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Interactive Effects of Light Intensity and Nitrogen
Supply on Sugar Accumulation and Activities of Enzymes
Related to Sucrose Metabolism in Tomato Fruits

YUAN Ye, WU Feng-zhi, ZHOU Xin-gang

(College of Horticulture, Northeast Agricultural University, Harbin 150030)

Abstract: [Objective] This experiment was carried out to elucidate the sugar accumulation in tomato fruit under different
conditions of light and nitrogen, and make sure of the reasonable nitrogen supply in different light intensities. [Method] With
Dongnong 708 as experimental material, the changes of sugar accumulation and activities of enzymes related to sucrose metabolism
in the development of tomato fruits under four light and four nitrogen supply conditions were studied. [Result] At early fruit
development stage, light, nitrogen and their interactions had a significant influence on tomato fruit starch accumulation, but had no
significant influence on sucrose content. 70% natural light intensity treatment increased fruit SS activity, promoted accumulation of
fruit starch at early fruit development stage when the nitrogen level at 8 kg/667 m2. Nitrogen had the same effects at the same light
level. Light, nitrogen and their interactions had a significant influence on tomato fruit fructose accumulation at fruit development
stage. At later fruit development stage, fruit Al and NI activities were the highest in 8 kg/667 m? nitrogen treatment under 70% and
100% natural light intensity, and in 0 nitrogen treatment under less than 70% natural light intensity. And they were the highest in 70%
natural light intensity in the same nitrogen. Increased fruit Al and NI activity decomposed starch and sucrose, which accumulated at
early development stage, into glucose and fructose, and finally improved fruit quality. [Conclusion] Light, nitrogen and their
interactions have a significant influence on tomato fruit fructose contents. With sufficient light, proper application of nitrogen (8
kg/667 m?in this experiment ) could improve tomato fructose content. In shading treatment, nitrogen application could decrease
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tomato fructose content. SS, Al and NI were closely related to sugar accumulation in tomato fruit.
Key words: light intensity; nitrogen; tomato; sugar accumulation; sucrose-metabolizing enzymes
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Table 1  Physicochemical properties of soil in this study

HHL Tl A TR R pH
O.M. Alkaline N Avai. P Avai. K

(gkg?) (mgkg™?) (mgkg™) (mgkg™)

27.2 108 73.6 151 7.52
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Table 3 Effects of light and nitrogen on tomato fruit sucrose

Table 2 Effects of light and nitrogen on tomato fruit fructose content
content AL EE Treatment YRR 3] Sampling date(month-day)
Kb Treatment HFE - Sampling date(month-day) BEHR ENiuE b 6-27 7-12 7-27
Eo FUT A 6-27 712 707 Transmittance Nitrogen
Transmittance Nitrogen amount
amount (kg/667m?)
(kg/667m) 100% 0 3.34+0.18abc 2.47£0.12 bede 2.010.11 ghi
100% 0 8.82+0.161 11.86+0.11g 15.45+0.13d 8 3.30+0.16 abc  2.41+0.10 cdef 2.12+0.10 fg
8 9.16+0.12h 12.16+0.11f 15.87+0.10¢c 16 3.26+0.14 abc 2.35+0.09 def 2.20+0.08 def
16 9.43+0.18 fg 12.62+0.10d 15.21+0.16 ¢ 24 3.36+0.14 abc 2.26+0.06 fg  2.29+0.09 bcde
24 9.19+0.10h 12.40+0.08e 14.56+0.11 f 70% 0 3.49+0.15a 2.35+0.11 def 1.89+0.111
70% 0 8.41+0.10j 12.22+0.09 ef 16.09+0.10 b 8 3.31+0.21 abc 2.31+0.17ef  1.96+0.11 hi
8 8.92+0.141 12.82+0.17c 16.35+0.11a 16 3.29+0.13 abc 2.11+0.12gh  2.10+0.07 fgh
16 9.39+0.13 fgh 13.67+0.12a 15.98+0.10 bc 24 3.43+0.15ab 2.08+0.11h 2.19%0.07 def
24 9.16x0.19h 13.18+0.11b 15.61+0.13d 50% 0 3.27+0.11 abc 2.55+0.14 abc 2.16+0.11 efg
50% 0 9.69+0.10 de 10.62+0.13k 14.45+0.10 fg 8 3.19+0.16 bc  2.49+0.11 bcde 2.23+0.06 cdef
8 9.96+0.15¢ 10.92+0.10j 14.25+0.06 g 16 3.24+0.12 abc 2.42+0.12 cdef 2.31+0.05 abcd
16 9.51+0.16 ef 11.52+0.17 h 14.04+0.13 h 24 3.30+0.18 abc 2.39+0.13 cdef 2.33+0.09 abcd
24 9.26+0.15 gh 11.29+0.13§ 13.80+0.11 i 30% 0 3.20+0.12bc  2.70+0.08 a 2.24%0.05 cdef
30% 0 10.33£0.17b 10.12+0.131 13.95+0.17 hi 8 3.15+0.16 ¢ 2.61x0.12an  2.35+0.05 abc
8 10.78+0.13a 10.87+0.12j 13.56+0.16j 16 3.21+0.18 bc  2.58+0.08 abc 2.40+0.12 ab
16 9.83+0.10 cd 11.51+0.10h 13.10+0.11 k 24 3.28+0.17 abc 2.52+0.07 abcd 2.45+0.11 a
24 9.34+0.12 fgh 11.18+0.131 12.79+0.131
NG FREFR P<0.05 KF; F—Sh AR FRAKEREE. TR 2.1.3 EMEE HE 4 WJLUHH, BEERKKA

Different letters in the same column indicates significant difference (P<<
0.05). The same as below
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Table 4 Effects of light and nltrogen on tomato fruit starch
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Table 5 Variance analysis of light and nitrogen on tomato

content fruit sugar contents
KbBE Treatment YRR ] Sampling date(month-day) Pidr s IUFERTIY F{H Fvalue
Bex AR 627 7-12 7-27 Sugar  Sampling * % I
Transmittance Nitrogen content - date(month-day) Light Nitrogen Light-nitrogen
amount Fop 6-27 146.23**  27.07** 26.39**
Va
(kg/667) Fructose 7,35 797.20%%  102.29% 4,66
100% 0 26.20+1.56 fgh 18.15+1.02abc 10.86+0.64 ab
7-27 1129.85%*  122.82** 8.88%*
8 28.31+1.02de 18.43+0.87abc 11.29+0.70 ab
HEH 6-27 2.74 1.38 0.21
16 33.09+1.19bc  17.84+1.12 bede 11.70+1.07 ab Sucrose
7-12 75.63*%  7.81%* 0.34
24 34.28+1.26ab 16.47+059ef  11.98+0.95ab
7-27 27.95%%  16.14** 0.33
70% 0 28.68+1.17de  17.87+1.16 bcde 10.78+0.75b
R 6-27 69.91%*  51.62%* 3.75%*
8 32.15+1.16c  18.07#0.74bcd 11.00+0.70 ab Starch
7-12 419%  15.15%* 0.24
16 34.45+1.06ab 17.63+0.99 cde 11.66+0.91 ab
v 0.82 3.18* 0.05
24 35.29+1.03a 15.95+0.65f  11.80+0.71ab
*RFRIRTE 0.01 JKP LA B3N, *RORTE 0.05 AP LA BFEMN. FF
50% 0 25.20£1.04gh  19.26x0.74ab  11.20+0.86 ab ** means having significant on the leave of 0.01, * means having significant
8 27.87+1.18 def 18.570.67abc 11.4420.95 ab on the leave of 0.05. The same as below
16 28.30+0.97 def 17.93+0.83bcd  11.79+0.79 ab e -
R6 ARERAEXEAREL SPS E AR
24 20.10£1.16d  16.63+0.76 def  12.00+0.80 ab Table 6 Effects of light and nitrogen on tomato fruit SPS
30% 0 2489+1.00h  1953+1.08a  11.36+0.75ab activity
8 26.20+1.27 fgh 19.10+0.85ab  11.77+0.71ab 43 Treatment HUREI 9] Sampling date(month-day)
16 27.00£1.28 efg  18.57+0.92 abc 11.90+0.72 ab Bl AL 6-27 7-12 7-27
2 27.85:0.98 def 17.12+0.74 cdef 12.20£0.87 a Transmittance - Nitrogen
amount
(kg/667m?)
PHHTHABEE Ye I p 1 om, By K-S 218800, 75 70% 100% 0 4.66+0.39c 4.98+043a  5.010.36 ab
HARG N iA R E, 70%HEEZE =T 30% 54808 8 4.74+0.37bc  4.89+0.49ab  4.99+0.29 abc
(P<<0.05) , 4k&tihnersm s Rsziek &5 F %, 16 4.82¢0.37bc  4.90£0.25ab  4.97+0.32 abc
M IS ST 25O IR miﬁ, Byl a- B R e, 7 70% 24 5.15+0.39 abc 4.89+0.33ab 5.15+0.34a
HARG T iABEAR, ke ineron ) Reiem &= 70% 0 4.66:0.34c  4.66+0.31 abc 4.80+0.32 abc
AR %&}@[Eﬂﬁﬁxiﬁg TFESTRY (F5), 8 4.78+0.41bc  4.68+0.26 abc 4.70+0.33 abc
ALERHTI, Ot S H AR A i R S E R R S 16 4.82+0.44bc  4.62+0.29 abc 4.72+0.28 abc
e . IR, BTN SEM S E I B, 24 4.98+0.41bc  4.78+0.40 abc 4.88+0.32 abc
HYE R —H A H AN AN B 50% 0 4.87+0.34 bc  4.5740.32 abc 4.69+0.31 abc
2.2 REEMEHEMREEERGHELESEEOY 8 5.03£037abc 463:0.28abc 4.63+0.35 abo
N 16 5.19+0.36 abc 4.69+0.33 abc 4.79+0.31 abc
2.2.1 JEMEBSE A KEE (SPS) WM HR6 LA 24 5.36£0.35ab 4.66£0.30 abc 4.76:0.32 abc
B FEAR I A, FHhn s SPS JH AR A K, 30% 0 5.12+0.48 abc 4.52+0.31 abc 4.47+0.33 ¢
|_J FeFR AT, ANEFTHIBEE A S N, G 8 5.30+0.38 abc 4.50+0.33 abc 4.65+0.33 abc
S SPS yEM N, AT S WIARMEAS K, KT R 2= 16 5.360.36 ab 4.26+0.28bc  4.61+0.31 bc
SRR, F—HEACE T, BT 24 563+042a 4.43+030Cc  4.58+0.31bc

g, RS SPS IHTE T R, ARBE S IUIBEA LI A O,
R SPS I LG IR, R ACHE A B
2.2.2 EAEAKEE (SS)VEME MR T WLED, B
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MECAET, ARPEATIIREAE A R I 0, & i 2R 58 SS
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Table 7 Effects of light and nitrogen on tomato fruit SS

TP, 24 kg/667 m? it &R I E R T 0 AR (P
<0.05) . AFEAIHREE ER R RN, H9C SS itk

activity
%, Ab WSHTINA L —2, {2 50%. 30% 148
AbEE Treatment HUFEI 3] Sampling date(month-day) DL &@)ﬁ ‘Efﬁﬁﬂ ﬂ}z% A 1 50%. 30% H%
o pE— T KRR ZE R AR R—lEZ0KE T, 8
T ZNCHE  6-27 7-12 7-27

HIREA CIR AR o5, e SS i PEHT IR, 1E 70% A

Transmittance Nitrogen

amount SO R BB, SRR o RS SS T
(kg/667m’) k%, 100%-. 70% H 28 % {2 2 =1 T~ 30% H 4R (P <<0.05),
T e s e e s an o
16 7.21+0.51 bed 3.410.25 def  2.66£0.20 ab AIETIREIRAE, MEMIARBERS SS Bt
2 7.80£0.60b 3.33£0.25ef  2.74+0.18a 5, HHERERSEE,
70% 0 5824046  3.44:0.23def 2.30+0.19 ¢ 2.2.3 Btk (AL o i kB (ND)EM &
8 7.24+054bc  3.50£0.21ced 2.49+0.19 abc 8 'DJUﬁtH, MR, BRI AI\A N
16 7.87+0.58ab 3.36:0.23ef  2.56+0.20 abc ﬁﬁj@?ﬁﬂ;%f ARLET Al NI ZLEH
2 8.60£0.64a 310:0.26f  2.65:0.26ab Al E/J ?ﬁﬁi@‘i@jﬂi N! Hte. FRAMT, ALI\
50% 0 402£0.32gh 3.89+0.26abc 2.54+0.24 abc BERTSABATA SRR IO, #RARSE Al NE SRR
8 5.84+0.42e  3.79+0.23 abcd 2.63£0.20 abe I 100%R1 70% H AL 16 kg/667 m” ji it 1 iA
16 6.20:051e 350:022de 2.70:0.17a it 50%FH 30% FH AAJLAE: 8 kg/667 m” iU T
2 6.44£0.42de 3.410.25def 2.79+0.20a e, BIRF T 0 M, (2 AlTETEAE 70%H
30% 0 386£035h 4.12:023a  2.680.21ab OGN LB B E K (P<<0.05) , Zkakjii ] 2R H a2
8 439+0.34 fgh 4.02:023ab 2.72+0.19% Al NI VEPE R R%. ACFE S I 100%F1 70% [ 2R 67F 8
16 4.50£0.38 fgh 3.74+0.19 abed 2.74+0.25a kg/667 m? iU F ikl e, Dhakiti 2L H s Al
24 470:045fg 3.62t020cde 2.800.22a NI PE R R, 0% 3096 [ 4R 't I B 7 i 2 2 (¥ 484
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Table 8 Effects of light and nitrogen on tomato fruit Al activity and NI activity

AbH Treatment
ek A

H5z ALIFPE Al activities in fruits(umol glucose-g ' FW-h™) HLSENIFPE NI activities in fruits (umol glucose-g " FW-h™)

HUFERS 9] Sampling date (month-day) HUFER 9] Sampling date (month-day)

Transmit- Nitrogen amount 6-27 7-12 7.97 6-27 7-12 7-27
tance (kg/667m?)
100% 0 118.59+8.22 e 337.58+15.90 ¢ 471.57+24.92 ab 24.44+1.88 fg 53.93+3.98 a 70.96+4.46 bed
8 127.25+10.79de  355.13+15.22bc  480.25+26.66 ab 26.37+2.39 efg 54.98+3.59 a 77.90+4.73 a
16 132.54+9.99 bede  370.27+19.36ab  475.70+24.04 ab 28.66+2.04 de 55.69+3.26a  68.95+4.45 cd
24 130.47+8.87 cde  376.25+21.94ab  456.26+26.34 b 28.26+2.35 ef 55.85+3.64 a 65.68+3.88 d
70% 0 102.46+9.17 f 350.60+18.16 bc ~ 495.53+30.51 ab 23.03+1.80 g 54.98+3.64 a 75.88+4.30 ab
8 117.54+8.92 ef 368.95+15.13ab  500.69+34.97 a 26.20+2.46 efg 55.95+3.99 a 80.14+4.35a
16 121.47+8.43 e 377.17+15.51ab  498.27+29.52 ab 27.10%2.12 ef 56.99+3.51 a 76.25+4.05 ab
24 120.74+10.76 e 383.26+17.49 a 494.35+28.78 ab 26.93+2.29 efg 57.01+3.40 a 74.37+4.08 abc
50% 0 141.5749.34 abcd 214.37+17.93de  401.99+22.20 c 32.26+2.71 cd 41.33+3.06 b 49.70+2.97 e
8 143.44+9.19 abc ~ 218.99+13.53d 388.45+31.44 ¢ 38.63+2.95 ab 4350+3.28b  48.86+3.03 ¢
16 140.63+8.45 abcd  224.37+16.42 d 379.19+25.99 ¢ 36.95+2.74 ab 43.69+2.73 b 48.37+3.19 e
24 139.9148.90 abcd  227.47+16.94 d 366.53+22.59 ¢ 28.55+2.03 de 44.02+3.03 b 47.64£3.02 e
30% 0 146.34+10.27 ab  178.63+15.13 f 286.37+21.79d 35.99+2.29 be 41.00+2.89 b 47.89£3.01e
8 149.35+9.55a 182.24+14.39 f 267.52+19.96 d 40.60+3.00 a 41.99+2.89 b 47.64+2.32 e
16 147.74+9.34 ab 185.09+14.41 f 263.99+20.99 d 38.10+2.27 ab 42.13+3.04 b 46.99+2.53 e
24 146.23+8.88 ab 188.33+12.83 ef 258.26+20.57 d 32.48+2.18 cd 42.49+2.74 b 45.97+2.54 e
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Table 9 Correlation analysis of sugar contents and key
enzyme activities in tomato fruits

HH K IR 30 A Fruit

Related Sampling L s P

enzymes date (month-day) Fructose Sucrose Starch

SPS 6-27 0.4957 -0.4474 -0.2070
7-12 0.4697 -0.4953 -0.3508
7-27 0.4933 -0.2971 -0.0873

SS 6-27 -0.4911 0.4971 0.9487**
7-12 -0.8098**  0.8972**  0.9017**
7-27 -0.7775**  0.9416**  0.9325**

Al 6-27 0.8349**  -0.8507**  -0.4855
7-12 0.8917**  -0.8324**  -0.4971
7-27 0.9377**  -0.7935**  -0.4964

NI 6-27 0.8898**  -0.8507**  -0.4960
7-12 0.9048**  -0.8185**  -0.4951
7-27 0.9443**  -0.7881**  -0.4951

3 itig

RETCHBAFRAEPIBER T S LB ) 5 Rk
FARZ, REEPERFER L, WALLEME, N
#ZP KPR RO A AL,
HEACT AR TR B TR, RSO E
&, AR SO 2 5 R Ep e

CABFAERI, oL il 0= A7 70 B S AR 2K
N, SGHEER, EYNERE R Z, ez
b, Wi S R AR A B (IR VA EE AR M A K 125200,
XEAMFE R B BRI rh L5 A SO A
PR, T AOBEE RO AT 2 £, DA e S
SRRy B 3 A 0 O T T e RAR AR K
REMFEF, by UL A 7 i Hse Fop & =4y
B ERWN. KGR, 70%Ff 100% H R GLL 8
kg/667 m? Jifi i S S R R, /N T T0% H ARG
DL O it G2t SR S SR o s v, O it P U AR
WSS . X AT RESE UM TE SR SR B A, Rl it A
XN, HLsr SSYHMEMERG, AR T RSB LR
RKE G, 70%F1 100% [958 LA 8 kg/667 m? it 2
/T T70% F ARG LA O Jl (= 1R S AL NI P,
SR AR B e B 2 20 Gy e DAy A A BRI OB, A4
A A . XU R SR E P R S A
B — Wl 7 AR A FH T A R L R I &5 3, DR A
HIFFURE AR AL R IF Y. 2% 18 JU A RERE A U i 1) 255 A
FH o S SR AH S (1395 1 A0 & 7 75 F B50&E 1) pH
A NG, SRR T RS ) LR I FL A
FH A B A5 Pty 2 [ O AH ELR SR AR, AT HH I A
s, AR — P

SRR B R AR DGR (1 7S R O,
FERRAE A (RS (7 I SRR [+ 0 7 g 355 AN [ 12820,
Miron Z5BOWIFGT R0, BEERL S IR (1 5l Al vy v vk
P AT S SRRy, FE BRI 2. SPS it
TERSRE FIRAC,  FEREAS OB AR SR 5 R S AR T
e SSGTEAEAET 40 d JLUTRIIAE]. fEXTRL R
SR (7 0 I IE R R, SPS i A s AR K
FRAAEANK, Al TEPEREAS F S8 1) i de m, BT
Tl PR AR, AR A RS, A
RERY JaH—3.

SS iR R S E R AR B, TE AN SS T
MRSk SR IEARDG, e 3 PPl oG R
RKe XEGHTADIFTEE SR80, oSS Wi
FHIRTF A AP (UDPG) (1742, 1fi UDPG H]
B LR A A 1-BE PRI A0, Ak ol 44 h &
FSCUE R (1A IR — R A 4% (ADPG) , JITLL SS
FES 50 A I LA B IR. BEE RS
o SSIGPEZRBIRE, 1 AL NI RS R ET 5
X B SRS I DA AT R A 23 A Ok 32
T UIRR B2 R0 o i N T T 328 25 4 fifk S 1 26 B R R
BT, DA SSo AL T NI 7 5t SR 552 JoR PR Rl ) 6 e



4 3] B OBRCELAE X i A SRR B RSB AT S R 1) R 1337

Mg, "TUIERSERBERINS% SS i, KBRS
2 Al NI SEPEEAT =y S0 TS

4 ZEig

FERIRF LR, SS. Al R NI & i G50
BEACH BN, Db, IR A SR SRR R
S o 70%A1 100% AR L4 IE Mt (8
kg/667 m*) A T RS S5, N T 70% AR
T S T BRARA RS S i AR RUKE R
I 55 06 AT AR A R bl 5
References
[1] 4o, 450, VrmBH. 39OUAEN A R A F RS

FRbRIGSEm. [l &5 254, 2002, 29(2): 123-127.

Hou X L, Li J F, Xu X Y. Effects of low light on morphological and

physiological indexes of tomato at different growth stages. Acta

Horticulturae Sinica, 2002, 29(2): 123-127. (in Chinese)

[21 SRLLE. DG A s HRE— s R a e A R AR S R K 2R )
WEFT[D]. ThBH: PB4 LK%, 2003: 106-114.

Qi H Y. Studles on transloeation, metabolism and related influencing

factors of sucrose of photosynthate transportation of tomato[D].

Shenyang: Shenyang Agricultural University, 2003: 106-114. (in

Chinese)

[3] Teixeira R T, Knorpp C, Glimelius K. Modified sucrose, starch, and
ATP levels in two alloplasmic male-sterile lines of B. napus. Journal
of Experimental Botany, 2005, 56(414): 1245-1253.

[4] Moriguchi T, Sanada T, Yamaki S. Seasonal fluctuation of some
enzymes relating to sucrose and sorbitol metabolism in peach fruit.
Journal of the American Society for Horticultural Science, 1990, 115:
278-281.

[5] Vizzotto G, Pinton R, Varanini Z, Costa G. Sucrose accumulation in
developing peach fruit. Physiologia Plantarum, 1996, 96: 225-230.

[6] duifeie, EAHE, PR, BHES, -0, X M M1 K
1T B e H A SC R PRI AR k. v B AR B4, 2008,
41(3): 779-785.

Meng H L, Wang Y N, Li Y S, Yang A Z, Wang Y M, Guan W.

Changes of sucrose content and activities of relative enzymes in

sucrose metabolism in the early developing ovaries of peach. Scientia

Agricultura Sinica, 2008, 41(3): 779-785. (in Chinese)

[7] Hubbard N L, Huber S C, Pharr D M. Sucrose phosphate synthase and
acid invertase as determinants of sucrose concentration in developing
Muskmelon(Cucumis milo L.) fruits. Plant Physiology, 1989, 89:
1527-1534.

[8] Lester G E, Arias L S, Gomez-Lim M. Muskmelon fruit soluble acid
invertase and sucrose phosphate synthase activity and polypeptide
profiles during growth and maturation. Journal of the American
Society for Horticultural Science, 2001, 126: 33-36.

[9] Souleyre E J F, lannetta P P M, Ross H A, Hancock R D, Shepherd L
V T, Viola R, Taylor M A, Davies H V. Starch metabolism in
developing strawberry (Fragariaxananassa) fruits. Physiologia
Plantarum, 2004, 121(3): 369-376.

[10] Fffh, ¥ 19, ¥rEfe, RGP, RAE, BRER, * L AF

N U3 R AL ) e SR Sl 5 R 22 S AR LB, T 24, 2007,
34(5): 1147-1150.
Chen J W, Xie M, Jiang G H, Qin Q P, Xu H X, Cheng J H, Wu J.
Difference in sugar content of fruit harvested in different month
strawberry(Fragaria xananassa Duch‘Tochiotome’)and its relation to
sucrose metabolism. Acta Horticulturae Sinica, 2007, 34(5):
1147-1150. (in Chinese)

[11] Kortstee A J, Appeldoorn N J G, Oortwijn M E P, Visser R G F.
Differences in regulation of carbohydrate metabolism during early
fruit development between domesticated tomato and two wild
relatives. Planta, 2007, 226: 929-939.

[12] Islam M S, MatsuiT, YoshidaY. Carbohydrate content and activities of
sucrose synthase, sucrose phosphate synthase and acid invertase in
different tomato cultivars during fruit development. Scientia
Horticulturae, 1996, 65(2/3): 125-136.

[13] Klein R R, Crafs-Brandner S J, Salvcci M E. Cloning and
development expression of the sucrose phosphate synthase gene from
spinach. Planta, 1993, 190: 498-510.

[14] Neuhaus H E, Quick W P, Siegl G., Stitt M. Control of photosynthate
in spinach leaves analysis of the interaction between feedforward and
feedback regulation of sucrose synthesis. Planta, 1990, 181: 583-592.

[15] Murchie E H, Sarrobert C, Contard P, Betsche T, Foyer C H, Galtier
N. Overexpression of sucrose-phosphate synthase in tomato plants
grown with CO2 enrichment leads to decreased foliar carbohydrate
accumulation relative to untransformed controls. Plant Physiology and
Biochemistry, 1999, 37(4): 251-260.

[16] 540, RK, sk wh, £ &, BRos. 5 G 2 i Rem
AR AN T4 503 TE S RS TR . vh [ RO R, 2004, 37(7):
1045-1049.
Qi HY, Li TL, Zhang J, Wang L, Chen Y H. Effects of irrigation on
sucrose metabolism, dry matter distribution and fruit quality of tomato
under water deficit. Scientia Agricultura Sinica, 2004, 37(7):
1045-1049. (in Chinese)

[17] 5k ¥, OOR, #R . s AR DG E A KA G



1338

doOE kW R %

42 %

[18]

[19]

[20]

[21]

AU R, [T 2 2%4H), 2008, 35(4): 529-534.

Zhang J, Li T L, Xu J. Changes of carbohydrate metabolism of tomato
leaves under high temperature in daytime in solar greenhouse. Acta
Horticulturae Sinica, 2008, 35(4): 529-534. (in Chinese)

Lafta A M, Lorenzen J H. Effect of high temperature on plant growth
and carbohydrate metabolism in tomato. Plant Physiology, 1995, 109:
637-643.

KA R, B, YRR IRIE SR 3 ). bt wSHE
HifR AL, 2003: 127-132.

Zhang Z L, Qu W J. Plant Physiology Experiment Manual (3rd.ed.).
Beijing: Higher Education Press, 2003: 127-132. (in Chinese)

v BEMEN R KBRS DY AR R I [D].
IR ARAARLKC A, 2006: 13.

Chen Y. Effect of nitrogen application on forming and accumulation
of carbohydrate in spring maize[D]. Harbin: Northeast Agricultural
University, 2006: 13. (in Chinese)

BB AREFE KT R KRR EACH P AT SE[D]. H
R ARAARLR A, 2003 19.

Zhao H W. Studies on the mechanism of carbon and nitrogen
metabolism of spring maize under different nitrogen nutrition
levels[D]. Harbin: Northeast Agricultural University, 2003: 19. (in
Chinese)

[22] ZieFe. TR RIS AN A S01 5 ORI AR AH OGB4 5 R 05 [D].

[23]

[24]

FT ) TE R, 2006: 8.

Luo H L. The relationship between sucrose content and maturity with
activities of enzymes related to sucrose metabolism in sugarcane[D].
Nanning: Guangxi University, 2006: 8. (in Chinese)

R, gk ERE, ARk, RS, MR AL B M EA
JESTHERR SR, A2 AR SR, 2003, 17(2): 119-122.

Zhao Z Z, Zhang S L, Liu S T, Chen J W, Tao J. Effects of extra
nitrogenous fertilizer on sugar accumulation in juice sacs of Satsuma
mandarin fruit. Acta Agriculturae Nucleatae Sinica, 2003, 17(2):
119-122. (in Chinese)

£ R, TR, FkPE, RIAZL TR0 w7/ 22 BERl & &=
RGE 740 3 E BOFFRLTE Ry B SR IR 56 0. v [ Al B 2%, 2002,
35(2): 157-162.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Jiang D, Yu Z W, Li Y G, Yu S L. Effects of different nitrogen
application levels on changes of sucrose content in leaf, culm, grain
and photosynthate distribution and grain starch accumulation of winter
wheat. Scientia Agricultura Sinica, 2002, 35(2): 157-162. (in Chinese)
WA, KR, R, GOt PR K O AL
MAR LG RMIFL. 3274, 2000, 37(3): 380-387.

Zeng X B, Qing C L, Xie D T, Hou G J. Interrelationship of light and
nitrogen fertilizer application in crop growth. Acta Pedologica Sinica,
2000, 37(3): 380-387. (in Chinese)

RIH, MR B, AR Do WRILEAR oK i Ao S A
e FARHR . VEY)24, 2000, 26(6): 806-812.

Guan Y X, Lin B, Ling B Y. The interactive effects of growth light
condition and nitrogen supply on maize (Zea mays L.) seedling
photosynthetic traits and metabolism of carbon and nitrogen. Acta
Agronomica Sinica, 2000, 26(2): 806-812. (in Chinese)

Ho L. The mechanism of assimilate partitioning and carbohydrate
compartmentation in fruit in relation to the quality and yield of tomato.
Journal of Experimental Botany, 1996, 47: 1239-1243.

Tomlinson P T, Duken E R, Nolte K D, Koch K E. Sucrose synthase
and invertase in isolated vascular bundles. Plant Physiology, 1991, 97:
1249-1252.

Wang F, Smith A G, Brenner M L. Temporal and spatial expression
pattern of sucrose synthase during tomato fruit development. Plant
Physiology, 1994, 104: 535-540.

Miron D, Schaffer A A. Sucrose phosphate synthase, sucrose synthase,
and invertase activities in developing fruit of Lycopersicon esculentum
Mill. and the sucrose accumulating Lycopersicon hirsutum Humb. and
Bonpl. Plant Physiology, 1991, 95: 623-627.

Robinson N L, Hewitt J D, Bennett A B. Sink metabolism in tomato
fruit. 1. Developmental changes in carbohydrate metabolizing
enzymes. Plant Physiology, 1988, 87: 727-730.

Wang F, Sanz A, Brenner M L, Smith A. Sucrose synthase, starch
accumulation, and tomato fruit sink strength. Plant Physiology, 1993,
101: 321-327.

(SEfEgiE  HRED



