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Effect of soil water content on titratable acid content in
tomato fruits based on rotatable design
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Abstract:[Objective] The effect of soil water content on titratable acid content of tomato fruit was
studied to provide reference for precision irrigation and high quality production. [Method]) In this study,ac-
cording to the growth of tomato and the development dynamic of the first spike fruits,tomato growth was
divided into five stages,i. e. vegetative growth stage, blooming and fruit setting stage, early fruit growth
stage,fruit development stage and fruit maturity stage. Each stage had five different soil moisture content
levels (12.0% —14.4%,14. 4% —16.8%,16. 8% —19.2%,19. 2% —21. 6% ,and 21. 6 % —24. 0%). Quad-

ratic general composite rotatable design method with five factors was used. Titratable acid content was de-
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termined with NaOH titration. A regression model on titratable acid in tomato fruits and soil water content
at different growth stages was established. Main effects, single and coupling effects were analyzed and the
model was optimized. [Result) Soil moisture regulation at fruit development stage had the biggest impact
on titratable acid content followed by fruit maturity stage, while soil moisture regulation at vegetative
growth stage had the least impact. Starting from 16. 8% — 19. 2%, the titratable acid content decreased
firstly and then increased with the increase of soil water content at blooming and fruit setting stage,early
fruit growth stage,and fruit development stage. It showed a reverse trend with the increase of soil water
content at fruit maturity stage but it was not affected by soil water content at vegetative growth stage. Cou-
pling effect analysis shows that the interactions between soil water contents at fruit maturity stage and
vegetative growth stage,as well as fruit maturity stage and blooming and fruit setting stage showed posi-
tive effects on titratable acid content in tomato fruits. The interactions between the soil water contents at
vegetative growth stage and early fruit growth stage or fruit development stage were negative. The interac-
tions between soil water contents at blooming and fruit setting stage and early fruit growth stage or fruit
development stage as well as fruit development stage and fruit maturity stage were also negative. [Conclu-
sion)] High titratable acid content could be obtained if soil water contents are controlled at 18. 6% —
19.1%,18.8% —19.3%,18.5% —19. 0%,18. 7% —19. 2% and 18. 4% —18. 9% for vegetative growth

stage, blooming and fruit setting stage,early fruit growth stage,fruit development stage and fruit maturity

stage,respectively.
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Table 1 Codes and levels of quadratic general composite rotatable experiment factors %
K % I F 2518 Level and code 745 Ak, 6] B
Experimental factor —2 —1 0 1 2 Interval
X1 12.0~14.4 14.4~16.8 16.8~19. 2 19.2~21.6 21.6~24.0 2.4
X, 12.0~14.4 14.4~16.8 16.8~19. 2 19.2~21.6 21.6~24.0 2.4
X 12.0~14.4 14.4~16.8 16.8~19. 2 19.2~21.6 21.6~24.0 2.4
X 12.0~14.4 14.4~16.8 16.8~19. 2 19.2~21.6 21.6~24.0 2.4
Xs 12.0~14.4 14.4~16.8 16.8~19. 2 19.2~21.6 21.6~24.0 2.4

WX A R A KR Xy NGRS R H S K Xy RS A KA 8 K% Xy S P g K+ 8 & 0Kk %5 X5 o OB
WS KR,
Note: X;. Soil water content at vegetative growth stage; X,. Soil water content at blooming and fruit setting stage; X3. Soil water content at

early fruit growth stage; X,. Soil water content at fruit development stage; X5. Soil water content at fruit maturity stage.
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Table 2 Titratable acid content in tomato fruits mg/g
b # L R R JLE: I R i JLE: A E R
Treatments Titratable acid content Treatments Titratable acid content Treatments Titratable acid content
1 0.606=+0.030 12 0.77140.127 23 0.79840.065
2 0.72040.093 13 0.65940. 063 24 0.68740.067
3 0.65340.026 14 0.75040.033 25 0.57040.088
4 1.005+0. 042 15 0.80740.093 26 0.64840.025
5 0.71040. 088 16 0.59540.023 27 0.74440. 100
6 0.71540. 054 17 0.704740.062 28 0.71840. 046
7 0.66740.039 18 0.65940.051 29 0.71440.049
8 0.764=40.044 19 0.72940.085 30 0.69140.086
9 0.69840.112 20 0.77140.053 31 0.66440.073
10 0.76240.048 21 0.84940. 102 32 0.62040.076
11 0.64840.074 22 0.66340.066
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Table 3 Function variation and ranking of factors at different levels
- —
Lev?ﬁigflgclor X Xz Xs X Xs Ra?)f{\i{;ﬂ{ﬁors

—2 0.073 0.091 0.092 0. 248 0.147 Xi>X5 > X > X > X
—1 0.036 0.061 0. 040 0.098 0.076 Xi>Xs>Xo > X > X,
0 0 0.035 0.052 0.063 0.035 X, =X > Xox X > X,y
1 0.036 0.035 0.110 0.210 0.076 X, > X > X > X > X,
2 0.073 0.061 0.179 0.361 0.147 Xi>X; > X > X0 > X,
TEy 2 0. 044 0. 057 0.095 0.196 0.096 X, > X > X > X > X,
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Fig. 1 Effects of soil water contents on titratable acid content at different growth stages
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Fig. 2 Effects of two factors on titratable acid of tomato fruits
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Table 4 Proportions of 5 factors in 703 plans with titratable acid contents of 7. 5—8.5 mg/g
K X X X3 Xy X5
K F
Do T mK m/4 Wk B4 WK mk/% Bk /% WK EI%
Frequency Proportion  Frequency Proportion Frequency Proportion Frequency Proportion  Frequency Proportion

—2 167 23.8 157 22.3 208 29.6 147 20.9 117 16. 6
—1 144 20.5 134 19.1 136 19.3 153 21.8 193 27.5

0 142 20.2 142 20.2 102 14.5 156 22.2 200 28.4

1 136 19.3 147 20.9 102 14.5 133 18.9 123 17.5

2 114 16. 2 123 17.5 155 22.0 114 16. 2 70 10.0
ait

703 100 703 100 703 100 703 100 703 100

Total

TE SRYCRTE A E IR & iR 7. 5~8.5 mg/g 9 703 I 48 5 B R A A /K19t BLUCHL: o5 Ee ok 5 B34 K8t BUSA 5 & 1 R

MHE .

Note: The frequency is the number of occurrences of 5 factors at each level in the 703 sets with titratable acid content of 7. 5—8.5 mg/g;

the proportion is the percentage of occurrences of 5 factors at each level.
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