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Abstract
tion (100 mg/ L) on the leaves of Rosa hybrida  Carola’ in four different seasons. The results showed that the yield of cut roses increased by

The effects of 5—aminolevulinic acid (ALA) on annual production and winter cold tolerance were conducted by spraying ALA solu-

ALA treatment in all four seasons with the average increasing rate of 14. 8%. Moreover, ALA spraying on leaves significantly improved the
branch length,branch weight and branch diameter in summer and winter. The petal numbers and bud sizes significantly increased in winter but
decreased in summer,while did not alter in spring and autumn after ALA treatments. At the same time, ALA treatment significantly improved
the flowering branch grade of ‘ Carola’ in summer, autumn and winter, and the improvement of cut flower grade in winter was the largest. In
winter, the flower rate of ‘Carola’ grades A and B increased by 186. 7% ,while the flower rate of grade D decreased by 73. 1%. The spray of
ALA also significantly increased the concentrations of chlorophyll, arginine , proline and total amino acid in the leaves of flower branches. It
could also have an influence on the changes of alkaline hydrolyzed nitrogen, available phosphorus,available potassium and organic matter con-
tent in the rhizosphere soil. The study indicated that ALA treatment could improve the flower quality and yield of cut rose ¢ Carola’ in summer

and winter,and the improvement in winter should be associated with the increased cold tolerance in the leaves after the ALA spray.
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Fig 1 Effect of ALA on cut flowering production of R. hybrida

‘ Carola’
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Table 2 The effect of leaf-spray with ALA on the morphological traits of flowering branches of R. hybrida ‘ Carola’ during annual production
\ Bk Pt TR T T AN
Hjllﬂ hbsi Branch Branch Branch Petal number Bud size
Time Treatment diameter .
length/cm m weight /g i mm
# 7= Spring Xif 1R 99.3+5.7 b 8.0+0.4 ¢ 56.7+5.4 cd 30.3x1.3 ¢ 33.5+1.5f
ALA Ab¥f 97.5£2.6 b 8.0+0.2 ¢ 54.7+£2.4 d 30.4+1.0 ¢ 32.4+0.8 g
K2 Summer X HE 97.7+4.4 b 8.6+£0.7 b 66.6+£5.5 b 28.1+0.8 d 38.6+2.0 ¢
ALA b3 105.9+3.3 a 9.3+0.1 a 73.8+4.5 a 26.3x1.3 e 37.6x1.7d
FkZE Autumn X HE 102.9+3.4 a 6.8+0.3 de 47.6+3.4 e 27.0+0.5 e 34.9+0.6 ¢
ALA kb3 104.3+1.8 a 6.9+0.2 de 47.9+£2. 1 e 26.5+0.4 ¢ 35.2+0.6 ¢
&2 Winter X} R 75.6+£2.7d 6.6+0.6 e 47.5+£3.3 e 34.7£1.2 b 43.4+0.5 b
ALA b3 83.0£3.2 ¢ 7.1£0.3 d 59.5+4. 1 ¢ 37.9+1.9 a 46.5+0.8 a
AAEMNEH Annual average Xif iR 93.9+6.2 7.5+0.5 54.6+4.5 30.0+1.7 37.6+2.2
ALA kb3 97.7+5.2 7.8+0.5 58.9+5.5 30.3+2.7 37.9+3.0

T [RFUA [RNG TR R R [ 2245 A AEAL I BT 28 5+ . 35 (P<0. 05)

Note ; Different lowercase letters in the same column indicated significant difference of flowering quality between different seasons( P<0.05)
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Table 3 The effects of leaf-spray with ALA on the grades of flowering branches of R. hybrida ‘ Carola’ during annual production %
i s e e B o ¢ e D oL
Time Treatment e percentage The .pcrgentdge The .percentdge The percentage
of A level of B level of C level of D level
# 2= Spring X IR 22.0 40.7 31.9 5.5
ALA kb3 23.2 25.4 42.8 8.7
B Z Summer X} HR 16.5 35.1 38.1 10.3
ALA 4b3 29.8 37.1 31.5 1.6
FkZE Autumn X} HE 22.5 38.7 31.5 7.2
ALA kb3 35.4 39.8 19.2 5.6
47 Winter popils] 7.4 25.8 37.1 29.7
ALA 4b3 16.8 41.2 34.0 8.0
AR Annual average X} HE 17.1 35.1 34.7 13.2
ALA b3 26.3 35.9 31.9 6.0
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Table 4 The effect of ALA on cut flowering productivity of R. hybrida ‘ Carola’ growing in winter

45 . 45 Vs p N i3] ek =2 gy =3 =N

e W NEEb R 0 EHE AR AR AR
Treatment Chl a Chl b Chl a+b Chl a/b Soluble sugar Proline Arginine Total amino
mg/kg mg/kg mg/ kg mg/g mg/g mg/g acids//mg/g
Xif 8 Control 603.22+10.03 b 127.00+4.57b  730.21%13.45b  4.76x0.13 a 3.34+0.28 b 3.41+0.60 b 2.45+1.33 b 45.97+£3.06 b
ALA 4h3 838.88+60.75 a 207.78+26.39 a 1 046.66+90.90 a  4.11+0.32ab  5.62+0.04 a 7.76+0.84 a 7.60+2.61 a  61.30+1.51 a

ALA treatment

T [RIFIAIR FREFRR ALA K350 22 5 35 (P<0. 05)

Note ; Different lowercase letters indicated significant difference between ALA treatment and control ( P<0.05)
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Fig.2 Effect of ALA on rhizosphere soil parameters of R. hybrida ‘ Carola’
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