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Development&Application（全球ALA的研究发展与应用）

ALA在农业生产中的应用

抗逆

ALA增强小麦抗盐性及硫磺改良碱性盐土的研究 5-氨基乙酰丙酸对辣椒植株低温胁迫伤害的缓解效应
5-氨基乙酰丙酸(ALA)对盐胁迫下葡萄叶片中AsA-GSH循环的影响

外源ALA对常温和高温条件下裸燕麦生长发育及抗氧化酶
活性的影响

5-氨基乙酰丙酸对黄瓜幼苗抗冷性的影响 5-氨基乙酰丙酸(ALA)在Cr胁迫下对耐Cr差异敏感玉米品种的改善
作用

5-氨基乙酰丙酸影响大麦植物耐盐性的机制 5-氨基乙酰丙酸在盐碱条件下的对甜菜幼苗生长的影响
5-氨基乙酰丙酸缓解‘红颜’草莓盐胁迫伤害的时间效应研究

苗期水分胁迫下春小麦对5-氨基乙酰丙酸的生理响应 干旱胁迫下香蕉幼苗对外源ALA的生理响应
5-氨基乙酰丙酸预处理可减轻黄瓜叶片的热应激

5-氨基乙酰丙酸提高水稻幼苗抗寒性的研究 5-氨基乙酰丙酸改善棉花幼苗耐盐性
喷施ALA对紫花苜蓿耐热性的诱导效应

外源5-氨基乙酰丙酸对红香芋试管苗耐冷性的影响 外源5-氨基乙酰丙酸对盐胁迫下南瓜种子萌发及耐盐性的影响
外源-5氨基乙酰丙酸对干旱胁迫下紫花苜蓿生理特性及次生代谢物

含量的影响

ALA对低温胁迫下甜樱桃子房和花柱AsA-GSH循环的调控

促进生长

5-ALA对皖江区域大豆产量和品质的影响 5-氨基乙酰丙酸对小麦生长和成熟的影响
5-氨基酮戊酸对水稻植株中32P吸收与分配的影响

5-氨基乙酰丙酸处理对水稻籽粒增重的影响 ALA对冬小麦不同粒位籽粒灌浆影响的动态模拟及特征分析
5-氨基乙酰丙酸对奶油白菜产量与品质的影响

5-氨基乙酰丙酸（ALA）在马铃薯上的应用 采前5-氨基乙酰丙酸(ALA)处理对菠菜品质及耐贮性的影响
5-氨基乙酰丙酸对藤稔葡萄果实性状的影响

5-氨基乙酰丙酸对甜叶菊产量和糖含量的影响 5-氨基乙酰丙酸对熊猫豆光合特性及繁种量的影响
5-氨基乙酰丙酸对兔眼蓝莓光合性能及果实产量和品质的影响

5-氨基乙酰丙酸对萝卜主根生长及淀粉酶活性的影响 5-氨基乙酰丙酸促进桃果皮提前着色机制研究
5-氨基乙酰丙酸叶面肥对杂交晚稻光合作用和产量的影响

ALA对菠萝蜜树光合生理的影响 5-氨基乙酰丙酸影响荔枝果实着色、生长和营养品质
不同浓度ALA对红豆杉幼苗光合特性的影响

ALA对草莓光合作用的影响及其与抗氧化酶的关系 5-氨基乙酰丙酸对秋冬季大棚西瓜叶片光合作用及抗氧化酶活性的影响
外源ALA处理对‘丰水’梨疏花与果实品质的影响

5-氨基乙酰丙酸对银杏叶绿素、光合作用、可溶性糖和类
黄酮的影响

饲粮添加5-氨基乙酰丙酸调节肉鸡生长性能和炎症反应
外源ALA对克瑞森无核葡萄果实品质的影响

ALA对月季切花生产的影响
叶面喷施ALA对水稻豫粳6号光合特性及产量的影响

杀虫 5-氨基乙酰丙酸对中华稻蝗的杀虫活性及对3种酶活性的影响
光合细菌代谢产物5-氨基乙酰丙酸杀线虫作用及其机理研究
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5-ALA相关专利
草坪草品质改良剂 改良苹果果皮色素的方法 啤酒花α酸或啤酒花油的含量增加剂

促进水稻良苗生长的药剂 一种促进植物生长与增强抗逆性的方法 植物金属成分吸收增强剂

用于玉米控旺含5-氨基乙酰丙酸和调环酸钙的药剂组合物 猪生长促进剂和猪生长促进方法 水稻壮苗生长发育促进剂

一种新的用于防治农作物病害和调节农作物生长的物质 卟啉杀虫剂 用于农作物收获部位的增产剂

提高酒花中α酸含量或酒花油含量的药剂 一种新型光活化农药粉剂的配方 一种高效生物氨基酸液态肥料

提高植物耐碱剂和提高植物耐碱的方法 一种新型光活化农药水剂 一种植物光合作用促进剂及其制备方法

一种缓解无花果幼苗涝渍伤害的方法及5-氨基乙酰丙酸的应
用

提高植物耐盐性的方法
5-氨基乙酰丙酸在疏除果树过剩花朵中的

应用

用5-氨基乙酰丙酸或其盐促进植物生长的方法 一种促进果实着色的方法
一种改善母仔猪铁营养状况的促进剂及其

应用

用改良的5-氨基乙酰丙酸生物合成法生产转基因植物的方法 一种微生物杀线虫剂及其应用
一种含5-氨基乙酰丙酸和二氢茉莉酸丙脂

的农用组合物

一种控制植物体内ALA合成、促进生长并提高抗逆性的转基
因方法

植物用的多酚增量剂 植物中金属成分的吸收促进剂

一种含芸苔素内酯和5-氨基乙酰丙酸的生物肥料组合物 植物的耐碱性提高剂及耐碱性提高方法 一种提高苹果贮藏品质的方法

一种利用向日葵修复重金属镉污染土壤的方法 一种含有甲基二磺隆的安全除草组合物
一种用于提高家禽获氧能力的饲料添加剂

及其应用

一种用于提高水产养殖动物成活率的添加剂及其应用 一种提高烤烟抗病性的叶面肥
一种提高植物抗虫能力的方法及其植物表

达载体

5-氨基乙酰丙酸与氯吡脲混合制剂用于种植羊草的用途
一种农作物光合增产剂及其制备方法和

应用
促进植物生长的方法

一种提高植物耐低温胁迫能力的方法及其植物表达载体 提高植物耐盐性的方法 叶面肥



5-ALA相关专利
提高植物耐盐性的方法 农用化学品控释制剂 弱光栽培方法及植物生长促进剂

一种微生物杀线虫剂及其应用 含5-氨基乙酰丙酸化学改性剂的水溶性肥料 红豆杉的种植方法及5-氨基乙酰丙酸的应用

一种畜禽生长促进剂
一种促进干旱地区枣树坐果的方法及其专用制

剂
使用组合物制备的含有5-ALA和真菌的组合物

和叶肥

蔬菜低温逆境调控合剂及其应用方法 一种木耳菜水培营养液 活性复合营养叶肥

一种水稻增产剂
一种解除无花果无花果幼苗涝害的方法及5-氨

基乙酰丙酸的应用
一种烟草防寒剂及防寒剂的制备和使用方法

小麦高光合高效抗逆增产调节剂及其制备方法
和应用

一种提高生姜产量和品质的组合物及其制备方
法和应用

玉米抗倒根性强增产化学防治剂

一种促进植物分蘖的组合物、制剂及其应用 一种作物增产剂及其制备方法 豆芽有机复合肥的用途

黄瓜生长调节剂及日光温室黄瓜种植方法 蔬菜生长调节剂及日光温室蔬菜叶面喷施方法 一种盐碱土玉米种植方法

一种因温度骤降而对植物产生抗低温损害的玉
米种植方法

用于控制植物害虫的组成和方法
一种固体农药制剂的增效方法及其采用的增效

剂

辣椒夏苗生长调节剂及壮苗栽培方法 含有5-氨基乙酰丙酸和S-脱落酸的组合物
一种含5-氨基乙酰丙酸和二氢茉莉酸丙脂的农

用组合物

促进植物生长的方法 改良苹果果皮色素的方法 降低植物中氮和草酸含量的方法

提高植物耐碱剂和提高植物耐碱的方法 包含甘油(醚)磷酸酯的杀生物剂组合物 叶面喷剂及其生产方法

农作物收割部分增产剂 提高植物环境胁迫耐受性的药剂 光动力植物脱叶剂

叶绿素生物合成调节剂 5-氨基乙酰丙酸或其盐促进植物生长的方法 促进水稻良苗生长的药剂

用于降低栽培植物中硝酸盐含量的组合物 防治植物和植物组织昆虫的方法



COSMO相关专利
JPA 1992009360-5-氨基乙酸烷基酯
或其盐及其制造方法以及以此为有

效成分的除草剂

JPA 1993276989-类胡萝卜素的制造
方法和类胡萝卜素化合物

JPA 1994141681-苹果果皮着色提升
剂及苹果果皮着色提升方法

JPA 1992338305-植物生长促进剂
JPA 1996225408-提高植物叶绿素含

量的方法
JPA 2007252248-结球促进剂

JPA 1993117110-除草剂和除草方法JPA 1997087108-植物低聚糖增量剂 JPA 2008037839-植物多酚增量剂

JPA 1993186304-藻类生长促进剂
JPA 1999158010-茎叶处理剂的吸收

增强剂
JPA 2008189570-啤酒花α酸或啤酒

花油含量提高剂
JPA 1995053311-植物草酸含量降低

剂
JPA 1999243798-植物栽培方法 JPA 2009274973-水稻的育苗提高剂

JPA 1995053312-植物硝酸态氮含量
降低剂

JPA 2001000010-植物种子处理剂和
种子处理方法

JPA 2010053104-植物病原菌感染抑
制剂和病原菌感染控制方法

JPA 1995053487-植物生长调节剂 JPA 2007015938-植物活力成分
JPA 2010208999-农作物收获部位的

产量提高剂
JPA 1995184479-低光照条件下的植

物栽培方法
JPA 2007236246-植物金属成分吸收

增强剂
JPA 2010209000-苗的盐束处理中的

健苗培育剂

JPA 1996151304-植物耐盐增强剂
JPA 2007238482-植物特定元素的吸

收增强剂
JPA 2011121878-植物抽苔抑制剂

JPA 2011195508-水稻深播抗性添加
剂

JPA 2012025740-茄科植物的高温障
碍抑制剂

WOA1008126374-植物的碱性增强剂
和碱性增强方法

WOA1009139106-芝草的品质提升剂



• Objective: To study the effects of spraying different concentrations of ALA at booting stage on 
photosynthetic characteristics and yield of rice.

目的：研究在孕穗期喷施不同浓度ALA对水稻光合特性及产量的影响。

• Methods: At booting stage, different concentrations of ALA were sprayed on the leaves, and a total of 
5 treatments were set, that is, the spraying concentration was 0(control), 10, 30, 50 and 70mg/L, 
respectively. The net photosynthetic rate, chlorophyll content and yield of the samples were measured 
at the filling stage.

方法：在孕穗期叶面喷施不同浓度的ALA，共设5个处理，即喷施浓度分别为0(对照)、10、30、
50、70mg/L.在灌浆期对样品进行取样，测定其净光合速率、叶绿素含量和产量。

• Results and Conclusion:

Foliar spraying of ALA increased the net photosynthetic rate. Increase chlorophyll content and improve 
photosynthetic characteristics; Increase the seed setting rate and grain weight of rice; Increase 
production, increase by 1.41% - 14.46%. Spraying ALA 30mg/L had the best effect.

结果与结论：

叶面喷施ALA后，能够提高净光合速率．增加叶绿素含量，改善光合特性；提高水稻的结实率和
粒重；增加产量，增幅达1.41％-14.46％。其中以喷施ALA 30mg/L的效果最好。

叶面喷施ALA对水稻豫粳6号光合特性及产量的影响



• Objective: To study the effects of spraying 5-ALA on 32P absorption and distribution in rice plants.

目的：研究在始穗期喷施不同浓度的5-氨基酮戊酸对水稻植株中32P吸收与分配的影响。

• Methods: In this experiment, the concentration of ALA was 0, 10, 30 and 50 mg/L, and NaH2PO4tracer was diluted 
into aqueous solution with certain specific activity, which was labeled by soil injection method. The whole plant 
samples were taken at flowering stage, filling stage and waxing-ripening stage to investigate the absorption and 
distribution of 32P.

方法：试验设ALA处理浓度为0、10、30、50 mg/L，将NaH2PO4示踪剂稀释成一定比活度的水溶液，用土壤注
射法标记，在水稻的开花期、灌浆期和腊熟期分别取整株样品考察植株对32P的吸收和分配。

• Results and Conclusion:

The 32P specific activity and radioactivity in panicle, leaf, stem sheath and root system of 10-50 mg/L ALA treatment 
were significantly higher than those of control treatment without ALA spraying. The percentage of 32P activity of 
panicle under ALA treatment was significantly higher than that of control, and increased by 4.3%-6.0%, 4.1%-5.0% 
and 2.0%-2.7% at flowering, milk and waxy stages, respectively. In addition, the 10-50 mg/L ALA treatment 
significantly increased the seed setting rate and yield of rice by 4.8%-9.9% and 5.4%-14.9%, respectively, compared 
with the control, and the 30mg/L ALA treatment had the greatest effect on increasing grain yield.

结果与结论：

10-50 mg/L ALA处理稻株的穗、叶片、茎鞘、根系中的32P比活度和放射性活度均显著高于不喷施ALA的对照
处理；ALA处理使稻株穗部的32P活度百分比显著高于对照，在开花期、乳熟期和腊熟期分别较对照提高了4.3
％-6.0％、4.1％-5.0％和2.0％-2.7％。此外，10-50 mg/L ALA处理水稻的结实率和产量显著增加，与对照
相比，结实率和产量分别提高了4.8％-9.9％和5.4％-14.9％，其中以30mg/L ALA处理增产效果最大。

5-氨基酮戊酸对水稻植株中32P吸收与分配的影响



• Objective: To study effects of 5-aminolevulinic acid leaf fertilizer on leaf SPAD value, photosynthesis, dry 
matter accumulation and economic yield of hybrid late rice.

目的：研究5-氨基乙酰丙酸叶面肥对杂交晚稻生育后期叶片SPAD值、光合作用、干物质积累和经济产量
的影响。

• Methods: Rice seeds of different varieties were sprayed with 1.0mg/L ALA1 at full heading stage, and the same 
amount of water was sprayed as the control. Chlorophyll content, dry matter weight and yield in the middle of 
blade were measured at full filling stage, late filling stage and waxing stage.

方法：选择不同品种的水稻种子，齐穗期叶面喷施质量浓度1.0mg/L ALA1次，以喷施等量清水处理为对
照，于灌浆盛期、灌浆末期、蜡熟期测定剑叶中部叶绿素含量、干物质重量和产量。

• Results and Conclusion:

Compared with controls, ALA treatment sword leaf SPAD value increase significantly, with the extension of 
growth period, sword leaf SPAD value is reduced, and the gap between treatment and control, which suggests that 
ALA has obvious effect to delay the chlorophyll content decreased, the period of panicle dry weight and total 
biomass increase significantly, ripening period reached the maximum panicle dry weight and total biomass. In 
conclusion, 5-aminolevulinic acid foliar fertilizer can improve SPAD value of functional leaves, photosynthesis, 
dry matter accumulation and yield of rice by 3.2-4.0%.

结果与结论：

与对照相比，ALA处理的剑叶SPAD值有显著的提高，随生育期延长，剑叶SPAD值减小，且处理与对照间的
差距增大，这表明ALA对延缓叶绿素含量下降有明显作用,各时期穗干重和总生物量有显著的提高，蜡熟
期穗干重和总生物量达到最大。综上所述，5-氨基乙酰丙酸叶面肥能提高水稻功能叶SPAD值、光合作
用，增加干物质积累量，产量增加3.2％-4.0％。

5-氨基乙酰丙酸叶面肥对杂交晚稻光合作用和产量的影响



• Objective: To study the improvement effect of 5- aminolevulinic acid on Cr-sensitive maize varieties.

目的：研究5-氨基乙酰丙酸对铬（Cr）敏感的玉米品种的改善作用。

• Methods: Two different maize varieties: 6013 (resistant variety) and 9108 (sensitive variety) were selected. Three 
concentrations of chromium source (0, 5 and 10mg/kg) and ALA concentration (0, 12.5 and 25mg/L) were set. After 
15 days, dry weight, leaf area, root length, plant height, number of leaves per plant, dry weight of leaves and stems 
were determined.

方法：选择两种不同的玉米品种：6013（抗性品种）和9108（敏感品种），设置三种浓度的铬源（0、5、
10mg/kg），ALA浓度为0、12.5和25mg/L，15d后测定干重、叶面积、根长、株高、单株叶片数、叶片和茎干重
等生长性状。

• Results and Conclusion:

The results showed that Cr stress significantly reduced the growth characteristics, gas exchange capacity, traits, 
photosynthetic pigment amount and yield of plants. Application of ALA reduced Cr-induced oxidative stress in maize, 
and ALA played a regulatory role in maintaining optimal growth and efficient photosynthesis of maize plants. Under 0 
and 5mg/kg chromium stress, 25mg/L ALA increased root length of 6103 by 19% and 15%, and 9108 by 16% and 40%.

结果与结论：

结果表明，Cr胁迫显著降低了植物的生长特性、气体交换能力、性状、光合色素量和产量。ALA的施用降低了
Cr诱导的玉米氧化应激，ALA在维持玉米植株的最佳生长和有效光合过程中发挥调节作用。在铬浓度为0和
5mg/kg的胁迫下，25mg/L ALA使6103品种的根长增加了19%和15%，使9108品种的根长增加了16%和40%。

5-氨基乙酰丙酸(ALA)在Cr胁迫下对耐Cr差异敏感玉米品种的改善作用



• Objective: To study the effect of 5-aminolevulinic acid on salt tolerance of cotton seedlings and its mechanism.

目 的：研究5-氨基乙酰丙酸对棉花幼苗耐盐性的提升以及作用机理。

• Methods: The cotton seedlings were sprayed with 10-300ppm ALA solution and 11 other plant growth 
regulators (such as ABA and BA). After 3d, 30ml of 1.5% soil weight NaCl solution was applied in the soil. 
After 23d, the growth parameters of shoots and roots were measured.

方法：选择10-300ppm的ALA溶液和其它11种植物生长调节剂（例如ABA、BA）对棉幼苗进行喷施，3天后在
土壤中施加30mL1.5%土壤重量的NaCl溶液，23天后测定嫩芽和根部的生长参数。

• Results and Conclusion: 

The results showed that cotton seedlings sprayed with ALA could survive in the soil containing NaCl, while 
other plant growth regulators did not show this effect. Studies have shown that the mechanism of ALA on salt 
resistance in plants is as follows: ALA does not affect the transport of Na+ in plants, but inhibits the inflow of Na+.

结论：

喷施ALA的棉花幼苗能够在含有NaCl的土壤中存活，而其他的植物生长调节剂均没有展现出这种效应。研
究表明ALA对植株抗盐的机理为：ALA不影响Na+在植物体内的转运，但会抑制Na+的流入。

5-氨基乙酰丙酸改善棉花幼苗耐盐性



• Objective: To explore the effects of 5-ALA on soybean yield and quality in Wanjiang area.

目 的：探究5-ALA对皖江区域大豆产量和品质的影响

• Methods: In this study, WanDou 15 was used as an image, and 5-ALA was sprayed on the leaf surface of WanDou 
15 at the 5-6 compound leaf stage . The control group (spray water) and three experimental groups with concentration 
gradient (40, 80 and 120mg/L) were set up, respectively, and the yield of the harvested soybean in the field test plot 
was calculated.

方法：以 皖豆 15为研究对象，采用单因子随机区组设计法，在大豆5-6片复叶期时，叶面喷施5-ALA。分别设
置对照组（喷施清水）和三个浓度梯度（40、80、120mg/L）的实验组，以田间试验小区实收大豆计算产量。

• Results and Conclusion: 

It can be seen from the results of this study that the reasonable spraying of 5-ALA photosynthesis promoter at the 5-6 
compound leaf stage of soybean can improve the effective branch number, the effective pod number per plant, the 
effective grain number per plant and the 100-seed weight of soybean to varying degrees, which can promote the 
improvement of soybean quality and field characters to some extent.

In addition, the comprehensive effect of the higher concentration of the photosynthetic accelerator (120mg/L) was 
outstanding.

结论：从本试验研究结果来看)在大豆5-6片复叶期合理喷施5-ALA光合作用促进剂能不同程度地提高大豆有效
分枝数、单株有效荚数、单株有效粒数和百粒重，对大豆品质和田间性状改善有一定的促进作用。

此外，光合作用促进剂喷施浓度较高时（120mg/L）综合效果表现突出。

5-ALA对皖江区域大豆产量和品质的影响



• Objective: To study the effects of different concentrations of ALA on grain setting and yield of rice.

目的：研究不同浓度的ALA对水稻子粒结实和产量的影响。

• Methods: In this study, 32P tracer technique was used to study the dynamic changes of phosphorus in rice plants 
under different concentrations of ALA (0, 10, 30, 50mg/L).

方法：试验以水稻为材料，应用32P示踪技术研究不同浓度ALA水平下（0、10、30、50mg/L）水稻植株中磷的动
态变化。

• Results and Conclusion:

After 10--50 mg/L ALA treatment, 32P specific activity of root, stem sheath, leaf and panicle were significantly increased 
at flowering stage.

The yield of rice was increased by 5.4% ~ 14.9% after 10 ~ 50 mg/L ALA treatment, and the highest yield was obtained 
under 30 mg/L ALA treatment, which was significantly different from the control.

结果与结论：

10--50 mg/L ALA处理后，在开花期，稻株中的根、茎鞘、叶片、穗的32P比活度均有显著性提高。

经10～50 mg/L ALA处理后，水稻产量均有提高，增产幅度在5.4％～14.9％之间，其中以30mg/L ALA处理的产
量最高，与对照相比，差异达极显著水平。

5-氨基乙酰丙酸处理对水稻籽粒增重的影响



• Objective: To study the effects of different concentrations of ALA on grain filling of winter wheat with different 
grain sites.

目的：研究不同浓度的ALA对冬小麦不同粒位籽粒灌浆的影响，并进行模拟分析。

• Methods:

In field experiments, winter wheat grains treated with different concentrations of ALA (0, 
10, 30, 50mg/L) were collected and labeled as grain sites ⅰ, ⅱ and ⅲ.

方法：采用大田试验的方法，收集不同浓度ALA水平（0、10、30、50mg/L）处理过的冬小麦籽粒，标记为
粒位Ⅰ、Ⅱ、Ⅲ。

• Results and Conclusion:

The grain weight of winter wheat was significantly different at different grain sites. All the winter wheat grains 
treated with 10-50mg/L ALA had the effect of weight gain, and 30mg/L ALA had the most obvious effect of 
promoting grain weight gain.

结果与结论：

冬小麦不同粒位的粒重差异明显，在10-50mg/L ALA处理后的冬小麦籽粒均有增重的效果，30mg/L ALA促
进籽粒增重效果最明显。

ALA对冬小麦不同粒位籽粒灌浆影响的动态模拟及特征分析



• Objective: To study the effect of ALA on improving salt resistance of wheat.

目的：研究ALA对提高小麦抗盐性的效果。

• Methods: The preconditioned wheat seeds were sown with a fixed concentration of ALA applied to the soil and 
stems and leaves. During the experiment, the amount of light and water per day was constant to ensure the normal 
development of the wheat. Plant height and chlorophyll SPAD values were measured before harvest, and total N, P 
and K values were measured after harvest.

方法：将预理后的小麦种子进行播种，使用固定浓度的ALA分别对土壤和茎叶施用。在试验期间，每天的光照
和浇水量不变，以保证小麦的正常发育。收获前对株高和叶绿素SPAD值进行测定，收获后测定样品的全N、P、
K值。

• Results and Conclusion:

The effect of ALA was better than that of soil application, and the high concentration (4.5μL/ pot) of ALA was more 
beneficial to the growth of wheat shoot, which increased by 104.8% and 54.8%, respectively, compared with no 
fertilization and only applying base fertilizer. However, there was no significant difference between the two treatments 
for root growth.

结果与结论：

对于ALA，喷施效果要好于土壤施用，而且高浓度(4.5μL/盆)的喷施(6次处理每盆共喷施ALA 0.0315mL)更有
利于小麦地上部的生长，相对于不施肥和只施用底肥的处理，其增加幅度分别达到104.8％和54.8％，但对于
根系生长两种处理方法之间没有明显区别。

ALA增强小麦抗盐性及硫磺改良碱性盐土的研究



• Objective: To study the effects of spraying different concentrations of 5-ALA on the growth and antioxidant 
enzyme activity of  Avena nuda at normal temperature and high temperature.

目的：研究了常温和高温条件下喷施不同浓度的5-氨基乙酰丙酸 （A L A )对裸燕麦生长发育和抗氧化酶活
性的影响。

• Methods: The plants with the same growth were screened and seedlings were determined and sprayed with 0, 10, 
50 and 100mg/L ALA, respectively, with distilled water as control. After 7 days, plant height, leaf area, leaf length 
and width, photosynthetic pigment content and other factors were measured.

• 方法：筛选长势相同的植株定苗，分别喷施0、10、50、100mg/L ALA，以喷施蒸馏水为对照。将其放入常
温和高温培育箱中，7d后测定株高、叶面积、叶长宽以及光合色素含量等因素。

• Results and Conclusion:

The results of this experiment showed that under normal temperature and high temperature conditions, the 
application of ALA increased the contents of chlorophyll A, chlorophyll B (except at normal temperature) and 
carotenoid in naked oats on the whole, promoted the growth and development of naked oats, and effectively 
promoted the accumulation of dry matter. Overall, 50 mg/L and 100 mg/L ALA treatment had better effects.

结果与结论：

本试验结果表明，在常温和高 温条件下，施用ALA总体上均增加了裸燕麦的叶绿素 a、叶绿素b (常温条件
下除外）、类胡萝卜素含量，促进了裸燕麦的生长发育，有效促进了干物质的积累，总体以50 mg/L和100 
mg/L ALA处理效果较好。

外源ALA对常温和高温条件下裸燕麦生长发育及抗氧化酶活性的影响



• Objective: To explore the effect of ALA on the normal growth of barley plants in saline soil.

目的：探究ALA对大麦植物在盐性土壤中保持正常生长的作用。

• Methods: Barley seedlings were cultured in different concentrations of NaCl solution with distilled water as the 
control group, and then the samples were divided into two parts. One part was not subjected to additional ALA, 
and the other part was subjected to 10 and 60mg/L ALA. The growth parameters, proline content and ROS content 
of all the samples were measured.

方法：将大麦幼苗在不同浓度的NaCl溶液中培养，以蒸馏水为对照组，然后将样品分成两份，一份不额外施
加ALA，另一份施加10和60mg/L ALA,测定所有样品的生长参数、脯氨酸含量以及ROS含量。

• Results and Conclusion:

The results showed that the increase of NaCl concentration resulted in the decrease of magnesium chelatase activity 
and ROS accumulation. Compared with seedlings without ALA, the content of proline increased and the content of 
ROS decreased with ALA treatment. In addition, the growth parameters of seedlings in the presence of exogenous 
ALA were similar to those in the absence of NaCl.

结果与结论：

实验结果表明，NaCl浓度的增加会导致镁螯合酶活性降低、ROS积累。与无ALA处理的幼苗相比，ALA处理后
植株的脯氨酸含量增加、ROS含量降低。此外，在外源ALA存在时，幼苗生长参数与无NaCl处理时相似。

5-氨基乙酰丙酸影响大麦植物耐盐性的机制



• Objective: To evaluate the effect of 5-ALA on photosynthetic organ activity measured by chlorophyll fluorescence 
parameters under water stress.

目的：评估在水分胁迫下5-ALA对叶绿素荧光参数测定的光合器官活性的影响。

• Methods: In this experiment, the water content of the control group was 75%, and the water content of the other two 
groups was kept at 30% of the maximum water content. One group was sprayed with 5-ALA solution. Finally, the 
photochemical efficiency of the test samples was analyzed.

方法：本试验设置对照组为含水量75%，另两组含水量保持在最大含水量的30%，其中一组喷洒5-ALA溶液(30 
mg /dm3) 。最终对试验样品进行光化学效率的分析。

• Results and Conclusion:

The results of this study showed that 5-ALA could overcome the adverse effects of water deficit on wheat by increasing 
the growth, relative expansion degree and chlorophyll content of wheat plants and reducing the protective period of cell 
membrane during the early vegetative development.

结果与结论：

本研究结果表明，在营养发育的早期，5-ALA能够通过提高小麦植株的生长、相对膨胀度和叶绿素含量，降低
细胞膜的保护期来克服水分亏缺对小麦的不利影响。

苗期水分胁迫下春小麦对5-氨基乙酰丙酸的生理响应



• Objective: To study the effects of ALA on the growth and ripening of wheat by seed soaking and leaf spraying at 
seedling and flowering stage.

目的：研究ALA在小麦苗期和花期浸种和叶面喷施处理对小麦生长和成熟的影响。

• Methods: After soaking the wheat seeds in water, they were immersed in aqueous ALA solution with concentration 
of 0, 0.5, 5, 20 and 50ppm for 2.5h, respectively, and then sown. At seedling stage, 0, 10, 50 and 100ppm of ALA 
containing Tween 20(0.1%) were sprayed. Finally, the ratio of survival rate to seedling dry weight was calculated.

方法：将小麦种子在水中浸泡后，分别在浓度为0、0.5、5、20、50ppm的ALA水溶液中浸泡2.5h，然后播种。
苗期喷施0、10、50、100ppm含Tween 20(0.1%)的ALA水溶液。最终计算成活率与幼苗干重的比值。

• Results and Conclusion:

The results showed that the effect of ALA treatment on yield increase at flowering stage was less than that at seedling 
stage. In this study, foliar application of ALA at 10-50 PPM increased wheat yield by about 15% compared to the 
control. The effect of foliar application of ALA at seedling stage showed that the number of ALA leaves increased by 
about 15% at all concentrations. At harvest time, 10 and 50 PPM ALA increased by 15%, while 100 PPM ALA 
decreased by 5%.

结果与结论：

结果表明，在开花期ALA的处理对产量的增产作用小于苗期ALA的处理。在本研究中，10-50 ppm浓度的ALA叶
面施用后，小麦产量比对照提高了约15%。苗期叶面施用ALA的效果显示出在所有浓度下，ALA的分叶数都增加
了约15%。在收获期，10和50 ppm的ALA增产15%，100 ppm的ALA减产5%。

5-氨基乙酰丙酸对小麦生长和成熟的影响



• Objective: To study the effect of ALA on cold resistance of rice seedlings.

目的：研究ALA对水稻幼苗抗寒性的影响。

• Methods: The roots of seedlings were immersed in aqueous solutions containing ALA(0, 0.1, 1.0 and 5.0 
PPM), BR (0.001 PPM) or ABA (1.0 PPM) for 24 h, and then transplanted into flowerpots and cultured at 
3±1.5℃ for 2-4 days and 23±3℃ for 5 days. The seedling survival rate, leaf number and dry weight of 
aboveground parts were assessed.

方法：将幼苗的根浸泡在含有ALA(0、0.1、1.0和5.0 ppm)、BR (0.001 ppm)或ABA (1.0 ppm)的水溶液
中24 h，移栽到花盆中，3±1.5℃培养2-4 d, 23±3℃培养5d。最终评估幼苗成活率、叶片数和地上部分
的干重。

• Results and Conclusion:

The dry weight of seedlings treated with ALA increased by 1.7 times compared with the control. These results 
demonstrated that ALA had a protective effect on cold stress in rice seedlings.

In addition, abscisic acid (ABA) and brassinolide (BR) could also improve the cold resistance of rice seedlings. 
ALA and BR were stronger than ABA in protecting old leaves.

结果与结论：

与对照相比，ALA处理幼苗的干重增加了1.7倍。这些结果证明了ALA对水稻幼苗的冷胁迫具有保护作用。

此外，脱落酸(ABA)和油菜素内酯(BR)也能提高油菜的抗寒性，ALA和BR对老叶的保护作用强于ABA。

5-氨基乙酰丙酸提高水稻幼苗抗寒性的研究



• Objective: To study the effects of exogenous 5-aminolevulinic acid (ALA) on potato growth and yield, and to explore 
the best application concentration and period of ALA.

目的：研究外源5-氨基乙酰丙酸（ALA）对马铃薯生长和产量的影响，探讨ALA的最佳施用浓度和时期。

• Methods: The experiment used split zone design, ALA concentration (0, 100, 200, 300, 400, 600 mg/L) as the main 
area, spraying stage (seedling stage, bud stage, early flowering stage) as the secondary area, a total of 18 treatments. 
Tuber number per plant, tuber weight per plant, average tuber weight and commercial tuber rate were measured.

方法：试验采用裂区设计，以 ALA 施药浓度（0 、100 、200 、300 、400 、 600 mg/L）为主区，以喷药时
期（苗期、现蕾期、初花期）为副区，共 18 个处理。测定单株结薯数、单株薯块重、平均薯块重和商品薯率。

• Results and Conclusion:

The results showed that when the concentration of ALA was less than 200mg/L, there were no significant effects on the 
growth period, growth traits, economic shape and yield of potato. When the concentration increased to 300 mg/L, the 
stimulation effect appeared. When the concentration was between 300 and 600mg/L, the yield increased with the increase 
of the concentration, and the earlier the spraying period, the more obvious the effect of increasing yield, when the 
spraying of 600mg/L ALA at the stage of buds, the highest yield was 46384kg/ℎ𝑚2.

结果与结论：

结果表明，当ALA浓度≤200mg/L时，对马铃薯生育期、生长性状、经济形状及产量均无明显影响；当浓度增加
到 300 mg/L，增产效果显现；当浓度在 300~600 mg/L 时，产量随着浓度的增大而增加，且喷药的时期越早
增产效果越明显，当在现蕾期喷施600mg/L 浓度的 ALA 时产量最高，产量为46384kg/hm2。

5-氨基乙酰丙酸（ALA）在马铃薯上的应用



• Objective: To study the control effect of 5-ALA, a metabolite of Rhodoblastus acidophilus, on nematodes.

目的：研究嗜酸柏拉红菌的代谢产物，即5-ALA，对线虫的防治作用。

• Methods: The experiment was divided into two groups. In the insecticidal test of culture medium, 2mL bacterial 
culture medium with different dilution ratio was added to the culture plate containing nematodes to calculate the 
mortality. In the pot experiment of tomato, 100mL of culture medium with different dilution ratio were irrigated 
into tomato seedlings, and 300 nematodes were inoculated into each seedling to observe the growth of the plants.

方法：试验分为两组，在培养液的杀虫试验中，将2mL不同稀释倍数的细菌培养液加入到含有线虫的培养
板中，计算死亡率；在番茄的盆栽试验中，将不同稀释倍数的培养液各100mL浇灌到番茄幼苗中，再对每
株幼苗接种300条线虫，观察植株的生长情况。

• Results and Conclusion:

The experimental results indicate that:

The higher the concentration of culture medium, the higher the mortality of nematodes, and all nematodes died in 
the original solution after 96h.The tomato seedlings treated with 50-fold dilution had the best pest control effect, 
which reached 77.3%.

结果与结论：

培养液浓度越高，线虫的死亡率也越高，96h后原液可使线虫全部死亡。50倍稀释后的培养液处理过的番
茄幼苗防虫效果最好，其防效可达77.3%。

光合细菌代谢产物5-氨基乙酰丙酸杀线虫作用及其机理研究



• Objective: To study the effects of pre-harvest ALA treatment on the quality and storage tolerance of spinach.

目的：研究了采前ALA处理对菠菜品质以及耐贮性的影响。

• Methods: Two treatments were set: treatment 1 was water, and treatment 2 was ALA(6 g / 100m2). When the 
spinach reached commodity maturity, it was harvested. The collected spinach was divided into two parts: one part for 
quality analysis; The other part was pre-cooled, packed with fresh bags without binding, stored in the cold storage 
with temperature of 0±0.5℃ and relative humidity of 85%-95%. The indexes were randomly sampled every 2d 
during the whole storage period.

方法：设置两个处理：处理1为清水，处理2为ALA(6 g／100m2)，当菠菜达到商品成熟时采收，将采回的菠菜
分成两部分：一部分进行品质分析；另一部分预冷后，用保鲜袋包装，但不扎口，于温度0±0.5℃、相对湿度
为85％～95％的冷库中贮藏，整个贮藏期每隔2d随机取样测定各项指标。

• Results and Conclusion:

Pre-harvest spraying of ALA increased dry weight ratio, soluble protein, soluble sugar, chlorophyll and VC contents of 
spinach.

The results showed that ALA treatment had little effect on the weight loss rate of spinach during storage, but delayed 
the respiration peak and ethylene peak of spinach, significantly reduced their peak, reduced the metabolism of spinach 
after harvest, effectively controlled the loss of nutrients, and improved the storage capacity of spinach.

结果与结论：

采前喷施ALA增加了菠菜的干重比、可溶性蛋白、可溶性糖、叶绿素和VC的含量。

研究结果表明，采前ALA处理对菠菜贮藏期间失重率的变化影响不大，但推迟了菠菜呼吸高峰和乙烯高峰的出
现，并明显降低其峰值，降低了采收后菠菜的新陈代谢，有效地控制了其营养成分的损失，使菠菜的耐贮能
力提高了。

采前5-氨基乙酰丙酸(ALA)处理对菠菜品质及耐贮性的影响



• Objective: To study the effects of 5-ALA treatment on plant growth, proline, soluble sugar and soluble protein 
contents in leaves of pepper at the initial flowering stage during low temperature stress and subsequent recovery at 
room temperature. To investigate the physiological mechanism of ALA improving cold resistance of pepper.

目的:研究了低温胁迫期间及随后的常温恢复过程中5-ALA处理对始花期辣椒植株生长量，叶片中脯氨酸、可溶
性糖、可溶性蛋白含量等参数的影响。以探讨ALA提高辣椒抗寒性的生理机制。

• Methods: The pepper plants with the same growth were divided into three groups: control group, low temperature 
treatment and low temperature treatment +ALA treatment (25mg/L). The growth amount, proline content, soluble 
sugar content and other indexes were measured after maturity.

方法:将生长一致的辣椒植株分成三组：对照组、低温处理以及低温处理+ALA处理（25mg/L），成熟后测定其生
长量、脯氨酸含量、可溶性糖含量等指标。

• Results and Conclusion:

Under low temperature stress, application of 25 mg/L ALA treatment chili blade can effectively improve the osmotic 
regulation substances content in plant leaf and antioxidant enzyme activity, and thus improve the concentration of the 
cytoplasm and holding water, adjust the osmotic pressure, effectively remove cells to produce reactive oxygen species, 
reduce the membrane lipid peroxidation, maintain stability and cell membrane integrity, promote plant growth, To 
alleviate the damage to pepper plants under low temperature stress.

结果与结论：

低温胁迫下，施用25mg/L的ALA处理辣椒叶片能有效提高植株叶片中渗透调节物质含量和抗氧化酶活性，从而
提高细胞质浓度和持水性，调节渗透压，有效清除细胞产生的活性氧，降低膜脂过氧化作用，维持膜稳定性和
细胞完整性，促进植株生长，缓解低温胁迫对辣椒植株的伤害。

5-氨基乙酰丙酸对辣椒植株低温胁迫伤害的缓解效应



• Objective: To study the effects of exogenous 5-aminolevulinic acid (ALA) on seed germination and 
salt tolerance of pumpkin under NaCl stress.

目的：研究外源5-氨基乙酰丙酸(ALA)对NaCl胁迫下南瓜种子萌发和耐盐性的影响。

• Methods: Under different levels of NaCl stress (0,90,180,270mmol/L), seeds were soaked with ALA 
(0, 10, 25, 50mmol/L) for 6h, respectively, to study the effects of germination rate, germination 
potential, accumulation of MDA and activities of superoxide dismutase (SOD) and ascorbate 
peroxidase (APX).

方法：在不同强度(０,90,180,270mmol/L)NaCl胁迫下，分别用(0、10、25、50mmol/L)的ALA浸
种6h，研究南瓜种子发芽率、发芽势及过氧化产物MDA的积累和超氧物歧化酶(SOD)、抗坏血酸过
氧化物酶(APX)活性的影响。

• Results and Conclusion:

The germination of pumpkin seeds was significantly inhibited under NaCl stress of 180-270mmol/L. 10-
25mmol/L ALA immersion significantly increased the germination rate and germination potential of 
pumpkin seeds under NaCl stress, up-regulated the activities of SOD and APX, and decreased the content 
of MDA. However, the higher concentration of ALA (50mmol/L) decreased the germination rate and 
germination potential, and the inhibitory effect on reactive oxygen species (ROS) production and 
antioxidant capacity decreased.

结果与结论：

180-270mmol/L NaCl胁迫，极显著抑制了南瓜种子的萌发；10-25mmol/L ALA浸种，显著提高了
NaCl胁迫下南瓜种子的发芽率和发芽势，上调了SOD和APX活性，降低了MDA含量；而较高浓度
(50mmol/L)ALA则降低了发芽率和发芽势，对活性氧(ROS)生成的抑制作用和抗氧化能力均下降。

外源５－氨基乙酰丙酸对盐胁迫下南瓜种子萌发及耐盐性的影响



• Objective: To study the effect of exogenous 5-ALA on cold tolerance of taro seedlings.

目的：研究外源5-ALA对芋试管苗耐冷性的影响。

• Methods: In vitro seedlings of red taro were cultured and 0 (control), 2, 5, 10 and 20mg/L ALA 
solution were added in the medium. The plants in the medium were cultured at artificial low 
temperatures (15℃/10℃ for 2d, 4℃ for 16h), and the incidence and index of chilling injury were 
measured and calculated.

方法：选择性状优良的红香芋植株，人工培育出试管幼苗，在培养基中加入0（对照）、2、5、
10、20mg/L ALA溶液。对培养基内的植株进行人工低温培育（15℃/10℃处理2d，4℃处理
16h），测定并计算冷害发生率和冷害指数。

• Results and Conclusion:

ALA treatment with appropriate concentration can alleviate the damage of low temperature stress on taro 
plantlet and improve its cold tolerance. ALA treatment concentration of 10mg/L was the best.

结果与结论：

适宜浓度的ALA处理可缓解低温胁迫对芋试管苗的伤害，提高其耐冷性；ALA处理浓度以10mg/L效
果最好。

外源5-氨基乙酰丙酸对红香芋试管苗耐冷性的影响



• Objective: To study the effects of spraying 5-aminolevulinic acid on the yield, chlorophyll, vitamin C, 
protein and soluble sugar contents of cream cabbage.

目的：研究了叶面喷施不同浓度5-氨基乙酰丙酸对奶油白菜产量、叶绿素、维生素C、蛋白质、
可溶性糖含量等的影响。

• Methods: Different concentrations of ALA solution (0.34, 0.85, 1.70, 3.40g/L, water as control) were 
sprayed when the cream cabbage grew to 4 large leaves. The contents of chlorophyll, vitamin C, 
protein and soluble sugar were determined after harvest.

方法：在奶油白菜长至4片大叶时喷施不同浓度的ALA溶液（0.34、0.85、1.70、3.40g/L,以清水
为对照）。收获后测定奶油白菜叶片叶绿素、维生素C、蛋白质和可溶性糖含量。

• Results and Conclusion:

Foliar spraying with different concentrations of 5-aminolevulinic acid had significant effects on the 
quality indexes of cream cabbage, among which chlorophyll content and vitamin C content reached the 
highest when foliar spraying with 5-ALA concentration of 1.70g/L, protein content and soluble sugar 
content reached the highest when foliar spraying with 5-ALA concentration of 0.85g/L.

结果与结论：

叶面喷施不同浓度5-氨基乙酰丙酸对奶油白菜的各项品质指标影响显著，其中叶绿素含量和维生
素 C含量在叶面喷施浓度为1.70g/L的5-ALA时达到最高，蛋白质含量和可溶性糖含量在叶面喷施
浓度为0.85g/L的5-ALA时达到最高。

5-氨基乙酰丙酸对奶油白菜产量与品质的影响



• Objective: To study the protective effect of ALA on cucumber seedlings under heat stress.

目的：研究ALA对黄瓜幼苗热胁迫的保护作用。

• Methods: Cucumber seedlings were pretreated with 3μmol/L 5-aminolevulinic acid (ALA) and 
cultured at normal temperature (25/18℃) or high diurnal temperature (42/38℃). The contents of 
malondialdehyde (MDA), superoxide free radical and hydrogen peroxide (H2O2) in plant leaves were 
measured.

方法：用3μmol/L5-氨基乙酰丙酸(ALA)预处理黄瓜幼苗，在常温(25/18℃)或高昼夜温度
(42/38℃)条件下培养。测量植物叶片中丙二醛(MDA)、超氧自由基和过氧化氢(H2O2)含量。

• Results and Conclusion:

The content of MDA, superoxide free radical and H2O2 in leaves of plants pretreated by ALA decreased. 
The activities of antioxidant enzymes, proline and soluble sugar were higher than those of the control. 
These results showed that ALA pretreatment improved seedling tolerance to heat stress.

结果与结论：

ALA预处理的植物叶片中MDA、超氧自由基和H2O2含量降低。处理后植物抗氧化酶活性、脯氨酸和
可溶性糖含量均高于对照。这些结果表明，ALA预处理提高了幼苗对热胁迫的耐受性。

5-氨基乙酰丙酸预处理可减轻黄瓜叶片的热应激



• Objective: To study the effects of ALA on cold resistance of cucumber seedlings.

目的：研究了ALA对黄瓜幼苗抗冷性的影响。

• Methods: Cucumber seedlings were treated with 5 concentrations of 5-ALA at 0, 0.05, 0.5, 1 and 5 mg/L, and 
then subjected to low temperature stress at 5℃ for 4 days. The chilling injury index was calculated and the 
parameters such as electrolyte permeability, malondialdehyde content and SOD activity were counted.

方法：0、0.05、0.5、1、5 mg/L 5个浓度的5-ALA处理黄瓜幼苗后，再于5℃下低温胁迫4 d。计算冷害
指数并统计电解质渗透率、丙二醛含量、SOD活性等参数。

• Results and Conclusion:

After 4 days of low temperature stress, the chilling injury index of cucumber treated with 0.05, 0.5 and 1 mg/L 
ALA was significantly lower than that of the control, indicating that the three concentrations of ALA could 
reduce the chilling injury of cucumber. The effect was most significant at the concentration of 0.5 mg/L.

结果与结论：

低温胁迫4 d后，0．05、0．5和1 mg／L的ALA处理的黄瓜冷害指数均显著低于对照，说明这3种浓度的
ALA处理后能减轻黄瓜冷害。其中0.5 mg/L 浓度下效果最为显著。

5-氨基乙酰丙酸对黄瓜幼苗抗冷性的影响



• Objective: To study the effects of spraying 5-ALA on the growth index, chlorophyll content, total sugar content 
and yield of stevia.

目的：研究叶面喷施不同浓度的5-ALA对甜叶菊生长指标及叶绿素含量、总糖含量和产量的影响。

• Methods: The 5-aminolevulinate samples were diluted to four concentrations of 0.05%, 0.067%, 0.10% and 
0.20%, respectively. Water was used as the control, and repeated for three times. The growth index, chlorophyll 
content, sugar content and yield of stevia were determined at harvest.

方法：将 5-氨基乙酰丙酸样品分别稀释为0.05%、0.067%、0.10%、0.20%的4 个浓度水平，以清水为对照，
重复3 次，收获时测定甜叶菊生长指标、叶绿素含量、糖含量以及产量。

• Results and Conclusion:

The results showed that the chlorophyll content, total sugar content and yield of stevia were significantly increased 
by spraying different concentrations of ALA on leaves. Compared with the control (water), 0.10% ALA leaf 
application had the best effect, the chlorophyll content, total sugar content and yield increased by 88.02%, 0.40% 
and 33.62%, respectively.

结果与结论：

结果表明：叶面喷施不同浓度的ALA 均明显提高了甜叶菊的叶绿素含量、总糖含量和产量；与对照（清水）
相比，0.10%的ALA 叶面施用效果最佳，叶绿素含量、总糖含量和产量分别提高88.02%、0.40%、33.62%。

5-氨基乙酰丙酸对甜叶菊产量和糖含量的影响



• Objective: To study the effects of different concentrations of 5-aminolevulinic acid (ALA) on photosynthetic 
characteristics and multiplicity of Panda bean.

目的：通过叶面喷施不同浓度的5-氨基乙酰丙酸（ALA），探讨其对熊猫豆光合特性和繁种量的影响。

• Methods: ALA samples (0.6g/L)were divided into four dilute release levels of 2 000, 1 500, 1 000 and 500 times, 
and the same amount of water was sprayed as control. The chlorophyll content and photosynthetic rate of the 
plants, plant height and stem diameter near the ground were measured, and the number of pods, the number of 
pods, the thousand seed weight and the number of seeds were measured.

方法： 将 ALA 样品(0.6g/L) 分别稀释2000倍、1500倍、1000倍和500倍4个浓度水平，以喷施等量清水作
为对照。测定植株的叶绿素含量和光合速率、株高和近地面处茎粗，并测定株荚数、荚粒数、千粒质量和
繁种量。

• Results and Conclusion:

The results showed that compared with the control, spraying ALA increased plant height by 4.38%-8.87%, stem 
diameter by 0.37%-0.93%, chlorophyll content by 2.38%-11.06%, photosynthetic rate by 1.06%-9.70%, and seed 
abundance by 8.24%-17.39%. Spraying 1 500 times liquid ALA had the best effect, which increased plant height by 
8.87%, stem diameter by 0.93%, chlorophyll content by 11.06%, photosynthetic rate by 9.70%, and seed abundance 
by 17.39%.

结果与结论：

与对照相比，喷施ALA使熊猫豆株高增加4.38%～8.87%，茎粗增加0.37%～0.93%，叶绿素含量增加2.38%～
11.06%，光合速率增加1.06%～9.70%，繁种量增加8.24%～17.39%；其中喷施1 500倍液ALA效果最佳，使
株高增加8.87%，茎粗增加0.93%，叶绿素含量增加11.06%，光合速率增加9.70%，繁种量增加17.39%。

5-氨基乙酰丙酸对熊猫豆光合特性及繁种量的影响



• Objective: To study the effects of ALA on the growth, sugar content and amylase activity of radish taproot tissue.

目的：研究ALA对萝卜主根组织生长、糖含量和淀粉酶活性的影响。

• Methods: During the cultivation of radish, the leaves were sprayed with ALA solution for 3 times, and the 
concentrations of ALA solution were 0, 5.3, 53, 530, 2,700 and 13,500 μmol/L, respectively. After harvest, radish 
taproots were preserved at -20°C, and ethanol extracts from taproots were used to detect starch content and 
amylase activity.

方法：在萝卜的培育过程中，对叶片喷淋ALA溶液3次，ALA溶液的浓度分别为0、5.3、53、530、2,700和
13,500 μmol/L。收获后，萝卜主根在-20°C下保存，对主根乙醇提取物进行酶联测定以检测淀粉含量，并
进行淀粉酶活性检测。

• Results and Conclusion:

The results showed that the effect of ALA on taproot growth was greater than that on overground growth. The 
concentration of ALA promoting taproot growth ranged from 53 to 2,700 μmol/L. The highest dose of ALA (13,500 
μmol/L) caused damage to plants.

结果与结论：

试验结果说明施用ALA对主根生长的影响大于对地上部分生长的影响。促进主根生长的ALA浓度为53-2,700 
μmol/L。施用最高剂量的ALA (13,500μmol/L)对植物造成损害。

5-氨基乙酰丙酸对萝卜主根生长及淀粉酶活性的影响



• Objective: To study The effect of 5-ALA on improving salt tolerance of sugar beet.

目的：研究叶面施用5-ALA对提高甜菜耐盐性的作用。

• Methods: After pretreatment, the seedlings were transferred to the soil containing NaCl, and the control group 
was normal soil. The leaves were sprayed with 0μmol/L and 60μmol/L ALA solution. The salinity and ALA 
increased to 80 mM and 120 μmol/L, respectively, from day 7. The samples were sampled 12 days later, and the 
physiological indexes of the samples were analyzed.

方法：在对幼苗进行预处理后，将其转移至含有NaCl的土壤中，对照组为正常土壤。对叶面喷施0和
60μmol/L的ALA溶液，从7d开始，盐度和ALA分别增加到80 mM和120 μmol/L，12d后开始取样，并对样品
进行生理指标分析。

• Results and Conclusion:

The results showed that the salt stress significantly inhibited the growth of beet, and the foliar spraying ALA 
increased the salt tolerance of beet, with the increase of ground part DW, root DW, RGR and LA by 49.7%, 27%, 
42.3% and 72.1%. Compared with no ALA application, ALA application did not affect ground part DW, RGR and 
LA, and root DW increased by 14.5%. In addition, the use of ALA significantly increased the chlorophyll content 
of beet seedlings.

结果与结论：

结果表明，盐胁迫明显抑制了甜菜的生长，叶面喷施ALA提高了植株的耐盐性，地上部DW增加49.7%，根系
DW增加27%，RGR增加42.3%，LA增加72.1%。与不施ALA相比，对照叶面喷施ALA不影响地上部DW、RGR和LA，
根系DW增加14.5%。此外，ALA的使用使甜菜幼苗的叶绿素含量有明显的提升。

5-氨基乙酰丙酸在盐碱条件下的对甜菜幼苗生长的影响



• Objective: To study the effect of 5-ALA on the fruit characters of Fujiminorigrape.

目的：研究5-ALA对藤稔葡萄果实形状的影响。

• Methods: The roots were irrigated with 1mg/L ALA solution during the growing stage, and the ears 
were impregnated with 100mg/L and 300mg/L ALA solution during the fruit coloring stage, 
respectively. After harvesting, the panicle weight, grain weight, soluble solid content and titratable acid 
content of fruit juice were measured.

方法：在生长期用1mg/L的ALA水溶液灌根，在果实着色期分别用100mg/L和300mg/L的ALA溶液浸
渍果穗，以不作处理为对照。采收后，测量穗重、果粒重，对果汁测定可溶性固形物含量和可滴
定酸含量。

• Results and Conclusion:

The fruit ripening degree of the three treatments was slightly higher than that of the control, and the 
astringent taste of the peel was reduced and the fruit juice content was increased. Among them, the 
average fruit weight, soluble solids content and solid-acid ratio of 100mg/L treatment were higher than 
those of other treatments.

结果与结论：

各处理果实成熟程度略高于对照，三种处理的果实均减轻了果皮的涩味、增加了果汁含量。其
中，100mg/L处理后的果实的平均果粒重、可溶性固形物含量以及固酸比均高于其它处理。

5一氨基乙酰丙酸对藤稔葡萄果实性状的影响



5-氨基乙酰丙酸(ALA)对盐胁迫下葡萄叶片中AsA-GSH循环的影响

• Objective: To study the effect of 5-ALA on the AsA-GSH cycle in leaves of two grape varieties with different salt 
tolerance under salt stress.

目的：研究5-ALA对两种耐盐程度不同的葡萄品种在盐胁迫下的叶片AsA-GSH循环的影响。

• Methods: Two grape varieties, "summer black" (salt intolerant) and "lizamat" (salt tolerant), were treated with ALA 
concentrations of 0, 75 and 150mg/L at different salt treatment levels (0, 2 and 4g/kg), respectively. The antioxidant 
content and enzyme activity of the leaves were determined.

方法：对两种葡萄品种：“夏黑”（不耐盐）和“里扎马特”（耐盐）分别在不同盐处理水平下（0、2、4g/kg）
施加浓度为0、75、150mg/L的ALA。取其叶片进行抗氧化剂含量、酶活性的测定。

• Results and Conclusion:

ALA could increase the activities of peroxidase (APX), glutathione reductase (GR), and the contents of reduced ascorbic 
acid (AsA) and reduced glutathione (GSH), and the ratios of AsA/DHA and GSH/GSSG in the leaves of the two kinds of 
grapes. The contents of dehydroascorbic acid (DHA) and oxidized glutathione (GSSG) were significantly decreased.

For "summer black" grape, 75mg/L ALA had the most significant effect under 2g/kg NaCl; For "Rizamat" grape, 150mg/L 
ALA had the most significant effect under 4g/kg NaCl.

结果与结论：

喷施ALA对两种葡萄叶片中过氧化物酶（APX）、谷胱甘肽还原酶（GR）等酶的活性均有提高，并且可以提高还原
型抗坏血酸（AsA）、还原型谷胱甘肽（GSH）含量以及AsA/DHA、GSH/GSSG的比值，显著降低脱氢抗坏血酸
（DHA）与氧化形谷胱甘肽（GSSG）的含量。

对“夏黑”葡萄而言，2g/kg NaCl下75mg/L ALA的作用最为显著;对“里扎马特”葡萄而言，4g/kg NaCl下
150mg/L ALA的作用最为显著。



• Objective: To study the effect of different concentration of exogenous ALA on the fruit quality of 
Cressen seedless grape.

目的：研究不同浓度外源ALA对克瑞森无核葡萄的果实品质效果的影响。

• Methods: The effects of different concentrations of exogenous ALA (0, 50, 100, 150mg/L) on sugar 
and acid contents, fruit diameter, anthocyanin content and PAL activity of Cressen seedless grape were 
studied.

方法：以克瑞森无核葡萄为材料，研究不同浓度的外源ALA（0、50、100、150mg/L）对克瑞森葡
萄果实糖酸含量、果实纵横径、花青素含量及PAL酶活性的影响。

• Results and Conclusion:

Different concentrations of ALA can significantly increase the longitudinal and transverse diameters of 
fruit. The relative content of chlorophyll in leaves increased by 12.03%; Compared with the control, the 
average sugar and acid ratio of the fruit increased by 106.21%. The anthocyanin accumulation in pericarp 
and its synthesis related PAL activity were significantly increased by 194.71% and 82.35%, respectively, 
compared with the control. Among them, 100mg/L concentration has the best promoting effect.

结果与结论：

不同浓度的ALA处理能明显增加果实的纵、横径；叶片内叶绿素相对含量提高12.03％；果实糖酸
比平均值与对照相比增幅可达106.21％；果皮花青素的积累量及其合成相关PAL的活性显著升
高：与对照相比，平均增幅分别达到194.71％、82.35％。其中100mg/L浓度的促进效果最佳。

外源ALA对克瑞森无核葡萄果实品质的影响



• Objective: To study the effects of 5-aminolevulinic acid on photosynthetic properties, fruit yield and 
quality of Rabbiteye Blueberry.

目的：研究5-氨基乙酰丙酸对兔眼蓝莓植株光合性能及果实产量和品质的影响。

• Methods: Four treatments with ALA concentration of 150, 300, 450 and 600mg/L were set in the 
experiment, and water treatment was used as control. After 5 days, the photosynthetic characteristics of 
leaves were measured, and the fruit quality and yield were evaluated.

方法：试验设置ALA浓度150、300、450、600mg/L共4种处理，以清水处理为对照。5d后测量叶片光
合特性，结果后评估果实品质与产量。

• Results and Conclusion:

Spraying 300mg/L ALA had the greatest promotion effect on the photosynthetic capacity and yield of 
Rabbiteye Blueberry, and the relative value of chlorophyll content, net photosynthetic rate, stomatal 
conductance and transpiration rate were increased by 4.5%, 19.8%, 19.4% and 19.5%, respectively, 
compared with the control. The longitudinal diameter, transverse diameter, weight per fruit and yield per 
plant were 3.0%, 3.3%, 8.3% and 8.1% higher than those of the control, respectively. In conclusion, 
appropriate amount of ALA can enhance the photosynthetic efficiency of Rabbiteye blueberry, increase the 
fruit size, increase the yield, and improve some quality indexes.

结果与结论：

喷施300mg/L ALA处理对兔眼蓝莓光合能力和产量的促进作用最大，叶片叶绿素含量相对值、净光合
速率、气孔导度、蒸腾速率分别比对照提高4.5％、19.8％、19.4％和19.5％。果实纵径、横径、单
果重和单株产量分别比对照高3.0％、3.3％、8.3％和8.1％。综上，适量ALA通过增强兔眼蓝莓光合
效能，提高果实大小，从而提高产量，并改善部分品质指标。

５－氨基乙酰丙酸对兔眼蓝莓光合性能及果实产量和品质的影响



• Objective: To study the effects of spraying ALA on fruit setting, fruit quality and leaf photosynthesis of 
Pyrus pyrifolia.

目的：研究花期喷施ALA对丰水梨坐果、果实品质以及叶片光合作用的影响。

• Methods: At the flowering stage, 600, 900 and 1200mg/L ALA solution were coated on the surface of 
the culture medium, and the pollen germination rate was observed under the microscope and 
photographed with water as the control. Fruit trees with relatively consistent growth conditions were 
selected and their growth indexes such as fruit setting rate were measured.

方法：在花期对培养基表面涂布600、900和1200mg/L的ALA溶液，以清水作为对照，在显微镜下
观察花粉萌发率并拍照记录。选择生长条件相对一致的果树，对其座果率等生长指标进行测定。

• Results and Conclusion:

Spraying 600, 900 and 1200mg/L 5-aminolevulinic acid solution could play a role in flower dispersal, 
reduce the fruit setting rate, improve the single fruit quality and improve the fruit quality during 
harvesting. High concentration of ALA significantly reduced stigma receptivity, increased superoxide 
anion production rate in floral organs, and decreased SOD and CAT activities.

结果与结论：

喷布600、900和1200mg/L 5-氨基乙酰丙酸溶液，可以起到疏花作用，降低坐果率，提高采收期
果实单果质量，改善果实品质。高浓度ALA处理，可明显降低梨花柱头可授性，提高花器官超氧
阴离子的产生速率，SOD和CAT活性则显著下降。

外源 ALA 处理对‘丰水’梨疏花与果实品质的影响



• Objective: To study the appropriate treatment time of exogenous 5-aminolevulinic acid to alleviate 
strawberry salt stress injury.

目的：研究外源5-氨基乙酰丙酸缓解草莓盐胁迫伤害的适宜处理时间。

• Methods: At 5, 10, 15 and 20 days before NaCl treatment, the roots were irrigated with 200mL nutrient 
solution containing 10mg/L5-ALA. After salt stress for 12 days, the mature leaves of the plants were 
selected to measure the chlorophyll fluorescence, and then the leaves and roots were collected. 
Chlorophyll content, active oxygen metabolism (activity and production rate of SOD and POD) and 
other related physiological and biochemical indexes were measured.

方法：分别在NaCl处理前的5、10、15、20d用200mL含10mg/L5-ALA的营养液浇灌根部，盐胁迫
12d后，选取植株成熟叶片活体测定叶绿素荧光 ，然后采集叶片及根系，测定叶绿素含量及活性
氧代谢(SOD、POD 活性和产生速率)等相关生理生化指标。

• Results and Conclusion:

Under 100mmol/L NaCl and 10mg/L ALA treatment, the earlier treatment, the more beneficial to 
alleviate the damage of salt stress on strawberry seedlings, the effect was: 20d>15d>10d>5d>0d.

结果与结论：

在100mmol/L NaCl、10mg/L ALA处理下，越早处理，越有利于缓解盐胁迫对草莓幼苗的伤害，作
用效果为：20d>15d>10d>5d>0d。

5-氨基乙酰丙酸缓解“红颜”草莓盐胁迫伤害的时间效应研究



• Objective: To study the effects of 5-ALA on photosynthesis, chlorophyll fluorescence, antioxidant enzymes 
activity and MDA content of strawberry.

目的：研究叶面喷布5-ALA对草莓植株光合作用、叶绿素荧光特性、抗氧化酶活性和丙二醛(MDA)含量的影
响。

• Methods: The concentration of exogenous ALA was 100, 300 and 600mg/L, and water was used as control. Foliar 
spraying was carried out in the evening. After 2d, photosynthetic parameters, chlorophyll fluorescence parameters 
and other physiological parameters were measured.

方法：外源ALA设100、300和600mg/L 3种浓度，以清水为对照。傍晚时进行叶面喷布。2d后，测定光合参
数、叶绿素荧光参数以及其他生理指标。

• Results and Conclusion:

The results showed that 100mg/L ALA treatment significantly increased the net light table rate of strawberry leaves, 
and this effect may be related to the increase of chlorophyll content and carboxylation efficiency, and the decrease of 
photorespiration rate.

结果与结论：

结果表明，100mg/L ALA处理显著提高草莓叶片净光台速率，而且这一效应可能与其促进叶绿素含量和羧化
效率提高，降低光呼吸速率有关。

ALA对草莓光合作用的影响及其与抗氧化酶的关系



• Objective: To study the effects of low temperature stress on AsA-GSH cycle in ovary and style of sweet cherry, 
and the mitigation mechanism of exogenous ALA to low temperature damage.

目的：研究低温胁迫对甜樱桃子房和花柱AsA-GSH循环的影响，以及外源ALA对低温伤害的缓解机理。

• Methods: Cherry plants with similar growth were selected and sprayed with ALA solution at 25, 50, 75 and 
100mg/L on the surface of fruit branches, with water as control. The contents of superoxide anion free radical, 
hydrogen peroxide, AsA, DHA and the activities of related enzymes in the ASA-GSH cycle were determined 
after harvest.

方法：选取长势相近的樱桃植株，将浓度为25、50、75和100mg/L的ALA处理液喷施于果枝表面，以清水为
对照。于收获后测定超氧阴离子自由基、过氧化氢、AsA、DHA的含量以及AsA-GSH循环中相关酶的活性。

• Results and Conclusion:

Spraying proper amount of ALA can effectively reduce the accumulation of superoxide anion free radicals and 
hydrogen peroxide, increase the contents of reduced ascorbic acid (AsA) and reduced glutathione (GSH), and 
decrease the contents of oxidized ascorbic acid (DHA) and oxidized glutathione (GSSG) in ovary and style of sweet 
cherry under low temperature stress. Increase the activity of related enzymes in asA-GSH cycle. Among them, 
50mg/L ALA had the best effect, followed by 75mg/L ALA.

结果与结论：

喷施适量的ALA可有效降低低温胁迫下甜樱桃子房和花柱中超氧阴离子自由基和过氧化氢的积累，提高还
原型抗坏血酸(AsA)和还原型谷胱甘肽(GSH)含量，降低氧化型抗坏血酸(DHA)和氧化型谷胱甘肽(GSSG)含
量，提高AsA-GSH循环中相关酶的活性。其中以浓度为50mg/L的ALA作用效果最好，75mg/L的ALA作用效果
次之。

ALA 对低温胁迫下甜樱桃子房和花柱AsA-GSH 循环的调控



• Objective: To study the effects of ALA treatment on fruit coloration related physiological indexes and gene 
expression.

目的：研究 ALA 处理对果实着色相关生理指标和基因表达的影响。

• Methods: Before color change, the fruit surface was coated with ALA solution of different concentrations (300, 
100, 50 mg/L) twice until the fruit surface was completely wet, and the coated water was used as the control. The 
fruit weight, color index, soluble solid content and titratable acid content were determined.

方法：在果实转色前，用不同浓度ALA溶液（300、100、50 mg/L）涂布果面2次至果面完全湿润，以涂布清
水作为对照。对果实样品进行单果质量、颜色指数、可溶性固形物含量、可滴定酸含量的测定。

• Results and Conclusion:

The control fruits ripened 25d after treatment, and the ALA fruits ripened 20d after treatment, about 5d earlier.

Therefore, ALA treatments, especially those treated at 300 and 100mg/L, did not significantly increase the coloring 
of ripe fruits, but significantly promoted the pre-coloring of peach skins.

结果与结论：

对照果实在处理后25d成熟,ALA处理果实在处理后20d成熟，提早了 5d左右。

因此，ALA处理，尤其是300和100mg/L处理，虽然没有显著增加成熟果实的着色，但显著促进了桃果皮提
前着色。

5-氨基乙酰丙酸促进桃果皮提前着色机制研究



• Objective: To study the effect of exogenous 5-ALA on photosynthesis of jackfruit.

目的：研究外源5-氨基乙酰丙酸对菠萝蜜光合作用的影响。

• Methods: Plants with similar growth were selected as test materials and sprayed with 5, 10, 15 and 20 mg/L 
ALA, respectively, with distilled water as control. Leaves of roughly the same size, maturity and location were 
selected to measure net photosynthetic rate, stomatal conductance, intercellular carbon dioxide concentration 
and transpiration rate with a photosynthetic apparatus.

方法：选择大小长势基本相同的植株为试材，分别喷施5、10、15、20 mg/L ALA，以蒸馏水喷施为对照。
选择大小、成熟度、位置大致相同的叶片，用光合仪测定净光合速率、气孔导度、胞间二氧化碳浓度和蒸
腾速率等相关光合参数。

• Results and Conclusion:

The results showed that low concentration of ALA could significantly promote the photosynthesis of jackfruit tree, 
and 10 mg/L of ALA was the best treatment. Suitable concentration of ALA can effectively promote the 
photosynthetic efficiency of jackfruit, but high concentration of ALA can inhibit the effect.

结果与结论：

结果表明，低浓度ALA可显著促进菠萝蜜树的光合作用，各处理浓度中，以10 mg/L处理效果最佳。适宜
浓度ALA可以有效促进菠萝蜜的光合效能，浓度过高反而产生抑制作用。

ALA对菠萝蜜树光合生理的影响



• Objective: To study the effects of 5-ALA on color, growth and nutritional quality of litchi fruit.

目的：研究果5-ALA对荔枝实着色、生长及营养品质的影响。

• Methods: At 45 days after flowering, the selected fruits were treated with 5-ala at 0, 80, 100, 120, 140 and 160mg/L, 
respectively, and the physical and biochemical characteristics of the growth and coloring state of each sample were 
determined.

方法：花期后45d ，用5-ALA 分别以0、80、100、120、140和160mg/L处理选定的果树果实,测定各样品的生
长和着色状态等物理生化特性。

• Results and Conclusion:

The results showed that the application of exogenous 5-ALA could increase the weight of litchi fruit by 9-17%, and 
significantly increase the diameter and length of the fruit, but had no significant effect on the total chlorophyll content, 
and mainly promoted the fruit coloration by affecting the synthesis of total anthocyanin. In addition, exogenous 5-
ALA(80 and 100 mg/L) increased vitamin C content at harvest (at least 9-13% higher than the control).

结果与结论：

结果表明，施用外源5-ALA可使荔枝果实重增加9-17%，果实直径和长度显著增加，但对总叶绿素含量无显著
影响，主要通过影响总花青素合成来促进果实着色。此外，外源5-ALA(80和100 mg/L)在收获时能提高维生
素C含量(比对照至少提高9-13%)。

5-氨基乙酰丙酸影响荔枝果实着色、生长和营养品质



• Objective: To study the effects of exogenous 5-ALA on the growth and physiological characteristics of banana 
seedlings under drought stress.

目的：研究外源5-ALA对干旱胁迫下香蕉幼苗生长和生理特性的影响。

• Methods: Under the simulated drought stress condition of 10% PEG-6000, the changes of growth indexes of 
banana seedlings and physiological indexes such as relative water content, malondialdehyde (MDA) content, 
soluble protein content, relative electrical conductivity, SOD and POD activities in functional leaves of banana 
treated with different concentrations of ALA (1, 10, 50 and 100mg/L) were studied.

方法：在10％PEG-6000模拟干旱胁迫条件下，经不同浓度ALA（1、10、50、100mg/L）处理后巴西蕉幼苗生
长指标及功能叶片中相对含水量、丙二醛(MDA)含量、可溶性蛋白含量、相对电导率、SOD和POD活性等生理
指标的变化。

• Results and Conclusion:

Under 10% PEG-6000 stress, the growth of banana seedlings was significantly inhibited, but after different mass 
concentrations of ALA treatment, the growth indexes increased, and 10 mg/L ALA treatment was the most 
significant effect, and the indexes reached the maximum. The leaf area, fresh weight of aboveground part, fresh 
weight of underground part and root-shoot ratio were significantly increased in the control group under drought stress.

结果与结论：

在10％PEG-6000胁迫下，香蕉幼苗生长受到显著抑制，而经过不同质量浓度的ALA处理后，各项生长指标均
有所升高，其中以10 mg/L ALA处理后效果最为显著，各项指标均达最大值，其叶面积、地上部分鲜重、地
下部分鲜重及根冠比比干旱胁迫对照均有显著提高。

干旱胁迫下香蕉幼苗对外源ALA的生理响应



• Objective: To study the effects of 5-ALA on photosynthetic characteristics, carbohydrate accumulation, 
antioxidant enzyme activity and malondialdehyde (MDA) content of watermelon plants under low temperature 
and low light.

目的：研究5-ALA对低温弱光条件下西瓜植株光合特性、碳水化合物积累、抗氧化酶活性和丙二醛（MDA）含
量的影响。

• Methods: ALA treatment was set at concentrations of 50, 100 and 200mg/L, and distilled water was used as the 
control. Leaves were applied on both sides in the evening, and the remaining solution was used for root irrigation. 
After treatment for 6 days, parameters were measured.

方法：ALA处理设50、100和200mg/L 3个浓度，以蒸馏水为对照，在傍晚时对叶片正反面涂抹，剩余溶液做
根部灌溉，处理6d后开始测量各项参数。

• Results and Conclusion:

The results showed that exogenous ALA significantly increased the net photosynthetic rate (Pn), stomatal 
conductance (Gs) and transpiration rate (Tr) of watermelon seedlings. In addition, ALA treatment also significantly 
increased the activities of antioxidant enzymes such as SOD and POD in leaves, which indicated that ALA treatment 
mainly promoted the active metabolism of watermelon seedlings by increasing the activities of SOD and POD, so as 
to protect the photosynthetic performance of cells.

结果与结论：

结果表明，外源ALA处理提高了西瓜幼苗叶片净光合速率（Pn）、气孔导度（Gs）和蒸腾速率（Tr）。此外，
ALA处理还显著提高了叶片SOD和POD等抗氧化酶活性，这说明ALA处理后主要通过提高植株SOD和POD活性来
促进西瓜幼苗活性代谢，从而保护细胞光合性能。

5-氨基乙酰丙酸对秋冬季大棚西瓜叶片光合作用及抗氧化酶活性的影响



• Objective: To study the effects of 5-ALA on chlorophyll content and specific leaf weight in tobacco leaves. 
The effects of frost and drought stress on antioxidant enzyme activities and malondialdehyde content of plants 
were also studied.

目的：研究5-ALA对烟草叶片中叶绿素含量及比叶重的影响。同时研究了霜冻及干旱胁迫对植物抗氧化
酶活性及丙二醛含量的影响。

• Methods: At room temperature, the supernatant of the fermentation broth of engineering bacteria M15 with a 
concentration of 1.027g/L ALA was diluted into different times for root irrigation, and water was used as the 
control. After 15 days, random samples were collected and chlorophyll content was determined.

方法：在室温下，将ALA浓度1.027g/L的工程菌M15发酵液上清稀释为不同倍数进行灌根处理，以清水作
为对照。15d后随机取样，进行叶绿素含量测定。

• Results and Conclusion:

The results showed that the chlorophyll and leaf weight of tobacco leaves treated with ALA increased by 33.5% 
and 265.91% respectively. In addition, ALA treatment also significantly increased the activities of POD, CAT 
and other antioxidant enzymes in leaves, so as to protect the plants from damage or reduce the damage degree 
under frost and drought conditions, and improve the cold resistance and drought tolerance of tobacco.

结果与结论：

结果表明，经三次外源ALA处理过的烟草叶片叶绿素提高了33.5%，比叶重增加了265.91%。此外，ALA处
理还显著提高了叶片POD和CAT等抗氧化酶的活性，从而保护植株在霜冻和干旱情况下不受损害或降低损
害程度，提高烟草的抗冷性及耐干旱能力。

5-氨基乙酰丙酸对温室烟草的光合作用及抗逆性的促进效应



• Objective: To study the effects of 5-ALA on photosynthetic rate, chlorophyll and soluble sugar contents, flavonoid 
accumulation and flavonoid enzyme activity of ginkgo biloba leaves.

目的：研究5-ALA对银杏叶片光合速率、叶绿素和可溶性糖含量、类黄酮积累和类黄酮酶活性的影响。

• Methods: All seedlings were sprayed with ALA aqueous solution at 0, 10 and 100 mg/L, respectively. The 4th and 
5th leaves were harvested at day 0, 4, 8 and 16, except for light synthesis rate.

方法：对所有幼苗进行叶面喷施ALA水溶液（浓度分别为0、10和100 mg/L）。除光合成速率外，其余各指标均
在第0、4、8和16天时采收第4和第5片叶片。

• Results and Conclusion:

The results showed that ALA treatment increased the contents of chlorophyll, soluble sugar and the activities of 
flavonoid enzymes (PAL, CHS and CHI).

Taking 100mg/L 5-ALA as an example, compared with the blank control group, the photosynthetic rate, Chl content, 
soluble sugar content, total polyphenols, total flavonoids and total anthocyanins increased by 198.7%, 30.1%, 54.85%, 
20.3%, 23.1% and 96.1% respectively.

结果与结论：

试验结果表明，ALA处理提高了叶片光合速率、叶绿素含量、可溶性糖含量和类黄酮酶(PAL、CHS和CHI)活性。

以100mg/L 5-ALA为例，相比于空白对照组，叶片的光合速率提高了198.7%，Chl含量提高了30.1%，可溶性糖
含量提高了54.85%，总多酚提高了20.3%，总黄酮提高了23.1%，总花青素提高了96.1%。

5-氨基乙酰丙酸对银杏叶绿素、光合作用、可溶性糖和类黄酮的影响



• Objective: To study the effects of different concentrations of 5-aminolevulinic acid on morphology, 
relative conductivity, chloroplast pigment, malondialdehyde (MDA) and peroxidase (POD) activities.

目的：研究不同浓度的5-氨基乙酰丙酸对形态指标、相对电导率、叶绿体色素、丙二醛(MDA)和
过氧化物酶(POD)活性的影响。

• Methods: The effects of ALA (0, 10, 30, 50mg/L) on morphology and physiological indexes of alfalfa 
(deqin) under high temperature stress (35℃/25℃) were observed.

方法：以“德钦”紫花苜蓿为材料，观察高温胁迫下（35℃/25℃）喷施不同浓度的ALA（0、
10、30、50mg/L）对紫花苜蓿形态和生理指标的影响。

• Results and Conclusion:

Spraying 30mg/L ALA solution on alfalfa leaves could improve POD activity, reduce cell membrane 
peroxidation and membrane permeability, protect chloroplast pigment and increase dry matter 
accumulation, and promote the growth and development of alfalfa leaves.

结果与结论：

在叶面喷施30mg/L浓度的ALA溶液时，有利于提高紫花苜蓿叶片中POD活性、降低细胞膜过氧化程
度和细胞膜通透性，进而保护细胞叶绿体色素和增加其干物质的积累，促进植株的生长发育。

喷施ALA对紫花苜蓿耐热性的诱导效应



• Objective: To study the response of different concentrations of 5-aminolevulinic acid to alfalfa under drought 
stress.

目的：研究施加不同浓度５-氨基乙酰丙酸对紫花苜蓿面对干旱胁迫时的响应。

• Methods: Different concentrations (0, 5, 10, 15, 20, 25mg/L) of ALA were sprayed with 15% polyethylene 
glycol (peg-6000) to simulate drought stress of alfalfa seedlings, and the related physiological and 
biochemical indexes and the accumulation of secondary metabolizable substances were measured.

方法：用不同浓度(0、5、10、15、20、25mg/L)的ALA喷施处理15％聚乙二醇(PEG-6000)模拟干旱胁迫
下的紫花苜蓿幼苗,并测定其相关的生理生化指标以及次生代谢物质积累量。

• Results and Conclusion:

Spraying ALA on the leaf surface could effectively improve the activities of antioxidant enzymes, contents of 
osmotic regulatory substances, secondary metabolites (flavonoids, saponins) and photosynthetic pigments in 
alfalfa leaves under drought stress, thus enhancing the tolerance of alfalfa to drought stress, and 10mg/L ALA 
had a significant relief effect.

结果与结论：

叶面喷施ALA能够有效提高干旱胁迫下紫花苜蓿叶片抗氧化酶活性以及渗透调节物质、次生代谢物(黄
酮、皂苷)含量和光合色素含量,从而增强紫花苜蓿对干旱胁迫的耐受性,并以10mg/L ALA的缓解效果
较显著。

外源5-氨基乙酰丙酸对干旱胁迫下紫花苜蓿生理特性
及次生代谢物含量的影响



• Objective: To study the effects of spraying different concentrations of 5-aminolevulinic acid on 
photosynthetic characteristics and growth of taxus chinensis seedlings.

目的：研究喷施不同浓度的5-氨基乙酰丙酸对红豆杉幼苗光合特性和生长状况的影响。

• Methods: Taxus chinensis seedlings with the same and good growth status were selected and sprayed with 
10, 20, 40 and 60mg/L ALA to 4 groups, respectively. The other group was sprayed with the same amount 
of water as control treatment. Growth indexes and photosynthetic characteristics of taxus chinensis 
seedlings were measured after growing for a certain period of time.

方法：选取生长状况相同且良好的红豆杉幼苗，向其中4组分别喷施10、20、40、60mg/L的ALA，另
一组喷施等量的清水做对照处理，待生长一定时间后测量红豆杉幼苗各生长指标和光合特性。

• Results and Conclusion:

Compared with the control, spraying ALA at 10, 20, 40 and 60mg/L could improve the net photosynthetic 
rate, stomatal conductance and transpiration rate of taxus chinensis seedlings, so as to improve its growth 
status. ALA could also change the light response curve fitting parameters of taxus chinensis seedlings, 
improve the maximum net photosynthetic rate, light saturation point and apparent quantum efficiency, and 
reduce the light compensation point and dark respiration rate of taxus chinensis seedlings. In the experimental 
concentration range, spraying 20mg/L ALA has the most significant improvement effect.

结果与结论：

与对照相比，喷施10、20、40、60mg/L 的ALA能够提升红豆杉幼苗的净光合速率，气孔导度，蒸腾
速率，从而改善其生长状况；ALA还可以改变红豆杉幼苗的光响应曲线拟合参数，能够提升红豆杉幼
苗的最大净光合速率、光饱和点和表观量子效率，同时降低其光补偿点和暗呼吸速率。其中在试验
浓度范围内，喷施20mg/LALA的提升效果最为显著。

不同浓度 ALA 对红豆杉幼苗光合特性的影响



• Objective: To study the effects of ALA on physiological changes, yield and quality of cut rose.

目的：研究ALA对月季切花生理变化及产量和品质的影响。

• Methods: Spray cut rose with different concentrations of ALA on the leaves. ALA aqueous solutions of 10, 20, 
30, 40 and 50mg/L were prepared, respectively, and clean water was used as control. The number of piles and 
the total number of branches of cut rose in each treatment were counted, and the yield of cut rose was 
calculated.

方法：以不同浓度ALA叶面喷施切花月季。分别配制10、20、30、40和50mg/L的ALA水溶液，以清水为对
照，统计各处理切花月季花枝桩数和花枝总数，并计算月季切花产量。

• Results and Conclusion:

Spraying ALA could promote the chlorophyll synthesis and soluble sugar content of cut rose leaves, and thus 
effectively improve the yield and quality of cut rose. Among them, the best spraying concentration in summer is 
30.0 mg/L, and the best spraying concentration in winter is 40.0 mg/L.

结果与结论：

切花月季喷施ALA，可促进其叶片叶绿素合成和可溶性糖含量增加，从而有效提高切花的产量和品质。其
中，夏季最佳喷施浓度为30.0 mg/L，冬季最佳喷施浓度为40.0 mg/L。

ALA对月季切花生产的影响



• Objective: To study the insecticidal activity of 5-ALA on Oxya chinensis and the effects of 5-ALA on the activities 
of three enzymes.

目的：研究5-ALA对中华稻蝗的杀虫活性及对3种酶活性的影响。

• Methods: Different doses of ALA (250, 450, 750, 1000 mmol/L) were used to treat the Fourth-instar nymphs of 
Oxya chinensis . To observe its toxic effect on Oxya chinensis and its effects on the activities of AChE, GSTs and 
GPx in vivo.

方法：以中华稻蝗4龄若虫为试验材料，用不同剂量的ALA（250、450、750、1000 mmol/L）处理中华稻蝗，观
察其对中华稻蝗的毒性效应和对其体内乙酰胆碱酯酶（AChE）、谷胱甘肽 S-转移酶（GSTs）和谷胱甘肽过氧
化物酶（GPx）活性的影响。

• Results and Conclusion:

The mortality of Oxya chinensis in the treatment groups with different doses of ALA increased according to the 
treatment dose, and the mortality in the high-concentration treatment groups (750 mmol/L, 1000mmol/L) reached 
66.19% and 80.21%, respectively.

In conclusion, ALA has obvious toxic effects on both male and female Oxya chinensis . ALA induced the 
photoinactivation of AChE and GPx, which resulted in the nerve conduction obstruction and the ability to resist 
oxidative damage of Oxya chinensis . High doses of ALA activate GSTs, which can trigger self-feedback resistance to 
phototoxic substances in insects.

结果与结论：

不同剂量ALA处理组中华稻蝗死亡率依处理剂量呈现上升趋势，高浓度处理组（750、1000mmol/L）的死亡率
分别达到 66.19%和80.21%。

综上所述，ALA 对雌、雄中华稻蝗均有明显的毒性效应；ALA可引起AChE和GPx光失活，从而导致中华稻蝗神经
传导受阻同时抵御氧化损伤的能力下降；高剂量ALA激活GSTs，可引发昆虫对光毒性物质的自身反馈抵御反应。

5-氨基乙酰丙酸对中华稻蝗的杀虫活性及对3种酶活性的影响



• Objective: To study the effects of dietary 5-aminolevulinic acid (5-ALA) on immune system, inflammatory 
response and growth performance of broilers.

目的：研究向饲粮中添加5-氨基乙酰丙酸(5-ALA)对肉鸡免疫系统、炎症反应及生长性能的影响。

• Methods: The diet was supplemented with 10ppm, 100ppm and 1000ppm 5-ALA (purity 97%), respectively, and 
the basal diet was used as the control. The effect of 5-ALA on t-cell-related mRNA expression in spleen and 
plasma was determined by TBARS concentration.

方法：分别向饲粮中添加10ppm、100ppm、1000ppm的5-ALA（纯度为97%），以基础饲粮为对照，通过测定
TBARS浓度来判断5-ALA对脾脏和血浆中T细胞相关的mRNA表达的影响。

• Results and Conclusion:

The results showed that 5-ALA could be used as an immunomodulator to mildly induce oxidative stress in broilers, 
enhance the immune system of T cells, and thus improve growth performance. The concentration of 10ppm was the 
best, but the concentration of 1000ppm ALA inhibited the growth of broilers.

结果与结论：

结果显示，5-ALA可以作为一种免疫调节剂，可以轻度诱导肉鸡体内的氧化应激，增强T细胞的免疫系统，从
而提高生长性能。其中10ppm浓度为最佳，1000ppm浓度的ALA反而会抑制肉鸡的生长。

饲粮添加5-氨基乙酰丙酸调节肉鸡生长性能和炎症反应


