gime glds Moy gy Jlen] a5 Sl (glaiabdais ygal olul p S i gy s sla ke
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Figure 1- The triple effect of year x irrigation x nitrogen fertilizer on the chlorophyll b content of tomato cv. Newton
fruit in 6™ cluster (DMRT, p<0.05)
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Figure 2- The triple effect of year x irrigation x nitrogen fertilizer on the chlorophyll b content of tomato cv. Newton
fruit in 7t cluster (DMRT, p<0.05)
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Table 8- ANOVA for the effect of irrigation and nitrogen fertilizer on the carotenoid content of tomato cv. Newton leaf in
two years (2021-22 and 2022-23)

Sl o (ile
S aalio o3l 4 ye Mean squares
Source of variation d.f P Cproniy FaNS ymowiind PS5 pnoiin S (ol
5% Cluster 6" Cluster 7" Cluster 8" Cluster
b 1 0.245™ 0.211" 0.031" 0.080"
Year (Y)
s
4 0.260 0.275 0.275 0.353
Error (year)
. d’%”)" 2 18.2™ 16.9™ 14.0™ 222"
Irrigation (I)
Y x| 2 0.009™ 0.204™ 0.159™ 0.009™
(k= 8 0.001 0.001 0.001 0.001
Error I (y)
e 3 9.83" 12.4% 9.53" 135%
Nitrogen fertilizer (N)
I xN 6 0.702™ 0.719™ 0.832™ 0.750™
Y xN 3 0.108™ 0.145™ 0.355™ 0.290"
Y x1IxN 6 0.112m 0.192" 0.067"™ 0.099™
&5 ol 36 0.164 0.163 0.163 0.092
Total error
ot a2 9.75 9.89 9.71 7.44
C.V (%)

***ns

2oy Vg o) O Jlaisl maw )3 45 gize g (gD ize pis i GA*F,
ns, *, **: non-significant, and significant at 5% and 1% of probability levels, respectively.

Cliseo gladuiss )3'Tgn s ) (N jddrss Sy wigiis)l Ggime p )kl X S LESr - g
Table 9- The interaction effect of year x irrigation on the carotenoid content of tomato cv. Newton leaf in different

clusters
Jus (! 39 7) )l - ys - » - » - »
Year Irrigation (water requirement, %6) e e e e
5t Cluster 6" Cluster 7t Cluster 8™ Cluster

75 3.25¢8 3.20¢ 3.23f 2.98¢

2021-22 100 4.50°¢ 4.459 4.48¢ 4 .55¢
125 4.902 4,752 4,832 4,782

75 3.10f 3.03f 3.35¢ 2.95

2022-23 100 4.434 4.55b 4.43¢ 4.48¢
125 4.78b 4.50¢ 4.63P 4.68P

)5l gime glds Moy gy Jlen] a3 Sl (glatebiais el olwl p S yiie By by slapSike
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Table 10- The interaction effect of irrigation x nitrogen fertilizer on the carotenoid content of tomato cv. Newton leaf in
different clusters

(1 5% %) syl Ojare S ooy S Cpolind S (peiid S eialid
Irrigation (water requirement, %)  Nitrogen fertilizer (kg.n%) 5t Cluster 6™ Cluster 7™ Cluster 8" Cluster

0 2.30°9 2.20° 2.60° 1.90°

75 75 3.30f 3.50° 3.204 2.90¢

150 4.20% 3.80¢ 4.25° 4.20¢

225 2.90f 2.954 3.104 2.85¢

0 3.30f 3.00¢ 3.45¢ 3.20%

100 75 450« 4.50° 4.75° 4.50%

150 5.05% 5.30? 4.90% 5.15%

225 5.00® 5.20° 4.70° 5.20°

0 3.80° 3.40% 3.30¢ 3.50¢

125 75 4.75 4.85® 4.95% 4,75

150 5.35% 5.10° 5.30? 5.25%

225 5.45% 5.15% 5.35% 5.40°

)5 gl i glds Moy gy Jlein] a5 Sl (glaiabdais gal olul p S i gy by sla ke
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Figure 3- The interaction effect of year x nitrogen fertilizer on the carotenoids content of tomato cv. Newton fruit in 8t
cluster (DMRT, p<0.05)
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Table 11- Analysis of variance of different tomato traits under the influence of different treatments
Sl (iibe

i 2ol NEUETSY (Mean of squares)
Source of variation d.f &0 0 4D Dgue dlax dawe ST (339 dguo 3,Shos ol B yas ol,5
Number of fruits per square meter  Weight of single fruit  Fruityield Water Use Efficiency
L 1 24,51 18.0" 115" 483"
Year (Y)
e 4 41.4 111 12.8 309
Error (year)
. "”,L"" 30352 325737 3652 29668™
Irrigation (I)
Y x| 2 30.5™ 91.1"™ 0.693™ 14.0™
e 68.6 82.1 8.22 179
Error 1 (y)
. Oi9r °9§ 3 4957 28317 3392 67955
Nitrogen fertilizer (N)
I xN 6 8698™ 1429™ 252" 1620™
Y xN 3 121m™ 195" 14.3™ 173m™
Y x1xN 6 10777 228™ 11.5™ 280"
St 36 156 63.4 9.40 238
Total error
ot a2 7.20 474 9.84 10.8
C.V (%)

3oy ) Jlein] aws )3 ()l dxe 5 2o )3 B Jlasin ! e ;5 (65 e o yd O Jlein] aws )3 (g1 dxe ple i ya**, *, NS
ns, *, **: non-significant, significant at 5% and 1% probability levels, respectively.
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Figure 4- The triple effect of year x irrigation x nitrogen fertilizer on the number of fruits per square meter in tomato
cv. Newton (DMRT, p<0.05)
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Figure 5- The triple effect of year x irrigation x nitrogen fertilizer on the weight of single fruit of tomato cv. Newton
(DMRT, p<0.05)
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Figure 6- The interaction effect of irrigation x nitrogen fertilizer on the yield of tomato cv. Newton (DMRT,
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Figure 7- The interaction effect of irrigation x nitrogen fertilizer on the WUE of tomato cv. Newton
(DMRT, p<0.05)

i g mhid AbP WSy piin b ) (3 g A JSE) 9
295 9 2l 5l ko Voo lul o Sl gess i ot
Jbo 53 (S okS )3 £S5 (heo FIFY) JiS )3 p)55LS VYO (592
WO (bl o 53 4 Sl 25 ged lime e g 2ol Cansy Jyl
2 pS ke FIAY) pgd Jlo 13 398 gk dald g ol Sl ao)

(Ve JS) ol sy (p S kS

0l 03955 355 Bpae 18NS ppiman 5 o)l e 81

Sl Ol g Glie S S <l Sl Gl
pidn 4 g (pS oS 3 p )5 ke YIVY) Jol Jlo )3 @ied adgs
WO )lel GSemy g (pSokS 50 .5 ke FIAF) pgo Jlo o
VY 39> i i 45 del Cawds (59550 9 dali g oI b sy

0D g puid AdgS 4 Cano pl liee Sl eS Mo YV

(VEoomed 9 VELN=0Y) Sl 93 ,3%0rigni 0B (S0 34055 bgme 13 1y lgiome 2 (150 355 9 6yl 1 il ly 0325 VY Jooo
Table 12- ANOVA for the effect of irrigation and nitrogen fertilizer on the nitrate accumulation in the tomato cv. Newton

fruit
i glia ol a0 oy ebe
Source of variation df Mean squares
) 6™ Cluster 7" Cluster 8" Cluster
b 1 0.583" 1.14% 1.34
Year (Y)
e 4 0.686 122 0.548
Error (year)
Sk 2 0.516™ 0.499" 0531
Irrigation (I)
Y x| 2 0.122™ 0.154™ 0.169™
e 8 0.001 0.001 0.001
Error I (y)
i OisS a9§ 3 0.133™ 0.250"™ 0.313™
Nitrogen fertilizer (N)
I xN 6 0.467" 0.476" 0.289"™
Y x N 3 0.089" 0.898™ 0.089"™
Y x1IxN 6 0.769™ 0.496" 1.07™
& ol 36 0272 0.185 0.388
Total error
bl 9.80 7.87 11.10
C.V (%)
doyd Vg dopd O Jlein ] pdaw 13 J e g (gl bz pis 3 5aF, F, NS

ns, *, **: non-significant, and significant at 5% and 1% of probability levels, respectively.
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