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Effects of different irrigation quantity and frequency
on tomato quality and sugar accumulation

ZHOU Haixia, LAN Zhiqgian, ZHANG Kaige, ZHENG Wende, MA Jiawei, LIN Wei, ZHANG Xueyan
(College of Agriculture, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract: A two-factor randomized block design with four irrigation levels (L1,12,1.3,14) and two frequen-
cies (P1,P2) in this study was used. By studying the nutritional quality such as sugar components, carbohydrate
metabolizing enzymes, and yield of tomato in winter, spring, summer, and autumn, we discussed the effects of irri-
gation amount and frequency on the formation mechanism of tomato quality and the optimum irrigation amount and
frequency for better quality and yield. The results showed that appropriate reduction in irrigation volume can in-
crease the nuiritional contents including sugar content, SS and SPS activities, and WUE, but inhibited the activity
of Al and NI and reduced the yield, while the irrigation frequency had no significant effect on all indexes. The or-
ganic acids, soluble sugar content, sugar and acid ratio, SS and SPS activities, fructose and glucose contents of
winter and spring crop reached the maximum in L2 treatment, while the yield was the largest in 14, of which Ve,
glucose, and SS activity had a greater impact on its quality and yield formation. Nutritional quality indicators of
summer and autumn stubble tomato, sugar content (except starch) , SS activity with L1 treatment were significantly
higher than 1.3 and LA4. The yield was still the largest with L4. The fructose content in L1 was significantly higher
than that with L3 and [4, 1.02 and 1.25 times, respectively. Among them, Ve, sucrose, and NI activity had sig-

nificant effects on its quality and yield formation. According to analyses of the main components of the overall quali-
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ty and yield derived, winter and spring stubble in greenhouse, greenhouse tomato seedling stage, flowering set fruit

stage, and full bearing period to seedlings pulling were irrigated at 150, 200, 400 ml - plant™" - d™' and 300, 600,

900 ml - plant™ - d™', and 1 or 2 times a day obtained the best overall quality and yield.

Keywords: tomato; irrigation quantity and frequency; quality and yield; sugar component; activity of sugar

metabolizing enzymes
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Table 1 The experimental design/(ml + plant™ « d™")
A EEN Y BEAEI 2 R TR 2 R
Late seedling~ Full flowering stage Flowering ~ Fruiting stage Full fruits ~ Harvest
#HH b3
Stubble Treatment 2016-01-01~02-15 02-16~04-14 04-15~05-31
FF(10:00) (15 : 00) B F(10:00) (15 : 00) FF(10:00) (15 : 00)
Morning Afternoon Morning Afternoon Morning Afternoon
L1P1 100 - 150 - 350 -
L1P2 50 50 75 75 175 175
2015—2016 4 L2P1 150 - 200 - 400 -
KAFIE L2p2 75 75 100 100 200 200
Winter-spring  L3P1 200 - 250 - 450 -
crop L3p2 100 100 125 125 225 225
L4P1 250 - 300 - 500 -
1L4P2 125 125 150 150 250 250
IR AL B B BRI R
Late seedling~ Full flowering stage Flowering ~ Fruiting stage Full fruits ~ Harvest
FEM b
Stubble Treatment 2016-06-21~07-29 07-30~09-22 09-23~10-31
(07 :00) (18 : 00) B (07 :00) T4F-(18 : 00) F (06 : 00) T4F-(19 : 00)
Morning Afternoon Morning Afternoon Morning Afternoon
L1P1 300 - 600 - 900 -
L1P2 150 150 300 300 450 450
- . L2pl 350 - 650 - 950 -
2016 4 KB L2p2 175 175 325 325 425 425
Summer-autumn
crop L3P1 400 - 700 - 1000 -
L3p2 200 200 350 350 500 500
LA4P1 450 - 750 - 1050 -
L4P2 225 225 375 375 525 525
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FIRERE5 B (SS) T MR FH 43 60 B VL D 2 5 R 1
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#H 0.5 h J5FEE 65°C ML 5L+ 5, IR I
666.7 m” FARECFI B AR AT TR S i
1.3 #HiBEGiTAE

BE 3 1 % F Microsoft Excel 2007 %k 4 #1
SPSS 17.0 B F k47 kb B AN 3 B 4343 A7, R LSD
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Table 2 The statistics of nutritional quality index of tomato under different irrigation treatments

#n 50 ve MR pmen e LR B L
Stubble Treatment  /(mg + 100g™") 4 Soluble solids/%  Organic acid/%  Soluble sugar/%  Sugar-acid ratio
/(mg - 100g™")

LI1P1 61.75+0.03ab 1.38+0.018a 8.20+0.07a 0.79+0.04abc 6.29+0.5¢ 8.07+0.58abc

LI1P2 64.07+0.04a 1.32+0.015ab 8.10+0.27ab 0.81+0.05ab 6.75+0.69abc 7.89+0.63abc

. L2P1 56.76+0.02abc 1.23+0.007abc 7.96+0.17abc 0.85+0.05ab 8.10+0.36ab 9.57+0.39a

Win\[er—spring L2P2 56.70+0.05abc 1.25+0.008abc 7.62+0.36bcd 0.87+0.08a 8.16+0.52a 9.28+0.72ab

crop L3P1 53.92+0.02bed 1.03+0.009bc 7.26+0.07d 0.77+0.06abc 7.27+0.45abc 8.48+0.8abc
L3p2 52.94+0.02cd 0.99+0.01c 7.47£0.32¢d 0.72+0.06bcd 7.02+0.51abc 8.64+0.49abc

L4P1 48.43+0.01d 0.59+0.007d 6.28+0.04e 0.65+0.02cd 6.51+0.79bc 7.43+0.34¢

LAP2 49.33+0.02c¢d 0.51+0.007d 6.24+0.04e 0.62+0.02d 6.34+0.58¢ 7.48+0.82bc

LI1P1 62.60+0.07a 1.89+0.037a 5.96+0.22a 0.61+0.084a 7.61+0.43a 13.24+1.91a

LI1P2 61.38+0.04ab 1.79+0.037ab 5.68+0.24ab 0.59+0.019a 7.50+0.46a 12.67+0.77ab
. L2P1 57.34+0.02ab 1.20+0.005bc 5.13+0.37bc 0.51+0.045abc 6.99+0.26ab 10.85+0.91abc

BBk L2P2 56.42+0.04ab 1.22+0.009bc 5.00+0.11bc 0.54+0.038ab 6.86+0.07ab 10.42+0.66bc

Summer-autumn

crop L3P1 49.69+0.03b 1.08+0.008¢ 4.70+0.2¢cd 0.49+0.042abc 6.44+0.15ab 10.18+0.81bc
L3p2 50.26+0.05ab 1.04+0.009¢ 4.78+0.26¢d 0.48+0.028abc 6.39+0.24ab 10.02+0.66bc

L4P1 48.92+0.05b 0.93+0.012¢ 4.10+0.35de 0.43+0.03bc 5.66+0.52b 8.85+0.23¢

LAP2 48.63+0.03b 0.93+0.012¢ 3.93+0.32¢ 0.41+0.054c¢ 5.70+1.01b 8.63+0.69¢

T R PRSI NG TR R R AL B E] 22 5358 5% 2K, FIE,

Note: Different lowercase letters within each column indicate that the difference between treatments significant differences at 0.05 level. The same below.

x3 BREFERKSFARESRITHR

Table 3 The comparison statistical of yield and water use efficiency of tomato under different treatments

P/ (kg + 666.7m™%) FEK M/ m? KRR WUE
fby Yield Total amount of irrigation /(kg-m™)
Treatment P Ak pr K P ot
Winter-spring crop Summer-autumn crop Winter-spring crop Summer-autumn crop ~ Winter-spring crop Summer-autumn crop

L1P1 5187.36+369.37¢ 3720.69+193.76d 72.22 175.71 71.83+5.11a 21.18+1.1a
L1P2 5272.08+317.98bc 3838.75+233.33cd 72.22 175.71 72.99+4.4a 21.85+1.32a
L2P1 5945.83+317.98abc 4079.17+264.58bcd 95.73 222.61 62.11+3.32b 18.32+1.19ab
L2P2 5812.72+214.58abc ~ 4196.06+179.47abed 95.73 222.61 60.72+2.24bc 18.85+0.81ab
L3P1 6456.87+296.27a 4423.54+305.51ab 125.13 249.99 51.60+2.37bed 17.69+1.22b
L3p2 6394.79+688.8ab 4328.13+88.19abc 125.13 249.99 51.11+5.5¢d 17.31£0.35b
[AP1 6792.22+491.03a 4525.55+264.58ab 155.58 284.57 43.66+3.16d 15.90+0.93b
L4P2 6917.69+59.7a 4651.02+332.78a 155.58 284.57 44.46+0.38d 16.34+1.17b
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Table 5 Eigenvalues and cumulative contribution proportions of different treatments

BN £ A4t Winter-spring crop HFKFE Summer-autumn crop
Principle FHOEAE TR/ % FHTTIR % FHIEE TR/ % FRTIHCR %
components Eigenvalues Proportion Cumulative proportion Eigenvalues Proportion Cumulative proportion
1 11.633 72.708 72.708 15.365 96.033 96.033
2 3.72 23.248 95.957 0.255 1.591 97.624
3 0.326 2.039 97.995 0.176 1.102 98.726
4 0.143 0.897 98.892 0.106 0.66 99.386
5 0.09 0.565 99.457 0.059 0.368 99.754
6 0.051 0.32 99.777 0.028 0.176 99.93
7 0.036 0.223 100 0.011 0.07 100
8 0 0 100 0 0 100
9 0 0 100 0 0 100
10 0 0 100 0 0 100
11 0 0 100 0 0 100
12 0 0 100 0 0 100
13 0 0 100 0 0 100
14 0 0 100 0 0 100
15 0 0 100 0 0 100
16 0 0 100 0 0 100
F 6 WMBETFHREER F7 HEEXEENFLELRS
Table 6 Component load matrix Table 7 Eigenvectors of correlation matrix
. pERT i . Sl Fre
H & Winter-spring crop Summer-autumn crop . Winter-spring crop Summer-autumn crop
Attributes Attributes
Prin 1 Prin 2 Prin 1 Prin 1 Prin 2 Prin 1
Ve 0.778 -0.611 0.981 Ve 0.2345 -0.2455 0.3357
HMRER Nitrate 0.934 -0.313 0.961 iR Nitrate  0.2756  -0.1071 0.1315
AT PEETEY) AR Y
_ . 0.2633 -0.1237 0.1663
Soluble solids 0.903 0.345 0.983 Soluble solids
R Organic acid 0.985 0.043 0.978 fi2 Organic acid 0.2774 0.0951 0.2955
RIRSEs %
AT R 0.684 0.707 0.986 . PR 0.1389 0.3716 0.1870
Soluble sugar Soluble sugar
BEIR Lt T H
Sugar-acid ratio 0.794 0.577 0.983 S ﬁ?ﬁ&“ﬁ . 0.1801 0.3273 0.1365
ugar-acid ratio
H Yield of fruit -0.798 0.594 -0.989
;;UJ%]PL;Z; ;&E 0.797 0.59 0.976 FEE Yield of fruit  0.2364 -0.2441 0.3077
5 s e ’ ’ IKAFIFHRE WUE -0.2448 0.2289 -0.3353
HBE Fructose 0.914 0.193 0.975 B Fructose  0.2511 0.1457 0.1044
HERE Sucrose .85 0506 0.992 FEBE Sucrose 02549 —0.1957 0.2984
AR Clucose—0.888 0.449 0.976 WA Glucose  0.2142 02910 0.3344
UER) Glucose  ~0.91 0.375 -0.984 WH Glucose  —0.2770  0.1212 ~0.1765
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Table 8 The comprehensive scores and comprehensive ranks
of quality and yield of tomato under

different irrigation treatments

KAFE Winter-spring crop HRKFE Summer-autumn crop

AbH LZatyE  ZER et GEF

Treatment  Comprehensive Comprehensive Comprehensive Comprehensive

rank score score rank
L1P1 650.21 6 729.28 1
L1P2 663.11 5 726.26 2
L.2P1 739.32 1 698.51 3
L2pP2 722.68 2 681.48 4
L3P1 688.46 4 639.40 6
L3P2 709.86 3 651.97 5
14P1 600.86 8 510.85 8
L4P2 611.88 7 617.91 7

33

Ko R BB R T T A 2R S A o RS (R e
RRAR 17, — R — XA P i B AR, 7
FLEE A T, AR S 52 WA ) AR A TR BR
BN Z—WR o3 R BRI i e B B
BRI . ASKEE OSSR s, S K ]
P, (H2 T BUK I TR B, 1M K
N 7 ek KoK 3 TSR TG A 3 R W) 3 4 /D T
JKEE AT LR K o A R RO R BITOKRCR . A

W SAM TS T — g 10 P i K3
(TR AL BRI X 7= B AN 2 FE ALK 4
TERE TR R HRCR

F TR R AL 9 5 S BRAS A0 5 0 R — B
FERFFE IR T 5 9 T8 i B — AR A
T ARMEGEE AT T B AT AR Ve A LR RERE
A (SS T PE AL WG M NI TG PE 77 i & WUE %%
FEBR X it o B 7 i T U e 5 sk K, HLA%
st STAE AR X 7K o ) RO B K i o7 3o R AN A ]
e it B B K A RERE X e A A R A R e AR
K AR S AT & PR, 3 24 K ]
DABE = T i SR S nL i MR o i Ve 7 i BHTR LS
RO, ANTTTBR 85 1 78 i o 0T FXUBR , A 2, K
AL, 23 0l U A TR R, X — Oy T R R
K43 %68 T it A S T SR A R R AE D, T 1k
TE | vT v Mt S S 2 DR 7K Sk %) 385 Jon i i 7
WD, 3 — 7 TH BT K A3 3G 0 AT T 02 a2 R
A B P TS 2 1T i A i T R, AT R e i
SRS AR 5T, 3 5 O 11 2K 8 I8 T I BIF AT 4
FAAF T o BB 26 0 R SIS o ) 6 i R
B, TN S A A 2l A A W | SR R 2
B, FEARE O ) R A s AR RS h 2 )5, &
TR A O T AV T 0 e 1 0 20 A SRR
HERE A I A DU, SS R SPS ¥ M2 Fl R B U
PE AL AN 362 AR o3 6 300 2 an SR 58 vh
B4 SRR B A TG M A A TG Pk 2, B
PR E ) AW LB, A — e HE K B I,
PEFEFERE A G SS | SPS 1 M B & W /K & 1 1S 2
AR AL T AR AR A3 AT AT NT T B
5 T 7K A 028 1 | H Y K R T
I, [FIRE 231 i SS . SPS I 1 T F Al AT, NI 3% 7
P3G, T LAY E K s B[R] SS | SPS i M T
TR T RERE 094 i, AT FINT W& PE T 828 1
TR 4 ik BSC SR R4 250 W T SR 1 T 2 R 1Y
1.8 A, K 2 G A ) 1 TR K A B SR AR | T DA
BT SRS AR RE i T R, Dl I AR 45, fE TS
GOV R, KA T R AR TSR S L AT A
NI [ 3E P SARBFIE I 45 FARAT . AR S 3 X 4% 3
KA B BT |7 AR 43 R RRE BEA o3 OB
it 1 PR AR A T S B A AT, R A A B A 2
B E R SRR B AR AE B 2 AT, ERSr
1 STRRR R 72.71% , E LAY 2 ST K 23.25% , 3%
P B AT DA R 25 S5 77 R 1Y 95.96% 5 B Ak &
A 1A FEST, HBTERE N 96.03% , S5 REBWIA
A L2P1 ARG i , BAKAE LIP1 A FRZE



At 5T S o RPN BT 93

55 6 1] Jo e B 55 AN]SR X0 2 il
AN

4 4 8

1) BN B A8 7 i H 31 L WUE R
Rk, 38 240k 20 7K B2 T AR R 7 b nT A R
Ve Fra A5, IIMTHE & 1 F i i o A0 XU, T 7K i
BN 7= i I 45 i S AR G B & R A L
i | T P RO IR L 34 78 W K K OF Sy 12
Bl R, AR A LR | 1T 4 1 B 7 et FOBE IR LL 7
L1 AbHR K,

2) FE—E TEK LG P Bl K R T R SS
F1SPS I PN TR A A R, M AT R NI TR
P T DR T e SR W R 4 W, IR O TR
WEAY G BT 0 T A BT & SS T SPS i M
R SRR A o d e B AL VAR S (I R
TEHEK HEKF L2, Rk SPS Al SS i Pk R b
FEAE L1 AP,

3) MR I AT 2R B BT AR &R 2R L2P1 b
PREEA Iy fe e, EAKAE L1P1 b BR A5 f B & R 75
B T A A SR % S = R 4y S K 150,
200, 400 ml - #£7" « K7, BERHEK — IR EAGHER
1 T A6 AR ST SR ) 3 i 43 7K 300,600
900 ml « k™' - K7 BERBEKMEIK

& % X #k:

[1] Wang F, Kang S Z, Du T S, et al. Determination of comprehensive
quality index for tomato and its response to different irrigation
treatments [ J ]. Agricultural Water Management, 2011, 98 (8):
1228-1238.

(2] tpfiag, BRI, W50, 55 T IORIMIMEXT Bt 2 iR 2 A b
AR T]. A, 2016, 36(3) ; 748-757.

[3] AHfag, 180, BRKeBk, 55 3K o a X3 A i AFLARR
PRI )], AESEAE, 2015, 34(5) : 1234-1240.

[4] FHI FOGREFMS RS RIFE PRI D]. RS i
JET AR, 2011

[5] Salokhe V M, Babel M S, Tantau H J. Water requirement of drip irri-
gated tomatoes grown in greenhouse in tropical environment[J]. Agri-
cultural Water Management, 2005, 71(3) :225-242.

(6] JAmkA. WK SEACEX A S EAERE[D]. M. ¥
IR, 2014

(7] ZeWifh, £, HRIh, & RRTHE R FOtREFRmER, >~
HEFIBTSERT]. TPIEREZSC, 2013, 29 (8): 28-29.

[8] Zeng C Z, Bie Z 1., Yuan B Z. Determination of optimum irrigation
water amount for drip-irrigated muskmelon ( Cucumis melo 1.) in
plastic greenhouse[ ] ]. Agricultural Water Management, 2009, 96(4)
595-602.

(9] FSCR, BRE =, WML, 5. BOissea: K il e oe
RIBCETEH)]. folk TR, 2005(52) : 24-27.

[10] Baselga Yrisarry J J, Prieto Losada M H,Del rodcén A R. Response

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

of processing tomato to three different levels of water and nitrogen ap-
plications[ J]. Acta Horticulturae, 1993,335.149-153.

ARINEE, XU, SR, S5 R KA R KA 7 AR
A DA SUOCRFERTEMA ) ]. KRR, 2017(4) : 50-56.
Costa ] M, Ortufio M F, Chaves M M. Deficit irrigation as a strategy
to save water; physiology and potential application to horticulture[ J ].
Journal of Integrative Plant Biology, 2007, 49(10) ;1421-1434.
Topcu S, Kirda C, Dasgan Y, et al. Yield response and N-fertiliser
recovery of tomato grown under deficit irrigation[ J ]. European Journal
of Agronomy, 2007, 26(1) :64-70.

Javanmardi J, Kubota C. Variation of lycopene, antioxidant activity,
total soluble solids and weight loss of tomato during postharvest
storage [ J ]. Postharvest Biology and Technology, 2006, 41 (2):
151,155.

WA, 2R, FE%, & AREFBHKIT 5 BRI EREEHRK
SIFHFF= AR [T ], 4Ol HLRF R, 2015,46(10) ; 144-151
+265.

FOSCH, 2t g, 45, THIEXT A I B B s [ ).
N 2010(5) : 72-74.

Preafts, sk bRE, sk R Rz, SR
FE[J]. ARSI, 2004, 30 (1) : 1-10.

Zhang X, Wollenweber B, Jiang D, et al. Water deficits and heat
shock effects on photosynthesis of a transgenic Arabidopsis thaliana
constitutively expressing ABP9, a bZIP transcription factor [ J ].
Journal of Experimental Botany, 2008, 59(4) .839-843.

T, F T FERTHEACREUN 77 SR B A A b A Kk
BRI ]. 20, 2004, 31(4) : 477-481.

TRRER. TR IR S R R 205 AR A A i B FEHL
[D]. J&FA: PHILARMAHIRE, 2016,

A, R, AL, AF OKART BRI T BT AR
RSB [T ] AR, 2017,48(3) « 279-287.
Kusgu H, Turhan A, Demir A O. The response of processing tomato
to deficit irrigation at various phenological stages in a sub-humid en-
vironment[ J ]. Agricultural Water Management, 2014, 133:92-103.
Fl, MR, BRIREE, AF 7 BRI & A S K A
PRI, Al TREER, 2010,26(9) : 46-52.

BRELTE, AR, B, 45, B R i 0 i A
Wl BUsZm [T ]. FEBRHEK AR, 2015, 34(6) : 15-19.
Banedjschafie S, Bastani S, Widmoser P, et al. Improvement of water
use and N fertilizer efficiency by subsoil irrigation of winter wheat[ ] ].
European Journal of Agronomy, 2008, 28(1) :1-7.

Wang X K, Ying Y Y. Evaluation of the effect of irrigation and fertili-
zation by drip fertigation on tomato yield and water use efficiency in
greenhouse[ J]. International Journal of Agronomy, 2016:1-10.
Patane C, Tringali S, Sortino O. Effects of deficit irrigation on bio-
mass, yield, water productivity and fruit quality of processing tomato
under semi-arid Mediterranean climate conditions[ J]. Scientia Horti-
culturae, 2011, 129(4) :590-59.

HHEA, BRER, B, A B ROLE AR XK 2
HRYMAREL)]. RS, 2013, 24(4) ; 1017-1022.

B, ok BRE, RER, A TR B IR A
FERRRIOTERIL) ). 224, 2001, 28(2) : 112-118,

MR, SEHs, G, AR 3RS XN T A
BT IRARTIEL T ], TKHERE, 2006(4) : 1-4.



