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Effects of rhizosphere-applied 5-aminolevulinic acid ( ALA) solutions on
leaf physiological characteristics and fruit quality of apples

ZHANG Li-ying', FENG Xin-xin'
WANG Liang-ju '

(1. College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China; 2. Fengxian Linfeng Fruit and Vegetable Professional Cooperatives of
Jiangsu Province, Xuzhou 221723, China)

,  GAO Jing-jing', AN Yu-yan', TIAN Fan’, 1I Jie’, ZHANG Zhi-ping',

Abstract: To develop an effective approach for 5-aminolevulinic acid ( ALA) application in high-quality apple pro-
duction, twenty apple (Malus domestica Borkh. cv. Qinyang) trees were rhizosphere-applied monthly from late April to
late June with 0. 1 mg/L, 1.0 mg/L and 10. 0 mg/L 5-aminolevulinic acid( ALA) solutions, and water was set as control.
The leaf physiological parameters were measured one month after last application, and fruit quality was evaluated at maturi-
ty. The results showed that ALA applications significantly improved leaf chlorophyll content, increased photosynthetic ener-
gy conversion efficiency, and alleviated active oxygen injury. Meanwhile, ALA treatments decreased the contents of phos-

phorus, potassium and sodium, but boosted the contents of calcium, magnesium, iron, copper and zinc in apple leaves,

and improved the pericarp anthocyanin content and the
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VBRI RIS 1988-) , 42 P2 XTS5 2 1 b photosynthetic energy conversion, as well as promoting
BIEHABITE . (E-mail )2012104030@ njau. edu. cn fruit quality. As opposed to foliar application which has a

BIEE LR, (Tel) 13851564195 ; (E-mail) wlj@ njau. edu. en problem of ALA blockage by bags, rhizosphere irrigation of

soluble sugar content in flesh. These data suggest that
rthizosphere-applied ALA solution was as effective as foliar-

applied in improving leaf chlorophyll accumulation and
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ALA in both bagged and unbagged apple production practice.

Key words:

mineral nutrient element
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Fig.1 Effect of ALA concentrations by rhizosphere application on the leaf chlorophyll a (A), chlorophyll b (B), total chlorophylls ( C)

and chlorophyll b/a in Qinyang apple trees
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Fig.2 Effect of ALA concentrations by rhizosphere application on fast induction curves of chlorophyll a fluorescence ( A) , activity of PSII

reaction center (B), characteristics of energy absorbance, trap, transfer and heat dissipation of PSII reaction center (C) , and ac-

tivity of PSI reaction center and photosynthetic capacity index (D) of Qinyang apple leaves
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Table 1 Effect of ALA concentrations by rhizosphere application on the antioxidant activity of Qinyang apple fruits

ALA ¥ AL PIEAL A (SOD) iAW (POD) AL AR (CAT) YU MLR L AL YIBE (APX)
(mg/L) [Urg, FW] [U/(min + g), FW] [U/(min + g), FW] [U/(min + g), FW]
0 227.40+5.91b 2.91+1.82b 58.60+11.26b 1.10+0.29b
0.1 254.51£10.49a 6.08+1.32b 108.58+18.68a 1.68+0.42ab
1.0 255.89+4.89a 7.43+3.09b 80.59+23.02a 1.98+0.48a
10.0 182.86+8.69¢ 16.93+6. 19a 54.97+7.28b 1.75+0.32a

[l —F B 5 A RN TR IR 22515 0. 05 FE K
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Fig.3 Effect of ALA concentrations by rhizosphere application on the H,0,(A) , superoxide anion production rate (B) and malonalde-

hyde (MDA) content (C) of Qinyang apple leaves
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mg/LF110. 0 mg/L A0 35 0 3k ) 25 5 W K K, 20l U X BRGE H 19% \52% F1222% , 641 ,1.0
(P<0.05), X FHAITTE SR E,0.1 mg/L 1.0 mg/L ALA AbFRXF 3SR F Zn & 5 A 42 37E 2400 f
mg/LF110. 0 mg/LfY ALA AbFRHA W R R0, K, LSRR Fr e B H 429%

HH 0.1 mg/L ALA Xt Mg Fe F1 Cu AU FER N Fe

£2 FF ALA REMEWERERMNATREATESEOHM

Table 2 Effect of ALA concentrations by rhizosphere application on the leaf mineral elements of Qinyang apple

ALA W P K Na Ca Mg Fe Cu 7/n
(mg/L)  (g’kg, DW)  (g/kg, DW)  (mgkg, DW)  (g/kg, DW)  (g/kg, DW)  (mg/kg, DW) (mg/kg, DW) (mg/kg, DW)
0 1.52+0.17a 11.32+0.11a  77.95+4.10a  9.24+0.17b 2.87+0.04d 165.95+11.11c 13.11x1.11c 17.11%1.12d

0.1 1.41+0.11ab 10.71+0.12b  70.40+1.32b  9.44+0.20b 3.42+0.21a 252.45+39.10a 42.15+4.12a 24.35+2.12¢
1.0 1.33+0.08b  10.83+0.11b  49.35+2.22¢ 10.77+0.10a 3.24+0.36b 189.41+10.00b 19.45+4.21b 31.21+4.21a

10.0  1.33:0.04b  10.02+0.18c  50.50+3.91c 10.94+0.28a  2.95+0.04c 198.55+16.11b 16.91+1.24b 19.51+1.22b
[l — B E e A /NG PR R 25 573K 0. 05 BEKF-

2.6 1REREEE ALA B ERERREI@EN &I, REAHFH TR 123% , 0.1 mg/L ALA
=21 Qb FAT i 2 S SR AT I | FTEEDE AT

3 0N MRPRGEE ALA R T LB ER AR BEANR 4EE C R AR SRR I (P<0.05),
PHAE SRR R A6 & i, P 0.1 me/L BRSO, X AT e R o ARSI AS (3

#*3 RIRRE ALA BN HRHAERAMRRAZM
Table 3 Effect of ALA concentrations by rhizosphere application on the outside and inside quality of Qinyang apple fruits

ALAVKEE  JETHAR OEREREOR AERBN ML Y% C A E —
(mg/L)  (nmol/em?)  (mg/g, FW) (Brix®) (mg/g,FW)  (mg/g, FW) (%) g
0 9.91£2.37¢ 6.44+0.34b 10.89+0.42b 0.48+0.02¢ 5.70+0.26b 0.734+0.003ab 88.67+6.81bc
0.1 22.12+4.75a 7.63+0.42a 11.39+0.30a 1.08+0. 10a 8.48+1.01a 0.695+0.004b 110.94+6.68a
1.0 17.35+2.78b 6.66+0.57b 11.29+0. 63ab 0.90+0.03b 7.43+£3.31a 0.738+0.002ab 97.84+3.40b
10.0 15.39+4.11b 6.11+0.23b 11.14+0.37ab 0.48+0.02¢ 4.58+0.65¢ 0.773+0.004a 79.75+2.75¢
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