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17.25% ) , H3x 3 A~y Be H 3 55 K A3 514 (67.79% ~77.79% )6, .(65.58% ~75.58% )6,.(68.86% ~78.86% )6,
B, 4E A 2 C & A B KAE , 435 24. 10 .24. 21 .24. 10 mg/ (100 g) o G 3000 2 BH , 1 11 5 0 A6 45 3 0 AR s A4
KW IR A R 5 I KA KA 5 TR B LS K R AR S e AR R C O B 3 BV Y B E RN
B9 55 R R TR B IR AR 2 SR 5 R S A K R S B R S A R 5 R R RO B 1
He S OK MM AR R AN . 765 BB E& K E 58 (50% ~60%)6,.(90% ~100% ) 6,.(50% ~
60% )6,.(80% ~90% )6,.(70% ~80% )60 , FAli R L4 AR C & &3k 30. 10 mg/ (100 g) , {HAF] T 7 1=t 1)
ko 245 B R K E 50 R (90% ~99.9% ) 6,,(90% ~99.8% )6,.(90% ~99.6% )6,.(74.0% ~81.8% )6,
(74.3% ~82.5% )6, , n] L[] i 7R 45 4 w5 19 3 i 5 bk ™ B (996.75 ~ 1 .037.99 g) M4k 5 C & & (25.40 ~
26.02 mg/ (100 g) ),

KR Fhli; gEAR C; RIESKE; EFH B Tt ZiE e A Gkt

RESES: S641.2 SERFRIRAD: A X EHE: 1000-1298 (2016 )08-0072-09

Effect of Soil Water Content at Different Growth Stages on

Vitamin C Content in Tomato Fruit
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Abstract: Pot experiment was conducted to determine the response of vitamin C ( VC) content in tomato
fruit to soil water condition at different growth stages. Growth stages were divided by the law of tomato
development and the growth of the first cluster fruits, including seeding, flowering, fruit early growing,
inflation and quality formation stages. Five levels of soil water condition were set at each stage, and
quadratic general composite rotatable method with five factors was used. Mathematical model between VC

content and soil water content of different stages was established. The main effect, single effect and
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coupling effect of two factors were analyzed, and model optimization was operated in DPS 3. 0. Results
showed that the influence of soil water content at quality formation stage on VC content was top-drawer,
seeding stage was ranked the second and flowering stage was taken the least. When other stages’ soil
water content was (70% ~80% )6,, with the increase of soil water content at seeding or flowering stages,
VC content in tomato fruit was varied slightly ( variable coefficients were 2.46% and 3.08% ,
respectively) , while a downwards parabola change was found when soil water content was risen at other
three stages. Additionally, the peaks of parabola were 24. 10 mg/ (100 ¢g), 24.21 mg/ (100 g) and
24.10 mg/ (100 g) when soil water contents were (67.79% ~77.79% )6,, (65.58% ~75.58% )6, and
(68.86% ~78.86% ) 0,, respectively. There were significant coupling effects of two factors on tomato
VC content, both positive and negative. VC content might reach the highest level of 30. 10 mg/ (100 g)
when soil water content at five different stages were (50% ~60% )6,, (90% ~100% )6,, (50% ~
60% )0,, (80% ~90% )6, and (70% ~80% ) 6,, respectively, while yield was decreased sharply.
Tomato yield and VC content in fruit acquired desirable level, which were 996. 75 ~ 1 037. 99 g/plant and
25.40 ~26.02 mg/ (100 g) when soil water contents at five stages were (90% ~99.9% )6,, (90% ~
99.8% )0,, (90% ~99.6% )6,, (74.0% ~81.8% )0, and (74.3% ~82.5% )6,, respectively.

Key words: tomato; vitamin C; soil water content; growth stage; quadratic general composite rotatable

design
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Tab.1 Levels and factors of experiment %
- I R %
X Xy X3 Xy X5

2 90 ~ 100 90 ~ 100 90 ~ 100 90 ~ 100 90 ~ 100

1 80 ~90 80 ~90 80 ~90 80 ~90 80 ~90

0 70 ~ 80 70 ~ 80 70 ~ 80 70 ~ 80 70 ~ 80

-1 60 ~70 60 ~70 60 ~70 60 ~70 60 ~70

-2 50 ~ 60 50 ~60 50 ~60 50 ~60 50 ~60

- P RO D KR N T R R K 6,00 T 2 R

F2 WHBIEHAR
Tab.2 Experimental design

Abpg X, XX X e/ R E C R || AR X, X Xox Fea/ YR C lE
%' (goBE™")  (mg-(100g) ") || G5 ) (g#k™")  (mg-(100g) ")

1 -1 -1 -1 -1 1 734 20.22 17 -2 0 0 0 0 825 24.98

2 -1 -1 -1 1 -1 729 21.23 18 2 0 0 0 0 776 26.13

3 -1 -1 1 -1 -1 605 23.18 19 0 -2 0 0 0 713 25.44

4 -1 -1 1 1 1 898 20. 12 20 0 2 0 0 0 544 27.06

5 -1 1 -1 -1 -1 477 24.83 21 0 0 -2 0 0 609 23.49

6 -1 1 -1 1 1 808 24.10 22 0 0 2 0 0 846 21.26

7 -1 1 1 -1 1 757 18. 46 23 0 0 0 -2 0 639 24.07

8 -1 1 1 1 -1 761 19. 30 24 0 0 0 2 0 697 19. 60

9 1 -1 -1 -1 -1 543 20.07 25 0 0 0 0 -2 536 17.93

10 1 -1 -1 1 1 661 18. 86 26 0 0 0 0 2 798 17. 46

11 1 -1 1 -1 1 599 20. 00 27 0 0 0 0 0 684 23.30

12 1 -1 1 1 -1 746 18.51 28 0 0 0 0 0 792 23.91

13 1 1 -1 -1 1 631 18.17 29 0 0 0 0 0 785 23.99

14 1 1 -1 1 -1 536 19.97 30 0 0 0 0 0 771 24.01

15 1 1 1 -1 -1 594 24. 89 3. 0 0 0 0 0 757 23.56

16 1 1 1 1 1 1033 20.59 32 0 0 0 0 0 695 23.80
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K I DPS 3. 01 %45 Ak 2 45 44 3547 120 56 B0 ds 48
14> #r, A SigmaPlot 10.0 #k {4 /F B, FH Design
Expert 8. 0. 5b L QLSS N

2 HER5H5W
2.1 HAEECEESESITMELTESKEZEAN
=k il k= v

K FH DPS 3. 01 54 %o 38 56 25 SR 90 47 05 22 4 b

(R3) IR RIELEAERCEHERY 55 DMEKH
B K X Z R o0 K AL R R 4 A
Bl F, =5.00 > F, ,,(20,11) = 4.1, F W FHEA
RO o IBR o =0. 1 R W35 0, 4+ 30 e 2 o AL R B
Y =24.07 -0.34X, +0.47X, -
0.29X, -0. 67X, —0. 52X, +
0.14X} +0.31X; —0.66X> —0.79X; —1.83X. +
0.27X,X, +1.02X,X, —-0.20X, X, -0.33X,X, +
0.15X,X, —0.24X,X, —-0.56X,X, +1.30X,X, (1)
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Tab.3 Analysis of mean square deviation for

experiment result

SRR CFHM BHE B F 25K
X, 72.78 1 72.78 34.77 0.000 1
X, 143. 87 1 143. 87 68.75 0
X, 52. 46 1 52. 46 25.07 0. 000 4
X, 288. 26 1 288. 26 137.74 0
X 171. 42 1 171. 42 81.91 0
X2 14.99 1 14.99 7.16 0.0216
X? 76. 37 1 76.37 36. 49 0. 000 1
X3 338.59 1 338.59 161.79 0
X2 492. 08 1 492. 08 235.13 0
X2 2619.23 1 2619.23 1251.56 0
X, X, 30. 06 1 30. 06 14.37 0.0030
X, X5 441. 04 1 441.04 210. 74 0
X, X, 17.77 1 17.77 8.49 0.014 1
X, X; 0. 054 1 0. 054 0. 026 0.875 1
X, X, 46.27 1 46.27 22.11 0. 000 7
X, X, 9.31 1 9.31 4.45 0.058 6
X, X, 25.17 1 25.17 12.03 0.0053
X5 X, 131. 86 1 131. 86 63. 01 0
X, X 6.42 1 6.42 3.07 0.107 6
X, X 722.09 1 722.09 345. 04 0
EYE] 209. 11 20 10.46  F, =5.00 0.0010
PES 23.03 11 2.09
PN 22.63 6 3.77 F, =48.22 0
B2 0.39 5 0.078
Js¥l! 232.13 31

2.2 EFEHREHH

BT 32RO AT 5 TE SR W1 4% R T 06 H A bR RO
W B R M . bR BT R — AN A TR R
B N T RO i 5 AR R, SR A e RO I
Sy BT A% B BE 1 K 40 %) Tl R SE 4 R R C R
SR o BRI ELE -2, - 1.0.,1.2 KF
T4 TR T 1 B RS W L6 4
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Tab.4 Factors’ amplitude and rank at different levels

i X, X, X, X, X SRRV

-2 594 1.29 1.47 3.40 518 X, >X;>X,>X,>X,

-1 250 109 138 2.50 4.13 X;>X >X,>X;>X,

0 0.57 0.90 1.30 1.77 3.49 Xs>X,>X;>X,>X,
1 121 075 1.25 1.47 3.50 X;>X,>X; >X, >X,
2 3.67 0.63 1.23 1.81 4.14 Xs>X, >X,>X, >X,

R 2.80 093 1.33 2,19 4.09 X5 >X, >X, >X;>X,

4R, &K T R B RN 45 K
X5 X0 X, X5 X U B I B 4 338 35 K R %
MRSHEE R C &R IR ROk, BHIRZ, I6 e
SRR /N X MR IR AE -2 KPR HROR fE - 1.2

KT AR TF X, £E 0 ZKSFF e/, b B 30 + 4
FOK XA R C F RS 5 Al By B K
SPROLAE Ko AT AR RS EIRAS KT BR T
HA AN A B B 3 S KR BRI BRI X X, X,
X, , bt 25 A5 7 B Bt 45 K SRR 7 i R S 4
AR C S Y R A R R B, T K BTN B T
i R S 1 S B BT
2.3 BB ESKENEMELESZ CEEN

A

Xof Il AT (1) B 4, BRI At B K - [
ENO K BHERTFHY4EER CHFRZMHN—IT
WA AR IR A B B e A R C & bRl
K RASAL ) AR SRR, 41 R 2. 46% 3. 08% |
5.79% 8.09% 17.25% . 3 W& I s + 58 4
KRN R YA R C F R R KK .
B /N o SR KA IA R R R SO BN+
okt @ R AR R C TR R KRE
M o il SR S A K ) 0 R R A R T T -
FKRM AL, T AR g R C SRR
E b kB (B L), H A& K 5 5
(67.79% ~77.79% ) 6,. (65.58% ~ 75.58% ) 0, .
(68.86% ~78.86% )6, f 4 i KAH , KK A 24. 10,
24.21.24.10 mg/ (100 ¢) .,

26
1 =0
[N ’—’___o—'—"
244._ {\5_5::— - I
i
22 .
¥
N
20 N

ot Y=24.07-0.34X, +0.14X 7
—0--F=24.07+0.47X,+0.31X 3
—o— T=24.07-0.29X;— 0.66X 3
—v - F=24.07-0.67X,—0.79X}
—o— ¥=24.07-0.52X5— 1.83X

—
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HEHEFECE B/ (mg (100g)

=2 -1 1 2

0
T K E R
BT A AEH BB RS K R R R C iR
Fig. 1 Effects of soil water content on VC content at

different growth stages of tomato

2.4 AEMEBELESKERRE R
Xf mHARERY () ) B4k, 75 21 9 PR Z (8] 1Y)
B RO A A
Y =24.07 —0.34X, +0.74X, +0. 14X, +

0.31X; +0.27X,X, (2)
Y =24.07 -0.34X, -0.29X, +0. 14X; -
0.66X; +1.02X,X, (3)
Y =24.07 -0.34X, -0. 67X, +0. 14X, -
0.79X; -0.20X, X, (4)
Y =24.07 +0.47X, —-0.29X, +0. 31X, -
0.66X: -0.33X,X, (5)
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Y =24.07 +0.47X, -0. 67X, +0.31X; -
0.79X: +0. 15X, X,

(6)

Y =24.07 +0.47X, -0.52X, +0. 31X, -
1.83X: -0.24X,X, (7)

Y =24.07 -0.29X, -0. 67X, —0. 66X, -
0.79X: -0.56X,X, (8)

Y =24.07 -0. 67X, -0. 52X, -0. 79X, -
1. 83X +1. 30X, X, (9)
F SigmaPlot 10. 0 = i iy 7 &1, 15 3 7 K = [6]
A RON I #l 2 FoR .
A 5 0 R AR %) 5 T AR R T BRI,
W15 0 A 25 SR R0 S S AR K IR AR 2 R S
M IR s 5T B - 38 UK 4 T 9 28 BLAE
AR THEMBLLEAER C R, 5K
RAES R SR A R IR B S5 R 5 i BOE
JSAHT UL R R 52 A K ) 3 45 I R - K 3 [ B 52 8.
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0

C 35 d S D/ I 5 v 5 K R T (80% ~
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IKEART(60% ~70% )60, , 4k 2R C 5 5 % i
s B A4 R ) S KRR T (60% ~70% ) 6,1,
R C & B R, P B B Ly
KRR (90% ~100% ) 0,5}, 4R C & ik K
{H 27.21 mg/ (100 g)
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Fig.2 Effects of two factors on VC content in tomato fruit
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ek R C S a WG BEIK. BE & i 13K 43
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N WS SR VNCE DN N Rk S0/ YN
T(70% ~80% )6,f, 4 A= 2 C & 5 W] 2 9 b 1 4
(Fl 2¢) . Bl MRAE S R 1 3 5 K 3mSR se 2k
KW -5 KR (50% ~60% ) 6,10, 44K C
BB N s RS A KA S K T 60% 6,
W4 R C S s Em/NE R m (# 2d) o BRI 4
SR BEAL B ARLn g AE R C R E I
B2 G 1 B B oK R A 3 5 e B AR S T G
(18 2e) , Bl UG ARG5S R 1) T 58 S KR By 1 I, i ox
TR B KRy -2 KO, R EEGEA R C
SEETIG N & B B S KR & T -2 KR,
4R C o BEARRUNE AR (& 2f) .

figg KA 55 5 AR A0 I R SR B - K 4
R G RN 4 R B b il (18] 2g.2h) o FHREE
B, Y BUE U 385 K3y (50% ~60% ) 6,
I B I R0 b g S K R A G T, e R SE e A R
C & it B W R AL, EL % i R B 43 il X 455 A
(8) . (9) 3R d5e KAE, 153 3 5 52 A 47 109 0 P 3 i K
LU 0N I Ui ' B e St - o B
(65.26% ~75.26% ) 6,,(65.79% ~75.79% ) 6, F
(62.36% ~72.36% )6,.(65.84% ~75.84% )6,
A2 C AR, 43R 24. 10 mg/ (100 g) |
24.43 mg/ (100 ¢) ,
2.5 #ERCEERBIM

iz ] DPS 3. 01 B fE X & i R L rp 4E4E R C
i KRR (] ] U R R AR A5 AR 5 A
TFRFA4EA R C & & i R AE M4 B B 1385 K
FREAG(FRS5) . S5REW, L FHS DB+
e K H K (50% ~60% ) 0, (90% ~ 100% ) 6, .
(50% ~60% )6,.(80% ~90% )6,.(70% ~80% ) 6,It,
FARLYEA R C & ikicKME 30. 10 mg/ (100 g) o
2.6 BFEMFESSAIMRIERAKEZEEFE

BREIREEDH

MR I 7 R AR 45 R (£ 2) , ] DPS 734
RS S A E W A KR Z R ) ] R
LCHIBE a=0.1 F A& 50)
Y =745.80 —21. 83X, +56. 17X, +56. 17X, +68. 92X, —

28.17X. —18.30X; —18.55X: +25.50X, X, +

32.00X,X, +37.00X,X, +33.38X,X,  (10)

RS HEZCAERANZINRIBEKRSINALULEAS
Tab.5 Optimized combination of all factors for
maximum Vc content in tomato fruit

e ROvER Bk W AR CHEER
gAMWW W R/ (mg-(100g) )
-2 2 -2 1 0 30. 10

s

BRI GE R 3 F R 4.91, 1 F F,,, (11,20) <
3035, UL F R 56 0 W, BRI G ARAR A7, I
by PR i1 7 Sy O 7K P B, 7 A5l e 0 K )
SR AR b, BE UG A6 45 R I K B T AR
1 HEK A3 24 R Ak Bl S A R ) K
Gy BRI ERG . IR R A B B S KR
A AS S R E, 4 4.83% \7.63% (11.89% |
13.40% \16.33% ., W] UL, , &b BT IE B - 58 7K 43 % 7
Al i B S B R R R 2z, i /D o AR
(10) 22 B.I5 Z 0] A1, G AL 45 01 5 1 09 2R S92k
KA TR A DA R SR S AR K 5 0 R+
KAy W58 HAE A BT /A7 e m . A
WFIE S F T B gl R C 5 o i i i 45 B B B K
STt EAC AL (10) 15755 7 5y 308. 55 ¢/ #%, 1
SRUEAE K C e ik £ HE K o I R S 30K R
Wl
2.7 BWBELEZECHTEEEIM0®

I H] Design Expert 8. 0 {4 X% 2 i 7 & F12R 52
e C Er e (477.00 g/, 1 200.00 g/fk) il
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&l 25.80 mg/ (100 g) o 7340, LG HT 9 DT,
%A ET 3 A By B A A K 50 5 R (90% ~
99.9% )6,.(90% ~99.8% )6,.(90% ~99.6%)6,,
WKW h (74.0% ~ 81.8% ) 6,, i 5t JE AU 91
(74.3% ~82.5% )6, , 7 fii B bk 7= it 996. 75 ~
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Tab.6 Optimization of tomato yield and VC content

X X, X, X, Xs /(g bk ') 4EAEE CH R/ (mg (100g) 1) e

1 2.00 2.00 2.00 0.24 0.34 1014.01 25. 80 0.59%4
2 2.00 2.00 2.00 0.22 0.40 1018. 19 25.73 0.59%4
3 2. 00 2.00 2.00 0.18 0.31 1 002. 07 25.98 0. 594
4 2.00 2.00 2.00 0.24 0.28 1 005. 28 25.92 0.594
5 1.99 2.00 2.00 0.27 0.35 1018.99 25.70 0.593
[§ 2.00 2.00 1.94 0.29 0.37 1016. 13 25.74 0.593
7 2.00 2.00 2.00 0.40 0.39 1037.99 25.40 0.593
8 2.00 1.98 2.00 0.19 0.25 996. 75 26.02 0.592
9 2.00 1.98 1.98 0.32 0.43 1030. 19 25.49 0.592
55 -2.00 -0.42 -0.63 0.83 0. 60 830. 60 25.69 0.479
56 -1.78 -1.13 -1.08 0.51 0.21 797. 61 26. 46 0.477
57 -2.00 -1.50 -0.21 0.16 0.61 817.83 25.72 0.471
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(3) W5 ROE 3R BL A, W 015 i A 45 2R J0) AR
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(4) K v 0 IR AE 45 R0 R S A R0 I ok
SR ah I RS S K R ) A R AE (50% ~

60% )6,.(90% ~100% ) 6,.(50% ~60% )6, (80% ~
90% ) 6,.(70% ~80% ) 0,1t , i S 4 1 % C
i A A i K AE 30. 10 mg/ (100 g) , 24 T 3 BOK IR
FEW 5 2 5 A B Be £ g8 & K F 50 5 (90% ~
99.9% )6,.(90% ~99.8%)6,.(90% ~99.6% )6,
(74.0% ~81.8% ) 60,1 (74.3% ~82.5% ) 0,1}, %
WL R 996.75 ~ 1037.99 ¢, 4EE 2 C N
25.40 ~26.02 mg/ (100 g) .
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