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X KIB R A IEF BRI R I
K, AEH, E M, ABY, B B W

QUARRM R SR 5 TREER, B AR R E AL, R TE X [ 20 A 2% 5 R0 5 ) 6 E
MERIOE, AR 271018)

B OE: MK, BIREE 6 MK (0. 1.00 2.04 3.0. 4.0 15.0 mmol - L™, BFFTET
KA et AT GGREERIBEZE) F55 i S i R G5 IR o B2 R 0% 25 4 1 s il Y R
SR FE R A NG N AEASIREE 0 ~ 3.0 mmol - LSS, Kot AR SR, dobalR (P A
WA (B) AL (G BEESIREER T mifu Tt 1 i W BE A5 o BE (T v i B s ArdE 0 e . 1
A B At 5 SR8 25 (1 0 57 0 B AR 340 S S RS A R A T T S IS 8 K /N A %, £E 3.0 mmol - L
BEREE N B [N, FRad A Zirh AR, I RN, 4E40 % O WA R X TR A B AR
AT I S B A R A T R T, R N R, 7E 3.0 mmol - LT ASIREE NIk B, O RAG IR
(1.0 mmol - L") AbBEA> 51 54.7%H1 72.1%- 33.9%H1 33.9%. 11.5%1 5.2% 19.3%H1 21.5%. 32.6%
H129.6%. LRI L, ZKEEGAE T RIS KGRI E L 3.0 mmol - L 4 4f .

KB Kais 85 Jeirdetks SR
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Effects of Calcium on Photosynthetic Characteristics and Quality of Garlic

LI He, LIU Shi-qi , WANG Yue, LIU Jing-kai, FENG Lei, and CHEN Xiang-wei

(College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop
Biology, Agriculture Ministry Key Laboratory of Biology and Genetic Improvement of Horticultural Crops (Huanghuai
Region), Tai’an, Shandong 271018, China)

Abstract: In this experiment, the effects of calcium in nutrient solution on calcium content,
photosynthetic characteristics and qualities of garlic were studied. Six different Ca>* concentrations at 0,
1.0, 2.0, 3.0, 4.0, 5.0 mmol - L' were designed. The results indicated that the calcium contents of garlic
bolt and bulb were increased with the increase of calcium concentrations. When the calcium concentrations
were in the range of 0 - 3.0 mmol - L', the pigment contents and photosynthetic parameters (P,, E, G;)
of garlic leaves were enhanced with the increase of calcium concentrations, then they were decreased with
the increase of calcium concentrations. The fresh weight of bolt and bulb, the bolt diameter, the bolting
rate and the transverse diameter of bulb were increased at first and then decreased with the increase of
calcium concentrations, these shape indexes under 3.0 mmol - L™ treatment were the highest. At the same
time, the contents of allicin, soluble sugar, vitamin C, free amino acid and soluble protein in bolt and bulb

were also improved with the increase of calcium concentrations ranging from 0 to 3.0 mmol - L™, these

YRS AR 2013 -03 -25; #EEIA#P: 2013 -05- 14
EEWB: EHRAMMEATAET (20080318); LA AN KAH I H
* JH{EYEH Author for correspondence (E-mail: liusq99@sdau.edu.cn)
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indexes under 3.0 mmol - L™ treatment were increased by 54.7% and 72.1%, 33.9% and 33.9%, 11.5% and
5.2%, 19.3% and 21.5%, 32.6% and 29.6% compared to the treatment of 1.0 mmol - L™ calcium
concentration, then they were minished with the increase of calcium concentrations greater than 3.0
mmol - L. Thus it can be seen that, the 3.0 mmol - L™ calcium concentration was the best treatment to
garlic under hydroponic condition.

Key words: garlic; calcium; photosynthetic characteristic; quality

PR BREICE, RN XEARANSE EESSHEYERRE 5L, LE/EM®B
TALIBROCA IR« 40 M1 1) 1418 Bl S 25 4% 55 AR 3 AR AL 1L R (Ferguson & Drobak, 1988; Bush,
1995; AWk{E, 1995; Bli%thc, 2003). 534h, #5540 REEL A A MNE LR CR, BT FEAN
BEANREIE G, e 3R 5 T G, EmE o . 2R  E SN TE L (T4, 2004), HHT,
HREHHEYAERKE T RARMIRIER Z . Ward 55 (1986) fi i, 45 HE H 12 8l 0] F2 o (i it K 22 A AR 1)
BB, MRS PR IER A K AT Gong 25 (1997) AN, £ Ca® KB
TR 3 TP sk (2003) MIBFUE R, GRS R EfE AT B RS EAOLS
WA, ERe e AR IR AR S s H R (2000 IBFSTR I, A RE0E kBTN R
R, JREEA, BRSSO R AR KRR R

HIREFRIUEMN Ker (Allium sativum L) AKK G WWHFRCIHRE (FH R %%, 2010;
MREL 45, 2011; 5K 55, 2012), AIRE S ERIULEKEE AT, E50 KFR 6 A FH 25 B s
R 16 25 FE b &5 S o K r /K R B IR, A3 K i At e 2 7% .

1 ARSI

1.1 Rt
PRI T 2011 45 10 H %2 2012 45 5 AR AR RN R =R R i gk T. BL “eps 3 57 ik,
IR AR (DFT) 7k$%. B39 LL Hoagland 1 Arnon & FRC M FEml (B5ERAN), iR TTES
BT, 287K, 425 pH 6.0. B8 6 4 Ca™ W% : 04 1.0, 2.0+ 3.0+ 4.0 1 5.0 mmol - L™,
5 Ca(NO3), - 4H,0 248t i (2011 4F 10 HE 2012 45 1 H) & 7d HH#e 1 QO FRM, HEEA
K (201292 H& 5 H) 3d 3 1R WA 65ecm (K) x50 em (%) x35cm (&)
TR, REAE R 12 R, BEANAREE 20 4.
1.2 SHMNERE

2011 4F 10 H 15 HAEH 5628 MG 0 B HEM o0 76 s e, 48 dIB IS 0 ~ 25 °C, ARG
JWl. 12012 4F 4 A 2 HEE, W@ Kt FEE SR T 2012454 A 7 HIE Kesnt 5 rs
HSH QO EER, ZEHER, AL LM COKE). T 2012 45 H 5 HAI 18 HArlik
W AR CGrsk), WE Bar 20 e . FRad HAS. AR, B Skif i . Fr kB RIS 25 5
i CRpazes nItEdE . 4i2E 3R . U s . wntEErD T E.

TR RMOPRUE A, S ZE E3 10 em IR E RN 685 2R IMObR v Ay, MBBEZE A KAk ) F 2 em
A7 EY L s, LBRIRAR. FH MP200B i1 R V- ko A2 FIE 25 () F it s PV A - R &
ik EAR R R A o B 2 BB R T KR B R T Ay L

R ATVETERE . U SRR A T R I A3 R T N R b . RO B Bk B

=



6 31 OB BRKE RO SRR T 1171

N s GRS 48, 2002), KFrZ. 4E4: 5 C KA &8 IIE 0 BIR 0 Al Uik
AR FME, 1998). 2, 6 - —&AfeMytbtaih (22, 2006) M HNO;—HCIO— R P 73t
FEvk (Bl H, 20000, FEACHEEGEE 10 ¥k, TR2), 3KEE. ESECEA CIRAS-1 Y& LA
8: 30—10: 00 HEATMIE, ¥ 19 ~20 °C, M 21 ~22°C, Y3 1200 ~ 1 300 pmol - m™>- s, 4h
B COL W E Hy 430 umol - mol™, W5 FBAT Jy M L R0ES 4 Jrmbvhfa), AEASACFEBEHLIN 5 ¥k, 3 REH.

IRIG K K DPS6.55 Al Excel BTG, FHU ™ FH g KA KR E, TR
KFRE 2012 4F 4 i R A B ks, AR SIRAEI S, 5 H 1 HIEARAMAET:, X~ sA
W Ko AL R 2K 1R 45 AR

2 HiIR50H

21 FREREBIER 5 EAS S B

M 1 AT CUE Y, BEAE T JR T S IR B RN, s RN R i 45 S 4B 2 T, 5.0 mmol - L
FER BE AL L 1.0 mmol - L85 &b B4 W42 5 216.1%F1 60.4% .

25 b a

o~ 20 —
= a = o c = =
23 b= SN0 d
eS 15 o o e ¢
oo e g L
2e d £ 513
=2 L = g
=< 10 i S
I 8 3 10k
4 g € g
w3 w2
5 5 2 L
52 gs 3
O 7
b 0 I I | | | I I |

1.0 2.0 3.0 4.0 5.0 1.0 2.0 3.0 4.0 5.0

Ca?*/(mmol - L) Ca?*/(mmol - L)

1 SHFEMPEE IR
RENG FRERIR I IE 5% BE K.
Fig. 1 Effect of calcium on calcium content of garlic bolts and bulbs

Different small letters mean significant at the 5% level.

22 AREIREISLEN XTI A REFMERE MRS ENFT
E RTINS eIk S G N W G 16 A5 PSP e (B K I S BN WA

F1 FBHAFHAHERMERS MRSBHPT

Table 1 Effect of calcium on the content of chlorophyll and carotenoid in garlic leaves

Hixgial/ MeEE b/ 4 F @ +b)/ BRI

Ca¥/(mmol - L") (mg-g' FW) (mg-g' FW) (mg-g' FW) (mg- g FW)
Chl. a Chl. b Chl. (a+b) Car.

0 0.62d 0.179d 0.92¢ 0.187d

1.0 0.67 ¢ 0.211¢ 1.01d 0.225¢

2.0 0.71b 0.251b 1.10¢ 0.251 be

3.0 0.74 a 0.295 a 1.19a 0.332a

4.0 0.72 ab 0.275 ab 1.14b 0.320a

5.0 0.69 ¢ 0.263 b 1.09 ¢ 0.276 b

e RPRSVEEE B A RVNG P RERORZEIE 5% B K

Note: Different small letters in a column mean significant at the 5% level.
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2R av MERE by 4R (a+b) KROE P EGRIE B P PRE RT3 eI n R,
FEEHE 3.0 mmol - L AbBErP e, FUASHEAES AL B 23 SI3E1 19.4% 64.8% 29.3% % 77.5%. Hiltk
WL, CWE ISR S 3.0 mmol - L I, HAFIFARBOLE G E. RIS ET KRS RN
&
2.3 FREREFBLENAFHFASSHE MW

K2R, PR RFRRDIE AR o KRR B 153 3 B E IR T B (K T e S IR
SeTtE R R RS, EASHE 3.0 mmol - L IR Km0 28 I S R L R AE (Lt
PG G AR 2 ML) CO, IR BTG IR EE (KIZ 25 T i i B HT /N o T, A AR e AN
AT RerdA e G AR, B S & S 2 A 2 5 1

®2 SHAFMHRASSHMORM

Table 2 Effect of calcium on photosynthetic parameters of garlic leaves

Ca/ Holt A/ A/ AL HaiEl CO, W BE/
(mmol - L (pmol - m?-s™) (mol -m?-s™) (mmol - m?-s™) (umol - mol™)
Py E G Ci

0 893 f 4.16d 220.67 f 27833 a

1.0 19.73 ¢ 590c 287.00 e 249.33b

2.0 24.67 ¢ 6.13b 324.00d 238.00 ¢

3.0 26.97 a 634 a 35633 a 22833 d

4.0 2590 b 6.14b 34433 b 218.00 e

5.0 23.57d 5.87 ¢ 332.00 ¢ 209.67 f

e KPR S ARG PRI 5% 8K

Note: Different small letters in a column mean significant at the 5% level.
2.4 AEIRE§5AER N 7R E FAEEEE SN an R BT #2 M

HIE 3 MJ 0, 3R PR e AT AR A i R S TR A BT B TR IR E I Ty (1.0 ~ 3.0
mmol - L', HAFREEF R, FEEA. R, FRLEFE K E R Ak R Ak Ak
THE (3.0 ~ 5.0 mmol - L), IXSEFEARIMEAN . AT WL, 5 FR9 Pk i s A (45 B AR R T K FR A
SRR, 3.0 mmol - L7 A5 6 3k S Fahn e e/ I ek, ERARAS A ¥ (1.0 mmol - L)
I3 R 55.1% 39.0%- 386.6%- 106.4% /% 22.1%.

%3 EHAFHEMBEINRRLFNE

Table 3 Effect of calcium on appearance quality of garlic bolts and bulbs

. L B 5 T e L S B T ey s
Ca™/ i %)ﬁi £ WAL H R mm %% om %)ﬁi & i kiR em
a Fresh weight of . . Fresh weight of .
(mmol - L) . Bolt diameter Bolting rate . Transverse diameter
single bolt single bulb
1.0 13.75¢ 5.18d 20.2 55.43d 5.25d
2.0 18.49d 6.80 ¢ 67.5 8333 ¢ 571¢
3.0 2132 a 720 a 98.3 11443 a 6.41 a
4.0 20.67 b 7.12a 97.4 102.10b 6.12b
5.0 1944 ¢ 6.89b 97.1 93.43b 5.68 ¢

Ee R RSB E AR NG P RERORZE R IL 5% R FH KT .

Note: Different small letters in a column mean significant at the 5% level.
25 AREREFBABMNFEMHZEFMRRMIFN

HI3E 4 AT UL, 78 TR BOES IR B I e B e G FI2s) HE TR . E49
R 1.0 ~ 3.0 mmol - L™ i [H Py, R RS2 rh K5 38 5 BB RIS VR L (K T i g 1, E4959k
J¥ 3.0 ~ 5.0 mmol - L JuH Py, Karazdr mMIBHZ kb . FraE R 25 b al bbbl did: 36 CL iFi
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BEMR K PTVE TR AR 1 B AR S S ORFR F AR DRI, 3 (0 4 R AL ik s B AN B 2 o SR B
JErG H 3.0 mmol - L™ R I3 e A7 )T K 8 7% T A 42 7 o

®4 SHAFHEARETERRROFE

Table 4 Effect of calcium on nutritional quality of garlic bolts and bulbs

swer ca'/ j(ﬁ?/] TR % éﬁﬂ??&%r]C/ m%ﬁ% %/ Wiﬁﬁrlﬁ =Y
Organ (mmol - L) (mg. V.g FW) Soluble sugar (n.lg i g FW) (mg - g .DW). (me- g FW).
Allicin Vitamin C Free amino acid Soluble protein

FREE 1.0 5.58¢ 8.89 ¢ 2.79¢ 24.55d 14.77d
Bolt 2.0 6.38d 11.73 a 2.91 be 28.07 b 17.72 be

3.0 8.63 a 11.90 a 3.11a 2929 a 19.59 a

4.0 7.96 b 11.53 a 2.98b 27.37b 18.15b

5.0 7.06 ¢ 10.10b 2.90 be 26.09 ¢ 16.75¢
fiff 2% 1.0 6.87c 21.62¢ 3.10d 23.51d 30.45d
Bulb 2.0 10.12b 23.77b 3.19b 25.05¢ 34.05¢

3.0 11.82a 2894 a 326a 28.56 a 3947 a

4.0 11.73 a 24.25b 3.15bc 27.64 ab 36970

5.0 10.47b 20.36 d 3.12cd 26.92 b 33.72¢

e ARG AN F NG 5 BER R M R 45 1 22 518 5% S #7K

Note: Different small letters in a column mean significant at the 5% level of same organ.

3 e

B DA AN =, R ELRAEANEAE N 2 K AR R R, 2007), AE
Y RS A A B KRR % (R4, 2005). FHASE (2009). 2424 (2012). KI[H phA%
(1998) Jeok4iR 45 (2011) [WFFTIIRT, 380/ (i 5 0 2 3 s e 40 1 3 045 5 R0 4 i R 1y
SRS WP RS RN BISL,  RUERER R 2R i O IR IR B IR AR O, TEESIR N B
I (5.0 mmol - LY 38 B 5 K AH

G 2 A P T AR A B S R, UM o - VERTIEE. ATP BEIEYE, SOCSTERKIRSZ 5
M IR 55, 1998), o FEUH R 41 M R ik 2, SRR B 2 S5 MR CJ) TDRIRRAE, 1995),
M SE MG AR FH IR 64T . Schwartz 25 (1988) 4511, Ca®'% 5 T/ ALIF LI Assche
Fl Clijsters (19900 WA H, Ffedemtadnt &K, SR g i R Feta e, %58 Rubisco
Mg A1 PEP FRAGBEEPE, MIIHE R CO AR . AW R BoR, 188 I8 Be 2 2 5 m Kasit
ZEF a. WHERE by M4 (a+b) KRS MRS E, FIR AR S m T e G i, 2505
MR, LGS SRR i R 0 RS BADE SRR R, 3.0 mmol - L RIAT IR BE AL K7
FR DG EOIRES: SRS, RFimt i e G N, AILSRE N, i m Co BT &, Wt
AT S BOE A HOR BRI R DRI ALBR S, BPYE A HUARETERRG (R4, 1997); mdsiy, K
A HOR TR, AL N, R R COL iR N EE, Uil mds S 8065 30R TR
JRPZ AL (P R4, 1997 SHSCHE RIS, 2001). X5 BAE%E (2005) EFlR ERIHFST
e S

B e AR AR N B K AL S DR R AR L e 8 FR T R IR (S B A&, 1989 R
Bh A%, 1998 BRAE 2, 20005 MUREE %%, 2005), MIMARHERMIAE K, B 40 S SR T I K
Oy, GG SIIHIREA IE W KR CEWNME %5, 2004), ARG 450K W], & 9880+ 3.0 mmol - L™
(AR BERT K Fr o dr B0 T PRk R R R AT R SRR M AR E R,
R BRI AR T R B AR KR T, AFFAMERIE R . X532 CHE% (2008) 7EH# R
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by BABESEAE (2012) ZEVE R L X A (2008) £E 4L 4 1 L VEXS RCAE (1998) Rl UL (1999)
FENHE L RIETT s AL 5 my s e AR K IR R AT e, o s S Sk sl s bl e o &
e (T, 1994; 5430, 1994; BME 48, 20000, BEi 2 E R HAEKEE .

ARG R TR, — 2R, RE B 2 48 M ar R 2 K 2 1o, (RS B s S 3 AR 1
HArp, 3.0 mmol - L ABALH (1 KR 25 B, X 500 TS (2008) 7EL0A 1 IIRF I8 AL
K B R GRASY, YWY Ca™ RN 228 SO CRIFERE 45, 1998), BEMm Lk KR %
(A5 B 85 WU AT BE S PO E 57 25 BV AR DGR v 1, AT S 80O 25 106 a2 Bl

BRI HEAE AR PR 23 (0 G A, A 2 B T BRI R ) 54 o TV R 0 B IR, 20035
XD 4%, 2008). H4bh, RIFSE (2012) fEH&VME B Fig5E (2009) 7EE#k DL LA 5 5%
(2010) 7EJMAk FIWF TR B T ES XA BT U N 2 . AP R, — kI
5 LS R e R A M S AT VA PERE I S i, 3.0 mmol - L 45 b B AT S R S A v, IR ER
EE AR T ARG, X 0] Re 58 % G A X — AT H A G

AHFFLE A, E RIS G o K Fias A 25 iR 2 C IS &, 3.0 mmol - L7 (5% 44
# C AR E R oK, ARE S S S AR T 1A . X 5HAAHERMN (T, 1994),
THE CERA %, 2009). ikt (25 2%, 20100 ERORFITES B2E0L, T S L% (2008) Fi5H
[y BRAG AT 21 20 B ZE 4 2R 35 C T O A — 80 P AR FU s A, 3 e 145 vT Re b
TR AR 2 C A AR B DGR RS, XA — 2005

AN IEEE A RS 5 S MRS, W BB 25 RN RIRAH G
(Keutgen & Pawelzik, 2008), — 7%l i # A A 2 3e md ) dudi P A= e br (BHIZE 45, 2007;
SR AE, 2007). £ RESE R AL b n] R A R S R IR B AT AR (S A, 2006,
2008). AR (ERIY 5, 1999). /KRG (BUKHr %, 1997) SSAEWIMBHFTh A IE .. AR5
SRR, BIRR R R IEEIN T K e A RN 2K S E A R R A, /AT
KaF b FAIBOE, A 3.0 mmol - L™ A ARFR 2% R B35, bW Ca™" 515 T @ ILIRAN R (i
HEARENE R, X RPN (2011 MBS R, iSRS (2005) HRiE pHE 5]
FH R Bl PR S B TR A e A — 3 382 I8 2 R R AN R (1A B i DR ] B 45 g
TR R AT NS AC I O BRI %, 1989 JEISRTE 25, 2008), oS s 4% 1yl GEHM7h
ZAE B R

FEAREEAAE N, B A e L Rar ot A RIS s K iR, LAY A 3.0 mmol - L
IR E S53/3
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