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Effects of water and fertilizers on tomato soluble sugar contents
under alternate partial root-zone irrigation
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Abstract: [Objective] The effects of irrigation and fertilizer amounts on soluble sugar contents of to-
mato were investigated under alternate partial root-zone irrigation. [Method)] Using a quadratic orthogonal
regressive rotation design with five factors,the effects of irrigation water amount and fertilizer amounts in-
cluding nitrogen, phosphorus, potassium and manure on soluble sugar contents of tomato were investigated
by pot experiment under alternate partial root-zone irrigation. A regression model on water and fertilizer
amounts and soluble sugar contents of tomato was established. Single and coupling effects of all five experi-
mental factors were analyzed. [Result] For the soil and tomato variety used in the experiment, the relation-
ship between soluble sugar contents and K fertilizer amounts could be estimated as a second-degree parabo-
la with open side down when other factors were at intermediate levels. Soluble sugar contents increased lin-

early with irrigation, P fertilizer and manure amounts, but were not affected by N fertilizer amounts. The
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interactions between the fertilizer amounts of N, P or K, between K and manure showed negative effects

while the interactions between N fertilizer and manure amounts and between P and K fertilizer amounts

were positive, [Conclusion] The results suggested that irrigation amount and fertilizer amounts of N,P,K

and manure significantly influenced soluble sugar contents in tomato through single factor or their interac-

tions. Under the condition of alternate partial root-zone irrigation,increasing the amount of irrigation in a

proper way,application of N and manure,K and P,and a high level of manure and a small amount of K can

significantly improve soluble sugar contents in tomato.

Key words: alternate partial root-zone irrigation; quadratic orthogonal regressive rotation design with

five factors;soluble sugar content;irrigation amount;fertilizer amounts;tomato
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Table 1 Experimental factors and their codes

\ R T KA T
SES A2 Ak [6] 1 Variable amounts and their codes
Factors Interval

—2 —1 0 1 2
H#E K& (X)) Irrigation amount 1/3W 1/3W 2/3W w 4/3W 5/3W
Jifi & (X2) /(g + kg™ ') N fertilizer amount 0.12 0 0.12 0. 24 0. 36 0.48
MEBSHE (X35) /(g + kg™ 1) P fertilizer amount 0. 066 0 0.066 0.132 0.198 0. 264
JEAP (X)) /(g » kg™ ') K fertilizer amount 0.105 0 0.105 0.210 0.315 0.420
AHIEFE(X5)/(g « kg™ ') Manure amount 10 0 10 20 30 40

W % KR K A

Note: W indicates the middle irrigation amount.
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K MG B A4 DPS F1 Microsoft Excel 2003, X} A]
VAV I E 45 SR AT 23 A A B o ST R PR
EEE R L AN R UE €y ST

2 RS0

2.1 BMARMESESEKERA B .HUNEF

VB R £ Er X &

MRAEIAE H R R G DPS s ik
TE S i 21 A Bt B9 20 BT R O S S 7 Al T
EEOOET VS H{O PN (¥ 5 {O.CPIN X7 3 (P EPN
HEAR (XD A UL (XD Z i 07 72 i 4 Y
AT AR

Y=2.911-+0. 195X, +0. 106X, +0. 225X; —
0.076X? —0. 236X, X, —0. 149X, X, +0. 163X, X; +
0.202X,X,—0.093X,X;, (D

Tr T R R W, F=1. 655>F, , (12,23)=
307, 15 BBLAUL Y [l 151 5 28 1K 24 5 35 /K F- » fiE S gk
T 50 PV R A 22 A e R L AT LA S T A AT
P B i A

AT A R B F AR Fu=19.707, F, =
2.843, F; =12. 97, F,, = 1. 951, F,, = 9. 477,
F,=3. 788, F,5 = 4. 512, Fy, = 6. 968, F, 5 =
1. 462(Fo.550.2 = 1. 40, Fo 11,05 = 2. 94, Fo 5100 =

4.28,Fo o119 = 7. 88), Al I — R I X, A1 R 3
X1 ik B KT, — kI X, f X ikl B 3 KF, &R
BIAER S0 25 PR T, it 9l 2 0 e 460 i %o 2% ohh T 9 P
FrE A —E R L B K R MLIE it T
WA EEEM. £ BT, X, X, 53 &8
KL XX L XX XX XX, Bk E ok
S, 1k B it 20 A R B e S EAE R L AR S
BHAE A MLIE B IE 5 #0080 I8 S5 H PUIE & 3
A — 5 B B
2.2 B—RAEMEBEMAAEESENEMW

T 50 BT A T B P AR A v 2% T g [ 1
E & L VAN S A DO I SR i B o e 4 N D
HoAth IR 3R Ry K o 45 4% PR 3 0 2 ati AT i M T
— 0 U i [T AR R A R

HEKHE .Y, =2.911+0.195X,, )
AR Y, =2.911, (3)
MR .Y, =2.91140. 106X, , 4
JEATER .Y, =2.911—0.076X?2, (5)
HHE Y, =2.91140. 225X, , (6)

MR DL b 5 ASRERY, AT 22 3 il AT v M i
Hp—HEEMXER.ERWE 1. NE 1 TUE
L T AT MRS RS KR i R HLIE
S IE] A G RS 3 B IE A R M G R L R e Al
Vs T R B R K R bt R R AL A A K
T30 o B 750 P 3 P 5 6 Bt o 1 28 b 2 By
Je B IR T R R B AE — 5 i A0 B AKOF R
AT DL SRAT o B AT M S B R X A AT
PEME O B (5 e 5 A B R A BT AN TR a5 2%
T T A T VAT M R I it R A G e 2R B
A, 2 o R A O 0 g/kg HEK &R
5/3W it A & Ry 0. 48 g/kg. A HLALHE H & S 40
g/ kg, 7 il AT I POBE S i AT DL S B R K (H 62, 6
g/kg.



4 PO AL A BB K 2= 24 4R (A AR B D 541
—o— £ 7K & Irrigation amount; 2.3.1 #AEZTX)FHAAEET(X)NBEZLE K
T 36 A IBE P renilize amount. FI“ e 3515 0 2R J (X, ) 7B ik (X ) B0 R 5 4K

B2 | SRR E Manre amougt B 7
pn 22 Y=2.911+0.106X, —0. 236X, X, , (7
B2 2 AR08 7 Ot R B A 8 A T
ERE 2 (R A AV S5 S I 20 3 2 ATLU 4 it
& 20 AT A A K SV 5 M A0 14 T 9
5 —= - e 13 A 5 TR (LS AR A 6 60 14 DR 5 >4 B

& B FE KP4 igE

Codes of factors levels

PL A [ B — PR3O 0 T 3 R 2 e 1 5
Fig. 1 Effects of different single experimental factors
on soluble sugar contents in tomato
2.3 MARNEBEMRLUTASEESENEAUN
T a2 S AT VA PR WE B i 2 2 R B0 R AT A
FATRAC A A AR A R IS AR AR . AR IR
T L FUA X A ) 8 5 AR TR AT 23 B A RE
NIRRT NTERE R . EARRE .5 DT
PG IR RA 10 F, 207 25007 B LR
FEZHEINAE XX, . XX, . XX . XX, M X, X,

AL T ] KCOEB Bif A it S A B T ik T
B O RE N A 5 2 it il i Ak T R AKOF- I B il R
LN IOR DI | RAR O el R NI R CE % e
RRBETE T i N W e AN 1 Y O B
Jit 114 18 0 7 T R R R 0, LUK
- fE 18 R T 5 224 i G Ak R KT B e
N R R T AR AR, LA R K T Y
R A R . e it ol o I it 280 4 i % 4 0. 264
g/kg A 0 g/keg) B, T i vl 75 R B R AT Gk
e E 40. 7 g/kg. AT FEARREE £ 44T, A B
JH 2 1] 77 A Bk A 60 58 RGN

R HRESEHENERTIEESIEZWHNBERE

Table 2 Coupling effect of N and P fertilizer amounts on soluble sugar contents in tomato

AN TR KPR BT e /(g - kg™

b {{%fi%jﬁjiﬁffdu N fertilizer amounts on soluble sugar content /(g kg 1) S CV/ Y%
—2 —1 0 1 2
—2 17.6 22.3 27.0 31.7 36. 4 27.0 7.92 29.33
—1 23.3 25.7 28.1 30. 4 32.8 28.1 4. 10 14.59
0 29.1 29.1 29.1 29.1 29.1 29.1 0. 00 0. 00
1 34.9 32.5 30. 2 27.8 25.4 30. 2 4.10 13.58
2 40.7 35.9 31.2 26.5 21. 8 31.2 7.95 25.48
x/(g kg™ D 29.1 29.1 29.1 29.1 29.1
S 8.35 5.72 1. 66 2.61 6.35
CV/% 28. 69 19. 66 5.70 8.97 21.82
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Table 3 Coupling effect of N and K fertilizer amounts on soluble sugar contents in tomato

AN TR RSP R Bl e/ (g - kg™

X fﬁﬁl;iliﬁjif’?fi’du N fertilizer amounts on soluble sugar content /(g kg 1) S CV/ Y%
—2 —1 0 1 2
—2 20.1 23.1 26.1 29.1 32.0 26.1 4.41 16. 90
—1 25.4 26.9 28.4 29.8 31.3 28.4 2.53 8.91
0 29.1 29.1 29.1 29.1 29.1 29.1 0. 00 0. 00
1 31.3 29. 8 28.4 26.9 25.4 28.4 2.53 8.91
2 32.0 29.1 26.1 23.1 20.1 26.1 4.71 18. 05
z/(g kg™ D) 27.6 27.6 27.6 27.6 27.6
S 4.71 2.45 1.27 2.45 4.71
CV/% 17.07 8. 88 4. 60 8. 88 17.07
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Table 4 Coupling effect of N fertilizer and manure amounts on soluble sugar contents in tomato

AN TR K S B AL R A/ (g e kg™ D)

ﬁﬁ:&jsgfjﬁﬂ:ﬁi? N fertilizer amounts on soluble sugar content /(g kg D) S CcvV/%
—2 —1 0 1 2
—2 31.1 27.9 24.6 21.3 18.1 24.6 5.15 20.93
—1 30.1 28.5 26.9 25.2 23.6 26.9 2.58 9.59
0 29.1 29.1 29.1 29.1 29.1 29.1 0. 00 0. 00
1 28.1 29.7 31.4 33.0 34.6 31.4 2.58 8.22
2 27.1 30. 4 33.6 36.9 40.1 33.6 5.15 15. 33
x/(g+kg D) 29.1 29.1 29.1 29.1 29.1
S 1.58 0.98 3.56 6.17 8.70
CV/% 5.43 3.37 12.23 21. 20 29. 90
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A AT LB 8 1 7 o vl VA B, AF 5 ]
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e i1 T P B R T R A 5 e Wl A I o K P
VA R A ) R T B 5 Y e
TN B L KT RN K B B 2 b A A 4
T T R S RSB R RG24 A R (K
S i 2 T A e A I T R M T R AL

(R A R e NI (T WA NP e O R AN =
K i 25 GG W 2 A 8, R T
T L3 Jon s, I =2 88, R it A A A
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R 48 v 7 0 0 T Ve R A A
2.3.5 AT E(X)FAIIER B (X,) 0480 5% 5
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Table 5 Coupling effect of P and K fertilizer amounts on soluble sugar contents in tomato

T AN [E] KSR A R A /(g - kg D)
it W 2 K V- G B K fertilizer amounts on soluble sugar content /(g kg D) S v/ %
P fertilizer level codes . ’

—2 —1 0 1 2
—2 32. 1 30. 3 27.0 22.2 15.9 25.5 6. 04 23. 69
—1 29. 1 29. 3 28. 1 25.3 21.0 26. 6 3.13 11.77
0 26. 1 28.4 29. 1 28. 4 26. 1 27.6 1.27 4. 60
1 23.1 27.4 30. 2 31.4 31.2 28.7 3.13 10.91
2 20. 1 26. 4 31.2 34.5 36. 3 29.7 5.86 19.73
/(g kg 1) 26. 1 28.4 29. 1 28.4 26. 1

S 4.74 1.53 1.66 1.85 8.06

cv/% 18.16 5.39 5.7 17. 08 30. 88
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Table 6 Coupling effect of K fertilizer and manure amounts on soluble sugar contents in tomato

ANF A U A K T R AT e & /(g - kg™ D)
it 20 B K - i A Manurer amounts on soluble sugar content 2/(g+ kg=D) S V%
K fertilizer level codes p b

—2 —1 0 1 2
—2 17.9 22.0 26. 1 30. 2 34.3 26. 1 6.48 24. 83
—1 22.0 25.2 28. 4 31.5 34.7 28.4 5.01 17. 64
0 24.6 26.9 29. 1 31. 4 33.6 29.1 3.56 12.23
1 25.7 27.0 28. 4 29.7 31.0 28. 4 2.10 7.39
2 23.4 24.8 26. 1 27.4 28.7 26. 1 2.09 8.01
x/(g kg™ D 22.7 25.2 27.6 30. 0 32.5
S 2.95 2.03 1.27 1.49 2.26
CvV/% 13.00 8.06 4. 60 4.97 6.95
2.4 HBEFE WA IR 45 1 7 b T PR B S R AE 9500 B 15 X (]

R T 2 57 14 25 0 1T B i S K i AF 25 PR 0 P Ak BE LG O 8 o K & (1L 114 ~
R B VPR AILAE ) A B AR A (2R (D)) L 7 1.164) W, jifi & & 0. 239 ~ 0. 258 g/kg. jifi B &
—2< X, <2(i=1,2,3. 4, ) WHE A B K N 1 #:17 0.150~0. 160 g/kg, i #f &t 0. 193~0. 208 g/kg. A
TR L, 3K 15 %o ol ¥ MM A R TR HLIE F i 24. 95~26. 36 g/kg, & FBC L 7 % I
28.6 g/kg T ZAT 1 249 4>, % RSB i w15 A8 B BUE R A W3R 7,
K7 BMUAEESEATFEYME 2.6 g/ke HHBEEAFRERES GRELFTE
Table 7 Factor frequency distribution and proportioning plan when soluble sugar

contents in tomato larger than the average of 28.6 g/kg

7K i B £ T BUE A % Factor frequency distribution
Variable amounts
and codes X Xz X3 Xi Xs
—2 0.122 0. 190 0.152 0.176 0.082
—1 0. 157 0.181 0.138 0.230 0.139
0 0.195 0.211 0.187 0. 250 0.208
1 0.237 0. 207 0. 254 0. 200 0.271
2 0.290 0.211 0. 269 0. 144 0.299
MR Total number 1249 1249 1249 1249 1249
Y i AL % Weighted average 0.416 0.069 0. 350 —0.094 0.565
2 Standard error 0.039 0. 040 0. 040 0.037 0.036
95V HAR X1 0.341~0.492 —0.009~0. 147 0.272~0.427 —0.166~—0.021 0.495~0. 636

95% confidence interval
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