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Fig.1 Changes of daily average air temperature and light intensity in solar greenhouse
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K WInRHIZOF A K AR R 441X (Regent A
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), HitsmH st Ka+rbMa/bil .
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Table 1 Supplemental light duration treatment
QbR /R LI Bi/h SOGRER /D
CK 0 — 8 (8:30~16:30)
Tl 1 8:00~8:304116:30~17:00 9 (8:00~17:00)
T2 2 7:30~8:30F1116:30~17:30 10 (7:30~17:30)
T3 3 7:00~8:30F1116:30~18:00 11 (7:00~18:00)
T4 4 6:30~8:30F1116:30~18:30 12 (6:30~18:30)

I 3E B30 min R PSILR KA RCR(F/F,) . J6iE
NESEAE T B K= T = RU(E, /F,)~ PSIEERR 6L
R Dpsy)~ TEMET K FZH(g,) AR
KZHNPQ). B HTAEIERE(ETR).

MR RO T80 /1t & (OTP) I i : 2
% Zhang%5(2012) 117772, K FlHandy-PEAHY) 2
KA & 4 (Hansatech /A &), DL )FR AL E
AR (RS PR TR AT E . FAiH &
145 minff) 7843053 5, FA3 000 pmol-m™-s™ ik
LIS, EH(E5 10 usHFLGIE %, &1 sk &5
WITRIC Tk FE NP 1057 HHEOZz%5(2014)
(1777, K OJIP it 2 347 O-PELAIO s bR AL, -
1.3.4 Xt =4 K 4B X B E M AONI 22

SOPEAIE Ry 2 B 1R RU(2006) 1) TV nek
3, B 7R 2 ik P B (Hud52009) .

W JFRE: 3,5- B KA IR LU By 5 30 R
O B (N5 1985)

JRERE: A R gk 2 RV 535 (2003) 1 7 VR N
LB, TR 2 iy by i s R

FEL B () $2 A1) % FREX0.5 g2 4 = I ik )
A, BT A TR R, g4 mL,
VKIS, R Z EOE H, 13 000xgiK % 550230
min, B EIEWAEN . B #AE A E4°C R 3T (5K
H R 4752003).

WERE 4 R (sucrose synthase, SS): 100 pL42
B 50.15 mL MK T-30°C F 7K 10 minf&, A
A2 mol-L"ff)NaOH 0.05 mL, {# /K710 min, Jii/K
A, FAINLS mLIKRHCIRI0.5 mL 0.1%][H) 2K
FE2], F80°C/K#310 min, 7£480 nm Il & ODAE .

R IR & AR (sucrose phosphate synthase,
SPS): 15 FEHH A BB 1 S SRR, K410 mmol- L)
SRE-6- 1 R4 A 10 mmol- L™ ) Sk, W& 77 ¥ [F]
RERE S R -
1.4 BUBRALTE

KJHDPS V14105 AT Bl Geit- 70 b« ARG
AT RN 25 S S 3 ARG 56 (P<0.05) . HMicrosoft Ex-
cel 2010#!1Sigmaplot 10.0%% fFFEAT s G vt AR & .

2 LR

2.1 REIAERHCITE AL EE KRS0

221 1, AR GRS K A4 T AR K R
AR EW, HA AR AR A B S i [a] 1
K S B EWINRE . T4 k. M. M
THTAR S A ket B ) ) i CK AR 7 57.44% . 51.40%
71.53%F156.47%, ¥ 3% =T CK J H Al 4b 2 T4
Qb B A R T RO B AR HURLCK A Bl B 5167 %
MI157%, 3w TCK, T1. T2RIT3[A N TG &5 3% 2
S, AEAT 2 =T CK

F2 AN[FAM G KT T Al 4 B T AS R 5
Table 2 Effects of different supplemental light duration on morphology of tomato seedlings

oy Fm/em 224 /mm - A /em” SRR EEE/g ARk TElg VANTIEi=RA

CK 9.00:£0.00¢ 1.070.06° 31.12+0.07 1.70+0.01¢ 0.12+0.01° 0.014+0.001°
Tl 11.00+0.00° 1.29+0.07° 45.98+0.75° 2.00:£0.05¢ 0.20+£0.01° 0.023+0.000°
T2 12.83+0.29° 1.38+0.01° 46.06+2.51°¢ 2.2140.01° 0.21+0.01° 0.022+0.002"
T3 13.50+0.50° 1.39+0.01° 49.53+0.03" 2.56+0.08" 0.22+0.01° 0.023+0.001°
T4 14.17+0.29° 1.62+0.03" 53.38+0.78" 2.66+0.02° 0.32+0.01° 0.0360.001°

[l B ANTR] - BE R 72 7t ik A 35 (P<0.05), Rl
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FH 3T K0, ARG AT I 2 R F n 4
IR R SH, HEEE MR R, R R
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FEAL IS e bR 38 B3 T CK, AT440# i ey
YR RTE B HA 5IR 2R S5 — 5B
3), HT44b P Z 35 /) B CK T} i 142%.
2.3 NEIHMERHC I E RS E SRR
231 REBEE

MEAT 7, Mg Ra, HEERD. W&t Ra+b
MRS P ES B UTAMTI M i m, BN
Z I TE R 2R, ¥R & TCK, T2IkZ, CKix
K, BEE5TIEEEER. HERe/bEECKEK
m, TLy T2, T3k, H=F LR EER, T4kH
w1
2.3.2 WKHAEBH

AN F RIS B K AT 3 3 S T 2 5 40 T I SRR R
WS H(ES). T RE)/F, . Ppgn q,n ETREY

3 T CK R At b B NPQII PACK i 1y, T4k
HRAR, KT CK; FJ/F, & A0 H ) T % 2% 7 5+
2.3.3 KBTI FL

MARHEAL FIOTIP il 4o (El4)h AT B2 & H, &
MR AEK IO M A ZE AR, WIHEO
RURFE R H O TSRS TE 2 7 RTINS Ab, T4
A FRIAME T CK, JCHAED AR F KT CR R HoAth ik
Hi; P A AL S A 8] ) TE 4B 2 5

MEROH R H, A s B O IR (ABS/
RC). H#i3K(TRY/RC). FT M FA&#(ET/RC)HIRE
) B A I IS R) 1 FE KSR N, SRFEEL(DIY/
RO)GE B MIZHT 4. T4 R HIFASEABS/RC.
TRY/RC K ET/RCYfx i, W my T CKAN I Ath Ab 3,
DIyYRCW LACK AL 5 75, 23 v T %5 Ab 3, T44b 8
B W AL AR IR U R Y6 RE(ABS/ICS,) i3k
IYERE(TRY/CS,y)~ HRALTHIAR P B AL # H (RCY
CSy)~ & HIERE(ET, CSo) 1 A BE AN G I K F) 4
izt e, HUATARIE R i, 23 mTCK, LA

A3 N RN G AR 2 7 4 e AR AR T S A R

Table 3 Effects of different supplemental light duration on the configuration parameters of root in tomato seedlings

Qb3 FARK/em MR /em® SRR em? A4
CK 182.8148.35° 25.8442.00° 0.97+0.06° 613.67+15.95¢
T1 241.83+12.78° 44.12+3.82¢ 1.44+0.03¢ 761.33+20.98°
T2 329.88+19.35° 60.51+7.23° 1.84+0.13° 836.67+15.70°
T3 410.48+13.45" 73.35+4.80 2.23+0.02° 856.67+10.97°
T4 472.48+20.17" 86.22+11.23" 2.66+0.02° 1 010.67+20.43"
1400 CKHTIRAK, METLEEZ T, T2, T3, T4 TR
a
120¢ . AT AR R RFEBU(DI/CS,) B Z LT CKAIT1, H=
E 0o ° 2 AT 7 S, CK e o
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Fig.3 Effects of different supplemental light duration on root

activity of tomato seedlings
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Table 4 Effects of different supplemental light duration on chlorophyll content of tomato seedlings

b3 M4tRamg g (FW)  #HékEb/mgg' (FW) M4 @atb)mg g (FW)  M4R(a/b)mg g (FW)  KHH FF/mg g (FW)
CK 0.666+0.004° 0.164+0.004° 0.830+0.003° 4.073+0.110" 0.176+0.003°
Tl 0.670+0.058" 0.182+0.020° 0.851+0.078" 3.697+0.097° 0.167+0.010°
T2 0.827+0.032" 0.220+0.012° 1.047+0.044° 3.75620.060° 0.2110.003"
T3 0.833+0.002" 0.230+0.003* 1.063+0.003" 3.623+0.043° 0.223+0.005
T4 0.868+0.003" 0.252+0.003" 1.120+0.006* 3.446+0.027° 0.224+0.003"

RS ARG AT T A 4l B 2R R PO S H R

Table 5 Effects of different supplemental light duration on chlorophyll fluorescence parameters of tomato seedlings

Vosiil FJF, F,IF,) Dot v NPQ ETR

CK 0.73+0.01° 0.75+0.00° 0.63£0.05° 0.85+0.01° 0.67+0.06" 1.06+0.04°

Tl 0.70+0.01° 0.74+0.00" 0.69+0.00" 0.87+0.01° 0.34+0.01° 1.89+0.06°

T2 0.72+0.02" 0.75+0.01° 0.68+0.02" 0.86+0.01" 0.42+0.01° 2.5440.12°

T3 0.72+0.01* 0.74+0.00° 0.65+0.01" 0.85+0.00° 0.31+0.03" 3.13+0.03"

T4 0.73+0.01° 0.77+0.00° 0.72+0.02° 0.8940.00° 0.22+0.03° 5.27+0.04°
1.27
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Fig.4 Effects of different supplemental light duration on the
relative variable fluorescence intensity of photosystemlIl

(PSII) from tomato seedlings
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e
FLREER,
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T 25 & 25 A7 )V R R i) 0 s i o %

AR A L2 mEDEEEN,
SEEMERAR, SR RN 5. 57

g
Em |1

¢

KB, 38 2 T O IR 8] REA R 1t 38 T4l 1 Y
ARAT P R (FEHERF2009) . HISETE (2014) K%
BLAERL ) (19:00~23:00) HE B #h T Z1 35 56 (80%R:
20%B) 4 hn] 22 52 s N W 27 6 i &, 3K i
5 TR PR ) COL 78 e i A0 B v [ 4t
[T ¢, AT BE 5 N ' IR % R AR 4 5 AR
WK AR, TR =& F i, 78
EAFRIT DR IR AR AT AN R AP o PR IR 5 - #P2 haL
A A YEGRIBIW) AT &2 6 v 38 41 R =
2L AR R, XS BREEE(2012) 8
FVKEEEQ017) R TEEE RARL, X BRI T AF
it A SR AN R AN G I B AN [ )6 S5 1) i 2 A7 A
Z5t. AETREUE VR 4l i R A E B R R,
ARG A A S A B I 25 4R 4 I AR AL EL
LAAMG4 b s R BUROR, WHIE —EVEE A, 4b
SIS R, B A 5 e .

JGE I ARG AR SO E G
BB T R HAR R AE KRR B AIIRE . A
R, ANEAL I CK R Z e IR R H, IRAIE )
WY 0, ELAR R A B 2 BRI 0 BT BE AP B I [R]
e B P, LARME4 WU IR B3, X5 a1 A
RIS (LiSF2013) s (=] B8 462016) E R FFu 4
RRAL BHIZAELEAA A T HF NN EAR AN AT
A RS =, T RE S A K B2 R
MAER . 2= R ERRET) REPAEKR
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Table 6 Effects of different supplemental light duration on light use efficiency for per reaction center and
per unit area of tomato seedling leaves
¥ ABS/RC TR,/RC ET/RC DIJRC ABSICS, TR,/CS, RC/CS, ET/CS, DIJCS,

CK  2.94+0.17°  2.09+0.01° 0.23+0.00° 1.03+0.05" 565.00+23.64° 394.98+5.55°  391.65+6.91° 47.24+5.75° 210.84+7.46"
Tl 2.96+0.02° 2.09£0.01° 0.33£0.01° 0.77£0.02° 592.33+7.64°  401.17+12.13° 407.84+431° 46.36+4.18° 193.34+10.42°
T2 3.30+0.11°  2.05+0.04" 0.31+0.01° 0.76+0.04° 651.00+1.73"  444.82+16.46" 438.15+5.35" 68.05+5.99"  154.3447.33¢
T3 3.46+0.17" 2.10£0.08" 0.44+0.02° 0.76+0.03° 655.67+47.35" 451.46+6.59™ 435.44+7.91° 94.67+531" 142.16+7.15°
T4 3.60+0.10"  2.18+0.02° 0.51+0.01° 0.69+0.00° 728.33+6.35"  472.09+2.97"  446.08+2.38" 94.68+6.37" 139.39+6.16°

RT ANFIRS G T Ak Al B B R AR

Table 7 Effects of different supplemental light duration on sugar content in leaves of tomato seedlings

(=}

Ab T MoE/mg-g' (DW) E U mg- g (DW) Rk /mg g (DW) WM /mg-g' (DW)
CK 122.22+3.88" 49.78+1.56" 15.99+0.77° 14.72+0.24°
T1 110.00+1.57° 47.13+1.42° 16.35+0.97" 19.72+0.64¢
T2 88.1342.66° 43.15+1.02° 16.63+0.33° 36.1141.46°
T3 85.76+0.87¢ 40.79+1.28 13.99+0.77° 58.47+3.07°
T4 74.38+1.67 38.80+2.06° 13.30+0.26" 74.86%+1.92°
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Fig.5 Effects of different supplemental light duration on activities of SPS (A) and SS (B) in leaves of tomato seedlings

(IAA) IR (GA) & AT K, thilfE 5 MDA B
TG LB SR & AR T 6T B AR A
AR FEEANCI T I IE K, *h 6 AL EE N AE bRl
R AE D e B AR A, FERA M AR R
gyl bR D N 11 58 SNTIE % F S T
KGR BT TR 5 B RE 70, R 2k 7 i 4 e A K R
ARAE S, B9 # g s IR A KA A s A
KEBUE | R A

eEEREENRE, A8 TEROE R
e ke B TR R, TRIDERA L&
DL & BRI & (R EIASE2009), AT R

B EA, AFTEYERK ZRA IR R,

DR b o BRI, 38 M e mT LA I e & (R 1)
G AWFRERW, £FFMmE WS RiE
FEK G BN (8], AT AT AP i & T I 3 N 28
#NREE, X5 T EEE2006) 5 5T 25 FAREL,
Vi A AN I 5k i X F a4l AR K AR R
HARRN, T HE GAMBLLEE A H Ak, S9m T RR
SCGPRAR SR B H LR 20k, FLM i Ak b
P BT, LRk m, Joki. LB R, MR
BEHERER A K, B A S R A S (Hogewoning 55
2012). AGRIGH, BEE AMDEE R LE K, NPQ 2iE
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o AR A, T IS [ AR B R 7R A 4 A%
B AR FL B2 1R 4, H Bl b G B 1) ) 2 K
T GOZHT 2R psin ¢, LETRINZEHT LT, ¥
PLEMG4 hipefE. XA RS54 ME4 ha i A A%
REBE ORI B T R A LRE, SRR B G IR
Ak, HiZAH A KR4 PSIUTT B K, T
W J 3R B AL 3 FL T IR R ik, BIPSILVG M, #4
FEHURG, JGREFH 5 m (Miyake5$2009) . @it
XTI ER R 9N T8 1 & b, #hk4 bR
AT LRV A AL FAK, R B PSIT{E4&
M AR 71 i i g, Pk )5 R PQLL 3 £,
YL T AN AN R 2B ah 4l i s M 5 e, PSTIEA
N SZ AR o P AR s M e i, DEBANERE 5| EEPSIT
FNP ST IR AT R B J= 1 AN Y6 R G LTIt
HIAF . FBEAE(2016) & AN eI [R] 55 56 5 XE
TG B 2R R O S EU R 1 R R I
HH A F R[] BN ARSE, ek eR AT, BAERE
4 higefk, ARG RS KB thah, witht
I B 5, A0 5 R A 4 55 (2004) (R A7 1E 22
5, TR I N2 R HATE T R AN e R i
A E R A, A JE S AR A, T
RIS R, T an gl RN, [FIRE AT DASR i Ay
AR, S AR AR R, B A, X
Wt B AN [R]85 32 P 2 AN ) A K B B e R ) 75 R
AN

AR, B8 AN EI [ I, BRE R AP,
ROBE I JEONE RN R RE S B T R, R KT
CK, {HSSHISPSyE 4 BH & 5 F-CK. Ui BH MGl fie
T2 0 4 (R Ak 5 A AR, (ERR B AR
AHTIRES, A4 hidK. #MEXTE AL E W
i) $¢ 2% S LA AR KR A= B AR AL o AREF 5T R,
WX FE AL KRN AE R R, HEE
NG (] RE KT 3 00, o4 habHE R 23R S
BAL T RIS M PARRT-EFEE, UiRHANE
RE 8% (L 3k 35 i ) 0 AR K S AL = 1) 78 77 2% B T
IrBC. MR K BB ARG A AR TR K
Jo2, T s e 2 RE YA P BROK AL S AR A A
BRI MR 4k, SaE R H = A B oK 4k
RN B AERKKE. ERERYS
TFEFQOIS)TE M T (45 L, BARpLEE
AR — PRI A DGR K, Fn

L HE R S EBW T, BAA 4 hisr . XA]
fie 5 SSAHISP Syt P it b s I 8] S 32 87 T 1y A K,
i PESS IS PS I [A] 41 FH i 42 186 Wl 28 0 IR —
1 12 71 % ¥ (uridine 5'-diphosphoglucose, UDPG),
Ik — B HAL B BOUE R 1) S MR — W IR
F#(adenosine diphosphate glucose, ADPG), {2 33
Fr i U(Li%52017). 25 b, 5 EOUME, HOGR
FEHNEMY AN CRE B T G PSR,
THR RS HAR R 70, B KA &) 10
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Effects of supplemental light duration on the growth, photosynthetic
characteristic and carbon metabolism of tomato seedlings in winter
under solar greenhouse
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Abstract: In this experiment, the combination of red, blue and white light generated by LED (light emitting di-
ode) was applied as the supplemental light test of tomato seedlings under solar greenhouse in winter before
opening the heat preservation quilt in the morning (8:30) and after covering in the afternoon (16:30). The daily
supplemental light duration was 1, 2, 3 and 4 h, respectively. The response of growth, photosynthetic character-
istic and carbon metabolism of tomato seedlings in solar greenhouse to different supplemental light duration
was studied with the natural light as control (CK). The results showed that, compared with CK, supplementing
light on tomato seedlings significantly increased plant stem diameter, leaf area and dry and fresh weight, en-
hanced ratio of root to shoot, seedling index, parameters of root system configuration and root activity, as well
as the PSII performance and activities of sucrose synthase (SS) and sucrose phosphate synthase (SPS), and
then, the accumulation of starch was promoted when the supplemental light duration was 4 h. However, the
content of total sugar, reducing sugar and sucrose was reduced with the supplemental light duration. In conclu-
sion, supplemental light duration of 4 h could promote the accumulation of plant biomass and was beneficial to
produce strong tomato seedlings through the improved photosystem II performance and enhanced photosynthet-
ic efficiency in winter under solar greenhouse.

Key words: LED; supplemental light; seedling index; photosynthesis; carbon metabolism
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