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Supplementary Table S1. Analysis of variance summary for yields, water use
efficiency (WUE) and partial factor productivity (PFP) as affected by irrigation (I)

and fertilization treatment (F).

Item Source DF MS F value Signi
Intercept 1 5.39E+11 | 2.57E+04 Fokk
Irrigation (1) 2 1.12E+09 688.81 Fokk
Fertilization (F) 2 9.14E+08 | 1.46E+03 Fokk
) Replication (R) 8 2.10E+07 12.35 falaled
Vield I x F 4 7.68E+07 140.48 folalal
I xR 16 1.62E+06 2.97 *x
FxR 16 6.25E+05 1.14 NS
IxFxR 32 5.46E+05 - -
Intercept 1 1.11E+05 1.58E+04 folalal
Irrigation (1) 2 1.11E+03 664.22 ol
Fertilization (F) 2 168.35 1.39E+03 Fokk
WUE Replication (R) 8 6.99 4.30 *x
I x F 4 8.13 51.04 fololal
I xR 16 1.67 10.45 fololal
FxR 16 0.12 0.76 NS
IxFxR 32 0.16 - -
Intercept 1 4.18E+06 | 2.37E+04 Fokk
Irrigation (1) 2 7.23E+03 646.28 okl
Fertilization (F) 2 1.08E+05 | 6.80E+03 Foxk
oEp Replication (R) 8 176.31 7.56 okl
I x F 4 128.24 34.49 Fkk
I xR 16 11.19 3.01 fol
FxR 16 15.84 4.26 folalad
IxFxR 32 3.72 - —

TR means p < 0.001, “**” means 0.001 <p <0.01, “*” means 0.01 <p <0.05 and

“NS” means p > 0.05.




Supplementary Table S2. Effects of irrigation amount and fertilization levels on mean

yields, water use efficiency (WUE) and partial factor productivity (PFP) in three

consecutive growing seasons.

Treatment | Yield (10°kgha®)| WUE (kgm™) PFP (kg kg™
W1F1 95.8+1.56 aF 34.54.61 de 187.943.06 f
W1F2 89.941.32 b 32.240.47 f 235.143.45¢
W1F3 78.0+1.43 ¢ 27.630.49 g 305.845.61 a
W2F1 85.7+1.65 ¢ 37.04.02 ¢ 168.043.24 g
W2F2 83.042.06 d 36.141.11 cd 217.045.40 d
W2F3 76.241.71¢e 33.240.63 ef 299.046.71 a
W3F1 78.0+1.91e 45.3+1.86 a 153.043.74 h
W3F2 75.9#1.78 e 449+ .43 a 198.544.67 e
W3F3 71.242.17 f 41.7#1.49 b 279.248.49 b

W1: 100% ETo, W2: 75% ETo, W3: 50% ET,, and F1: 240N—-120P,05—150K,0 kg

ha™!, F2: 180N—90P,05—112.5K,0 kg ha *, F3: 120N—60P,05—75K,0 kg ha ™.

IValues followed by a different lowercase letter between management treatments are

significantly different p < 0.05 according to Tukey's HSD mean separation test.




Supplementary Table S3. Analysis of variance summary for total soluble solids (TSS),

organic acid (OA) and Lycopene as affected by irrigation (1) and fertilization (F)

treatment.

Item Source DF MS F value Signi
Intercept 1 1.93E+03 | 4.17E+04 Fkk

Irrigation (1) 2 0.069 5.269 *
Fertilization (F) 2 0.276 17.813 faleiel

1SS Replication (R) 8 0.046 3.523 NS
I x F 4 0.017 1.116 NS

I xR 16 0.013 0.846 NS

FxR 16 0.015 1.006 NS

IxFxR 32 0.015 - -

Intercept 1 6.483 3.82E+03 ikl

Irrigation (1) 2 0.006 12.137 **
Fertilization (F) 2 0.031 46.899 ikl

oA Replication (R) 8 0.002 1.829 NS

I x F 4 0.001 3.157 *

I xR 16 0.000 2.292 *

FxR 16 0.001 3.038 xx

IxFxR 32 0.000 - -

Intercept 1 1.08E+05 | 2.34E+03 falaied

Irrigation (1) 2 2.24E+03 115.180 okl
Fertilization (F) 2 1.96E+03 134.877 okl
Replication (R) 8 45.934 1.823 NS

Lycopene

I x F 4 29.847 3.387 *

I xR 16 19.486 2.211 *

FxR 16 14,518 1.647 NS

IxFxR 32 8.813 - -

TR means p < 0.001, “**” means 0.001 <p <0.01, “*” means 0.01 <p <0.05 and

“NS” means p > 0.05.




Supplementary Table S4. Analysis of variance summary for soluble sugar content

(SSC) and vitamin C content (VC) as affected by irrigation (1) and fertilization (F)

treatment.
Item Source DF MS F value Signi
Intercept 1 694.666 2.84E+04 Fkk
Irrigation (1) 2 0.822 36.429 faleiel
Fertilization (F) 2 2.897 140.344 Fkk
ssC Replication (R) 8 0.024 1.152 NS
I x F 4 0.023 1.028 NS
I xR 16 0.023 1.028 NS
FxR 16 0.021 0.940 NS
IxFxR 32 0.022 - -
Intercept 1 6.84E+04 | 2.30E+03 ikl
Irrigation (1) 2 1.27E+03 194.969 ol
Fertilization (F) 2 222.626 76.320 fal
Ve Replication (R) 8 29.744 4.336 *
I x F 4 9.151 3.553 *
I xR 16 6.518 2.530 *
FxR 16 2.917 1.132 NS
IxFxR 32 2.576 - -

TeF**” means p < 0.001, “**” means 0.001 <p <0.01, “*” means 0.01 <p <0.05 and

“NS” means p > 0.05.




Supplementary Table S5. Analysis of variance summary for nitrate concentration (NC)

and sugar/acid content ratio (SAR) as affected by irrigation (I) and fertilization (F)

treatment.

Item Source DF MS F value Signi
Intercept 1 2.01E+05 | 1.03E+04 Fkk

Irrigation (1) 2 752.897 90.902 Fkk
Fertilization (F) 2 1.76E+03 156.619 Fkk

NG Replication (R) 8 19.515 1.699 NS

I x F 4 24.552 3.063 *

I xR 16 8.283 1.033 NS

FxR 16 11.218 1.400 NS

IxFxR 32 8.015 - -

Intercept 1 9.02E+03 | 9.45E+03 il

Irrigation (1) 2 0.030 0.033 NS
Fertilization (F) 2 0.975 0.611 NS

SAR Replication (R) 8 0.954 0.509 NS
I x F 4 1.199 1.859 NS

I xR 16 0.923 1.431 NS

FxR 16 1.596 2.476 *

IxFxR 32 0.645 - -

TeF**” means p < 0.001, “**” means 0.001 <p <0.01, “*” means 0.01 <p <0.05 and

“NS” means p > 0.05.




Supplementary Table S6. Mean vitamin C, soluble sugar content, total soluble solids,
nitrate, lycopene, organic acid and sugar—acid ratio results from the different
irrigation and fertilization levels on tomato fruit quality.

TSS | OA | Lycopene | SSC VC NC
Treatment | o' | 0y | maka )| %) | (o100 | (mgkg) | AR
W1F1 494 | 0.29 33.41 3.03 25.07 51.73 10.74
W1F2 486 | 0.27 27.20 2.76 22.47 47.43 10.40
W1F3 467 | 0.23 20.43 2.43 20.16 37.94 10.49
W2F1 501 031 45.68 3.30 30.45 56.11 11.09
W2F2 4.87 | 0.30 38.44 3.01 28.48 47.15 10.19
W2F3 481 | 0.25 27.14 2.55 26.16 40.27 10.29
W3F1 5.01| 0.34 54.28 3.40 40.31 64.35 10.35
W3F2 492 | 0.30 46.43 3.08 36.11 57.08 10.46
W3F3 484 | 0.26 34.93 2.79 32.28 45.75 10.96

Notes: TSS: total soluble solids, OA: organic acid, SSC: soluble sugar content, VC:

vitamin C content, NC: nitrate concentration, SAR: sugar/acid content ratio.




Supplementary Table S7. The standardized values of tomato fruit quality.

TSS OA | Lycopene | SSC Ve NC
Treatment| o | ) | moke) | 0% | (mg 100 | (mokg?) | R
W1F1 054 | 0.37 —0.28 0.33 —0.62 0.23 0.61
W1F2 —-0.24 | —0.32 —0.85 —0.52 -1.02 —-0.28 —0.50
W1F3 —2.01|-1.52 -1.47 —-1.53 -1.37 -1.40 -0.19
W2F1 1.21 | 0.72 0.85 1.16 0.22 0.75 1.74
W2F2 —-0.09 | 0.49 0.18 0.24 -0.09 —-0.31 -1.17
W2F3 —-0.66 | —1.01 —0.85 -1.16 —-0.45 -1.13 -0.85
W3F1 1.21 | 1.66 1.64 1.46 1.74 1.73 —-0.65
W3F2 0.38 | 0.46 0.92 0.46 1.09 0.87 —0.30
W3F3 —-0.35 | —0.85 —-0.14 —0.43 0.50 —0.47 1.31

Notes: TSS: total soluble solids, OA: organic acid, SSC: soluble sugar content, VC:

vitamin C content, NC: nitrate concentration, SAR: sugar/acid content ratio.




Supplementary Table S8. The correlation matrix comes from the standardized values

of tomato fruit quality.
TSS | OA | Lycopene | SSC Vc NC
Item _ _ _ SAR
(%) | (%) | (mgkg™) | (%) | (mg100g™) | (mgkg™)
TSS (%) |1.00]092| 086 |0.95 0.69 0.91 0.28
TA (%) 0.921.00| 094 |098 0.76 0.94 0.01
Lycopene | a6 10.94| 100 | 094 0.92 094 | 013
(mg kg ")
SSC (%) |0.95|0.98| 094 |[1.00 0.75 0.95 0.22
Vc
(mg 1005 0.69|076| 092 |0.75 1.00 0.81 0.06
NC (mgkg™) |0.91[094| 094 |095 0.81 1.00 0.15
SAR 0.28(001| 013 |0.22 0.06 0.15 1.00

Notes: TSS: total soluble solids, OA: organic acid, SSC: soluble sugar content, VC:

vitamin C content, NC: nitrate concentration, SAR: sugar/acid content ratio.




Supplementary Table S9. Total variance explained of the contribution rate and accumulative of contribution rate with eigenvalues was

calculated by principal component analysis.

Component Initial Eigenvalues Extraction Sums of Squared Loadings | Rotation Sums of Squared Loadings
Total | % of Variance | Cumulative % | Total | % of Variance | Cumulative % | Total | % of Variance | Cumulative %
1 5.42 77.47 177.47 5.42 177.47 177.47 5.36 76.60 76.60
2 1.04 14.81 92.28 1.04 14.81 92.28 1.10 15.67 92.28
3 0.41 5.85 98.13
4 0.07 0.99 99.12
5 0.05 0.78 99.89
6 0.01 0.11 100.00
7 0.00 0.00 100.00

Extraction Method: Principal Component Analysis.

10




Supplementary Table S10. The two components are extracted matrix by principal

component analysis of fruit quality.

item Component

1 2

TSS (%) 0.94 | 0.4
OA (%) 0.95 | —0.17
Lycopene (mg kg™) | 0.98 | —0.06
SSC (%) 0.98 | 0.06

Vc (mg 100g ) | 0.85 | —0.13
NC (mgkg™) |0.97 | —0.03
SAR 0.18 | 0.98

Notes: TSS: total soluble solids, OA: organic acid, SSC: soluble sugar content, VC:

vitamin C content, NC: nitrate concentration, SAR: sugar/acid content ratio.
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Supplementary Table S11. Mean vitamin C, soluble sugar content, total soluble solids, nitrate, lycopene, organic acid, sugar—acid ratio, yields,

and WUE and PFP results from the different irrigation and fertilization levels on tomato fruit.

Treatment (é 'i':i) (Q’g;’ %Eg) (k;Egl) TSS (%) | TA (%) '-(ﬁ;iznf) SSC (%) (mgvlcO:Ogl) (mg'kcg | SAR
WIF1 | 9582520 | 3454 | 187.89 | 494 | 029 | 3341 | 303 25,07 5173 | 10.74
WIF2 | 8993327 | 3220 | 23512 | 486 | 027 | 2720 | 276 22.47 47.43 | 10.40
WIF3 | 7798070 | 2756 | 30581 | 467 | 023 | 2043 | 243 20.16 37.94 | 10.49
W2F1 |85681.65| 37.04 | 16800 | 501 | 031 | 4568 | 3.30 30.45 5611 | 11.09
W2F2 |8300227| 3611 | 21700 | 487 | 030 | 3844 | 301 28.48 4715 | 10.19
W2F3 | 7624495 | 3321 | 20900 | 481 | 025 | 2714 | 255 26.16 4027 |10.29
W3F1 | 7804401 | 4530 | 15303 | 501 | 034 | 5428 | 3.40 4031 64.35 | 10.35
W3F2 | 75917.62| 4491 | 19848 | 492 | 030 | 4643 | 3.08 36.11 57.08 | 10.46
W3F3 | 71207.72| 4169 | 27925 | 484 | 026 | 3493 | 279 32.28 4575 | 10.96

Notes: TSS: total soluble solids, OA: organic acid, SSC: soluble sugar content, VC: vitamin C content, NC: nitrate concentration, SAR:

sugar/acid content ratio.
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Supplementary Table S12. The standardized values of yield, WUE, PFP and tomato fruit quality.

Yields

PFP

Lycopene

VC

NC

Treatment (kg ha }) WUE (kg m™) (kakg ) TSS (%) | TA (%) (mg kg ) SSC (%) (mg 100g™Y) (ma kg™ SAR
W1F1 1.83 -0.40 —-0.69 0.54 0.37 —0.28 0.33 —-0.62 0.23 0.61
W1F2 1.08 -0.79 0.14 -0.24 | —0.32 —0.85 —0.52 -1.02 —-0.28 —-0.50
WI1F3 —0.46 -1.57 1.39 -2.01 -1.52 -1.47 —1.53 -1.37 -1.40 -0.19
W2F1 0.53 0.02 -1.04 1.21 0.72 0.85 1.16 0.22 0.75 1.74
W2F2 0.19 -0.14 -0.18 —0.09 0.49 0.18 0.24 —-0.09 -0.31 -1.17
W2F3 —0.68 —-0.62 1.27 -0.66 | —-1.01 —0.85 -1.16 —0.45 -1.13 —-0.85
W3F1 —-0.45 1.39 -1.31 1.21 1.66 1.64 1.46 1.74 1.73 —0.65
W3F2 —-0.72 1.33 -0.51 0.38 0.46 0.92 0.46 1.09 0.87 —0.30
W3F3 -1.33 0.79 0.92 —0.35 | —0.85 —-0.14 —0.43 0.50 —-0.47 1.31

Notes: WUE: water use efficiency, PFP: partial factor productivity, TSS: total soluble solids, OA: organic acid, SSC: soluble sugar content, VC:

vitamin C content, NC: nitrate concentration, SAR: sugar/acid content ratio.
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Supplementary Table S13. The correlation matrix comes from the standardized values of yield, WUE, PFP and tomato fruit quality.

Yields

WUE

PFP

TSS

TA

Lycopene

SSC

Vc

NC

ftem (kgha') | (kam®) | (kgkg) | (%) | (%) | (mgkg| (%) | (mg100g™) | (mgkg?) | >*®
Yields (kg hafl) 1.00 —0.39 —0.43 0.29 0.28 —-0.11 0.22 —-0.43 0.14 0.09
WUE (kg m73) -0.39 1.00 —0.57 0.69 0.66 0.88 0.71 0.97 0.78 0.11
PFP (kg kg %) ~0.43 ~0.57 100 |-092 | -097 | -084 |-0.96 ~0.60 ~0.93 _%'1
TSS (%) 0.29 0.69 —0.92 1.00 0.91 0.87 0.95 0.70 0.91 0.28
TA (%) 0.28 0.66 097 | 091 | 100 | 090 | 097 0.71 0.94 —g.o
Lycopene (mg kg %) ~0.11 0.88 ~0.84 | 0.87 | 0.90 1.00 | 0.94 0.92 093 | 0.13
SSC (%) 0.22 0.71 —0.96 0.95 0.97 0.94 1.00 0.75 0.95 0.23
Vc (mg 100g71) —0.43 0.97 —0.60 0.70 0.71 0.92 0.75 1.00 0.81 0.06
NC (mg kgfl) 0.14 0.78 —0.93 0.91 0.94 0.93 0.95 0.81 1.00 0.15
SAR 0.09 0.11 —0.16 0.28 | —0.02 0.13 0.23 0.06 0.15 1.00

Notes: WUE: water use efficiency, PFP: partial factor productivity, TSS: total soluble solids, OA: organic acid, SSC: soluble sugar content, VC:

vitamin C content, NC: nitrate concentration, SAR: sugar/acid content ratio.
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Supplementary Table S14. Total variance explained of the contribution rate and accumulative of contribution rate with eigenvalues was

calculated by principal component analysis.

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

Companent Total | % of Variance | Cumulative % | Total | % of Variance | Cumulative % | Total | % of Variance | Cumulative %
1 6.96 69.61 69.61 6.96 69.61 69.61 6.75 67.53 67.53
2 1.79 17.85 87.47 1.79 17.85 87.47 1.93 19.27 86.80
3 1.02 10.17 97.63 1.02 10.17 97.63 1.08 10.83 97.63
4 0.12 1.17 98.81
5 0.08 0.76 99.56
6 0.03 0.34 99.90
7 0.01 0.08 99.98
8 0.00 0.02 100.00
9 0.00 0.00 100.00
10 (0.00) (0.00) 100.00

Extraction Method: Principal Component Analysis.
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Supplementary Table S15. The three components extracted matrix by principal

component analysis of yield, WUE, PFP and tomato fruit quality.

Component

1 2 3
Yields (kgha™) | 0.09 | 0.98 | —0.09
WUE (kg m™) 0.83 | —0.50 | 0.06
PFP (kgkg™) |-0.92 | -0.36 | 0.07

Item

TSS (%) 0.94 | 0.22 | 0.09
OA (%) 0.95 | 0.19 |-0.22
Lycopene (mg kg ™) | 0.97 | -0.19 | —0.01
SSC (%) 0.98 | 0.16 | 0.03

Ve (mg100g™) | 0.85 | —0.52 | 0.00
NC (mg kg™?) 0.98 | 0.05 |-0.03

SAR 0.17 | 0.17 | 0.97
Notes: WUE: water use efficiency, PFP: partial factor productivity, TSS: total soluble

solids, OA: organic acid, SSC: soluble sugar content, VC: vitamin C content, NC:

nitrate concentration, SAR: sugar/acid content ratio.
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Supplementary Figure S1. The effect of irrigation and fertilization on total soluble
solids (TSS) at different water and fertilizer input levels. Data are means of nine
replicates, which was composed of three consecutive growing seasons and three

replications per treatments and displayed as low and high (from top to the bottom).
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Supplementary Figure S2. The effect of irrigation and fertilization on organic acid
(OA) at different water and fertilizer input levels. Data are means of nine replicates,
which was composed of three consecutive growing seasons and three replications per

treatments and displayed as low and high (from top to the bottom).
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Supplementary Figure S3. The effect of irrigation and fertilization on lycopene at
different water and fertilizer input levels. Data are means of nine replicates, which

was composed of three consecutive growing seasons and three replications per

treatments and displayed as low and high (from top to the bottom).
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Supplementary Figure S4. The effect of irrigation and fertilization on soluble sugar
content (SSC) at different water and fertilizer input levels. Data are means of nine
replicates, which was composed of three consecutive growing seasons and three

replications per treatments and displayed as low and high (from top to the bottom).
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Supplementary Figure S5. The effect of irrigation and fertilization on vitamin C (VC)
at different water and fertilizer input levels. Data are means of nine replicates, which
was composed of three consecutive growing seasons and three replications per

treatments and displayed as low and high (from top to the bottom).
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Supplementary Figure S6. The effect of irrigation and fertilization on nitrate
concentration (NC) at different water and fertilizer input levels. Data are means of
nine replicates, which was composed of three consecutive growing seasons and three

replications per treatments and displayed as low and high (from top to the bottom).
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Supplementary Figure S7. The effect of irrigation and fertilization on sugar/acid
content ratio (SAR) at different water and fertilizer input levels. Data are means of
nine replicates, which was composed of three consecutive growing seasons and three

replications per treatments and displayed as low and high (from top to the bottom).
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Supplementary Figure S8. Principal components analysis (PCA) plots and Score
plot of a two component PCA model of fruit quality. Notes: TSS: total soluble solids,
OA: organic acid, SSC: soluble sugar content, VC: vitamin C content, NC: nitrate

concentration, SAR: sugar/acid content ratio.
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Supplementary Figure S9. Principal components analysis (PCA) plots and score plot
of a three component PCA model of yield, WUE, PFP and tomato fruit quality. Notes:
WUE: water use efficiency, PFP: partial factor productivity, TSS: total soluble solids,
OA: organic acid, SSC: soluble sugar content, VC: vitamin C content, NC: nitrate

concentration, SAR: sugar/acid content ratio.
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