Investigating the Effect of Nitrogen and Irrigation on Some Physiological,
Quantitative and Qualitative Traits of Greenhouse Tomato

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
morphophysiological, biochemical and molecular responses to drought anel nitrogen stress is
important for a comprehensive understanding of plant water tolerance mechanisfs and nitrogen

characteristics of tomatoes in different Cluster rows under greefthouse con
Materials and Methods
The experiment was conducted in the research greenhouse riculture, Ferdowsi
University of Mashhad, in two years, 2021-02 and 2022-03. nt was set up as split-

were considered as the main plot at thre : 00% (l100), and 125% (l125) of the crop
water requirement. Nitrogen fertilizer wa:
nitrogen), 75 kg ha* (7.5 g m2), 150 kg ha 25 kg hat (22.5 g m?) from urea as
the nitrogen source. Tomato seeds (Newton e _sowfrin polyethylene seedling trays
with a coco peat and perlite mixture as the subs es ‘ere transplanted to the main

were applied, includi

was based on soil anrt&sis.
high phosphorusNRK 103
subsequent stages,

anagement. Fertilization for tomato plants
g the seedlings, a complete fertilizer with
pplied at a ratio of 1.5 kg per thousand plants. In the
(NPK 20-20-20) and high-potassium fertilizers (NPK 20-

Clusters showed that although nitrate accumulation was higher in the first
nd year, in both years, nitrate accumulation was higher at l7s and 225 kg
ha! nitrogen comparedto the other treatments. The highest nitrate accumulation in the sixth (6.12
mg.kg?) and seventh (6.29 mg.kg™) Clusters was observed in Izsand 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 lioo and 225 kg/ha nitrogen (6.43 mg.kg?) in the first year.
Chlorophyll decreased with stress but increased with nitrogen levels. In all four Clusters, the
highest chlorophyll a content was obtained in lioo 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 li2s 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 lizs and 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 l1oo treatment in the first year but was 11% higher in the second year. The highest yield (65.1
kg m2) was obtained at l12s and 225 kg ha* nitrogen. However, in the control treatment without
fertilizer, there was no significant difference in yield at 1100 and l12s. Furthermgre, the highest water
use efficiency was observed at l10o, followed by I7s. In all fertilizer treatments, treatment had

and 225 kg ha™* nitrogen.

Conclusion A
In general, the results demonstrated that while excessive nitro ili creased nitrate
accumulation at different irrigation levels, the increased i er reduced nitrate
accumulation in tomato fruits while improved yield. Moreo i ant difference in fruit
yield was observed between liz2s and lioo, but optimum vyiel ble water use efficiency
were obtained with less water consumption. Basedgon the results of this experiment, the
recommended treatment under greenho@‘nditi is irfigation at 100% of the FC and the use
of 250 kg ha* nitrogen. .
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Table 1- Physical and chemical characteristics of t

Ju S cdl N %) P K EC 0C OM
Year soil texture (mg.kg™) (mg.kg?) ds m) (%) (%)
2021-22 o i 044 54 1, . 1
0 syt 0% WAL 85 09 0058 0
2022-23 o 0.058 o5 8.36 218 0072 124
Sandy loam
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Table 2- Anah i i eaves under the influence of different treatments

@il as (Mean of squares) clu e Sibe
d.f 5" Cluster 6" Cluster 7" Cluster 8™ Cluster
1 0.011" 0.405™ 0.061™ 0.125™
4 0.217 0.227 0.214 0.185
2 5.34™ 1.90™ 5.06™ 6.26™
2 0.034" 0.499™ 0.054™ 0.005™
8 0.005 0.007 0.004 0.001
(N) 3 5.43™ 6.25" 3.63” 7.29™
6 0.406™ 0.999™ 0.244™ 0.543™
3 0.081"™ 0.285™ 0.018™ 0.048™
6 0.029™ 0.139™ 0.080™ 0.118™
Total error Js sls 36 0.088 0.106 0.063 0.076
(%) Coefficient of variation o, cq s 114 12.8 9.95 10.8

2oy V Jless] paws )3 (655 me g doyd O Jlais] grdaws )3 (63 dme o yd B Jlaisl gdaws )3 (613 dme pie Loy 4*F, ¥, NS
(ns, *, **: non-significant, significant at 5% and 1% probability levels, respectively)
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Table 3- The interaction of year x irrigation on the amount of chlorophyll a in tomato leaves in different Clusters

Lo . ol 3 202) st . 5t Cluster 6" Cluster 7" Cluster 8™ Cluster
Irrigation (percentage of water requirement)
75 2.08¢ 2.00¢ 1.98¢ 2.00¢
2021-22 100 2.90%® 2.70° 2.88? 2.83¢
125 2.88° 2.70° 2.83%® 2.98?
75 2.05¢ 2.45¢ 2.03¢ 1.95
2022-23 100 2.952 2.58° 2.78° 2.73¢
125 2.78° 2.83? 2.70° 2.88°

)5 gl e il Mo yd gy Jlosol prdaw 1> yS5IS (905l bl p S pie By (o) (clagmiole
Means with common letters are not significantly different based on Duncan's test at the percent probability
level
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Table 4- The interaction between moisture and nitrogen fertilizer on the amount of chlorop
in different Clusters

n tomato leaves

(@] W o)) &l

Irrigation (percentage of DB 2 551) 0o 7 Cluster 8™ Cluster
. Nitrogen fertilizer (kg/h)
water requirement)
0 1.55¢ 1.45
7 2.00¢ 1.959
& 150N 2.30% 2,30
225 W 2.40°° 2.15% 2,201
0 ‘ 1.80 2.20% 1.70M
100 75 2.350% 2.80P 2.55¢%
150 a0 3.00% 3.00%
3.702 3.302 3.852
1.70 2.10¢ 2.05%
125 3.25P 2.40° 2.80¢
2.80° 3.252 3.25b
3.30° 3.30? 3.60?

o 3 SOl (ygail olsl 2 S ytdia By syl (slapSiba
antly different based on Duncan's test at the five percent probability
level.
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Table 5- Analysis of variance of chlorophyll b in tomato leaves under the influence of different treatments
JWEPYIA d“ (Mean of squares) clu,e 5l

9.))111 d‘)g Cluo
Osh ald 5 ol Sl

Source of variation d.f‘ " Cluster 7" Cluster 8" Cluster
(Y) Year Ju 1 0.002" 0.010"
Year error Jus cslas 4 0.004 0.004
(1) Irrigation (L. 2 1.62™ 0.919™
Y x| 2 0.001™ 0.005™
(Y)lerror slas 8 0.001 0.001
(N) Nitrogen fertilizegy;5,= 5 3 0.958"™ 1.04™
&N A 6 . 0.022™ 0.029™
'Y 3 .009"™ . 0.033™ 0.067™
Y x I'&@N 6 0.003" 0.010" 0.026™ 0.008™
Total error Js slas 36 0.004 0.003 0.005 0.006
(%) Co%t of variation 7.39 6.049 8.08 7.98
Loy ) S 9 40,0 O Jlassl pdaw jd (655 sime o yd B Jlesnl paws 53 (6 > sz pie iy 4*F, *, NS
( nificant, significant at 5% and 1% probability levels, respectively)

o sladgs )0 (SpansS Sp D Lol lie p o)lel X Jlo GiiS e pf Joae
ear X irrigation on the amount of chlorophyll b in tomato leaves in different Clusters
(ol 5l 2 )3) sl

Table 6- The interaction

Year J - . 5 Cluster 8t Cluster
Irrigation (percentage of water requirement)
75 0.678° 0.728f
2021-22 100 0.963¢ 0.993¢
125 1.09° 1.118
75 0.660f 0.740°
2022-23 100 0.9201 1.05°

125 1.132 1.112
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Means with common letters are not significantly different based on Duncan's test at the five percent probability
level.
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Table 7- The interaction of irrigation x nitrogen fertilizer on the amount of chlorophyll b in tomato leaves in
different Clusters

(2l 5k 2oy) sl
Irrigation (percentage of water
requirement)

(Se )3 p,55LS) (13958 " A N 0
P T 5% Clust 8th Clust
Nitrogen fertilizer (kg/h) uster uster

0 0.300"
75 0.520¢
150
225
0
75
150
225
0

-

75

100

125
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Means with common letters are not significantly differe
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Figure 1- Interaction effect of year x irrigation x nitrogen fertilizer on chlorophyll b in tomato fruit in 6™ Cluster
Means followed by similar letter(S) are not significantly different at 5% probability level using Duncan test
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Table 8- Analysis of variance of tomato carotenoid leaves under the influence of different treatments

U il as (Mean of squares) cle,e ;:5ke
Source of variation d.f 5% Cluster 6™ Cluster 7t Cluster 8t Cluster
(Y) Year Ju. 1 0.245" 0.211" 0.031™ 0.080™

Year error Jlo s 4 0.260 0.275 0.275 0.353



(1) Irrigation L. 2 18.2" 16.9" 14.0™ 22.2"
Y x| 2 0.009™ 0.204™ 0.159™ 0.009™
(Y)l error s 8 0.001 0.001 0.001 0.001
(N) Nitrogen fertilizer 35,5 555 3 9.83™ 12.4™ 9.53™ 13.5™
IxN 6 0.702™ 0.719™ 0.832™ 0.750™
Y xN 3 0.108™ 0.145™ 0.355™ 0.290"
Y xIxN 6 0.112m™ 0.192m™ 0.067™ 0.099™
Total error Js s 36 0.164 0.163 0.163 0.092
(%) Coefficient of variation l,us ey ,s 9.75 9.89 9.71 7.44

2o ) sl awaw 13 (655 e g 3o yd O Jlein] o )3 (g5 xe oy B Jlein ! pdaws 4> (g)l> dxe fx_‘)'; &** *ns
(ns, *, **: non-significant, significant at 5% and 1% probability levels, respectiv

cilisee (sladsgs 3 (S5ya42sS S 25989, lise 3 s)lol X SIS iy —% Jgas

Table 9- Interaction of year x irrigation on the carotenoid content of tomato leaves in t Clusters

Year Ju . (! 15 2053) sl ) 5t C Cluster 8"
Irrigation (percentage of water requirement) Cluster
75 3.23f 2.98°
2021-22 100 4.48° 4.55¢
125 . 4.832 4,782
75 3.03f 3.35¢ 2.95
2022-23 100 “ 4.55° 4.43¢ 4.48¢
125 A N 4.50° 4.63° 4.68°
5y 3 g gl oy gty Jlein] g 3 5 VS yigahy sl sl Sl
Means with common letters are not significantly di E“%tist at the five percent probability

A \
il Ml asss
Table 10- The in‘“lf irrigati

955 395 X LS)L\.{T DS e —Ve Jgdn
e carotenoid content of tomato leaves in different
Clusters

(o ramr) ] (G

~~ g th
Irrigation (percentage  Ni Cli ster 6™ Cluster 7' Cluster 8 Cluster
of water requ ent)
2.309 2.20¢ 2.60¢ 1.90
75 75 3.30f 3.50¢ 3.20¢ 2.90¢
150 4.20% 3.80¢ 4.25° 4.20°
225 2.90f 2.95¢ 3.10¢ 2.85¢
0 3.30f 3.00¢ 3.45¢ 3.20%
75 4.50% 4.50° 4.75° 450
100 150 5.05% 5.30° 4.90% 5.15°
225 5.00% 5.202 4.70° 5.202
0 3.80¢ 3.40% 3.30¢ 3.50¢
75 4,750 4.85% 4.95% 4,75°
125 150 5.35° 5.10° 5.30° 5.25°
225 5.452 5.15% 5.35% 5.402

5 )b e gl Moy gy Jless] prdaw 1> SSI gl bl g S e g (b (slapSile
Means with common letters are not significantly different based on Duncan's test at the five percent probability
level.
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Figure 3- Interaction effect of year x nitrogen fertilizer carote
Means followed by similar letter(S) are not significantly different at
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Table 11- Analysi variance of different tomato traits under the influence of different treatments

(Mean of squares) clu,e ;uSbe

S @lie ol 4y

o Tre o ogee T oge ST s 3,Shas ol pas
Source of variation d.f Number of fruits ~ Weight of e Water Use
- - Fruit yield L

per square meter  single fruit Efficiency

(Y)Year JL 1 24.5™ 18.0m 1.15" 48.3™
Year error Jl clas 4 41.4 111 12.8 309
() Irrigation L 2 30352 32573™ 3652™ 29668

Y x| 2 30.5™ 91.1™ 0.693™ 14.0m



(Y)lerror s 8 68.6 82.1 8.22 179
(N) Nitrogen fertilizer .35, 58 3 4957 28317 3392 67955
IxN 6 8698 1429™ 252" 1620™

Y xN 3 121 195" 14.3™ 173"

Y xIxN 6 1077 228™ 11.5m™ 280™

Total error Js las 36 156 63.4 9.40 238

(%) Coefficient of variation «l,us cuye 7.20 4.74 9.84 10.8

2oy Y Jloin] gaw p3 (gl cme g 0 p3 B Jlain] o ;3 (615 xe cho > B Jlain! gaws )3 (6)I5 gz piae Lo %%, *, NS
(ns, *, **: non-significant, significant at 5% and 1% probability levels, respectively)
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Figure 5- Interaction effect of year x irrigation x nitrogen fertilize i i uit in tomato fruit
Means followed by similar letter(S) are not significantly different at i
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Figure 6- Interaction effect of irrigation x nitrogen fertilizer yield in tomato fruit
Means followed by similar letter(S) are not significantly different at 5% probability level using Duncan test
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Figure 7- Interaction effect of irrigation x nitrogen fertilizer W.
Means followed by similar letter(S) are not significantly different

sing Duncan test
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Table 12- Analysis of variance of tomato nitrate accumulation under the influence of different treatments

i @lie PEHETSS (Mean of squares) By oSk
Source of variation d.f 6™ Cluster 7™ Cluster 8™ Cluster
(Y)Year Ju 0.583" 1.14™ 1.34"
Year error Jlo cslas 0.686 1.22 548
() Irrigation (L 0.516™ 0.499™ 531
Y x| 0.122* 0.154™ 0.169™

DWOoO W OooNN M -

(Y)lerror ;s 0.001 0.001
(N) Nitrogen fertilizer .35, 555 0.133"™ 0.313™
I x N 0.467" 0.289"™
Y x N 0.089" 0.089"
Y x1xN 0.769™ 1.07™
Total error Js' las 36 0.185 0.388
(%) Coefficient of variation <, cu s “ 7.87 11.10

103V Jlotsl s 53 (5l gine 5 30y 0 Jloto! X 6o P S pre ci s &, %, NS

(ns, *, **: non-significant, significant at 59 abiw levels, respectively)
A\ \ '\
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Figure 8- Interaction effect of year x irrigation x nitrogen fertilizer on nitrate accumulation in tomato fruit in 6%
Cluster
Means followed by similar letter(S) are not significantly different at 5% probability level using Duncan test.
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